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A BS TR AC T

BACKGROUND

Burkitt’s lymphoma is an aggressive B-cell lymphoma that occurs in children and 
adults and is largely curable with the use of intensive and toxic chemotherapy. Cur-
rent treatments are less effective and have more severe side effects in adults and 
patients with immunodeficiency than in children.

METHODS

We studied low-intensity treatment consisting of infused etoposide, doxorubicin, 
and cyclophosphamide with vincristine, prednisone, and rituximab (EPOCH-R) in 
patients with untreated Burkitt’s lymphoma. Two EPOCH-R regimens were tested: 
a standard dose-adjusted combination in human immunodeficiency virus (HIV)–
negative patients (DA-EPOCH-R group) and a lower-dose short-course combination 
with a double dose of rituximab in HIV-positive patients (SC-EPOCH-RR group).

RESULTS

A total of 30 consecutive patients were treated; 19 patients were in the DA-EPOCH-R 
group, and 11 in the SC-EPOCH-RR group. The overall median age of the patients 
was 33 years, and 40% were 40 years of age or older; 73% of the patients had inter-
mediate-risk disease, and 10% had high-risk disease. The principal toxic events, 
fever and neutropenia, were observed during 22% of the DA-EPOCH-R treatment 
cycles and 10% of the SC-EPOCH-RR treatment cycles. The tumor lysis syndrome 
developed in 1 patient; no treatment-related deaths occurred. The median cumula-
tive doses of doxorubicin–etoposide and cyclophosphamide administered in the 
SC-EPOCH-RR group were 47% and 57% lower, respectively, than those adminis-
tered in the DA-EPOCH-R group. With median follow-up times of 86 months in the 
DA-EPOCH-R group and 73 months in the SC-EPOCH-RR group, the rates of free-
dom from progression of disease and overall survival were, respectively, 95% and 
100% with DA-EPOCH-R and 100% and 90% with SC-EPOCH-RR. None of the pa-
tients died from Burkitt’s lymphoma.

CONCLUSIONS

In this uncontrolled prospective study, low-intensity EPOCH-R–based treatment 
was highly effective in adults with sporadic or immunodeficiency-associated 
Burkitt’s lymphoma. (Funded by the National Cancer Institute; ClinicalTrials.gov 
numbers, NCT00001337 and NCT00006436.)
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Burkitt’s lymphoma, first described 
by Denis Burkitt in African children, is a 
highly proliferative human cancer.1 Al-

though rare, Burkitt’s lymphoma disproportion-
ately affects children, accounting for 30 to 50% 
of pediatric lymphomas. Three major variants 
are recognized: endemic, which occurs in equa-
torial Africa; sporadic, which occurs worldwide; 
and immunodeficiency-associated, which occurs 
primarily in persons with human immunodefi-
ciency virus (HIV) infection. Young patients with 
sporadic Burkitt’s lymphoma have a favorable out-
come with intense short-cycle treatment, whereas 
adult patients and those with immunodeficiency 
have inferior outcomes.2-7

Burkitt’s lymphoma is derived from a germi-
nal-center B cell and has distinct oncogenic 
pathways.8,9 A translocation between MYC and 
an immunoglobulin promoter leads to the con-
stitutive expression of MYC and is found in all 
cases.9 Other genetic events occur with MYC to 
increase tumor proliferation and growth by means 
of the phosphatidylinositide 3-kinase pathway 
and cyclin-dependent kinases.8 Sporadic and im-
munodeficiency-associated variants of Burkitt’s 
lymphoma are pathogenetically similar.8

Recognition of the biologic overlap of Burkitt’s 
lymphoma and B-cell acute lymphoblastic leuke-
mia led to the use of multiphase leukemia-based 
regimens in patients with Burkitt’s lymphoma.10 
It is accepted that the high growth fraction and 
short doubling time of Burkitt’s lymphoma make 
intensive short-cycle chemotherapy a therapeutic 
necessity. However, such treatment has severe side 
effects in adults and patients with immunodefi-
ciency and causes long-term morbidity in chil-
dren.11 Efforts to substantially lower the treatment 
intensity while maintaining efficacy have not been 
very successful in adults, although risk-adapted 
treatment has reduced toxicity in children.3,5,12,13

We hypothesized that the exquisite sensitivity 
of Burkitt’s lymphoma cells to genotoxic stress 
makes prolonged exposure time, not increased 
dose, the important therapeutic strategy for max-
imizing the killing of tumor cells.14 This concept 
underlies the use of etoposide, prednisone, vin-
cristine, cyclophosphamide, doxorubicin, and ri-
tuximab (EPOCH-R), a regimen of infused drugs 
based on in vitro studies showing enhanced 
tumor-cell killing with prolonged low-concen-
tration drug exposure, as compared with brief, 
high-concentration exposure.15 We tested two 

EPOCH-R regimens in patients with untreated 
Burkitt’s lymphoma: a standard dose-adjusted 
regimen (DA-EPOCH-R), and a short-course reg-
imen with a double dose of rituximab (SC-EPOCH-
RR) to reduce toxicity.16-18 Here, we present the 
results of an uncontrolled prospective study of 
these two low-intensity EPOCH-R–based regimens 
in patients with sporadic or immunodeficiency-
associated Burkitt’s lymphoma.

ME THODS

STUDY DESIGN AND PARTICIPANTS

From November 2000 through December 2009, 
we enrolled 30 consecutive patients with untreat-
ed Burkitt’s lymphoma in a prospective study of 
DA-EPOCH-R for HIV-negative patients and SC-
EPOCH-RR for HIV-positive patients. In both 
groups, the primary study end points were the 
rate of complete response, time to progression, 
and treatment toxicity; in addition, we attempted 
to determine whether the reduction in treatment 
in the SC-EPOCH-RR group was feasible.

Eligible patients had Burkitt’s lymphoma, had 
not received systemic chemotherapy previously, 
and had adequate organ function apart from organ 
function affected by disease; among women 
with childbearing potential, a negative pregnancy 
test was required. Evaluation included standard 
laboratory tests, computed tomographic scans of 
the whole body, and a bone marrow aspirate and 
biopsy. All the patients underwent cytologic and 
flow cytometric analysis of the cerebrospinal 
fluid and imaging of the brain. Standard criteria 
were used to assess tumor response.19

The institutional review board of the Na-
tional Cancer Institute (NCI) approved the stud-
ies, and all the patients provided written in-
formed consent. Filgrastim was provided to the 
NCI through an agreement with Amgen, which 
had no other role in the study. No other com-
mercial support was provided. All the authors 
vouch for the completeness and accuracy of the 
data and analyses reported and for the fidelity of 
the study to the protocol.

TREATMENT

DA-EPOCH-R and SC-EPOCH-RR were adminis-
tered as described in the Supplementary Appendix 
(available with the full text of this article at NEJM 
.org) and were usually administered in the outpa-
tient setting.16,18,20 Patients in the DA-EPOCH-R 
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group received two cycles after complete remis-
sion was established, for a total of six to eight 
cycles. Patients in the SC-EPOCH-RR group re-
ceived one cycle after complete remission was 
established, for a minimum of three cycles and a 
maximum of six cycles. HIV-positive patients did 
not receive antiretroviral therapy during chemo-
therapy. Follow-up restaging was performed for 
5 years in both studies.18,20 During the first cycle, 
patients received allopurinol at a dose of 300 mg 
and fluids. Patients were monitored for the tu-
mor lysis syndrome.

DA-EPOCH-R was pharmacodynamically dose-
adjusted on the basis of the neutrophil nadir.20 
SC-EPOCH-RR was not dose-adjusted.18 Patients 
received filgrastim beginning 24 hours after the 
last dose of chemotherapy and continuing through 
the neutrophil nadir until absolute neutrophil 
recovery, defined as 5000 cells per cubic milli-
meter or more, was documented. Patients with-
out evidence of cerebrospinal-fluid involvement 
received prophylactic intrathecal methotrexate at 
a dose of 12 mg. Intrathecal treatment was ad-
ministered on days 1 and 5 every 3 weeks begin-
ning in cycle 3 for eight doses with DA-EPOCH-R, 
and on days 1 and 5 every 3 weeks beginning in 
cycle 3 for six doses with SC-EPOCH-RR. Patients 
with evidence of cerebrospinal-fluid involvement 
received active treatment with methotrexate at a 
dose of 12 mg intrathecally or 6 mg by means of 
an Ommaya reservoir twice weekly for 4 weeks, 
then once weekly for 6 weeks, and then once 
monthly for 4 months.

PATHOLOGICAL AND PHARMACOKINETIC ANALYSES

Pathological findings were reviewed and con-
firmed by study pathologists, in compliance with 
the fourth edition of the World Health Organiza-
tion Classification of Tumours of Haematopoi-
etic and Lymphoid Tissues.21 Immunohistochemi-
cal studies and Epstein–Barr virus (EBV)–encoded 
RNA (EBER) in situ hybridization were performed 
as indicated.20 Fluorescence in situ hybridization 
or conventional karyotype analyses were per-
formed to identify a translocation of MYC in avail-
able tissue samples.

Plasma concentrations of doxorubicin were 
analyzed at 0, 24, and 96 hours of infusion, as 
previously described.22 Data were fit to a curve 
for the 96-hour infusion and were combined with 
values from the literature to generate data for a 
two-compartment bolus simulation.23-25

STATISTICAL ANALYSIS

Overall survival was calculated from the date of 
study enrollment until death or the last follow-up 
visit. Freedom from progression of disease was 
calculated from the date of study enrollment un-
til the date of progression or the last follow-up 
visit, with the use of the Kaplan–Meier method. 
The median potential follow-up was calculated 
from the period between the date of study enroll-
ment for each patient and November 2012, the 
last follow-up date.

The difference in continuous variables between 
the two treatment groups was determined by 
means of an exact Wilcoxon rank-sum test. The 
difference in CD4+ T-cell paired values (change 
from baseline) was determined by means of the 
Wilcoxon signed-rank test. The differences in di-
chotomous variables between the two treatment 
groups were determined by means of Fisher’s 
exact test. The difference in categorical-risk groups 
between the two groups was determined with 
Mehta’s modification of Fisher’s exact test.26 All 
reported P values are two-tailed and are pre-
sented without any adjustment for multiple com-
parisons.

R ESULT S

CHARACTERISTICS OF THE PATIENTS

A total of 30 consecutive, previously untreated 
patients with Burkitt’s lymphoma were enrolled 
in the study, including 17 patients with a sporadic 
variant and 13 with an immunodeficiency-asso-
ciated variant (Table 1). Of the 13 patients with 
an immunodeficiency-associated variant, 11 were 
HIV-positive, and 2 had primary immunodefi-
ciencies (the autoimmune lymphoproliferative 
syndrome in 1 patient and a deficiency of dedica-
tor of cytokinesis 8 in 1). Overall, the median age 
of the patients was 33 years (range, 15 to 88), and 
40% were 40 years of age or older. According to 
the Société Française d’Oncologie Pédiatrique 
lymphomes malins B (LMB) prognostic catego-
ries,13 17% of the patients had low-risk disease 
(defined as resected stage I or abdominal stage II 
cancer), 10% had high-risk disease (defined as 
central nervous system involvement, at least 25% 
blasts in bone marrow, or both characteristics), 
and 73% had intermediate-risk disease (i.e., were 
not in either of the other risk groups).

HIV-positive patients were older and had 
higher-risk disease than HIV-negative patients 
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(Table 1). The HIV-positive patients had a me-
dian CD4+ T-cell count of 322 (range, 32 to 835) 
before treatment, and 4 of 11 patients (36%) had 
not received antiretroviral therapy previously.

Among the 22 patients who were assessed for 
MYC rearrangement, all had translocations in-
volving an immunoglobulin gene (Table 1). All 
the cases analyzed were positive for BCL6 protein 

Table 1. Characteristics of the Patients.*

Characteristic
All Patients

(N = 30)
DA-EPOCH-R

(N = 19)
SC-EPOCH-RR

(N = 11) P Value

Male sex — no. (%) 22 (73) 13 (68) 9 (82) 0.67

Age — yr 0.03

Median 33 25 44

Range 15–88  15–88  24–60

Age ≥40 yr — no. (%) 12 (40) 5 (26)  7 (64) 0.06

Ann Arbor stage III or IV — no. (%) 20 (67) 11 (58)  9 (82) 0.25

ECOG performance-status score ≥2 
— no. (%)†

9 (30) 3 (16)  6 (55) 0.04

Serum lactate dehydrogenase >ULN 
— no. (%)

16 (53) 7 (37)  9 (82) 0.03

Extranodal site — no. (%)‡ 19 (63) 10 (53)  9 (82) 0.14

Bowel 15 (50) 9 (47)  6 (55) 1.00

Bone marrow or blood 4 (13) 3 (16) 1 (9) 1.00

Central nervous system 1 (3) 1 (5) 0 1.00

LMB risk group — no. (%)§

A 5 (17) 5 (26) 0 0.16

B 22 (73) 12 (63) 10 (91)

C 3 (10) 2 (10) 1 (9)

Burkitt’s lymphoma variant — no. (%) <0.001

Sporadic 17 (57) 17 (89)  0

Immunodeficiency-associated¶ 13 (43) 2 (11)  11 (100)

Secondary 11 (37) 0  11 (100)

Primary 2 (7) 2 (11)  0

Molecular marker — no./total no. (%)

MYC rearrangement 22/22 (100) 14/14 (100) 8/8 (100) 1.00

BCL6 protein expression 24/24 (100) 15/15 (100) 9/9 (100) 1.00

BCL2 protein expression 0/26 0/16 0/10 1.00

EBER in situ hybridization 6/21 (29) 4/14 (29) 2/7 (29) 1.00

* DA-EPOCH-R denotes dose-adjusted infusional therapy with etoposide, doxorubicin, vincristine, cyclophosphamide, 
prednisone, and rituximab; EBER Epstein–Barr virus–encoded RNA; SC-EPOCH-RR short-course infusional therapy with 
etoposide, doxorubicin, and vincristine with cyclophosphamide, prednisone, and a double dose of rituximab; and ULN 
upper limit of the normal range.

† Eastern Cooperative Oncology Group (ECOG) performance-status scores range from 0 to 5, with 0 indicating no symp-
toms and full activity and higher scores indicating increasing levels of disability.

‡ Patients may have had more than one extranodal site. In the SC-EPOCH-RR group, three patients had a site not listed 
in the table (liver, kidney, or other site).

§ Lymphomes malins B (LMB) risk groups are defined as follows: group A includes patients with low-risk disease (resect-
ed stage I or abdominal stage II cancer), group B includes those with intermediate-risk disease (patients not in group A 
or C), and group C includes those with high-risk disease (central nervous system involvement, at least 25% blasts in 
bone marrow, or both characteristics).13

¶ Patients with the immunodeficiency-associated variant may have had HIV infection, the autoimmune lymphoprolifera-
tive syndrome, or a deficiency of dedicator of cytokinesis 8.
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expression but negative for BCL2 protein expres-
sion, which is consistent with typical Burkitt’s 
lymphoma.27 EBV was detected by means of 
EBER in situ hybridization in 28% of HIV-nega-
tive patients and 28% of HIV-positive patients.

CLINICAL OUTCOME

Patients who received DA-EPOCH-R were fol-
lowed for a median of 86 months, and those who 
received SC-EPOCH-RR were followed for a me-
dian of 73 months. At the median follow-up, the 
DA-EPOCH-R group had a rate of freedom from 
progression of disease of 95% (95% confidence 
interval [CI], 75 to 99) and an overall survival rate 
of 100% (95% CI, 82 to 100), and the SC-EPOCH-
RR group had a rate of freedom from progres-
sion of 100% (95% CI, 72 to 100) and an overall 
survival rate of 90% (95% CI, 60 to 98) (Fig. 1A 
through 1D). Among the patients with immuno-
deficiency-associated Burkitt’s lymphoma, the rates 
of freedom from progression and overall survival 
were both 92% (Fig. 1E and 1F).

None of the patients in either group had a 
recurrence of disease or died from Burkitt’s lym-
phoma. However, one patient with primary im-
munodeficiency–associated Burkitt’s lymphoma 
did not have a pathological complete response 
and received localized radiotherapy. Acute myeloid 
leukemia developed in one HIV-positive patient 
2.5 years after the completion of SC-EPOCH-RR, 
and the patient died 4 months later.

TREATMENT DOSE AND PHARMACOKINETICS

All but one patient in the DA-EPOCH-R group 
received six treatment cycles; one patient received 
eight cycles. With pharmacodynamic dose adjust-
ment, 74% of the patients received at least dose 
level 3 and 37% received dose level 4 (for details of 
dose levels, see Fig. S3 in the Supplementary Ap-
pendix). Among patients who received SC-EPOCH-
RR, which had been designed to minimize treat-
ment, 45% received three treatment cycles and 55% 
received four treatment cycles, and doses were 
not escalated. To understand the role of dose in-
tensity in the efficacy of EPOCH-R–based treat-
ment, we looked at the cumulative doses of che-
motherapy administered in the DA-EPOCH-R and 
SC-EPOCH-RR groups. The median cumulative 
doses of doxorubicin–etoposide and cyclophospha-
mide administered in the SC-EPOCH-RR group 
were 47% and 57% lower, respectively, than those 
administered in the DA-EPOCH-R group (Fig. 2A).

We analyzed the pharmacokinetics of doxoru-
bicin in patients in the DA-EPOCH-R group who 
received treatment at dose levels 1 and 3 to in-
vestigate the differences in maximal exposure of 
the infused drugs that were commonly achieved 
with SC-EPOCH-RR and DA-EPOCH-R (Fig. 2B). 
We found a 45% difference in the area under the 
concentration-time curves of 1140 ng per milli-
liter per hour and 1650 ng per milliliter per hour 
for dose levels 1 and 3, respectively, indicating 
substantial differences in drug exposure.

Next, we simulated a 0.5-hour bolus-adminis-
tration schedule, which was based on these phar-
macokinetic results, to illustrate the effect of the 
administration schedule (Fig. 2C). Although the 
administration schedule has no effect on overall 
drug exposure, it does have a major effect on 
concentration-exposure kinetics. Bolus adminis-
tration led to transient high-peak concentrations, 
whereas administration by infusion led to an ex-
tended exposure to steady-state concentrations 
(Fig. 2B and 2C). Our findings suggest that the 
length of exposure time that is above an effec-
tive threshold concentration (e.g., the steady-state 
concentration of 10 ng of doxorubicin per milli-
liter achieved at dose level 1), not the peak con-
centration, is the important therapeutic princi-
ple. In the present example, doxorubicin exposure 
above this steady-state concentration was ap-
proximately 2.5 times as long with the 96-hour 
administration time as it was with the 0.5-hour 
administration time (43 vs. 17 hours). This phar-
macokinetic principle may explain why standard 
regimens in Burkitt’s lymphoma require dose-
intense treatment to maximize the outcome of 
treatment.

TREATMENT TOXICITY

The toxic effects of DA-EPOCH-R and SC-EPOCH-
RR were mainly grade 1 or 2 (Table 2). By design, 
DA-EPOCH-R was dose-adjusted to achieve a neu-
trophil nadir of less than 500 cells per cubic mil-
limeter, which was observed during 52% of the 
cycles. Thrombocytopenia below 25,000 platelets 
per cubic millimeter occurred during only 2% of 
the cycles in either group. Fever and neutropenia 
were observed during 22% of the cycles in the 
DA-EPOCH-R group and were infrequent in pa-
tients 40 years of age or older.

SC-EPOCH-RR was associated with a lower 
incidence of neutropenia than DA-EPOCH-R (31% 
of the cycles vs. 52%). Hospital admission due to 
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Figure 1. Kaplan–Meier Estimates of Freedom from Disease Progression and Overall Survival.

Panels A and B show the estimates of freedom from progression of disease and overall survival, respectively, among 
patients who received a dose-adjusted combination of etoposide, doxorubicin, and vincristine with cyclophospha-
mide, prednisone, and rituximab (DA-EPOCH-R). Panels C and D show the estimates of freedom from progression 
and overall survival, respectively, among patients who received a short course of the combination therapy with a 
double dose of rituximab in each cycle (SC-EPOCH-RR). Panels E and F show the estimates of freedom from pro-
gression and overall survival, respectively, among patients who had the immunodeficiency-associated variant of 
Burkitt’s lymphoma.
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fever and neutropenia was observed during 10% 
of the SC-EPOCH-RR cycles. HIV-positive patients 
had a modest decline in the mean (±SE) CD4+ 
T-cell count before and immediately after treat-
ment, from 325±75 cells per cubic millimeter to 
219±4 cells per cubic millimeter (P = 0.03).

Nonhematopoietic toxic events with both regi-
mens were similar to those in prior studies.16,18,20 
The tumor lysis syndrome developed in one pa-
tient; no treatment-related deaths occurred. Over-
all, 18 of 155 cycles (12%) were administered in 
the hospital.
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Figure 2. Cumulative Drug Doses and Infusional and Bolus Administrations of Doxorubicin.

The median cumulative doses of doxorubicin–etoposide and cyclophosphamide administered in the SC-EPOCH-RR 
group were 47% and 57% lower, respectively, than those administered in the DA-EPOCH-R group (Panel A). In a 
comparison of the maximal exposure of doxorubicin when administered at dose levels 1 and 3 in the DA-EPOCH-R 
group (see the Supplementary Appendix), we found a significant difference of 45% in the area under the concentra-
tion–time curves (1140 ng per milliliter per hour and 1650 ng per milliliter per hour, respectively) (Panel B). Purple 
symbols indicate drug concentrations at dose level 1, and yellow symbols drug concentrations at dose level 3. Cir-
cles indicate Patient 1, who only had a measurement for dose level 3 at 96 hours but had measurements for both 
dose levels at 24 hours; diamonds and squares, respectively, indicate Patients 2 and 3, who had measurements for 
both dose levels at 24 and 96 hours. In a simulation of a 0.5-hour bolus-administration schedule, bolus administra-
tion led to transient high peak concentrations (Panel C).
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DISCUSSION

We present evidence from an uncontrolled pro-
spective study that Burkitt’s lymphoma can be 
treated effectively with low-intensity therapy in 
an outpatient setting. Two dose-intensity variants 
of EPOCH-R–based treatment were tested in adults 
with sporadic or immunodeficiency-associated 
Burkitt’s lymphoma. Patients who were HIV-neg-
ative received standard DA-EPOCH-R, which was 
developed in studies of diffuse large B-cell lympho-
ma.15,16,20 At a median follow-up of 86 months, 
95% of patients in the DA-EPOCH-R group did not 
have progression of disease, and all were alive. A 
variant regimen with considerably lower treatment 
intensity, SC-EPOCH-RR, was tested in HIV-pos-
itive patients in order to reduce hematopoietic 
toxicity. Although patients in the SC-EPOCH-RR 
group had more advanced disease than those in 
the DA-EPOCH-R group, as well as immunodefi-
ciency, they all had complete remissions that 
have been sustained without additional therapy.

The safety profile of both EPOCH-R regimens 
is similar to that in our previous studies of DA-
EPOCH-R.16,20 Patients who received SC-EPOCH-
RR had a lower incidence of neutropenia than 
those who received DA-EPOCH-R, which reflects 
the lower treatment intensity of SC-EPOCH-RR. 
Furthermore, the incidence of fever and neutro-
penia was lowest in patients who received SC-
EPOCH-RR and in patients 40 years of age or 
older who received DA-EPOCH-R — the two pa-
tient groups most vulnerable to the toxicity of 
standard regimens for the treatment of Burkitt’s 
lymphoma.3,12,28,29 It is notable that the tumor 
lysis syndrome developed in only one patient. 
One HIV-positive patient died from acute myeloid 
leukemia. To assess whether EPOCH-R–based 
treatment is associated with secondary acute 
myeloid leukemia, we reviewed published data 
from all 360 patients with aggressive B-cell lym-
phoma who received treatment in our EPOCH-R–
based studies and found two instances: one in 
an HIV-positive patient in the current study and 

Table 2. Adverse Events.*

Event

All  
Cycles

(N = 155)

DA-EPOCH-R 
Cycles

(N = 116)

SC-EPOCH-RR
Cycles

(N = 39) P Value

Tumor lysis syndrome — no. of cycles (%) 1 (1) 0 1 (3) NA

Absolute neutropenia — no. of cycles (%)

Nadir <500 cells/mm3 72 (46) 60 (52) 12 (31) 0.03

Nadir <100 cells/mm3 26 (17) 20 (17) 6 (15) 1.00

Thrombocytopenia — no. of cycles (%)

Nadir <50,000 platelets/mm3 12 (8) 7 (6) 5 (13) 0.18

Nadir <25,000 platelets/mm3 3 (2) 2 (2) 1 (3) 1.00

Fever and neutropenia necessitating hospital admission

Any patient — no. of cycles (%) 30 (19) 26 (22) 4 (10) 0.11

Patients ≥40 yr of age — no. of cycles/total no. (%) 4/54 (7) 2/30 (7) 2/24 (8) 1.00

Gastrointestinal event — no. of cycles (%)†

Mucositis 8 (5) 7 (6) 1 (9) 0.68

Constipation 2 (1) 0 2 (5) 0.06

Ileus 2 (1) 2 (2) 0 1.00

Neurologic event — no. of patients/total no. (%)‡

Sensory impairment 5/30 (17) 4/19 (21) 1/11 (9) 0.63

Motor impairment 2/30 (7) 2/19 (11) 0/11 0.52

* NA denotes not applicable.
† All the gastrointestinal events were grade 3.
‡ All the sensory-impairment events were grade 3, and all the motor-impairment events were grade 2.
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one in a patient with a telomerase mutation. 
HIV infection and telomerase mutations are 
both risk factors for acute leukemia.15-18,20,30-32

The clinical outcome of EPOCH-R–based 
treatment in adults is similar to that of intensive 
short-cycle regimens for Burkitt’s lymphoma in 
children. In these regimens, patients receive in-
tensive treatment with methotrexate, cytarabine, 
and cyclophosphamide, in addition to doxoru-
bicin.10 The Berlin–Frankfurt–Münster (BFM) 
Group reported an event-free survival rate of 
89% at 6 years among 266 children with Burkitt’s 
lymphoma who were treated in the Non-Hodg-
kin’s Lymphoma–BFM 90 trial.5 The Société 
Française d’Oncologie Pédiatrique group report-
ed a similar result in their LMB89 study involv-
ing 420 children with Burkitt’s lymphoma, with 
an event-free survival rate of 92% at 5 years.4 
When these regimens were modified for adults, 
the outcomes were less favorable, and the toxic-
ity was very high.

A study of an adapted pediatric LMB protocol 
showed an event-free survival rate of 65% at 2 years 
among 72 adults with Burkitt’s lymphoma.12 An 
international study of modified CODOX-M–IVAC 
(cyclophosphamide, vincristine, doxorubicin, and 
methotrexate plus ifosfamide, etoposide, and cy-
tarabine) in 52 adults with lymphoma also showed 
an event-free survival rate of 65% at 2 years.3,28 
The distribution of patients according to risk fac-
tors in our study is similar to the distribution in 
these previous studies that involved adults.3,12,28 
It is important to note that our treatment includ-
ed rituximab, which is not a component of these 
other regimens for Burkitt’s lymphoma. However, 
recent studies suggest that rituximab provides 
only a modest survival benefit when added to 
standard regimens for Burkitt’s lymphoma.33-35

The toxicity of EPOCH-R–based treatment in 
Burkitt’s lymphoma is considerably less than 
that of other regimens that have been used in 
children or adults. Indeed, modified CODOX-M–
IVAC had severe toxicity, including grade 4 neu-
tropenia and thrombocytopenia in 90% and 58% 
of patients, respectively.3 Similar toxicity was 
observed with the adapted pediatric LMB proto-
col for adults, including three deaths that were 
considered to be related to treatment.12

Our case series study has some limitations. 
The small sample of adults with Burkitt’s lym-
phoma and the small number of patients with 
central nervous system involvement are major 

limitations, as compared with studies of pediat-
ric case series.4,36 Like other case series studies 
involving adults, ours has wide confidence inter-
vals.3,10,12,28,35 Unlike other studies, the present 
study included patients with immunodeficiency-
associated Burkitt’s lymphoma, who are reported 
to have a worse outcome than those with other 
variants of the disease.37

Several lines of evidence indicate that the 
scheduling of EPOCH-R–based therapy over-
comes the need for high-intensity treatment. 
The excellent efficacy of both DA-EPOCH-R and 
SC-EPOCH-RR, despite a difference of up to 57% 
in the cumulative drug dose between the two 
regimens, suggests that exposure-concentration 
time, not peak concentration, is important.

Mechanistically, prolonged exposure to doxo-
rubicin, etoposide, and vincristine may inhibit 
DNA repair and favor apoptosis by enhancing 
genotoxic stress and impeding microtubule-depen-
dent protein transport.38,39 On the other hand, 
even at high doses, standard regimens for Burkitt’s 
lymphoma may not achieve effective exposure 
kinetics, thereby limiting their therapeutic in-
dex. Other low-intensity regimens, such as CHOP 
(cyclophosphamide, doxorubicin, vincristine, and 
prednisone), CHOP-R (CHOP and rituximab), 
and CHOEP-R (CHOP-R and etoposide), which 
use similar drugs administered on a bolus sched-
ule, are associated with low overall survival rates 
(<40%) among patients with Burkitt’s lympho-
ma.33,40 Furthermore, attempts to lower the inci-
dence of toxic events among adults by reducing 
the drug doses in standard regimens for Burkitt’s 
lymphoma have led to less favorable outcomes 
than those with standard regimens.3,12,35

An important characteristic of EPOCH-R–
based treatment is the absence of high-dose 
methotrexate and cytarabine, both of which in-
crease the toxicity of treatment but have been 
considered essential for disease control.10 Our 
results indicate that these agents are not es-
sential for the control of systemic disease with 
EPOCH-R–based treatment. The limited number 
of patients with active involvement of the central 
nervous system precludes a confident conclusion 
about efficacy in this subgroup. However, the 
single patient with active central nervous system 
disease had a durable remission with intrathecal 
methotrexate alone, and among the 25 patients 
with intermediate-risk or high-risk disease (ac-
cording to the LMB classification) who were at 
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risk for central nervous system disease, none had 
a recurrence.41

In conclusion, low-intensity EPOCH-R–based 
therapy appears to obviate the need for high-inten-
sity treatment and markedly reduces treatment 
toxicity while achieving high rates of durable re-
sponse. Two confirmatory trials of risk-stratified 
treatment that are based on the SC-EPOCH-RR and 
DA-EPOCH-R regimens are under way in adults 

(NCT01092182) and children (NCT01760226) with 
Burkitt’s lymphoma.
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