
original
reports

Multicenter Study of Risk-Adapted Therapy With
Dose-Adjusted EPOCH-R in Adults With Untreated
Burkitt Lymphoma
Mark Roschewski, MD1; Kieron Dunleavy, MD2; Jeremy S. Abramson, MD3; Bayard L. Powell, MD4; Brian K. Link, MD5; Prapti Patel, MD6;

Philip J. Bierman, MD7; Deepa Jagadeesh, MD, MPH8; Ronald T. Mitsuyasu, MD9; David Peace, MD10; Peter R. Watson, MD11;

Wahid T. Hanna, MD12; Christopher Melani, MD1; Andrea N. Lucas, RN1; Seth M. Steinberg, PhD13; Stefania Pittaluga, MD, PhD14;

Elaine S. Jaffe, MD14; Jonathan W. Friedberg, MD15; Brad S. Kahl, MD16; Richard F. Little, MD17; Nancy L. Bartlett, MD16;

Michelle A. Fanale, MD18; Ariela Noy, MD19; and Wyndham H. Wilson, MD, PhD1

abstract

PURPOSE Burkitt lymphoma is an aggressive B-cell lymphoma curable with dose-intensive chemotherapy
derived from pediatric leukemia regimens. Treatment is acutely toxic with late sequelae. We hypothesized that
dose-adjusted etoposide, doxorubicin, cyclophosphamide, vincristine, prednisone, and rituximab (DA-EPOCH-
R) may obviate the need for highly dose-intensive chemotherapy in adults with Burkitt lymphoma.

METHODSWe conducted amulticenter risk-adapted study of DA-EPOCH-R in untreated adult Burkitt lymphoma.
Low-risk patients received three cycles without CNS prophylaxis, and high-risk patients received six cycles with
intrathecal CNS prophylaxis or extended intrathecal treatment if leptomeninges were involved. The primary
endpoint was event-free survival (EFS), and secondary endpoints were toxicity and predictors of EFS and overall
survival (OS).

RESULTS Between 2010 and 2017, 113 patients were enrolled across 22 centers, and 98 (87%) were high risk.
The median age was 49 (range, 18-86) years, and 62%were$ 40 years. Bonemarrow and/or CSF was involved
in 29 (26%) of patients, and 28 (25%) were HIV positive. At a median follow-up of 58.7 months, EFS and OS
were 84.5% and 87.0%, respectively, and EFS was 100% and 82.1% in low- and high-risk patients. Therapy
was equally effective across age groups, HIV status, and International Prognostic Index risk groups. Involvement
of the CSF identified the group at greatest risk for early toxicity-related death or treatment failure. Five treatment-
related deaths (4%) occurred during therapy. Febrile neutropenia occurred in 16% of cycles, and tumor lysis
syndrome was rare.

CONCLUSION Risk-adapted DA-EPOCH-R therapy is effective in adult Burkitt lymphoma regardless of age or HIV
status and was well tolerated. Improved therapeutic strategies for adults with CSF involvement are needed
(funded by the National Cancer Institute; ClinicalTrials.gov identifier: NCT01092182).

J Clin Oncol 38:2519-2529. © 2020 by American Society of Clinical Oncology

INTRODUCTION

Burkitt lymphoma is a highly aggressive B-cell lym-
phoma characterized by rapidly dividing malignant
cells that may involve the bone marrow and/or CNS.1,2

It is the most common B-cell lymphoma in children,
but accounts for only 1%-2% of adult lymphoma.3,4

Burkitt lymphoma is curable with highly dose-intensive
chemotherapy regimens developed for children and
young adults.5,6 These regimens rely on rapid cy-
cling of chemotherapy and hyperfractionation of cy-
clophosphamide, and include agents that specifically
penetrate the CNS. Although most children are cured,
rates decline with advancing age.7-10 Acute treatment-
related toxicities are problematic and include profound
myelosuppression, particularly in older patients or
those with comorbid conditions, including HIV.9,11-15

Patients also risk late sequelae, including cognitive
effects, second malignancies, infertility, and disabling
neuropathy.16,17

We explored several strategies to reduce toxicity while
maintaining efficacy in this study. Key among these is
infusional chemotherapy, which is based on the hy-
pothesis that drug exposure time and not peak con-
centration is the relevant pharmacodynamic principle
to optimize the cell death of rapidly proliferating tumor
cells.18 Although pediatric regimens partially address
exposure time through high doses, hyperfractionation,
and rapid cycling times, the high peak drug con-
centrations significantly increase toxicity. We tested
infusional chemotherapy for prolonged exposure time
without high peak drug concentrations in a pilot study
of dose-adjusted infusional etoposide, doxorubicin,
and vincristine with prednisone, cyclophosphamide,
and rituximab (EPOCH-R) and showed high efficacy
in adult Burkitt lymphoma.19 We incorporated ritux-
imab, which has subsequently improved outcomes in
sporadic and HIV-associated Burkitt lymphoma.9,13,20

A third strategy employs risk adaptation, where
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low-risk patients receive fewer cycles of DA-EPOCH-R
without CNS prophylaxis.19 The final strategy incorporates
pretreatment CSF flow cytometry to determine the intensity
of the intrathecal methotrexate schedule. We present re-
sults of a phase II multicenter study of risk-adapted DA-
EPOCH-R in adult Burkitt lymphoma, including findings for
patients with HIV.

METHODS

Study Design and Participants

We conducted a multicenter study of risk-adapted DA-
EPOCH-R in adults with untreated Burkitt lymphoma.
The study started on February 24, 2010, patients en-
rolled between June 2010 and May 2017, and data
were locked in May 2019 (Data Supplement). Eligibility
included a confirmed histologic diagnosis, age $

18 years, adequate organ function unless disease re-
lated, negative pregnancy test in women of childbearing
potential, and other criteria (Data Supplement).21 Pa-
tients had received no prior treatment except limited-
field radiotherapy or short courses of steroids and/or
cyclophosphamide.

Pretreatment evaluation included laboratory investigations,
computed tomography (CT) scans, bone marrow aspirate
and biopsy, peripheral blood flow cytometry, CSF analysis
by flow cytometry and cytology, and brain magnetic reso-
nance imaging (MRI)/CT, if indicated (Data Supplement).22

Pretreatment CSF flow cytometry determined the intensity
and schedule of intrathecal methotrexate (Data Supple-
ment). A single dose of intrathecal therapy was allowed at
diagnostic lumbar puncture. Patients were divided into
low-risk and high-risk categories for risk-adapted

treatment (Fig 1). Low-risk disease was defined as
stage I or II disease, normal lactate dehydroge-
nase levels, Eastern Cooperative Oncology Group
(ECOG) performance status # 1, and no tumor mass $
7 cm.

Tumor response was assessed per the revised response
criteria for malignant lymphoma.23,24 Patients underwent
CT scan after two and six cycles and every 4 months for
2 years. Positron emission tomography (PET) scans were
performed after cycles two and six (if positive after cycle 2).
Radiologic scans were reviewed at each participating site
and were not centrally reviewed (Data Supplement). In
low-risk patients, interim PET scans determined treatment
duration, but not in high-risk patients.

Trial Oversight

The study was coordinated by the Lymphoid Malignancies
Branch of the National Cancer Institute, and the study
sponsor was the Cancer Therapy Evaluation Program,
with support from the Cancer Trials Support Unit (Data
Supplement). Rituximab was provided by Genentech,
which had no role in trial design or data interpretation. The
study was registered at ClinicalTrials.gov (NCT01092182)
and was conducted in accordance with the principles of
the Declaration of Helsinki. The study was approved by
local institutional review boards of participating in-
stitutions, and all patients signed informed consent forms.
Investigators submitted data using centralized electronic
databases. Data were analyzed and interpreted by the
lead authors and made available to all authors. All authors
approved the manuscript and vouch for the completeness
and accuracy of the data and the fidelity of the trial to the
protocol.

CONTEXT

Key Objective
Burkitt lymphoma is curable with high-dose chemotherapy derived from pediatric regimens but poorly tolerated in

adult patients. Acute toxicity often requires inpatient care and limits treatment of older patients and those with
comorbidities. We hypothesized that infusional dose-adjusted etoposide, doxorubicin, cyclophosphamide,
vincristine, prednisone, and rituximab (DA-EPOCH-R) chemotherapy obviates the need for high-dose
treatment and is a curative and less toxic strategy in adult Burkitt lymphoma irrespective of age or
comorbidities.

Knowledge Generated
This multicenter study of risk-adapted DA-EPOCH-R was curative in most adults patients with low- or high-risk

Burkitt lymphoma. Low-risk patients received abbreviated therapy without CNS prophylaxis, and high-risk
patients received full therapy with CNS prophylaxis or active therapy if the CNS was involved. Patients with
involvement of the CNS were at the greatest risk of death related to toxicity or treatment failure.

Relevance
Risk-adapted DA-EPOCH-R was highly effective and well tolerated, and can be administered in the outpatient

setting in adults with Burkitt lymphoma.
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Treatment

DA-EPOCH-R was administered and pharmacodynami-
cally dose adjusted (Data Supplement).25 Patients star-
ted at dose-level 1 and received subsequent cycles of
dose-adjusted etoposide, doxorubicin, and cyclophos-
phamide based on neutrophil nadir (Data Supplement).
Complete blood counts were monitored twice weekly at
least 3 days apart, and if the neutrophil nadir was above
500/mL, the next cycle was increased by 1 dose level.
Low-risk patients received two cycles with rituximab on
days 1 and 5 (DA-EPOCH-RR), followed by a PET scan
(Fig 1). If the interim PET scan was negative, patients
received one more cycle of DA-EPOCH-RR without CNS
prophylaxis. If the interim PET scan was positive, patients
were treated with 4 additional cycles of DA-EPOCH-R
and CNS prophylaxis.

High-risk patients received two cycles of DA-EPOCH-R
therapy followed by a PET scan. Unless there was disease
progression, an additional 4 cycles were given, and therapy
was not altered based on the interim PET scan (Fig 1).
High-risk patients without CNS involvement received pro-
phylactic intrathecal methotrexate on days 1 and 5 of cycles
three to six, for a total of eight doses (Data Supplement).
Patients with active CSF involvement as determined by flow
cytometry and/or cytology received treatment with meth-
otrexate intrathecally twice weekly for at least 4 weeks, then
weekly for 6 weeks, and then monthly for 6 months. In-
travenous methotrexate was not permitted.

Statistical Analysis

The primary objective was to estimate event-free survival
(EFS) from the date of enrollment until the date of pro-
gression, last documentation of active disease at or after the
last treatment cycle, death, or last follow-up on an intention-
to-treat-basis. Median follow-up was calculated as median
intervals from study enrollment until data cut-off. Overall
survival (OS) was calculated from the enrollment date until
the date of death or last follow-up; we used the Kaplan-
Meier method with exact log-rank tests to identify the de-
gree of difference. Secondary objectives included toxicity
and the predictive value of interim PET scans. Exploratory
analyses for differences in EFS and OS were assessed
according to the International Prognostic Index (IPI),
age groups, HIV status, and bone marrow and/or CSF
involvement.

RESULTS

Patient Characteristics

One hundred thirteen patients were enrolled. Clinical
characteristics included male sex in 89 patients (79%) and
ECOG performance status $ 2 in 21 (18%; Table 1). The
median age was 49 (range, 18-86) years, and 70 patients
(62%) were$ 40 years of age, including 29 patients (26%)
ages$ 60 years. Fifteen patients (13%) were low risk, and
98 (87%) were high risk. Ann Arbor stage was III or IV in 79
patients (70%), and 76 (67%) had extranodal involve-
ment. Twenty-eight patients (25%) had involvement of the

DA-EPOCH-RR x 2

Low risk

High risk

DA-EPOCH-R x 6

with

IT methotrexate

PET scan

Stage 2
ECOG PS 1
Normal LDH

Tumor < 7 cm
(all)

Stage 3 
ECOG PS  2
Elevated LDH
Tumor  7 cm

(any)

Neg

Pos

DA-EPOCH-RR x 1

DA-EPOCH-R x 4

with

IT methotrexate

FIG 1. Treatment was risk stratified based on pretreatment characteristics. Patients were considered low risk if they
had all of the following: stage I or II disease, Eastern Cooperative Oncology Group performance status (ECOG PS) of
0 or 1, normal serum lactate dehydrogenase (LDH) levels, and no tumor mass with a diameter $ 7 cm. Low-risk
patients were treated with two cycles of dose-adjusted etoposide, doxorubicin, cyclophosphamide, vincristine,
prednisone, and rituximab on days 1 and 5 (DA-EPOCH-RR), followed by an interim positron emission tomography
(PET) scan. If the PET scan was considered negative (neg), these patients received only one additional cycle of DA-
EPOCH-RR and no CNS prophylaxis. If the PET scan was considered positive (pos), patients were treated for a full six
cycles of therapy and CNS prophylaxis with intrathecal (IT) methotrexate was given. Patients were considered high
risk if they had any of the following: stage III or IV disease, ECOG PS of 2-4, elevated serum LDH levels, or any tumor
mass $ 7 cm. High-risk patients were treated with six cycles of DA-EPOCH-R (rituximab on day 1 only) along with
either CNS prophylaxis or active CNS therapy with IT methotrexate, as indicated.
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peripheral blood and/or bone marrow, and 11 (10%) had
involvement of the CSF. No patients had brain parenchymal
involvement. Serum lactate dehydrogenase was elevated
in 69 patients (61%), and 51 patients (45%) had high-
intermediate–risk or high-risk disease by the IPI. HIV was
positive in 28 patients (25%), with a median CD41 T-cell
count of 268 (range, 22 to 886) cells/mm3.

Clinical Outcome

Of 15 low-risk patients, 13 (87%) received three treatment
cycles (Fig 2). One patient developed severe hyponatremia
during the first cycle and received modified EPOCH-R.
Another low-risk patient received four cycles despite
a negative interim PET scan. In five low-risk patients,
surgical tumor resection was performed before systemic

treatment and 4 high-risk patients had surgical debulking
before systemic treatment. Among 98 high-risk patients,
80 (82%) received six treatment cycles (Fig 2). Among 18
patients who did not complete six treatment cycles, two
patients received five treatment cycles, and one patient
received four treatment cycles and radiotherapy at physi-
cian discretion. Four patients experienced disease pro-
gression during treatment, and one successfully received
salvage treatment (Data Supplement). Five patients died of
treatment-related early death related to toxicity. One early
toxicity-related death occurred in a patient 74 years of age
who completed four cycles and died of respiratory failure.
Four early toxicity-related deaths occurred during the first
cycle of therapy, including three patients with CSF in-
volvement. Two patients 50 and 72 years of age with CSF
involvement died of sepsis during the first cycle. Two pa-
tients, both 59 years of age with stage IV disease and
evidence of spontaneous tumor lysis syndrome, died of
multisystem organ failure during the first cycle. One patient,
age 25 years, was diagnosed with cholangiocarcinoma and
died after two cycles of therapy. Five high-risk patients did
not complete protocol therapy for nonmedical reasons,
including three patients because of noncompliance, one
because of financial reasons, and one because of loss of
insurance.

The median follow-up was 58.7 months, the 4-year EFS
for all 113 patients was 84.5% (95% CI, 76% to 90%), and
the 4-year OS was 87.0% (95% CI, 79% to 92%; Figs 3A
and 3B). Two patients without evidence of active disease
received consolidation with autologous stem cell trans-
plantation (n 5 1) and radiotherapy (n 5 1). All low-risk
patients are in remission (Fig 3C). Among 98 high-risk
patients, the 4-year EFS and OS were 82.1% (95% CI,
73% to 89%; Fig 3D) and 84.9% (95% CI, 76% to 91%;
data not shown), respectively. Two patients whose disease
progressed are alive without disease after successful sal-
vage therapy (Data Supplement).

Relapses in the CNS after therapy were uncommon.
Among 81 patients with high-risk disease and no pre-
treatment evidence of CSF involvement, there were two
relapses (2%) in the brain parenchyma despite CNS
prophylaxis (Data Supplement). Among 11 patients with
CSF involvement at presentation, six patients experienced
disease progression or died (Data Supplement): three
died during cycle one from sepsis and/or multiorgan
failure, and three experienced progression on therapy, two
at peripheral sites only and one in both a peripheral site
and brain parenchyma.

Prognostic Analysis

We explored variables associated with survival, including
interim PET scans. In the low-risk arm, 14 patients had an
interimPET scan, whichwere all interpreted as negative. In the
high-risk arm, 85 patients underwent interim PET scans, with
51 (60%) interpreted as negative and 34 (40%) interpreted as

TABLE 1. Patient Characteristics
Characteristic No. %

Patients enrolled 113

Male sex 89 79

ECOG performance status

0-1 92 81

2 14 12

3-4 7 6

HIV status

Negative 85 75

Positive 28 25

Age, years

Median (range) 49 (18-86)

, 40 43 38

40-59 41 36

$ 60 29 26

Baseline risk stratification

Low risk 15 13

High risk 98 87

Ann Arbor stage III or IV 79 70

Extranodal disease, any site involved 76 67

Bowel 27 24

Liver 16 14

Bone marrow or peripheral blood 28 25

CSF 11 10

Serum lactate dehydrogenase . ULN 69 61

IPI, risk group

Low 42 37

Low intermediate 20 18

High intermediate 24 21

High 27 24

Abbreviations: ECOG, Eastern Cooperative Oncology Group; IPI,
International Prognostic Index; ULN, upper limit of normal (local
laboratory).
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positive. The 4-year EFS was not significantly different among
high-risk patients with a negative versus a positive interim PET
scan: 90.0% (95% CI, 78% to 96%) versus 78.7% (95% CI,
61% to 89%; P 5 .12), respectively (Fig 4A).

HIV coinfection, age, and IPI had no effect on survival.
The 4-year EFS in HIV-positive compared with HIV-
negative patients was 84.9% (95% CI, 65% to 94%)
and 84.5% (95% CI, 75% to 91%; P 5 1.00), respectively
(Fig 4B). Outcome was assessed in 3 age groups: 18 to
39 years, 40 to 59 years, and $ 60 years. The 4-year EFS
of these groups was 81.1% (95% CI, 66% to 90%),
87.5% (95%CI, 73% to 95%), and 85.4% (95%CI, 66% to
94%; overall P 5 .77), respectively (Fig 4C). Patients with
low-/low-intermediate–risk (0-2) and high-intermediate–/
high-risk (3-5) IPI had a 4-year EFS of 81.5% (95% CI,
69% to 89%) and 88.2% (95% CI, 76% to 95%; P5 .29),
respectively (Fig 4D).

The most important variable associated with survival was
involvement of the CSF. In high-risk disease, patients with
and without CSF involvement at presentation had a 4-year

EFS of 45.5% (95% CI, 17 to 71) and 89.9% (95% CI, 82
to 94; P 5 .0004), respectively (Fig 4E). We also assessed
the outcome of high-risk patients with and without in-
volvement of the peripheral blood, bone marrow, and/or
CSF, and found a 4-year EFS of 58.6% (95% CI, 39% to
74%) and 92.4% (95% CI, 83% to 97%; P 5 .0001),
respectively (Fig 4F). In high-risk patients without CSF
involvement, those with and without bone marrow or pe-
ripheral involvement had a 4-year EFS of 66.7% (95% CI,
40% to 83%) compared with 92.4% (95% CI, 83% to 97%;
P 5 .0086), respectively (Data Supplement).

Dose Intensity and Toxicity

Patient disposition was assessed across 481 cycles, and
most were delivered as an outpatient. Toxicity data were
assessed across 562 cycles in 111 patients (Table 2).
Younger patients achieved higher maximum dose levels.
Dose-level 1 was themaximum level in 27 patients (24%)with
a median age of 59 (range, 23-76) years, level 2 was the
maximum in 29 patients (26%) with a median age of 49
(range, 20-86) years, level 3 was the maximum in 29 (26%)

Discontinued, adverse event
 (n = 1)

Low risk
(n = 15)

Risk category

Completed therapy

Included in analysis

Patients enrolled
(N = 113)

DA-EPOCH-RR x 3
(n = 13)

Low risk
(n = 15)

High risk
(n = 98)

DA-EPOCH-R x 6
with intrathecal MTX

(n = 80)

Stopped therapy early
   Omitted final cycle
   Nonprotocol therapy
   Disease progression
   Early toxic death
   Second malignancy
   Nonmedical/other 

High risk
(n = 98)

DA-EPOCH-RR x 4
(n = 1)

(n = 18)
(n = 2)
(n = 1)
(n = 4)
(n = 5)
 (n = 1)
(n = 5)

FIG 2. Patients were enrolled and treated according to baseline risk category. Fifteen low-risk patients were
enrolled, and 13 (87%) received only 3 treatment cycles per protocol. One low-risk patient discontinued after one
cycle, and another received four cycles. Among 98 high-risk patients, 80 (82%) received the planned six treatment
cycles. The reasons for not completing protocol therapy included physician discretion (n 5 3), disease progression
(n 5 4), early toxicity-related death (n 5 5), second malignancy (n 5 1), and nonmedical reasons (n 5 5). Study
analysis was based on intention to treat and included all patients. DA-EPOCH-R, dose-adjusted etoposide, doxorubicin,
cyclophosphamide, vincristine, prednisone, and rituximab on day 1 only; DA-EPOCH-RR, dose-adjusted etoposide,
doxorubicin, cyclophosphamide, vincristine, prednisone, and rituximab on days 1 and 5; MTX, methotrexate.
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with a median age of 38 (range, 18-69) years, level 4 was the
maximum in 20 patients (18%) with a median age of 32
(range, 19-69) years, and level 5 was the maximum in 8
patients (7%) with a median age of 28 (range, 18-66) years.
Grade 3 or 4 thrombocytopenia occurred in 96 cycles (17%),
and fever with neutropenia occurred in 89 cycles (16%).
Tumor lysis syndrome occurred in 5 patients (5%), and 21
patients (19%) had grade 3 or 4 mucositis. Grade 3 or 4
sensory neuropathy occurred in 5 patients (5%), and grade 2
or higher motor neuropathy occurred in 7 patients (6%), re-
spectively. Of 14 deaths in the study, 7 (50%) were due to
nonlymphoma causes. Four patients died as a result of mul-
tisystem organ failure and/or sepsis during the first cycle, and
one died of respiratory failure after four cycles. One patient died
of cholangiocarcinoma diagnosed after two cycles, and one
patient died of a heart attack 4 months after therapy. Other
serious toxicities were uncommon (Data Supplement).

DISCUSSION

We demonstrated that risk-adapted DA-EPOCH-R is ef-
fective in adults with Burkitt lymphoma, irrespective of HIV
status, with tolerable toxicity across all age groups. With
a median follow-up of 58.7 months, all patients with low-
risk disease achieved durable remissions, and patients with
high-risk disease achieved an EFS of 82%. Interim PET
scans in high-risk patients did not reliably identify patients
at risk for treatment failure. These results support our
treatment strategies to ameliorate toxicity while maintaining
efficacy. Indeed, they suggest highly dose-intensive che-
motherapy is unnecessary for cure, and carefully defined
low-risk patients may be treated with limited chemotherapy.
Furthermore, they suggest that risk-adapted intrathecal
therapy prevents most CNS relapses without high-dose
intravenous methotrexate.
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FIG 3. Kaplan-Meier estimates of the event-free survival (EFS) and overall survival (OS) of patients enrolled with Burkitt lymphoma. Median follow-up was
58.7 months. (A) The 4-year EFS of all patients (N 5 113) was 84.5% (95% CI, 76.3% to 90.1%). (B) The 4-year OS of all patients (N 5 113) was 87.0
(95% CI, 79.0% to 92.1%). (C) The 4-year EFS of low-risk patients (n 5 15) was 100%. (D) The 4-year EFS of high-risk patients (n 5 98) was
82.1% (95% CI, 72.7% to 88.5%).
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FIG 4. Kaplan-Meier estimates of the 4-year event-free survival (EFS) according to prognostic variables. (A) EFS of negative interim positron
emission tomography (PET) scans (n 5 51) versus positive interim PET scans (n 5 34) in high-risk patients was 90.0% (95% CI, 77.7% to
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Intensive multiagent chemotherapy regimens have cured
Burkitt lymphoma for decades.5,6 Various regimens have
been tested with fractionated schedules of cyclophos-
phamide or ifosfamide along with doxorubicin, vincristine,
steroids, and the CNS-penetrating agents intravenous
cytarabine and high-dose methotrexate.11,26-29 The high

dose intensity of these regimens requires prolonged hos-
pitalization. The acute toxicity limits broad applicability, and
late sequelae are indefinite risks. Indeed, population trends
in Burkitt lymphoma demonstrate that the greatest benefit
of highly dose-intensive chemotherapy is for younger pa-
tients.7 Use of these regimens in older adults and HIV
frequently require dose modifications.12,13,30 The results of
DA-EPOCH-R in this study significantly improve on the
complexity, cost, and toxicity profile of other regimens, and
the regimen is a treatment administered on an outpatient
basis, often including the first cycle of therapy because of
the low risk of tumor lysis syndrome.

Recent studies have shown a benefit of rituximab in Burkitt
lymphoma.9,13-15,20,31,32 A randomized study in adults with
Burkitt lymphoma demonstrated rituximab with highly
dose-intensive chemotherapy improved the 3-year EFS
compared with chemotherapy alone (75%; 95% CI, 66% to
82% v 62%; 95% CI, 53% to 70%; P 5 .024).20 Other
multicenter studies of rituximab with highly dose-intensive
chemotherapy have reported an EFS in the 69%-74%
range.9,13,14 Despite less dose-intensive therapy, our results
in high-risk disease compare favorably with a 4-year EFS
of 82.1%.

Our results show risk-adapted DA-EPOCH-R is tolerated by
all age groups, and pharmacologic dose-level increases
occurred in 76% of patients. Infectious complications and
hematologic toxicity are major limiting factors of highly
dose-intensive regimens. Serious infections with these
regimens occur in 15%-20% of cycles, and only younger
adults reliably complete the planned treatment regimen.8

In contrast, serious infections were observed in 6% of
cycles in our study, despite the inclusion of patients with
HIV. Over all cycles, the incidence of grade 4 neutropenia
was 43%, but was associated with fever in only 16% of
cycles. Most serious complications occurred early in
therapy and were associated with impaired performance
status. Of 5 treatment-related deaths, 4 resulted from
sepsis or multiorgan failure during the first cycle in pa-
tients. 50 years of age with an ECOG performance status
of$ 2. Given the known toxicity profile of DA-EPOCH-R, it
is highly unlikely that alternative Burkitt lymphoma regi-
mens would have been more tolerable.7,33-35 Impaired
performance status does not preclude successful treat-
ment with DA-EPOCH-R, however. Seven patients with
ECOG 3 or 4 were included in our study, and 5 of them are
alive without disease.

TABLE 2. Adverse Events

Event
DA-EPOCH-R Cycles

(N 5 562)
Patients

(N 5 111)

Hematologic toxicity

Febrile neutropenia

At least 1 event 50 (46)

Any patient 89 (16)

Neutropenia

Nadir , 500 cells/mm3 242 (43)

Nadir , 100 cells/mm3 183 (33)

Thrombocytopenia

Nadir , 50,000 platelets/mm3 96 (17)

Nadir , 25,000 platelets/mm3 52 (9)

Serious bleeding 5 (5)

Venous thromboembolism 8 (7)

Nonhematologic toxicity

Serious infection

At least 1 event 28 (25)

Any patient 32 (6)

Neurologic event

Sensory neuropathy 5 (5)

Motor neuropathya 7 (6)

Electrolyte disturbances

Tumor lysis syndrome 5 (5)

Hypophosphatemia 22 (20)

Hyponatremia 14 (13)

Hypokalemia 12 (11)

GI toxicity

Mucositis 21 (19)

Liver test abnormalities 12 (11)

NOTE. All data are No. (%). Adverse events reported were considered grade 3
(severe) or grade 4 (life-threatening).
Abbreviation: DA-EPOCH-R, dose-adjusted etoposide, doxorubicin,

cyclophosphamide, vincristine, prednisone, and rituximab.
aMotor neuropathy events were grade 2 or higher.

FIG 4. (Continued) (HighInt) score on the International Prognostic Index (IPI) risk score (n 5 51) versus low-/low-intermediate–risk (LowInt) IPI risk
score (n5 62) was 88.2% (95% CI, 75.5% to 94.5%) and 81.5% (95% CI, 69.1% to 89.3%; P5 .29), respectively. (E) EFS for patients with no CSF
involvement (n 5 102) versus CSF involvement (n 5 11) was 89.9% (95% CI, 82.0% to 94.4%) and 45.5% (95% CI, 16.7% to 70.7%; P 5 .0004),
respectively. (F) EFS for patients with no involvement of the CSF or bonemarrow (n5 69) versus involvement of either (n5 29) was 92.4% (95%CI, 83
to 97) and 58.6% (95% CI, 39 to 74; P 5 .0001), respectively.
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A remaining unmet medical need is management of pa-
tients with active CSF involvement, which occurs in
10%-15% of patients. In our study, patients with CSF in-
volvement were at the greatest risk of treatment failure, with
a 4-year EFS of 45%, although a small number of patients
with active CSF involvement were enrolled. Notably, events
were evenly distributed between disease progression (n 5
3) and early toxicity-related death (n 5 3) during the first
treatment cycle. The use of highly dose-intensive chemo-
therapy would likely increase the risk of early toxicity-related
death and may not overcome treatment resistance. Indeed,
in a recent study of dose-intensive chemotherapy with high-
dose methotrexate and cranial irradiation, 25 patients
(39%) with active CNS disease did not achieve remission.20

A preliminary report of a retrospective study suggested that
patients treated with DA-EPOCH-R have a higher incidence
of CNS progression than regimens that included high-dose
methotrexate. This underscores the critical role of CSF flow
cytometry to identify patients who should be treated with
CNS-directed therapy more intensive than prophylactic
schedules of intrathecal methotrexate alone.36 Alternative

strategies including a prephase course of steroids may have
a role to improve performance status before therapy.

Another important issue is the occurrence of parenchymal
brain relapse, which occurred in 2 patients (2%) despite
intrathecal CNS prophylaxis. These results are not dis-
similar to studies of chemotherapy regimens in adults that
include high-dose methotrexate and rituximab and also
report CNS relapses, often as the most common site of
relapse.9,14 An alternative strategy to overcome treatment
resistance in high-risk patients is the addition of targeted
agents, such as inhibitors of the phosphoinositide 3-kinase
pathway, which have demonstrated clinically relevant CNS
penetration.37,38

In conclusion, risk-adapted DA-EPOCH-R is highly effective
in adults with Burkitt lymphoma irrespective of HIV status,
and its relative tolerance allows broad applicability across
patients of all ages. In patients with high-risk features such
as CSF involvement, the addition of targeted agents with
CNS penetration should be studied.37
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