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BACKGROUND. Adult Burkitt-type lymphoma (BL) and acute lymphoblastic leuke-

mia (B-ALL) are rare entities composing 1% to 5% of non-Hodgkin lymphomas

NHL) or ALL. Prognosis of BL and B-ALL has been poor with conventional NHL or

ALL regimens, but has improved with dose-intensive regimens.

METHODS. To evaluate the addition of rituximab, a CD20 monoclonal antibody, to

intensive chemotherapy in adults with BL or B-ALL, 31 patients with newly diag-

nosed BL or B-ALL received the hyper-fractionated cyclophosphamide, vincristine,

doxorubicin, and dexamethasone (hyper-CVAD) regimen with rituximab. Their

median age was 46 years; 29% were 60 years or older. Rituximab 375 mg/m2 was

given on Days 1 and 11 of hyper-CVAD courses and on Days 1 and 8 of metho-

trexate and cytarabine courses.

RESULTS. Complete remission (complete response [CR]) was achieved in 24 of 28

(86%) evaluable patients; 3 had a partial response, and 1 had resistant disease.

There were no induction deaths. The 3-year overall survival (OS), event-free sur-

vival, and disease-free survival rates were 89%, 80%, and 88%, respectively. Nine

elderly patients achieved CR with all of them in continuous CR (except 1 death in

CR from infection), with a 3-year OS rate of 89%. Multivariate analysis of current

and historical (those treated with hyper-CVAD alone) groups identified age and

treatment with rituximab as favorable factors.

CONCLUSIONS. The addition of rituximab to hyper-CVAD may improve outcome in

adult BL or B-ALL, particularly in elderly patients. Cancer 2006;106:1569 – 80.

© 2006 American Cancer Society.
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Adult Burkitt-type lymphoma (BL) and acute lymphoblastic leuke-
mia (B-ALL) are rare entities accounting for 1% to 5% of non-

Hodgkin lymphomas (NHL) or ALL.1,2 BL and B-ALL are composed of
high-grade rapidly proliferating small noncleaved mature B lymphoid
cells with propensity for central nervous system (CNS) involvement.
B-ALL is characterized by L3 morphology according to the French–
American–British classification,3 mature B-cell immunophenotype
with surface immunoglobulins (sIgs), and translocations involving
chromosome 8 [t8;14(q24;q32); t(2;8)(p12;q24), and t(8;22)(q24;q11)].
These translocations [with immunoglobulin (Ig) heavy-chain gene
locus on 14q32 in t(8;14); Ig kappa on 2p12 in t(2;8); or Ig lambda on
22q11 in t(8;22)] lead to inappropriate expression of the proto-onco-
gene c-myc on band 8q24.4 Some B-ALL cases exhibit morphology of
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L1 or L2 lymphoblasts with sIg expression and typical
Burkitt karyotype.2 Coexpression of t(14;18)(q32;q21)
(with aberrant expression of antiapoptotic bcl-2) with
a Burkitt translocation may confer worse prognosis.5

Increased frequency of t(14;18) in older adults with
B-ALL may account for some of the age-related differ-
ences in outcome.6

Prognosis of BL and B-ALL was poor with con-
ventional NHL or ALL regimens. Complete response
(CR) rates ranged from 30% to 70% with cure rates
0% to 30%.7–10 High growth fractions favored reentry
of viable cells into the cell cycle with rapid regrowth
between chemotherapy courses. Improvements in out-
come were not observed until short-term dose-intensive
multiagent chemotherapy regimens incorporating frac-
tionated cyclophosphamide, high-dose methotrexate
(MTX), and cytarabine (cytosine arabinoside [ara-C])
were used. In children, CR rates improved to 90% or
better with cure rates 50% to 90%11-15; for adults CR rates
were 60% to 80% and cure rates 40% to 60%.16–22

In most adult series of BL and B-ALL, median age
is 25 to 30 years. In a prior study of the intensive
hyper-CVAD regimen (hyper-fractionated cyclophos-
phamide, vincristine, doxorubicin, dexamethasone)
for B-ALL at our institution, median age was 58 years,
and outcome was age-dependent.17 Patients younger
than 60 years had a CR rate of 90% with cure rate of
70%, whereas older patients had a CR rate of 67% with

cure rate of only 15%. Similar age-associated prognos-
tic differences were noted in German studies of B-
ALL16,23 and BL.24 CR rate was 71% with 6-year survival
rate 39% among 45 elderly (age � 55 yrs) patients who
received intensive chemotherapy (protocol B-NHL90).
Identification of age as a major prognostic factor has
further highlighted the need to compare different
treatment programs within similar age-defined prog-
nostic groups and emphasizes the need to develop
more effective (yet not more toxic) therapy for BL and
B-ALL (Table 1).10,16 –18,20 –23

Rituximab, a CD20-directed monoclonal anti-
body, has activity in several lymphoid malignancies,
including indolent and aggressive NHL25 and
chronic lymphocytic leukemia (CLL).26,27 A
combined chemoimmunotherapy regimen with cy-
clophosphamide, doxorubicin, vincristine, and
prednisone (CHOP) plus rituximab in elderly pa-
tients with aggressive NHL improved prognosis sig-
nificantly compared with CHOP alone, without ad-
ditional toxicity.28 Because BL and B-ALL are
characterized by strong surface expression of CD20,
rituximab was incorporated into hyper-CVAD17 in a
Phase II clinical trial. Herein, we summarize results
of the hyper-CVAD plus rituximab regimen and up-
date the experience with hyper-CVAD17 in adult BL
and B-ALL.

TABLE 1
Short-Term Dose-Intensive Regimens in Adult BL and B-ALL

Study Therapy No. Pts

Age

% CR % CR (X yrs)
% Survival
(X yrs)Median % > 60 y

Hoelzer16 B-NHL83 24 33 0 63 50 (8) 49 (8)
B-NHL86 35 36 � 10 74 71 (4) 51 (4)

Hoelzer23 B-NHL90 45 NR All � 55 71 NR 39 (6)
Magrath10 89-C-41 (CODOX-M/IVAC) 20 25 0 89 89 (2) 74 (4)
Soussain18 LMB 81, 84, 86, 89 65 26 � 2 89 NR 72 (3)

22 NR 0 77 NR 57 (3)
Mead21 CODOX-M/IMVAC 52 35 NR* 75 NR 73 (2)
Rizzieri20 CALGB 9251

Cohort 1 52 44 19 79 66 (3) 54 (3)
Cohort 2 40 50 23 68 67 (3) 50 (3)

Di Nicola22 CMVP-16/Ara-C/CDDP 22 36 NR† 77 68 (2) 77 (2)
Thomas17 Hyper-CVAD 26 58 46 81 61 (3) 49 (3)

Age � 60 14 38 — 93 83 (3) 77 (3)
� 60 12 NR — — — 17 (3)

Current Hyper-CVAD 48 48 33 85 60 (3) 53 (3)
Hyper-CVAD � rituximab 31 46 29 86 88 (3) 89 (3)

BL: Burkitt lymphoma; B-ALL: Burkitt-type acute lymphoblastic leukemia; CR: complete remission; X yrs: year reported; NR: not reported; CODOX-M/IMVAC: cyclophosphamide, vincristine, doxorubicin,

methotrexate, cytarabine; CDDP: cisplatin; Hyper-CVAD: hyperfractionated cyclophosphamide, vincristine, doxorubicin, dexamethasone, methotrexate, cytarabine.

* None older than 60 years.

† 31% aged � 50.
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MATERIALS AND METHODS
Study Group
Thirty-one consecutive adults with newly diagnosed
BL and B-ALL who were referred to M. D. Anderson
Cancer Center, either untreated (n � 27) or after 1
course of chemotherapy (n � 4), received hyper-CVAD
plus rituximab between February 2000 and January
2005. Informed consent was obtained according to
institutional guidelines after approval by the Institu-
tional Review Board. Eligibility criteria included age �

15 years and ECOG performance status 3 or better
with no restrictions for older age, organ dysfunction,
or presence of human immunodeficiency virus (HIV).
Ten patients with HIV-related BL will be reported sep-
arately.29 Documented diagnosis of BL or B-ALL (latter
with � 25% marrow blasts or �10 � 109/L peripheral
blasts) was required as confirmed by enzymatic stains.
Burkitt or Burkitt-like subtypes were identified by 1)
BL morphology with high Ki-67 expression or L3 mor-
phology or by 2) L1 or L2 morphology with Burkitt
karyotype or mature B-cell immunophenotype (sIg
positivity � 20% or �/� light-chain clonality with B-
lineage antigens CD19 or CD20) and c-myc rearrange-
ment by fluorescent in situ hybridization or Southern
blot analysis.

Pretreatment evaluations included history with
physical examination and documentation of ex-
tramedullary disease (EMD) by imaging and/or appro-
priate cytologic/histologic evaluations; complete
blood count with differential; hepatic and renal func-
tion studies with lactate dehydrogenase (LDH) and
uric acid levels; and bone marrow aspirate/biopsy for
morphology, immunohistochemical stains, immuno-
phenotyping, and karyotyping. Analysis of cerebrospi-
nal fluid (CSF) was performed concomitantly with
prophylactic intrathecal (IT) treatment approximately
Day 2 of chemotherapy. Abnormal chest radiographs
were evaluated further by imaging with computed to-
mography (CT). Magnetic resonance imaging (MRI)
and/or CT of the brain was performed for cranial
nerve palsies or positive CSF cytology. Abnormal ra-
diographic studies were repeated to document CR.
Baseline marrow aspirations were repeated on Days
14 and 21 of Course 1 if involved (or later to confirm
CR if needed), then every 2 to 3 courses until end of
therapy, then every 3 to 6 months for the first 2 years.

Therapy
Chemotherapy consisted of 8 alternating courses ev-
ery 21 days, or earlier if count recovery occurred (at
least 14 days apart), without maintenance therapy.17

Rituximab was given during Courses 1 to 4. Odd
courses (1,3,5,7) were hyper-CVAD 1) hyper-fraction-

ated cyclophosphamide 300 mg/m2 intravenously
(i.v.) every 12 hours for 6 doses Days 1 to 3 with
sodium mercaptoethanesulfonate 600 mg/m2 daily via
continuous infusion Days 1-3; 2) vincristine 2 mg i.v.
Days 4 and 11; doxorubicin 50 mg/m2 i.v. over 24
hours via central venous catheter Day 4; and dexa-
methasone 40 mg daily Days 1 to 4 and 11 to 14. To
prevent tumor lysis syndrome (TLS), Course 1 in-
cluded i.v. hydration with alkalinization and allopuri-
nol (or urate oxidase for high tumor burden). Oral
sodium bicarbonate was also given Days 1 to 3. Even
courses (2,4,6,8) were MTX and ara-C as follows: MTX
1 g/m2 i.v. over 24 hours Day 1 and ara-C 3 g/m2 i.v.
every 12 hours for 4 doses Days 2 and 3 (once serum
MTX level at end of infusion [0 hour] reached � 20
�mol/L). Intravenous alkalinization was used to pro-
mote excretion of MTX in all courses. Calcium leuco-
vorin 50 mg i.v. was given 12 hours after completion of
MTX, then 15 mg i.v. every 6 hours for 8 doses or until
MTX levels were � 0.1 �mol/L. An algorithm of addi-
tional leucovorin rescue (50-100 mg i.v. every 4-6
hours) was implemented if MTX levels were elevated
(0 hour [repeated if elevated] � 20 �mol/L, 24 hour �

1 �mol/L, 48 hour � 0.1 �mol/L). Oral acetazolamide
was given for urine pH � 7.0.

Rituximab was given 375 mg/m2 i.v. over 2 to 6
hours on Days 1 and 11 of hyper-CVAD and on Days 2
and 8 of MTX and ara-C, was given for 8 doses over the
first 4 courses.

Standard dose reductions included 1) ara-C 1
g/m2 for age � 60 years, creatinine �1.5 mg/dL or 0
hour MTX level � 20 �mol/L; 2) vincristine 1 mg for
bilirubin � 2 mg/dL or NCI common toxicity criteria
Grade 2� peripheral neuropathy (eliminated for bili-
rubin � 3 mg/dL or for ileus); 3) doxorubicin by 50%
for bilirubin 2 to 3 mg/dL, by 75% for bilirubin 3 to 5
mg/dL (eliminated for bilirubin � 5 mg/dL or for
gastric/small-bowel involvement with Course 1 to re-
duce duration of myelosuppression given risk of per-
foration); and 4) MTX by 50% for creatinine clearance
10 to 50 mL/min (eliminated for � 10 mL/min), by
25% to 75% for delayed excretion and/or nephrotox-
icity with prior course (dependent on severity) or by
50% for pleural effusions/ascites with drainage of fluid
as feasible.

Granulocyte colony-stimulating factor (G-CSF) 10
�g/kg subcutaneously daily started 24 hours after che-
motherapy completion and continued until white
blood cell count (WBC) reached � 3 � 109/L unless
bone pain was present. To maintain dose intensity,
subsequent courses were initiated when the unmain-
tained WBC count was � 3 � 109/L and the platelet
count (PLT) was � 50 � 109/L. If WBC was � 3 � 109/L
but PLT was � 50 � 109/L, G-CSF was discontinued
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with reassessments every 3 to 5 days until platelet
recovery.

CNS prophylaxis alternated IT MTX 12 mg (6 mg
by Ommaya reservoir) on Day 2 and ara-C 100 mg on
Day 7 of each course (16 IT treatments).17 If there was
CNS involvement, IT therapy was augmented to twice
weekly until CSF cell count normalized and cytology
was negative for malignant cells. The IT therapy then
alternated MTX and ara-C weekly for 4 doses (includ-
ing planned IT Days 2 and 7 if course given). The
program was then resumed for prophylaxis until com-
pletion of chemotherapy. No prophylactic cranial ir-
radiation (XRT) was administered. Therapeutic XRT
was given if indicated, e.g., for cranial nerve palsies or
intracranial mass (separaed from intrathecal or sys-
temic methotrexate by at least 2 weeks).

Supportive Care
Patients aged 60 years or older were placed in a lam-
inar air-flow room or protective environment (PE) for
Course 1 until absolute neutrophil count (ANC)
reached 0.5 �109/L. All patients received oral prophy-
lactic antibiotics (e.g., quinolone or trimethoprim-sul-
famethoxazole; fluconazole; and valacyclovir or acy-
clovir). Hematologic profiles were obtained at least
biweekly during induction and at least weekly during
consolidations. Packed red blood cells were given for
symptomatic and/or severe anemia with platelet
transfusions for platelets � 10 to 15 � 109/L or if � 50
� 109/L with hemorrhage. Neutropenic febrile epi-
sodes generally resulted in patient hospitalization for
administration of broad-spectrum parenteral antibiot-
ics.

Response Criteria
Response criteria were as previously reported for B-
ALL.17 For BL, CR required complete disappearance of
all known disease. Partial response (PR) was defined
as � 50% reduction in tumor size. Progressive disease
(PD) included new lesions or a 25% increase in size of
existing lesions. Other response outcomes were induc-
tion death if death occurred after start of therapy
without reaching CR or resistant disease (surviving
treatment period but failing to respond) definitions.
Toxicity was graded according to National Cancer In-
stitute Common Toxicity Criteria (version 2.0).

Comparison with Hyper-CVAD alone
Results of hyper-CVAD plus rituximab were compared
with our historical experience with hyper-CVAD (ini-
tially reported on 26 patients17), updated for purposes
of the comparative analysis. From September 1992 to
January 2000, 48 consecutive patients received hyper-
CVAD, and from February 2000 to January 2005, 31

patients received hyper-CVAD plus rituximab. There
were no planned differences in chemotherapy or sup-
portive care other than addition of rituximab and use
of PE for Course 1; the latter was implemented be-
cause of an infection-related induction mortality rate
of 33% in the elderly (� 60 yrs).17

Characteristics of the 2 consecutive study groups
are detailed in Table 2. The median age of the histor-
ical group was 48 years; 16 (33%) were aged 60 years or
older. Although differences in performance status
were noted, other factors (e.g., anemia, thrombocyto-
penia, circulating blasts, or hepatomegaly) were re-
lated to the lower proportion of B-ALL in the study
cohort compared with the historical group. Con-
versely, the higher proportion of extramedullary dis-
ease (EMD) in the study cohort reflected predomi-
nance of BL presentation. In comparing elderly
patients treated with hyper-CVAD plus rituximab (n
� 9) vs. hyper-CVAD (n � 16) with respect to param-
eters in Table 2, the only differences observed were in
frequency of adenopathy (57% vs. 13%, respectively, P
� .02) and thrombocytopenia (22% vs. 81%, respec-
tively, P � .007; data not shown). Because these were
consecutively treated patients, the differences likely
reflected heterogeneity in disease presentations over
the 13-year period. Multivariate analysis (MVA) was
used to account for these differing variables in analyz-
ing determinants of outcome.

Statistical Methods
Survival was measured from initiation of therapy until
death. Disease-free survival (DFS) was measured from
CR until relapse or death. Event-free survival (EFS)
was measured from start of therapy until failure to
respond, or until relapse or death. CR duration (CRD)
was measured from CR until relapse. A cutoff date of
March 21, 2005 was established for analyzing data for
this report. Unadjusted survival, CRD, and DFS anal-
yses were performed by using Kaplan–Meier plots30

with differences among them analyzed by the log-rank
test.31 Goodness-of-fit was assessed by martingale re-
sidual plots.32 The Cox proportional hazards model33

was used to assess treatment and patient characteris-
tics in predicting survival, CRD, and DFS. Factors sig-
nificant for survival or CRD/DFS outcomes by univar-
iate analysis were analyzed further by stepwise
regression by using the assumption of proportional
hazards suggested by Cox.33

RESULTS
Study Group
The median age of the study group was 46 years
(range, 17-77 yrs; median for � 60 yrs was 39 yrs); 29%
were � 60 years (Table 2). Four responders had 1 prior
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course of chemotherapy. Three had hyper-CVAD plus
rituximab and started with Course 2 of high-dose
MTX, ara-C, and rituximab as allowed for logistical
reasons (n � 2) or outside therapy. One had CHOP
plus rituximab with residual bulky disease. These pa-
tients were included in the analysis (there was no
difference in outcome by inclusion or exclusion of
these 4 patients.). Three patients entered study with
resected disease and, therefore, were not evaluable for
response. Cytogenetics showed characteristic translo-
cations in 11 of 14 (79%) B-ALL patients with t(8;22)
t(14;18)(q32;q31) in 2 patients (aged 72 and 50 yrs,
respectively, the latter the only patient with resistant

disease). Twenty (65%) patients had EMD, some at
multiple sites as follows: 2 CNS or leptomeningeal
disease; 13 gastrointestinal; 3 mediastinal/thoracic; 3
head/neck adenopathy; and 5 other (thyroid 2, liver 1,
kidneys 1, testicles 1).

Response
Twenty-four of 28 (86%) evaluable patients achieved
CR; 3 had PR and 1 had resistant disease (died after 3
mos with PD despite salvage therapy). There were no
induction deaths. All 3 patients who achieved PR were
still alive at the time of this report. Patient 1 had a
large mesenteric mass without CNS or marrow in-

TABLE 2
Characteristics of Study and Historical Groups

Characteristic Hyper-CVAD � Rituximab no. (%) Hyper-CVAD Alone no. (%) P

Total 31 48 —
Female gender 7 (23) 10 (21) NS
ECOG performance status 3-4 0 (0) 8 (17) .02
Age, y NS

� 60 9 (29) 16 (33) —
Overall median (range) 46 (17-77) 48 (16-79) —

Disease state �.01
BL* 17 (55) 7 (15) —
B-ALL 14 (45) 41 (85) —

Morphology �.01
Burkitt 15 (48) 44 (92) —
Burkitt-like 16 (52) 4 (8) —

Karyotype .10
t(8;14), t(2;8) or t(8;22) 11 (36) 15 (31) —
t(14;18) or 14q32 only 1 (3) 4 (8) —
Diploid, hyper, or pseudo 16 (52) 15 (31) —
Insufficient metaphases or not
available 3 (10) 14 (29) —

WBC � 10 � 109/L 13 (42) 14 (29) NS
Hemoglobin � 10 g/dL 9 (29) 30 (62) �.01
PLT � 100 � 109/L 9 (29) 31 (65) �.01
Peripheral blasts present 10 (32) 29 (60) .01
% Bone marrow blasts .01

25-49 1 (3) 4 (9) —
� 50 13 (42) 31 (70) —

Lactate dehydrogenase, U/L (ULN 618) .09
620-4999 13 (43) 25 (52) —
5000-10,000 3 (10) 9 (19) —
� 10,000 5 (17) 10 (21) —

Albumin � 3 g/dL 8 (27) 14 (29) NS
B2 microglobulin � 3 mg/dL 15/25 (60) 24/41 (59) NS
Bilirubin � 1.0 mg/dL 5 (17) 14 (30) NS
Creatinine � 1.5 mg/dL 5 (17) 3 (6) NS
Hepatomegaly 2 (7) 11 (23) .05
Splenomegaly 4 (13) 13 (27) NS
Peripheral adenopathy 11 (35) 12 (25) NS
CNS leukemia 2 (7) 10 (21) 0.08
Extramedullary disease other than CNS 18 (58) 8 (17) �.01
Gastrointestinal disease 13 (42) 6 (12) �.01

ECOG: Eastern Cooperative Oncology Group; BL: Burkitt lymphoma; B-ALL: Burkitt-type acute lymphoblastic leukemia; CNS: central nervous system; ULN: upper limit normal.

* Ki-67 expression � 90% in all cases.
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volvement and achieved PR after 8 courses with per-
sistent disease by CT and positron emission tomogra-
phy (PET) scans. Surgical resection of an 8 � 7 � 4 cm
fibrotic mass showed viable BL. Four additional
courses of hyper-CVAD plus rituximab were followed
by HLA-identical sibling allogeneic stem cell trans-
plantation (SCT) in CR. The patient remained alive
without disease 15� months from start of therapy (8�
mos from resection). Patient 2 with BL (no CNS or
marrow disease) achieved PR after 5 cycles (discontin-
ued for persistent thrombopenia) with PD at 8 mos
from start of therapy and was alive at 11� months
with ongoing salvage chemotherapy. Patient 3 with
B-ALL was classified as PR after 8 courses because of
persistent bone radiographic abnormalities (with neg-
ative PET scan), despite resolution of all other sites of
disease, and remained alive at 11� months.

All 14 patients with marrow involvement achieved
marrow CR and hematologic recovery after Course 1
of hyper-CVAD plus rituximab. Among 24 patients
who achieved CR, 11 (46%) required 2 courses or more
to achieve this response, for reasons of residual dis-
ease by radiographic studies, or because imaging was
not performed after recovery from Course 1. None of
these 11 patients have relapsed to date.

Disease Outcome
With a median follow-up of 22 months (range, 9-65
mos), 2 of 28 (7%) patients relapsed. One 46-year-old
male with B-ALL relapsed 12 months from start of
therapy and achieved second CR with investigational
treatment. One 29-year-old female with B-ALL re-
lapsed 6 months into CR and died 12 months from
start of therapy despite salvage therapy. One male
patient aged 77 years died 4 months into CR with
pneumonia and multiple organ failure related to cy-
tomegalovirus (CMV) infection. The estimated 3-year
overall survival (OS), DFS, and EFS rates were 89%,
88%, and 80%, respectively (Fig. 1). Factors associated
with worse survival were B-ALL diagnosis, leukocyto-
sis, CNS involvement, elevated LDH, elevated creati-
nine, and higher percentage of marrow blasts (Table
3). By MVA, none of these characteristics were inde-
pendently associated with worse survival.

Comparison with Hyper-CVAD Alone
The results of hyper-CVAD plus rituximab compared
with hyper-CVAD alone are shown in Table 4. CR rates
were similar, with a decrease in induction mortality
for the elderly group (0% vs. 31%, P � .04). An im-
provement in the 3-year estimated survival, DFS, and
EFS rates were observed, particularly for the elderly.
Improvement in induction mortality and survival rates
were related, in part, to use of the PE. However, other

factors related to supportive care were unlikely to play
a role in outcome, as survival remained similar around
the median of the time periods of these cohorts (Fig.
1B). Reduction in the relapse rate with hyper-CVAD
plus rituximab was also observed (7% vs. 34% overall,
P � .008; 0% vs. 50% for elderly, P � .02; 11% vs. 29%
for age � 60 yrs, P � .11) which translated to improved
CRD and DFS rates (Figs. 2, 3).

Univariate analysis of prognostic indicators for
CRD and DFS in the study and historical cohorts (n
� 69) showed a higher risk of disease recurrence
with older age, higher leukocyte counts, thrombo-
cytopenia, higher percentage of marrow blasts,
higher LDH levels, B-ALL diagnosis, adverse karyo-
type, higher beta-2 microglobulin levels, absence of
EMD, and treatment without rituximab (Table 5).
Use of the PE did not influence CRD or DFS. After
accounting for these parameters, MVA identified
younger age and treatment with rituximab as favor-
able predictors of outcome for CRD and DFS. De-

FIGURE 1. (A) Overall, event-free and disease-free survival (DFS) in BL or

B-ALL after hyper-CVAD plus rituximab; (B) Survival by time period for BL or

B-ALL after treatment with hyper-CVAD and rituximab or hyper-CVAD.
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terminants of OS in the entire group (n � 79) by
MVA included older age (P � .01), thrombocytope-
nia (P � .02), and poor performance status (P � .04;
data not shown). After accounting for these vari-
ables, therapy with hyper-CVAD plus rituximab re-

mained an independent favorable prognostic factor
(P�.01; hazard ratio, 0.26).

Treatment Delivery and Toxicity
The median number of courses completed was 8; 22 of
30 (73%) patients completed all courses, and 27 of 30
(90%) at least 7 courses (1 ongoing therapy). Median
time to completion was 5.5 months (range, 3.9-9.3
mos). These parameters were not significantly differ-
ent from historical data.17 Reasons for failure to com-
plete the program were: 4 persistent thrombocytope-
nia without evidence of disease (after 5 courses [n � 2]
or 7 courses [n � 2]); 1 poor general condition after 5
courses; 1 death in CR after 5 courses; and 1 other
comorbidity.

Dose reductions of MTX and/or ara-C occurred in
17 of 30 (57%) patients; 11 (65%) had dose reductions
of MTX only. Patients aged �60 years had ara-C re-
duced from 3 to 1 g/m2 by design to avoid cerebellar
neurotoxicity (none observed). Dose reductions of
MTX were required in 4 of 28 (14%) patients who
developed TLS during induction (all required hemo-
dialysis with resolution of renal failure); in 7 of 30
(23%) for delayed MTX excretion and/or nephrotoxic-
ity; in 3 (10%) for prolonged myelosuppression; and in
3 (10%) for other reasons. Hyper-CVAD courses were
generally given at a 100% dosage, except for 6 (20%)
patients with vincristine discontinued (n � 2) for ileus
or severe peripheral neuropathy, or reduced dosage (n
� 4) for patients with Grade 2� peripheral neuropa-
thy.

Grade 3 to 4 myelosuppression was universal and
expected. Median time to ANC was 19 and 20 days at
�1 � 109/L and PLT �100 � 109/L for Course 1,
respectively, similar to the historical experience. With
consolidation courses, median time to an ANC of �0.5
� 109/L was 15 days (range, 0-66 days) and to a PLT of
�50 � 109/L was 20 days (range, 0-149 days). Throm-
bocytopenia-related hemorrhages (1 bladder, 1 gas-
trointestinal) responded to supportive care measures
without sequelae.

Myelosuppression-associated infectious compli-
cations were common. Febrile episodes during Course
1 occurred in 13 of 29 (45%) patients, 5 fevers of
unknown origin (FUO), 3 sepsis, 2 pneumonia, and 3
other. The incidence of febrile neutropenia for subse-
quent courses averaged 25% after hyper-CVAD and
40% after MTX and ara-C courses. Opportunistic in-
fections were infrequent; 1 younger patient had respi-
ratory synctial virus pneumonia with recovery, and 1
elderly patient died of cytomegalovirus (CMV) pneu-
monia with multiple organ failure.

TABLE 3
Overall Survival with Hyper-CVAD Plus Rituximab by Pretreatment
Characteristics

Characteristics No. Pts
% 3-y
Survival P (log-rank)

Overall 31 89
Gender .61

Male 24 91
Female 7 86

Age, y .90
� 60 22 90
� 60 9 89

ECOG performance status .67
0-1 24 91
2-3 7 86

WBC (x109/L) .04
� 15 24 95
� 15 7 71

Hemoglobin (g/dL) .25
� 10 9 100
� 10 22 85

PLT (x 109/L) .13
� 100 9 74
� 100 22 96

Peripheral blasts .19
0 21 95
� 1 10 77

Lactate dehydrogenase (U/L) .01
� 10,000 25 96
� 10,000 5 53

% Bone marrow blasts .03
� 50 18 100
� 50 13 75

Disease state .05
BL 17 100
B-ALL 14 77

Morphology .53
Burkitt 15 85
Burkitt-like 16 94

CNS leukemia �.01
Y 2 50
N 29 92

Gastrointestinal disease .18
Y 13 100
N 18 83

B2 microglobulin (mg/dL) .07
� 3.5 12 100
� 3.5 13 74

Bilirubin (mg/dL) .51
� 1.0 25 92
� 1.0 5 80

Creatinine (mg/dL) .02
� 1.5 25 96
� 1.5 5 53
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DISCUSSION
Hyper-CVAD is an effective dose-intensive chemo-
therapy regimen for BL or B-ALL; however, worse out-
come was noted in the elderly compared with their
younger counterparts (Table 1).17 In addition to dif-
ferences in disease biology associated with older age,
this may in part be because of an inability to deliver
dose-intensive chemotherapy to these patients, who
require attenuated doses of ara-C (1 g/m2 vs. 3 g/m2)
and MTX (dose adjusted for creatinine clearance) to
avoid excessive toxicity. Thus, strategies to improve
outcome, particularly in the elderly, require use of
modalities that do not impart additional toxicity.

The B-cell lineage restricted marker CD20 is
highly expressed in BL and B-ALL. Impressive re-
sponses to single-agent rituximab have been observed
in children with relapsed or refractory BL or B-ALL,34

and its activity has been well established in several
other lymphoproliferative disorders.25–27 In vitro, rit-
uximab sensitized NHL B-cell lines to chemothera-
peutic drugs via selective down-regulation of anti-
apoptotic proteins Bcl-2 and Bcl-xL.35 Bcl-xL protects
cells from drug cytotoxicity, conferring a multidrug-
resistant phenotype.36 Down-regulation of Bcl-xL by
rituximab could modulate this effect and confer syn-
ergy. Thus, we hypothesized that a chemoimmuno-
therapy regimen using rituximab concurrently with
hyper-CVAD could further improve the prognosis
without additional toxicity.

In this study, the CR rate with hyper-CVAD plus
rituximab was 86%, similar to the experience with
hyper-CVAD alone.17 The estimated 3-year survival,
EFS, and DFS rates with hyper-CVAD plus rituximab
were 89%, 80%, and 88%, respectively, improved over-

all when compared with hyper-CVAD (3-year survival
53%, P � .01; EFS 52%, P � .02; and DFS 60%, P � .03).
The results were encouraging in the unfavorable el-
derly subgroup, as all survived the induction period
with use of the protective environment (Table 4, Figs.
2, 3). In these 9 patients, the CR rate was 100%, and
estimated 3-year survival and DFS rates were 89% and
88%, respectively. These results compared favorably
with a DFS rate of 30% observed with hyper-CVAD (P
� .03), without an apparent increase in toxicity.

The DFS rates reported in other adult B-ALL series
with intensive chemotherapy regimens in younger pa-
tients (median ages, 30-36 yrs) ranged from 50% to
71% (Table 1).10,16,18,21 Only 4% to 12% were aged �60
yrs, versus 29% of our patients. Although decrease in
induction mortality influenced OS, a reduction in re-
lapse rate was also observed in the elderly group com-
pared with hyper-CVAD (0% vs. 50%, P � .02). A trend
toward reduction in disease recurrence was also noted
for those younger than 60 years (11% vs. 29%, P � .11).
The incidence of CNS disease at presentation was
similar to other reports (12-43%) and was not prog-
nostic13-19; no isolated CNS relapses were observed.
MVA of the entire study and historical group identified
younger age and treatment with rituximab as factors
associated with longer DFS, suggesting that addition
of rituximab may be beneficial independent of sup-
portive care (Fig. 1B).

Hoelzer et al.37 reported preliminary results of a
chemoimmunotherapy regimen for BL or B-ALL in
the elderly. Twenty-six patients aged � 55 years re-
ceived chemotherapy plus rituximab (375 mg/m2 i.v.
Day 1 of Cycles 1-6, then 2 single doses) by Protocol
B-NHL2002. Outcome was compared with an histori-

TABLE 4
Sequential Comparison of Hyper-CVAD Plus Rituximab versus Hyper-CVAD Alone

Parameter
Hyper-CVAD Plus Rituximab

(n � 31)
Hyper-CVAD Alone

(n � 48)

P

Overall Age > 60 y

No. (%) CR 24/28* (86) 41 (85) 1.0 —
Median follow-up, mos (range) 22 (9-65) — 74 (11-154) — —
Age, yrs All � 60 — All � 60 � 60 — —
No. (%) induction deaths 0 0 0 6 (13) 1 (3) 5 (10)† .04 —
% Relapse 2/28 (7) 2/19 (11) 0/9 (0) 14/41 (34) 9/31 (29) 5/10 (50) .008 .02
% 3-y Survival 89 90 89 53 70 19 � .01 � .01
% 3-y EFS 80 76 89 52 68 19 .02 � .01
% 3-y DFS 88 88 88 60 70 30 .03 .03
% 3-y CRD 91 88 100 66 73 44 .024 .016

EFS: event-free survival; DFS: disease-free survival; CRD: complete response duration.

* Three patients were not evaluable for response and had resected disease at study start.

† Induction mortality was 31% for age � 60 years.
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cal cohort of 45 patients treated with similar chemo-
therapy without rituximab (Protocol B-NHL90). The
CR rate improved from 71% to 81%; survival rates were
better with rituximab although follow-up was short
(estimated 18-mo survival rate 84% vs. 6-yr survival
rate 39%; P � .03).

The role of consolidative autologous or allogeneic
SCT in BL or B-ALL is questionable because most may
be cured with dose-intensive chemotherapy alone.38,39

With our prior hyper-CVAD experience, relapses oc-
curred quickly, with patients dying of disease before
SCT strategies could be applied.17 None of the patients
in this report had SCT as consolidation after achieving

CR. However, a few patients with progression after
hyper-CVAD plus rituximab were able to receive sal-
vage chemotherapy and subsequently undergo alloge-
neic SCT, suggesting that upfront addition of ritux-
imab to intensive chemotherapy may alter the natural
course of resistant or recurrent disease.

In summary, the hyper-CVAD plus rituximab che-
moimmunotherapy regimen appeared promising for

FIGURE 2. Survival with hyper-CVAD plus rituximab compared with hyper-

CVAD, (A) overall, (B) age � 60 years, (C) age � 60 years.

FIGURE 3. Disease-free survival (DFS) with hyper-CVAD plus rituximab

compared with hyper-CVAD, (A) overall, (B) age � 60 years, (C) age � 60

years.
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TABLE 5
Remission Duration and DFS in BL or B-ALL in CR with hyper-CVAD with or without Rituximab

Characteristics No. Pts (%)
% 3-year
CRD

% 3-year
DFS

Univariate
P (log-rank)

Multivariate
P†

Total group* 69 — — —
Age, y .03 .0004

� 60 50 (72) 77 75 —
� 60 19 (28) 71 57 —

Zubrod performance status NS
0-1 46 (67) 77 70 —
2-3 23 (33) 70 70 —

WBC, �109/L .01
� 25 60 (87) 79 76 —
� 25 9 (13) 35 26 —

Hemoglobin, g/dL NS
� 10 33 (48) 73 69 —
� 10 36 (52) 77 73 —

PLT, �109/L .001
� 150 38 (55) 59 53 —
� 150 31 (45) 96 93 —

% Peripheral blasts .01
0 38 (55) 88 85 —
� 1 31 (45) 60 53 —

% Bone marrow blasts .02
� 50 28 (43) 81 81 —
� 50 37 (57) 67 58 —

Lactate dehydrogenase,
U/L .001

� 5000 46 (68) 84 80 —
� 5000 22 (32) 56 49 —

Disease state .001
BL 22 (32) 95 95 —
B-ALL 47 (68) 67 60 —

Morphology NS
Burkitt 51 (74) 72 65 —
Burkitt-like 18 (26) 87 87 —

Karyotype .01
t(8;14), t(2;8) or t(8;22) 24 (44) 81 70 —
t(14;18) or 14q32 only 5 (9) 60 40 —
Hyperdiploid or diploid 22 (41) 82 82 —
Pseudodiploid or other 3 (6) 33 33 —

B2 microglobulin, mg/dL .01
� 3 26 (45) 86 86 —
� 3 32 (55) 62 53 —
CNS leukemia NS
Yes 59 (86) 78 72 —
No 10 (14) 60 60 —

Extramedullary disease
other than CNS .01

Yes 44 (64) 67 61 —
No 25 (36) 91 91 —

Gastrointestinal disease .03
Yes 52 (75) 70 64 —
No 17 (25) 94 94 —

Protective environment NS
Yes 7 (10) 100 86 —
No 62 (90) 73 69 —

Hyper-CVAD .02 .003
With rituximab 28 (41) 91 88 —
Without rituximab 41 (59) 66 60 —

CRD: complete response duration; DFS: disease-free survival; NS: not significant; CNS: central nervous system; MVA: multivariate analysis; —: not included in MVA.

* Three patients had resected disease.

† MVA shown for DFS.
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BL and B-ALL, particularly in the elderly, similar to
improved outcomes observed with other frontline
chemoimmunotherapy regimens (e.g., CHOP plus rit-
uximab for non-Burkitt NHL28,40 and fludarabine, cy-
clophosphamide plus rituximab for CLL41). These pre-
liminary results suggest that additional studies are
warranted. Other single-arm Phase II clinical trials of
rituximab given concurrently with intensive chemo-
therapy for BL and B-ALL are underway (e.g.,
B-NHL200237 and Cancer and Leukemia Group B
[CALGB] study1). Results of these and other studies
(perhaps a randomized trial) are needed to define the
role and optimal use of rituximab for BL and B-ALL.
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