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Background: Despite improvement with intensive multi-agent chemotherapy, 2-year progression-free survival (PFS)
rates for adults with high-risk Burkitt’s lymphoma (BL) remains <55%.
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Patients and methods:We conducted a phase II trial for newly diagnosed classic BL utilizing liposomal doxorubicin
(Adriamycin) in lieu of doxorubicin and incorporating intravenous rituximab (at 500 mg/m2 twice/cycle) into the CODOX-
M/IVAC regimen. Correlative analyses included paired serum and cerebrospinal fluid (CSF) rituximab levels and close
examination of cardiac function.
Results: Among 25 BL patients, the median age was 44 years (23–70) and 4 patients were HIV positive. There were
20 high-risk and 5 low-risk patients. At baseline, 40% of high-risk patients had bone marrow involvement, 35% had bulky
disease and 15% had central nervous system involvement. The overall response rate was 100% (complete remission 92%).
At 34-month median follow-up, the 2-year PFS and overall survival (OS) rates for all patients were 80% and 84%,
respectively (low-risk: both 100%; high-risk: 76% and 81%, respectively). Furthermore, the 2-year PFS, OS, and disease-
specific survival (DSS) rates for high-risk, HIV-negative patients were 84%, 89% and 100%, respectively. Adverse events
(AEs) appeared to be consistent with prior CODOX-M/IVAC data, although there were several grade 3 cardiac events noted
(all declined ejection fraction without clinical symptoms). The mean serum rituximab levels at 24 h after cycles 1 and 3 for
patients without relapse were 258 and 306 μg/ml, respectively, versus 131 and 193 μg/ml, respectively, for patients with
early progression (P = 0.002 and 0.002, respectively). The mean CSF rituximab levels for all patients were 0.11 and 0.24 μg/
ml, respectively, at cycle 1 (24/72 h), which equated to serum:CSF ratios of 0.05% and 0.20%, respectively.
Conclusions: The integration of rituximab into CODOX-M/IVAC for adult BL was feasible and tolerable, while changes in
cardiac function warrant continued examination. This regimen was associated with excellent survival rates for
HIV-negative BL. Further investigation of the predictive value of serum rituximab is needed. Clinicaltrials.gov NCT00392990.
Key words: burkitt’s lymphoma, cancer, liposomal doxorubicin, non-Hodgkin’s lymphoma, prognosis, rituximab

introduction
Cure rates for Burkitt’s lymphoma (BL) have improved in part
due to the incorporation of intensive multi-agent chemotherapy
[1, 2]. Magrath et al. from the National Cancer Institute (NCI)
developed a regimen that alternated two courses of multi-agent
chemotherapy: cyclophosphamide (Baxter, Deerfield, Illinois,
USA), vincristine (Hospira, Inc., Lake Forest, Illinois, USA),
doxorubicin (Adriamycin) (Pharmacia, Milan, Italy), high-dose
methotrexate (CODOX-M) and ifosfamide, etoposide and high-
dose cytarabine (IVAC) [3].
The CODOX-M/IVAC regimen has been refined over the

past decade, including omission of day 15 vincristine [4] and
decreased dosing of intravenous high-dose methotrexate [5]. The
2-year progression-free survival (PFS) and OS rates in the latter
study for adult BL patients were 64% and 67%, respectively, with
PFS and OS rates for high-risk patients of 49% and 52%,
respectively. Despite improvement in the survival of adult BL
patients [4–6], there remains a need to improve outcomes.
Incorporation of the monoclonal antibody, rituximab, has

resulted in significantly improved outcomes for several B-cell
non-Hodgkin’s lymphomas (NHL). BL is a B-cell lymphoma
with high CD20 expression and thus intuitively should be
responsive to rituximab therapy. Retrospective analyses, however,
have shown mixed results with several reports questioning the
impact of rituximab added to CODOX-M/IVAC [7–10]. We
conducted a prospective multicenter phase II study for patients
with untreated classic BL (including HIV+) adding intravenous
rituximab to CODOX-M/IVAC therapy and substituting
liposomal doxorubicin in lieu of standard anthracycline therapy.

methods

eligibility and treatment
This clinical trial was registered at clinicaltrials.gov (NCT00392990). The
study was approved by each participating Institutional Review Board (IRB).
Eligible patients were age ≥18 years (no upper limit), had biopsy-proven

newly diagnosed classic BL and an ECOG performance status (PS) of 0–2.
Patients may have received a maximum of one cycle of CHOP-like therapy
before study entry (maximum drug doses: cyclophosphamide 1 000 mg/m2,
doxorubicin 50 mg/m2 and vincristine 2 mg). Patients were assigned risk
according to the 2008 Mead et al. definition (i.e., low-risk having all features:
(i) normal LDH, (ii) ECOG PS of 0–1, (iii) Ann Arbor stage I/II and (iv) no
mass >10 cm; all other patients were considered high-risk) [5]. Low-risk
patients received three consecutive cycles of CODOX-M regimen (regimen
A). High-risk patients received four alternating cycles of CODOX-M
(regimen A) and IVAC (regimen B). Treatment details are included in
supplementary Tables s1–3, available at Annals of Oncology online.
Additional supportive care guidelines, including recommendations for HIV
+ patients, may be found in supplementary Table S4, available at Annals of
Oncology online.

statistical analysis
The primary objective was to evaluate the complete remission (CR) rate after
completion of therapy. The two-stage design tested the null hypothesis of
P≤ 0.500 versus the alternative that P≥ 0.750 (CR rate). The associated
alpha was 0.046 and the beta/power was 0.80. Exploratory objectives
included examination of cardiac adverse events (AEs) including serial
assessments of ejection fraction (EF) before, during and following
completion of all therapy. In addition, we investigated paired serum and CSF
rituximab pharmacokinetics for the first 10 patients enrolled on study
(supplementary Appendix S5, available at Annals of Oncology online for
detailed methods).

results

patients
Twenty-five patients were enrolled and treated (Table 1). The
median age was 44 years (23–70); there were 20 high-risk and
5 low-risk patients. Three high-risk and one low-risk patient
were HIV+; all HIV patients had newly diagnosed HIV at the
time of BL diagnosis and each were started on highly active anti-
retroviral therapy (HAART) before chemotherapy. Further, the
mean CD4 count at diagnosis for HIV+ patients was 158 cells/μl
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(67–314). Among all high-risk BL patients, other disease
characteristics included: 15% CNS involvement; 35% bulky
disease (i.e. >10 cm); and 40% bone marrow involvement.
Therapy was completed at a median of 13 weeks (11–20) for

high-risk patients and 10 weeks for low-risk patients (9–12).

outcomes
The overall response rate (ORR) after two cycles was 100%
(CR 67%), while at completion of therapy, the ORR was 100%
(CR 92%). At a median follow-up of 34 months (15–45
months), 2-year PFS and OS rates for all patients were 80% and
84%, respectively (Figure 1). Two-year PFS and OS for low-risk
patients were 100% and 100%, respectively; the 2-year PFS and
OS for high-risk patients were 76% and 81%, respectively.
Further, the 2-year PFS, OS and disease-specific survival (DSS)
rates for the 19 high-risk, HIV-negative patients were 84%, 89%
and 100%, respectively (Figure 1).
Among all, three patients experienced progressive disease and

four patients died. Two of the three progressions occurred early
(i.e. within 6 weeks of completion of therapy); both were HIV-

positive men with high-risk disease. These two relapses were
heralded by an abrupt >1000 log rise in their viral load by PCR.
Despite attempts at salvage therapy, both patients died <3
months after initial progression. The third progression occurred
at 31 months in a 64-year-old, HIV-negative female with high-
risk disease. At relapse, a ‘double hit’ lymphoma was identified
with concurrent BCL-2 andMYC over-expression. The patient
is alive and currently undergoing salvage chemotherapy. The
two other deaths were a 70-year-old HIV-negative man with
high-risk disease who died from unknown causes at 17 months
(in remission) and a 65-year old HIV-negative man with high-
risk disease at 24 months due to myelodysplastic syndrome/
acute leukemia, which was diagnosed 2.5 months after study
entry; cytogenetics showed deletion of chromosome 5.

adverse events
Altogether, toxic effects appeared to be consistent with prior
CODOX-M/IVAC series [3–5]. As noted in Table 2, grade 3/4
thrombocytopenia occurred in 68% of patients (60% grade 4)
with 72% of patients experiencing grade 3/4 anemia (4% grade

Figure 1. Survival of all BL patients and high-risk patients. The Kaplan–Meier 2-year (A) progression-free survival (PFS) and overall survival (OS) for the 25
BL patients were 80% and 84%, respectively. The 2-year PFS and OS for all low-risk patients were 100% and 100%, respectively, and (B) the 2-year PFS and OS
for all high-risk patients were 76% and 81%, respectively. BL, Burkitt’s lymphoma. The Kaplan–Meier (C) 2-year PFS and OS for the 19 high-risk, HIV-
negative patients were 84% and 89%, while the (D) 2-year disease-specific survival (DSS) rate for these patients was 100%.
HIV, human immunodeficiency virus; BL, Burkitt’s lymphoma.
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4). The most frequent non-hematologic grade 3/4 toxicity was
mucositis. Notably, mucositis resulted in intermittent non-
compliance with HAART for HIV+ patients; however, there
were no significant differences in AEs comparing HIV+ and
negative patients (data not shown). Cardiac status was tracked
closely in all patients. The median change in EF for all patients
at baseline versus study end was −2% (−22% to +11%). There
were two grade 2 and three grade 3 cardiac AEs that occurred.
All of these events were depressed EF without clinical evidence
of congestive heart failure. The grade 3 cardiac AEs occurred in
53-, 69- and 70-year-old men, all with HIV-negative, high-risk
disease and the latter two patients had history of myocardial
infarction.

rituximab pharmacokinetics
The mean CSF rituximab levels at 24 and 72 h of rituximab for
cycle 1 were 0.11 and 0.24 µg/ml, respectively, and cycle 3 were
0.24 and 0.26 µg/ml, respectively. The mean (paired) serum
rituximab levels for patients at 24 and 72 h for cycle 1 were 235

and 122 µg/ml, respectively, and at cycle 3 were 286 and 205
µg/ml, respectively. The serum:CSF rituximab ratios for patients
at 24 and 72 h for cycle 1 were 0.04% and 0.20%, respectively,
and the associated ratios for cycle 3 were 0.08% and 0.13%,
respectively.
The mean serum and CSF rituximab levels for the two

patients who experienced early relapse (and died) were
compared with patients without relapse (Table 3). Interestingly,
cycle 1, 24-h serum rituximab levels were significantly higher
among patients without relapse compared with the two patients
who relapsed/died (258 versus 131 µg/ml, respectively,
P = 0.002) as were cycle 1, 72-h (139 µg/ml versus 45 µg/ml
respectively, P = 0.004) and cycle 3, 24-h serum rituximab levels
(306 versus 193 µg/ml, respectively, P = 0.002). Notably,
rituximab PK levels did not differ based on marrow
involvement, bulky disease or high-/low-risk disease (data not
shown). Additionally, there were no clinical or laboratory
prognostic factors that predicted survival.

discussion
BL is a rare form of cancer in adults with ∼200–250 new cases
occurring each year in the United States, which accounts for
<0.5% of all NHLs. Survival rates have improved significantly
over the past 15–20 years primarily as a result of dose intensive
systemic chemotherapy protocols. This was first shown to be a
successful therapeutic strategy in pediatric BL patients [3, 11,
12]. In 1996, Magrath et al. reported excellent results in children
and young adults with CODOX-M/IVAC [3]. In subsequent
studies using CODOX-M/IVAC for older populations, the 2-
year PFS rate for high-risk patients was 54% [4, 5]. We observed
excellent outcomes here with the incorporation of high-dose
rituximab and liposomal doxorubicin into CODOX-M/IVAC,
including a 2-year PFS rate for high-risk, HIV-negative BL
patients of 84%, which appears to be higher compared with
prior published data. In addition, serum rituximab levels
appeared to correlate with patient outcome, while cardiac
toxicity here did not appear diminished compared with
historical controls.
It is important to note that the initial results reported by

Magrath et al. were in a younger population (i.e. median age of
the 21 children and 20 adults on 89-C-41 study were 12 and 25
years, respectively) [3]. Survival rates for adult BL patients
appeared to be comparable across the two contemporary Mead
studies, while toxicity was reduced. LaCasce et al. treated 14 BL/
BLL patients with a further modified version of CODOX-M/
IVAC [6]. Two-year PFS and OS for high-risk patients were 60%
and 60%, respectively. We observed 2-year PFS and OS rates of
80% and 84%, respectively, with rates for low-risk patients of
100% and 100%, respectively, and for high-risk patients of 76%
and 81%, respectively. Moreover, the 2-year PFS, OS and DSS
rates for high-risk, HIV-negative patients were 84%, 89% and
100%, respectively. Among the 19 high-risk, HIV-negative
patients, there were only two deaths, both from non-relapse
causes; the only additional relapse was in a patient with
apparent ‘double hit’ NHL who relapsed slightly <3 years after
initial therapy. The double-hit was not identified at original
diagnosis; this may have represented clonal evolution or may
have been related to the degree of necrosis seen in the original

Table 1. Patient characteristics

Characteristic No. of patients (%)

Age (years)
Median 44
Range 23–70

Gender
Male 22 (50)
Female 3 (50)

HIV status
Positive 4 (16%)

Negative 21 (84%)
Histology
Classical BLa 25 (100)

ECOG performance status (PS)
Median 1
Range 0–2

CNS involvement
Yesb 3 (12%)
No 22 (88%)

Elevated LDH
Yes 17 (68%)
No 8 (32%)

Bulky disease (>10 cm)
Yes 7 (28%)
No 18 (72%)

Bone marrow involvement
Yes 8 (32%)
No 17 (68%)

Disease risk
Low 5 (20%)
High 20 (80%)

aIncluded one patient with ‘double hit’ lymphoma (MYC and BCL-2).
bIncluded two patients with cerebrospinal fluid (CSF) involvement and one
patient with cranial nerve (ocular) infiltration.
No, number; BL, Burkitt’s lymphoma; ECOG, Eastern Cooperative
Oncology Group; HIV, human immunodeficiency virus; CNS, central
nervous system; LDH, lactate dehydrogenase.
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tissue specimen that affected sensitivity of FISH analysis.
Altogether, the survival rates seen here appear >20%–25%
higher compared with historical controls. A potential
explanation for this improvement may be to rituximab.
There have been recent conflicting data regarding an added

benefit of rituximab to the CODOX-M/IVAC regimen. Barnes
et al. retrospectively examined 80 patients treated with
CODOX-M/IVAC with or without rituximab; they found a
numeric, but statistically non-significant improvement in
survival (i.e. 3-year PFS 74% versus 61%, respectively). A recent
retrospective population-based data analysis showed that
rituximab was not associated with improved OS on multivariate
analysis [7]. Conversely, Thomas et al. showed in a phase II
study that rituximab added to hyperCVAD/MA appeared to be

associated with a significant improvement in 3-year PFS and OS
(i.e. 80% and 89%, respectively) compared with hyperCVAD/
MAwithout rituximab (i.e. 52% and 53%, respectively) [13].
Further, an Italian group recently documented favorable
outcomes adding rituximab to CODOX-M/IVAC with 4-year
PFS of 92% in 15 BL patients [14]. Moreover, a phase III
randomized study reported in abstract form showed an
improved event-free survival and OS for patients who received
rituximab combined with chemotherapy [15]. The optimal
dosing of rituximab in BL is not known; we utilized a higher
dose given the propensity of CNS involvement by BL and the
hypothesis that higher dosing would result in more drug
crossing the blood brain barrier (BBB). Of note, there is
extremely limited data regarding the amount of rituximab that
cross the BBB.
The serum:CSF rituximab ratios in the current study

appeared consistent with prior data from Rubenstein et al.
(2 primary CNS patients treated with rituximab (375 mg/m2)
had serum:CSF ratios of ∼0.12) [16]. There is also prior data
that serum rituximab concentrations may correlate with
outcome [17, 18]. The COG recently examined rituximab serum
levels in BL pediatric and adolescents [19] where levels did not
correlate with outcome. Mean serum levels here ranged from
139–306 μg/ml, while 24-h serum rituximab levels at cycles 1
and 3 appeared higher among patients without relapse
compared with the two patients with early relapse. However,
the sample size here was small and these results are only
speculative; in addition, the most optimal timing for rituximab
PK data should be at the trough prior to the next dose.
The optimal treatment of BL for HIV+ patients is not known.

In the post-HAART era, intensive chemotherapy has been
shown to be feasible and safe. Cortes et al. treated 13 HIV+ BL
patients with hyperCVAD/MA showing a 100% ORR (92% CR).
Further, when matching characteristics to an HIV-negative BL
population, tolerability and outcome were similar compared
with the HIV+ population. Wang et al. treated 14 HIV+ adults
with BL (8 with standard CODOX-M/IVAC and 6 with other
regimens). The 2-year survival for CODOX-M/IVAC-treated
HIV+ patients was 60%, and they showed that HIV status did
not adversely affect outcomes. Of the four HIV+ patients treated
on the current study, two experienced early progression and
died. It is not clear if there was a clinical significance to the
abrupt rise in HIV viral load that heralded relapse in these two

Table 2. Adverse events: grade 3 and 4*

Event No. G3 No. G4

Hematologic
Anemia 16 (68%) 1 (4%)
Neutropenia 7 (28%) 8 (32%)
Thrombocytopenia 2 (8%) 15 (60%)

Non-Hematologic
Mucositis 9 (36%) 3 (12%)

Infection 9 (36%) 0
Elevated transaminases 8 (32%) 0
Fever (neutropenic) 7 (28%) 0
Low phosphate 6 (24%) 0
Sodium abnormalities 6 (24%) 0
Hyperglycemia 4 (16%) 5 (20%)
Hypoalbuminemia 4 (16%) 0
Hypokalemia 4 (16%) 0
Cardiac 3 (12%) 0
Diarrhea 2 (8%) 0
Elevated creatinine 2 (8%) 0
Nausea/vomiting 1 (4%) 0
Low blood pressure 1 (4%) 0
Rash 1 (4%) 0
Edema 1 (4%) 0
Low magnesium 1 (4%) 0

*Cumulative (i.e. all patients, all cycles).
No, number; G3, Grade 3; G4, Grade 4.

Table 3. Serum and CSF rituximab levels for patients with and without early progression

Chemotherapy cycle
and hours after
rituximab infusion

Mean serum rituximab
level (μg/ml) for
patients w/o relapse

Serum rituximab
levels (μg/ml) for two
patients with early

progression

Mean CSF rituximab
level (μg/ml) for patients
w/o relapse

CSF rituximab
levels (μg/ml) for
two patients with

early progression

Pt #1 Pt #2 Pt #1 Pt #2

C1/24 h 258* 171 91 0.104 0.27 0.23
C1/72 h 139* 60 29 0.253 0.22 0.12
C3/24 h 306* 162 224 0.246 0.27 N/A
C3/72 h 219 149 135 0.196 0.38 0.50

Abbreviations: CSF, cerebrospinal fluid; Pt, patient; C, cycle; w/o, without; N/A, not available.
*P < 0.005 when compared with the mean serum levels of the two patients with early progression.
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patients; the rise in viral load may have been related to
intermittent use of HAART, which was accentuated by
chemotherapy-related mucositis. There are recent encouraging
data utilizing dose-adjusted EPOCH with rituximab therapy in
HIV+ BL. These investigators advocate holding/stopping
HAART during EPOCH therapy.
Finally, the overall toxicity profile of the current protocol

appeared to be similar compared with prior CODOX-M/IVAC
data. In an attempt to mitigate cardiac toxicity, we used liposomal
doxorubicin in lieu of standard doxorubicin. We tracked EF more
frequently than standard of care (i.e. baseline, mid-treatment, and
completion of treatment). The median change of EF from
baseline to study completion was −2%, while there were two
grade 2 and three grade 3 cardiac AEs. Interestingly, all cardiac
AEs were as a result of declined EF in asymptomatic patients;
there were no cases of clinical heart failure seen. There are no
prior data that have examined cardiac function in BL patients
treated with intensive chemotherapy. Further, it is not known
whether the increased rates of cardiac AEs seen here were as a
result of close cardiac assessment versus a true signal of cardiac
toxicity. More and closer examination of acute and long-term
cardiac function in BL patients is warranted, which may include
sensitive cardiac markers such as NT-proBNP.
In summary, we identified that the integration of high-dose

rituximab into the CODOX-M/IVAC regimen for adult BL is
feasible and associated with mostly similar tolerability
compared with prior reports. The use of liposomal doxorubicin
did not appear to decrease acute cardiac toxicity. Altogether,
this regimen was associated with excellent survival rates,
especially for HIV-negative BL. Further investigation of the
predictive value of serum rituximab concentration is warranted.
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