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BACKGROUND. The objective of the current study was to evaluate the efficacy of

intensive chemotherapy with and without cranial radiation for central nervous

system (CNS) prophylaxis in adults with Burkitt leukemia or lymphoma.

METHODS. Patients received 18 weeks of therapy. Prophylactic cranial radiation

(2400 centigrays) and 12 doses of triple intrathecal chemotherapy were adminis-

tered to the first cohort of patients. A subsequent cohort received the same

therapy, with the exceptions that intrathecal therapy was reduced to six doses and

radiotherapy was administered only to high-risk individuals.

RESULTS. The median follow-up durations were 6.8 years in Cohort 1 and 4.1 years in

Cohort 2. Three occurrences of transverse myelitis, 2 severe neuropathies, 3 cases of

aphasia, and 1 case of blindness were documented in the first cohort of 52 patients

(Cohort 1). In the subsequent cohort of 40 patients (Cohort 2), none of these occur-

rences were observed, and patients experienced less neurologic toxicity overall (61%

vs. 26%; P � 0.001). Responses were similar, and the 3-year event-free survival rate was

0.52 (95% confidence interval, 0.38–0.65) for Cohort 1 and 0.45 (0.29–0.60) for Cohort 2.

CONCLUSIONS. Intensive, short-duration chemotherapy with less intensive CNS

prophylaxis led to control at this sanctuary site with little neurotoxicity and may be

curative for adults with Burkitt leukemia or lymphoma. Cancer 2004;100:1438 – 48.

© 2004 American Cancer Society.
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Burkitt lymphoma is a highly aggressive malignancy
that often presents at extranodal sites or as an

acute leukemia (Burkitt leukemia) composed of
monomorphic, medium-sized B cells with basophilic
cytoplasm and numerous mitotic figures. Chromo-
somal translocation leading to overexpression of MYC
and a growth fraction of nearly 100% are constant
genetic features. Previous classification systems have
included this distinctive neoplasm among the small
noncleaved cell (SNC) non-Hodgkin lymphomas
(NHL), which represent 2–3% of all NHLs.1 The dis-
tinction between Burkitt lymphoma and Burkitt leu-
kemia (previously known as L3 acute lymphoblastic
leukemia [ALL] using the French–American–British
[FAB] classification system) is largely semantic, be-
cause these malignancies share immunophenotypic
and cytogenetic features.2,3 Each typically has an ini-
tial high response rate, but early progression fre-
quently occurs after standard chemotherapy regimens
commonly used either for diffuse large cell lymphoma
or for precursor B-cell ALL. The similarities in diagno-
sis and treatment for patients with a World Health
Organization classification of Burkitt leukemia or lym-
phoma justify the inclusion of these patients in a
single category for the evaluation of efficacy, as was
done in the current report.4

Previous studies have shown that aggressive com-
bination chemotherapy using high doses of antime-
tabolites and alkylating agents over a short duration
was effective in children and adults with Burkitt leu-
kemia and lymphoma.5–7 In Cancer and Leukemia
Group B (CALGB) study 9251, the CALGB modified the
previously reported German Multicenter ALL Group
(GMALL) regimen, which used 18 weeks of intensive
chemoradiotherapy; preliminary results were encour-
aging, but the central nervous system (CNS) toxicity of
the combined-modality therapy was unacceptable.7,8

This prompted treatment of a second group of pa-
tients in a similar manner but with decreased prophy-
laxis for the CNS. The current report provides the final
analysis for the 92 eligible patients with confirmed
Burkitt leukemia or lymphoma who were treated on
this study, detailing toxicities, response rates, and
long-term efficacy and comparing the first and second
sequential cohorts. It is noteworthy that we have
shown that less extensive CNS prophylaxis decreases
severe neurotoxicity and yet maintains the efficacy of
this intensive, short-duration approach.

MATERIALS AND METHODS:
Previously untreated patients age � 15 years were
enrolled on the current study if they had been diag-
nosed by the local pathologist with high-grade small
noncleaved cell NHL (Category J in the International

Working Formulation) or FAB L3 ALL. Confirmation of
Burkitt leukemia or lymphoma was required on cen-
tral pathology review. Patients known to be positive
for human immunodeficiency virus were excluded.
Total bilirubin and serum creatinine levels � 1.5 times
the upper limit of normal were required unless di-
rectly attributable to disease. Leukemia was defined
by � 25% involvement of the bone marrow. Each local
Institutional Review Board approved the study proto-
col. All patients provided written informed consent.

Central Review of Diagnosis
Slides from tumor biopsies and bone marrow aspi-
rates from all patients were to be reviewed by the
CALGB Pathology Committee (M.B. and J.W.V.). Im-
munophenotyping results often were available, but
Ki-67 staining was not. Patients also were enrolled on
CALGB study 8461, a prospective analysis of karyo-
types.

Statistical Methods
The study was designed with an early stopping rule
(applicable to the first cohort reported in the current
article) to test the null hypothesis that the complete
remission (CR) rate was � 0.60 versus the alternative
that the CR rate was � 0.80 with 90% power (� � 0.05).
Overall survival (OS) was measured from study entry
to death due to any cause or to the date on which the
patient was last known to be alive. Event-free survival
(EFS) was measured from enrollment to the date of
treatment failure or to the date on which the patient
was last known to be alive. Treatment failure was
defined in the current trial as progressive disease,
death due to any cause, or removal from protocol
therapy without response. Disease-free survival (DFS)
was measured from the date of achievement of CR to
the date of recurrence or death or to the date on which
the patient was last known to be alive.

Regression analysis of the patient and disease
characteristics detailed in Table 1 was used to evaluate
predictors of response, EFS, DFS, and OS. Survival
function estimates were computed using the product-
limit method, and survival distributions were com-
pared using the log-rank test.9

Treatment Regimen
The treatment regimen is shown in Table 2 and has
been described in detail previously.8 The modifica-
tions for intrathecal chemotherapy and cranial radio-
therapy implemented after the first cohort of patients
were treated also are shown. The initial cohort of 52
patients (Cohort 1) received triple intrathecal therapy
twice per cycle during Cycles 2–7 (12 total doses) plus
12 daily doses of prophylactic cranial radiotherapy
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(total, 2400 centigrays [cGy]) between Cycles 3 and 4.
Whole-brain radiation included the posterior half of
the orbit and extended to the second cervical vertebral
body. The second cohort of 40 patients (Cohort 2)
received only 1 dose of intrathecal therapy per cycle in
Cycles 2–7 (6 total doses) and received cranial radia-
tion only after the completion of all chemotherapy if
they had had high-risk disease (defined as bone mar-

row involvement) at the time of diagnosis. All patients
with CNS involvement at diagnosis were started im-
mediately on weekly triple intrathecal chemotherapy
concomitant with systemic chemotherapy until the
cerebrospinal fluid (CSF) was clear, and then weekly
for 4 doses, followed by 2400 cGy cranial radiation.

Evaluation and Response Criteria
Toxicity was monitored in all patients using the
CALGB Expanded Common Toxicity Criteria. Toxicity
is reported as the most severe event per organ site for
each patient throughout the entire treatment period.
Assessment of all known areas of disease was required
to define response. Radiographic scans of the chest,

TABLE 1
Patient Characteristics

Characteristic

No. of patients (%)

P value

Total
no. (%)
(n � 92)

Cohort 1
(n � 52)

Cohort 2
(n � 40)

Age (yrs)
Median 44 50 0.63 47
Range 18–72 17–78 — 17–78
No (%) age � 60 yrs 10 (19) 9 (23) 0.80 19 (21)

Male 34 (65) 32 (80) 0.16 66 (72)
Race/ethnicity

White 48 (92) 34 (85) 0.37 82 (89)
Hispanic 0 (0) 1 (2) — 1 (1)
Black 4 (8) 3 (7) — 7 (8)
Other 0 (0) 2 (5) — 2 (2)

Performance status (CALGB)a

0 9 (17) 6 (15) 0.52 15 (16)
1 28 (54) 19 (49) — 47 (52)
2 10 (19) 8 (21) — 18 (20)
3 3 (6) 6 (15) — 9 (10)
4 2 (4) 0 (0) — 2 (2)

B symptoms 29 (56) 23 (59) 0.83 52 (57)
Extranodal sites (lymphoma group)

0 7 (23) 8 (50) 0.22 15 (33)
1 10 (33) 4 (25) — 14 (30)
2� 13 (43) 4 (25) — 17 (37)

Extramedullary sites (leukemia group)
0 5 (23) 7 (29) 0.60 12 (26)
1 9 (41) 6(25) — 15 (33)
2� 8 (36) 11 (46) — 19 (41)

Lymph node involvement 46 (88) 28 (70) 0.04b 74 (80)
Bone marrow involvement 31 (60) 27(68) 0.50 58 (63)
Elevated LDH (� ULN) 47 (90) 33 (83) 0.35 80 (87)
CNS involvement 2 (4) 3 (7) 0.65 5 (5)
Lymphoma stage

I 4 (13) 2 (12) 1.00 6 (13)
II 3 (10) 1 (6) — 4 (9)
III 6 (20) 3(19) — 9 (20)
IV 39 (75) 34 (85) — 73 (79)

IPI risk group
Low 5 (10) 4 (10) 0.03 9 (10)
Low-int 22 (42) 11 (28) — 33 (36)
High-int 11 (21) 20 (50) — 31 (34)
High 14 (27) 5 (12) — 19 (21)

CALGB: Cancer and Leukemia Group B; LDH: lactate dehydrogenase; ULN: upper limit of normal; int:

intermediate; CNS: central nervous system; IPI: International Prognostic Index.
a One patient with leukemia in Cohort 2 did not have a performance status recorded.
b More patients with leukemia were enrolled in Cohort 2, accounting for the smaller percentage of

patients with lymph node involvement.

TABLE 2
Treatment Schema

Cycle 1
Cyclophosphamide: 200 mg/m2/day IV on Days 1–5
Prednisone: 60 mg/m2/day orally on Days 1–7

Cycles 2, 4, and 6
Ifosfamide: 800 mg/m2 day IV over 1 hr on Days 1–5
Mesna: 200 mg/m2/day IV at 0, 4, and 8 hrs after ifosfamide
Methotrexate: 150 mg/m2 IV over 30 min, then 1.35 g/m2 IV over 23.5 hrs (total

dose, 1.5 gm/m2)
Leucovorina: 50 mg/m2 IV 36 hrs after initiation of methotrexate, then 15 mg/m2

every 6 hrs
Vincristine: 2 mg IV push on Day 1
Cytarabine: 150 mg/m2/day by continuous infusion on Days 4 and 5
Etoposide: 80 mg/m2/day IV over 1 hr on Days 4 and 5
Dexamethasone: 10 mg/m2 orally on Days 1 through 5

Cycles 3, 5 and 7
Cyclophosphamide: 200 mg/m2/day IV on Days 1–5
Methotrexate: 150 mg/m2 IV over 30 min, then 1.35 g/m2 IV over 23.5 hrs (total

dose, 1.5 g/m2)
Leucovorina: 50 mg/m2 IV starting 36 hrs after initiation of methotrexate, then 15

mg/m2 every 6 hrs
Vincristine: 2 mg IV push
Doxorubicin: 25 mg/m2/day IV bolus on Days 4 and 5
Dexamethasone: 10 mg/m2 orally on Days 1–5
Intrathecal chemotherapy with Cycles 2–7

Preamendmentb

Methotrexate: 15 mg on Days 1 and 5
Cytarabine: 40 mg on Days 1 and 5
Hydrocortisone: 50 mg on Days 1 and 5
Cranial irradiation: 2400 cGy administered in 12 fractions after Day 5 of Cycle 3

and before the start of Cycle 4
Postamendment

Methotrexate: 15 mg on Day 1
Cytarabine: 40 mg on Day 1
Hydrocortisone: 50 mg on Day 1
Cranial irradiation: 2400 cGy administered in 12 fractions after chemotherapy for

Cycle 7 was completed, but only for patients who had prior bone marrow
disease

IV: intravenous; Mesna: sodium mercaptoethanesulfonate; cGy: centigrays.
a Leucovorin was continued until the methotrexate concentration was measured to be � 0.05 �M.
b The protocol was amended after the first 52 eligible patients were treated to decrease central nervous

system prophylaxis for patients who were not considered to be at high risk.
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abdomen, pelvis, and other known areas of disease in
patients with lymphoma were required after every two
courses of therapy, in addition to bone marrow exam-
inations for patients with leukemia. Remission for pa-
tients with leukemia or lymphoma required the disap-
pearance of all disease on examination, radiographic
studies, and bone marrow evaluation for at least 4
weeks. If a tumor mass was active on a functional
study performed before therapy (e.g., gallium scan-
ning), then the functional study had to be repeated
and was required to be negative for a CR. Patients who
had leukemia plus lymph node disease also were eval-
uated using the same criteria that were used for pa-
tients who had lymphoma. A partial response (PR)
required a reduction � 50% in the sum of the products
of the greatest perpendicular dimensions of all mea-
surable lesions that lasted � 4 weeks, during which no
new lesions appeared and no existing lesions en-
larged. Disease progression or recurrence was defined
as an increase in the sum of the products of the 2
greatest perpendicular dimensions of any measurable
lesion by � 25% relative to the size at study entry, the
appearance of new areas of malignancy, or the recur-
rence of lymphoblasts in the bone marrow or blood.

RESULTS
Patient Characteristics
One hundred thirty-three patients (83 with lymphoma
and 50 with leukemia) were enrolled on CALGB study
9251 between May 12, 1992, and February 29, 2000,
from 22 main member institutions and their affiliated
hospitals. No single center enrolled � 10% of the
patients. Two enrolled patients who had leukemia did
not have central pathology review, and 2 patients (4%)
who had central pathology review were believed to
have ALL pathology other than Burkitt leukemia. One
patient with SNC lymphoma was ineligible because of
the receipt of CNS radiotherapy just prior to initiation
of treatment. Another enrolled patient was found not
to have had Burkitt lymphoma before beginning to
receive treatment and thus was withdrawn from the
study. Eight enrolled patients with lymphoma did not
have central pathology review, and 27 of 73 remaining
patients with lymphoma who had central pathology
review had discordant diagnoses. The most common
alternative diagnosis provided by central pathology
review was diffuse large cell lymphoma (n � 18), fol-
lowed by immunoblastic lymphoma (n � 4), follicular
lymphoma (n � 2), unclassifiable lymphoma (n � 2),
and mantle cell lymphoma (n � 1). Thus, 92 patients
met all eligibility criteria after central pathology review
and were included in the current analysis, including
46 patients with lymphoma and 46 patients with leu-
kemia. The median follow-up for survivors was 6.8

years (range, 3.4 –9.4 years) for the 51 patients in Co-
hort 1 and 4.1 years (range, 2.3–5.2 years) for the 41
patients in Cohort 2.

Karyotypes from bone marrow cytogenetic speci-
mens were adequate on central review from 19 pa-
tients with lymphoma. Thirteen karyotypes were nor-
mal, although 5 patients had morphologic bone
marrow involvement. Four karyotypes had t(8;14)(q24;
q32) or one of its variants, and one karyotype had �Y
and another had t(11;19)(q23;p13.3) as their lone
clonal abnormalities. Among 32 centrally reviewed
and evaluable patients with Burkitt leukemia, 22 pa-
tients had a typical t(8;14) or one of its variants, 5
patients had normal karyotypes, and 5 patients had
other abnormalities. Thus, in total, 26 patients had a
typical t(8;14), t(8;22)(q24;q11), or t(2;8)(p12;q24) ab-
normality detected.

The median age of the 52 patients in Cohort 1 was
44 years (range, 18 –72 years), with 10 patients age
� 60 years, whereas the median age of the 40 patients
in Cohort 2 was 50 years (range, 17–78 years), with 9
age � 60 years (Table 1). The patient characteristics
did not differ by disease presentation of lymphoma or
leukemia (data not shown). Evaluation of the prognos-
tic factors used in calculating the International Prog-
nostic Index (IPI) for lymphomas10 revealed that there
were more high-intermediate-risk or high-risk pa-
tients in Cohort 2 compared with Cohort 1 (62% vs.
48%), due in part to the larger proportion of patients
with leukemia (Stage IV) enrolled in Cohort 2.

Treatment Delivery and Toxicity
Data were available for the assessment of treatment
toxicity in 91 of 92 patients. There were no significant
differences between the patients in Cohort 1 and those
in Cohort 2 regarding the percentage of patients who
completed all planned therapy (56% vs. 58%, respec-
tively; P � 1.00). Excluding patients who were with-
drawn due to progressive disease, 69% and 72% of
patients in Cohorts 1 and 2, respectively, completed all
7 cycles of therapy (Table 3). Fewer patients age � 60
years were able to complete therapy compared with
younger patients (26% vs. 64%; P � 0.004). There was
no significant difference in the number of cycles re-
ceived by patients with Burkitt lymphoma or leukemia
(data not shown).

All patients had Grade 3 or 4 myelosuppression.
Grade 3 or greater infection occurred in 85% of pa-
tients in Cohorts 1 and 2 alike: 3 patients (6%) in
Cohort 1 and 4 patients (10%) in Cohort 2 died of
infection (Table 4). Renal insufficiency was not un-
common: 27% of patients in Cohort 1 and 33% of
patients in Cohort 2 had Grade 3 or 4 renal toxicity,
but there were no fatal complications. Mucositis and
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stomatitis were extremely common, although they
were less common in Cohort 2. Furthermore, 67% of
patients in Cohort 1 and 41% of patients in Cohort 2
had Grade 3– 4 toxicity of the gastrointestinal system
(P � 0.02). There were significantly fewer severe
rashes and other dermatologic toxicities in Cohort 2
compared with Cohort 1 (P � 0.006). Despite receiving
appropriate supportive care, including hydration and
allopurinol administration, three patients (one in Co-
hort 1 and two in Cohort 2) had fatal metabolic ab-
normalities due to tumor lysis syndrome.

Neurologic complications were common in Co-
hort 1. Twenty-seven patients (52%) in Cohort 1 who
had Grade 3 or 4 neurologic complications (8%) had
Grade 4 neurologic impairment. It is noteworthy that
in this cohort, 11 patients (21%) reported severe sen-
sory problems, resulting primarily from paresthesias,
dysesthesia, and numbness; 18 patients (35%) had
severe motor disturbances with diffuse weakness of
the upper and lower extremities; 13 patients (25%) had
cortical dysfunction, with memory deficits, lethargy/
stupor, and delirium reported as being the primary
problems; and 3 patients (6%) had cerebellar dysfunc-
tion. None of these events were caused by new CNS
lesions; instead they appeared to be due to peripheral
neuropathy or diffuse central neuronal effects. Twen-
ty-five of 27 patients with Grade 3 neurologic toxicities
and 4 of 4 patients with Grade 4 neurologic toxicities
had received cranial radiotherapy. The distribution of
these toxicities did not differ statistically in patients
age � 60 years or age � 60 years. No patients received
spinal radiation. Three patients in Cohort 1 had trans-
verse myelitis outside the cranial radiation field, two

patients had severe peripheral neuropathy, three pa-
tients had transient aphasia, and one patient had
blindness that was not transient.

Patients in Cohort 2 experienced less severe neu-
rologic toxicity compared with patients in Cohort 1
(23% vs. 60%; P � 0.0006). With less intrathecal ther-
apy administered to all patients and radiotherapy ad-
ministered only to those with bone marrow involve-
ment or active CNS disease, only 9 patients (23%) in
Cohort 2 had severe neurotoxicity. Five patients (13%)
in Cohort 2 had severe weakness, 2 patients had severe
peripheral neuropathies, and 4 patients had cortical
dysfunction. Only 1 patient (2%) in Cohort 2 had
Grade 4 neural toxicity, which involved a seizure that
probably was related to intrathecal therapy and ifos-
famide treatment. There were no episodes of trans-
verse myelitis or blindness in Cohort 2. To further
assess the impact of the amended treatment on neu-
rotoxicity, we analyzed patients with lymphoma who
received at least three cycles of chemotherapy per
protocol and were at low risk (i.e., they did not have
bone marrow involvement and thus did not receive
cranial radiotherapy after chemotherapy if they were
in Cohort 2). There were 21 of these patients who were
treated before the regimen was amended, compared
with 11 patients in the postamendment group. The
rate of Grade 3 or 4 neurotoxicity decreased signifi-
cantly in the latter group (62% [Cohort 1] vs. 9% [Co-
hort 2]; P � 0.0075).

Response and Survival
Sixty-eight of 92 patients (74%) achieved a CR. An-
other 10 patients achieved a PR, yielding an overall
response rate of 85%. Five patients with PRs had leu-
kemia and lymph node disease. There were no signif-
icant differences noted in the response rates between
the lymphoma group or the leukemia group. Seventy-
nine percent of patients in Cohort 1 and 68% in Co-
hort 2 achieved a CR. Eighty-one percent of patients in
Cohort 1 and 80% of patients in Cohort 2 achieved a
CR or a PR (P not significant) (Table 5). Central ner-
vous system recurrences occurred in four patients
with leukemia, two from each cohort; one patient had
had CNS disease at diagnosis. These data suggest that
this regimen is effective in adults and that decreasing
the intensity of prophylactic CNS therapy did not in-
crease the CNS failure rate.

Figure 1A–C demonstrates the EFS, DFS, and OS
curves for the 52 patients in Cohort 1 prior to the
amendment and the 40 patients in Cohort 2 after the
amendment. The survival curves plateau after approx-
imately 2 years. The EFS rates (with 95% confidence
intervals [95% CIs]) at 3 years were 52% (95% CI,
38 – 65%) for Cohort 1 and 45% (95% CI, 29 – 60%) for

TABLE 3
Numbers and Percentages of Patients who Completed Each
Treatment Cycle and Reasons for Stopping Treatment

Cycle
completed

Cohort 1 Cohort 2

Total
no. (%)

Reason treatment
ended

Total
no. (%)

Reason treatment
ended

1 52 (100) 1 D, 1 WD 40 (100) 2 D, 1 WD
2 50 (96) 2 D 37 (93) 2 D
3 48 (92) 1 PD, 1 D 35 (88) 2 PD, 1 T, 1 D, 1 WD
4 46 (88) 2 PD, 1 T, 3 D, 1 WD 30 (75) 3 PD, 1 T, 1 WD
5 39 (75) 2 PD, 1 T, 1 WD 25 (63) 1 PD
6 35 (67) 2 PD, 4 T 24 (60) 1 WD
7 29 (56) 29b 23 (58) 23b

D: death; WD: physician decision or patient withdrawal of consent to proceed; PD: progressive disease;

T: toxicity.
a Overall, only 56% and 58% of patients completed all 7 courses of therapy in Cohorts 1 and 2,

respectively. If patients who were withdrawn early due to PD are not included, then 69% and 72% of

patients, respectively, were able to complete all 7 cycles.
b These patients completed therapy.
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Cohort 2. The DFS rates were 66% (95% CI, 51– 80%)
and 67% (95% CI, 49 – 84%) for Cohort 1 and Cohort 2,
respectively; and the OS rates were 54% (95% CI, 40 –
67%) and 50% (95% CI, 35– 65%) for Cohort 1 and
Cohort 2, respectively. There were only 2 events after
3 years of follow-up in Cohort 1 (both recurrences)
and 1 event after 3 years in Cohort 2 (1 patient with a
long partial response received high-dose therapy and
underwent bone marrow transplantation 2.7 years af-
ter initial therapy). The outcomes for patients with
Burkitt lymphoma and leukemia were similar. The
outcomes of all 133 patients enrolled on the study
were similar to the outcomes for the 92 patients with

Burkitt leukemia/lymphoma, as presented here in de-
tail (data not shown).

Among the subgroup of 26 patients who had a
confirmed t(8;14) or typical variant, 4 patients had
lymphoma, whereas the remaining 22 had leukemia.
Twenty of those patients achieved a remission (77%;
95% CI, 56 –91%). The 1-year EFS, DFS, and OS rates
for these 26 patients were 54% (95% CI, 35–73%), 70%
(95% CI, 50 –90%), and 54% (95% CI, 35–73%), respec-
tively. There were no events after 1 year, and patients
in this group who were treated before or after the
amendment to the regimen had no significant differ-
ence in any of the outcomes described above (all P
values � 0.20).

EFS by IPI risk group for all eligible patients is
shown in Figure 2. Significantly better response, EFS,
and OS were observed in the low-risk and low-inter-
mediate-risk groups compared with the high-risk and
high-intermediate-risk groups (likelihood ratio chi-
square test; P � 0.002). Regression analysis revealed
that age was the most important factor in predicting
the likelihood of remission, whereas performance sta-
tus at diagnosis was related significantly to EFS, DFS,
and OS. There were no differences in response rate,
DFS, or OS when either low-risk or high-risk patients
were compared before and after the amendment that
reduced CNS prophylaxis; however, the subgroups for
this analysis were small, and thus they are not pre-
sented separately.

TABLE 4
Most Common Nonhematologic Toxicities Separated by Cohort

Toxicity

No. of patients (%)

P value

Grade 3 (severe)
Grade 4

(life threatening) Grade 5 (lethal) Grade 3–5

Cohort 1 Cohort 2 Cohort 1 Cohort 2 Cohort 1 Cohort 2 Cohort 1 Cohort 2

Infection 33 (63) 25 (62) 8 (15) 5 (12) 3 (6) 4 (10) 44 (85) 34 (85) 1.00
Mucositis, stomatitis, esophagitis 16 (31) 18 (45) 21 (40) 10 (26) — — 37 (71) 28 (72) 1.00
Gastrointestinal (non–mucous membrane–associated) 20 (38) 12 (31) 15 (29) 4 (10) — — 35 (67) 16 (41) 0.02
Liver 19 (37) 10 (26) 7 (13) 11 (28) — — 26 (50) 21 (54) 0.83
Renal 9 (17) 9 (23) 5 (10) 4 (10) — — 14 (27) 13 (33) 0.64
Pulmonary 5 (10) 5 (13) 6 (12) 8 (21) — — 11 (21) 13 (33) 0.23
Cardiac/circulatory 10 (19) 7 (18) 6 (12) 8 (21) — — 16 (31) 15 (38) 0.51
Metabolic 22 (42) 19 (49) 7 (13) 2 (5) 1 (2)a 2 (5)a 30 (58) 23 (59) 1.00
Dermatologic 13 (25) 2 (4) 2 (4) 0 (0) — — 15 (29) 2 (5) 0.006
Overall neurologic 27 (52) 8 (21) 4 (8) 1 (3) — — 31 (60) 9 (23) 0.0006

Sensory 9 (17) 2 (5) 2 (4) — — — 11 (21) 2 (5) 0.04
Motor 17 (33) 5 (13) 1 (2) 0 (0) — — 18 (34) 5 (13) 0.03
Cortical 12 (23) 4 (10) 1 (2) 1 (3) — — 13 (25) 5 (15) 0.18
Cerebellar 3 (6) — — — — — 3 (6) 0(0) 0.25

a Tumor lysis.

TABLE 5
Best Response and Outcome by Treatment Cohort

Responsea

No. of patients (%)

P value
Cohort 1
(n � 52)

Cohort 2
(n � 40)

CR 41 (79) 27 (68) NS
PR 5 (10) 5 (12) NS
PD 4 (8) 3 (8) NS
Overall response 46 (89) 32 (80) NS
Early death 2 (4) 5 (12) NS
CNS recurrence 2 (4) 2 (5) NS

CR: complete response; NS: not significant; PR: partial response; PD: progressive disease; CNS: central

nervous system.
a Response was evaluated first at the end of Cycle 2 and every 2 cycles thereafter.
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DISCUSSION
Burkitt lymphoma and leukemia form a continuum in
terms of an uncommon disease with increasing in-
volvement of the bone marrow and blood. Patients
with such malignancies share a high proliferative rate
and similar morphology, immunophenotype, cytoge-
netics, and response rates. Thus, it is appropriate to
evaluate the efficacy and toxicity observed when these
patients are enrolled on a uniform treatment protocol.

Therapy with standard multiagent chemotherapy
commonly used for other types of lymphoma or ALL
has failed to yield significant long-term survival in
adults with Burkitt leukemia/lymphoma.16 Intensive,
multiagent schemes that include antimetabolites,
such as methotrexate (MTX) and cytarabine, when
used to treat younger patients, have led to response
rates near 80% and encouraging DFS rates
(� 40%).5,11–14,16 The approach evaluated in the cur-
rent protocol is similar to what has been reported by
the German Multicenter ALL Study Group7 and by
Magrath et al.17 and Adde et al.18 Furthermore, al-
though cranial radiation is often used in the treatment
of patients with precursor-B acute leukemia, its role in
patients with Burkitt leukemia is questionable, partic-
ularly in regimens that incorporate high-dose MTX.19

It is noteworthy that the current trial added to the
findings of these previous studies with a longer me-
dian follow-up duration and focused evaluation of
older adult patients (median age, 47 years, with no
upper cutoff age). Table 6 shows that recent studies
have not included prophylactic cranial radiotherapy in
the treatment of patients with Burkitt leukemia/lym-

FIGURE 1. (A) Event-free survival by treatment cohort. Chi-square � 0.52;

P � 0.471. (B) Disease-free survival by treatment cohort. Chi-square

� 0.0037; P � 0.9515. (C) Overall survival by treatment cohort. Chi-square

� 0.15; P � 0.699. NA: not available.

FIGURE 2. Overall survival with 95% confidence intervals (95% CIs) at 3

years by International Prognostic Index score. Overall survival: low, 0.78 (95%

CI, 0.51–1.00); low-intermediate (Low/Int), 0.67 (95% CI, 0.50–0.83); high-

intermediate (High/Int), 0.39 (95% CI, 0.22–0.56); high, 0.37 (95% CI, 0.15–

0.59). Chi-square � 7.96; P � 0.047. NA: not available.
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phoma, except for those with high-risk disease. Nine-
teen of 92 patients (21%) were age � 60 years, with the
eldest patient age 78 years. Although this regimen is
difficult, patients age � 60 years who attained a re-
mission had leukemia-free survival that was similar to
that of younger patients who experienced remission.
Using the IPI criteria, over half of the patients in the
current study were at high-intermediate or high risk.
Seventy-nine percent had Stage IV disease due to bone
marrow involvement, another important point when
comparing these outcomes with previous reports in-
volving younger and often lower-risk patients. Pla-
teaus were noted on the Kaplan–Meier curves for DFS
at 65–70% and on the curves for EFS at approximately
50%, with very few recurrences after 1 year. Our high
response rates, DFS, and EFS in this patient popula-
tion remain encouraging. However, after stratifying
patients by IPI criteria, it is clear that those with high-
risk or high-intermediate-risk disease had poorer out-
comes; thus, the pursuit of different experimental ap-
proaches for this group is particularly worthwhile.

Pancytopenia was encountered in all patients, as
anticipated, and many patients had febrile neutrope-
nia. Infections and gastrointestinal side effects were
the next most common toxicities, with the majority of
patients noting severe stomatitis or esophagitis, al-
though the second cohort had significantly fewer gas-
trointestinal side effects overall. Newer ancillary
agents for decreasing integument damage also may
yield reduced gastrointestinal toxicity and better tol-
erance for this therapy. Agents such as keratinocyte
growth factors, oral thiol-containing compounds, and
oral prophylactic antibiotics currently are under eval-
uation.21,22 The use of hematopoietic growth factors
for this purpose has met with mixed success to date,
although some studies suggest that granulocyte– col-
ony-stimulating factor may improve outcomes.23 It is
particularly important to improve the tolerance of re-
mission induction treatment in older patients, be-
cause the DFS of patients age � 60 years was equiva-
lent to the DFS of younger patients in the current trial.

In an attempt to improve the tolerance of the
previously reported intensive, short-duration ap-
proaches, the current study allowed a comparison to
be made between similar groups of patients who dif-
fered only in terms of the CNS prophylaxis that was
received. The degree of severe neurologic toxicity in
the first cohort was not encountered in the second
cohort of patients, whereas outcomes were equivalent
in the preamendment and postamendment groups in
terms of response rate, DFS, EFS, and OS. The differ-
ence in neurotoxicity is particularly striking when
comparing only those in the low-risk group pre-
amendment and postamendment. Low-risk patients

in Cohort 2 tolerated the protocol with only 9% severe
neurotoxicity, compared with a 62% rate of severe
neurotoxicity in similar patients in Cohort 1. The cur-
rent study confirmed the results of previous studies
primarily involving younger patients and revealed that
high-dose antimetabolites and intrathecal therapy can
effectively reduce CNS recurrences in this potential
reservoir site and can make the overall chemotherapy
regimen more tolerable. Thus, cranial radiation can be
reserved for patients who have proven CNS involve-
ment.

Previous reports focused primarily on treating
younger patients and noted variability in the methods
used to prevent CNS recurrence. The doses, sequence,
and timing in relation to systemic therapy differed
among studies and often within each study, making
direct comparisons of risks and benefits specific to
CNS prophylaxis difficult. The current study provides
a direct comparison of sequential cohorts of adult
patients who were treated in an identical manner ex-
cept for the CNS therapy received. The doses of sys-
temic MTX and cytarabine used in the current study
were similar to those used in some patient subgroups
in many of the LMB trials but were greater than doses
used in other subgroups in these trials6,24 and in the
more recent report by Hoelzer et al.7 However, the
doses we used are lower than the high-dose MTX and
cytarabine doses used in the recent Berlin–Frankfurt–
Munster Group trials, although those trials focused on
treatment of patients age � 18 years.25 The systemic
MTX dose used in the current study was similar to the
doses used in the fractionated cyclophosphamide,
vincristine, liposomal daunorubicin, and dexametha-
sone (hyper-CVAD)-cytosine arabinoside (ara-C)/
MTX (hyper-CVAD-ara-C/MTX)23 and cyclophospha-
mide, doxorubicin, and high-dose MTX (CODOX-M)
alternating with ifosfamide, etoposide, and high-dose
cytarabine (IVAC) (CODOX-M/IVAC)15,17 combina-
tions referenced here. However, these regimens in-
volved high doses of systemic cytarabine. Intrathecal
therapy and cranial radiation in the first cohort of
patients was aggressive. It is noteworthy that the hy-
per-CVAD-ara-C/MTX and CODOX-M/IVAC combi-
nations have demonstrated the safety of eliminating
the use of prophylactic cranial radiation in favor of
more intensive intrathecal and systemic chemother-
apy (as noted above). The protocol followed for the
second cohort, with half the number of intrathecal
injections and the use of cranial radiation only in
high-risk patients, delivered less intensive therapy
overall to the CNS compared with the other trials cited
above.

Neurotoxicity remains a concern when each of the
prior regimens is used in adults.15,17,23 The neurotox-
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icities commonly observed in the current study in-
cluded those that are well recognized by oncologists:
peripheral neuropathy due to vincristine, myopathy
due to steroids, and cortical toxicity due to high-dose
MTX. In large part, these toxicities were reversible.
Even without common usage of cranial radiation,
summaries of reported toxicities with the hyper-
CVAD-ara-C/MTX and CODOX-M/IVAC combina-
tions referenced here (Table 6) indicate significant
neurotoxicity (in the 20% range), with sensory, motor,
cortical, and cerebellar toxicity all reported. Severe
cortical and cerebellar toxicity was noted in some
patients who were treated using the GMALL and LMB
regimens, although the degree of neurotoxicity in
adults is not reported in detail. The first cohort of
patients experienced severe toxicity, similar to what
was observed in the reports cited in Table 6. However,
in Cohort 2, in which less intensive CNS prophylaxis
was used, there was only one patient with therapy-
related seizures, along with a small number of patients
with transient weakness. Overall, significantly less
neurologic toxicity in this group of adult patients was
noted, and there were no episodes of myelitis, blind-
ness, cortical atrophy, aphasia, or cerebellar toxicity.
The success noted in the second cohort in the current
study has led to our current CALGB trial, in which we
have eliminated prophylaxis involving cranial radia-
tion altogether and in which we rely solely on the use
of high-dose antimetabolites and the less intensive
intrathecal triple therapy. Prophylactic cranial radio-
therapy will not be administered to patients with nor-
mal CSF.

Further progress in the treatment of patients with
this disease may be made by combining multiagent
chemotherapy with newer modalities, such as mono-
clonal antibodies. The CD20 antigen is expressed at
high levels in � 90% of patients with Burkitt leukemia
or lymphoma, suggesting a potential role for ritux-
imab.26,27 The CALGB recently activated a Phase II
trial evaluating this chemotherapy regimen plus ritux-
imab and granulocyte– colony-stimulating factor for
newly diagnosed patients.
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