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A B S T R A C T

Purpose
Imatinib mesylate is a targeted agent that may be used against Philadelphia chromosome–positive
(Ph�) acute lymphoblastic leukemia (ALL), one of the highest risk pediatric ALL groups.

Patients and Methods
We evaluated whether imatinib (340 mg/m2/d) with an intensive chemotherapy regimen improved
outcome in children ages 1 to 21 years with Ph� ALL (N � 92) and compared toxicities to Ph� ALL
patients (N � 65) given the same chemotherapy without imatinib. Exposure to imatinib was
increased progressively in five patient cohorts that received imatinib from 42 (cohort 1; n � 7) to
280 continuous days (cohort 5; n � 50) before maintenance therapy. Patients with human
leukocyte antigen (HLA) –identical sibling donors underwent blood and marrow transplantation
(BMT) with imatinib given for 6 months following BMT.

Results
Continuous imatinib exposure improved outcome in cohort 5 patients with a 3-year event-free
survival (EFS) of 80% � 11% (95% CI, 64% to 90%), more than twice historical controls (35% �
4%; P � .0001). Three-year EFS was similar for patients in cohort 5 treated with chemotherapy
plus imatinib (88% � 11%; 95% CI, 66% to 96%) or sibling donor BMT (57% � 22%; 95% CI,
30.4% to 76.1%). There were no significant toxicities associated with adding imatinib to intensive
chemotherapy. The higher imatinib dosing in cohort 5 appears to improve survival by having an
impact on the outcome of children with a higher burden of minimal residual disease af-
ter induction.

Conclusion
Imatinib plus intensive chemotherapy improved 3-year EFS in children and adolescents with Ph�
ALL, with no appreciable increase in toxicity. BMT plus imatinib offered no advantage over BMT
alone. Additional follow-up is required to determine the impact of this treatment on long-term EFS
and determine whether chemotherapy plus imatinib can replace BMT.

J Clin Oncol 27:5175-5181. © 2009 by American Society of Clinical Oncology

INTRODUCTION

The risk-adjusted acute lymphoblastic leukemia
(ALL) trials conducted by the Children’s Oncology
Group (COG) and others have resulted in great im-
provements in the survival of children and adoles-
cents with ALL, but specific patient subsets continue
to have poor survival.1 While the positive t(9;22)/
Philadelphia chromosome (Ph�) is present in only
3% to 5% of children with ALL, fewer than 40% of
Ph� ALL patients are cured with intensive chemo-
therapy regimens.2-5

Building on evidence that the BCR-ABL onco-
protein resulting from the 9;22 translocation has
kinase activity, investigators developed the selective
tyrosine kinase inhibitor imatinib mesylate.6-8 Trials
in adults have shown it to be highly active in Ph�
chronic-phase and blastic chronic myelogenous leu-
kemia. Imatinib monotherapy produces a high re-
sponse rate in Ph� ALL, but the responses are
transient with recurrence in months.8-11 Daily oral
imatinib (260-570 mg/m2/d) is well tolerated in chil-
dren and adolescents with leukemia.12 Common ad-
verse events (AEs) from administration of imatinib
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in both adults and children include edema/weight gain and toxicity to
marrow, liver, gut, and skin. These have been tolerable and usually
reverse with dose adjustment.6,13 Imatinib has been used with inten-
sive hyperfractionated cyclophosphamide, vincristine, doxorubicin,
and dexamethasone therapy followed by blood and marrow trans-
plantation (BMT) in adults,14 although its efficacy and tolerability
given with multiagent chemotherapy in children is not known. Ima-

tinib may also improve the outcome after allogeneic BMT for
Ph� ALL.15

The COG AALL0031 study included both Ph� and Ph� very
high-risk (VHR) pediatric ALL patients identified as those with an
expected 5-year event-free survival (EFS) of less than 45% with con-
ventional chemotherapy. The chemotherapy regimen was based on
previous strategies16-18 in which patients first received 4 weeks of

Maintenance (8-week
cycles) Cycles 5–12

At week 48 or end of imatinib

At week 24 or at the
beginning of imatinib

Frontline induction/consolidation (4-15 weeks)

Consolidation block 1 (3 weeks)

IV ifosfamide, IV etoposide, IT methotrexate Day 1 only Intrathecal Triple Therapy 
all subsequent doses, imatinib for Ph+ ALL, and radiation to testes (if indicated)

Consolidation block 2 (3 weeks)

HD methotrexate, Intrathecal Triple Therapy, HD cytarabine, imatinib for Ph+ ALL

Patients Meeting Transplant Criteria* Patients Not Receiving Transplants

Reinduction block 1 (3 weeks)

IV daunorubicin, IV cyclophosphamide, IV vincristine,
IM L-asparaginase, PO dexamethasone, Intrathecal 
Triple Therapy, imatinib for Ph+ ALL

Intensification block 1 (9 weeks)

IV methotrexate, Intrathecal Triple Therapy, IV 
etoposide, IV cyclophosphamide, HD cytarabine, 
IM L-asparaginase, imatinib for Ph+ ALL

Reinduction block 2 (3 weeks )

Intensification block 2 (9 weeks)

Radiation to brain (All patients, 
Cycle 5), IV vincristine, PO 
dexamethasone, PO 6-mercaptopurine, 
PO methotrexate, imatinib for Ph+ ALL

HD methotrexate, Intrathecal 
Triple Therapy, PO methotrexate, 
IV vincristine, PO dexamethasone, 
PO 6-MP, IV etoposide, IV 
cyclophosphamide, imatinib for 
Ph+ ALL

Blood and marrow transplantation

Post-transplant phase

Imatinib for Ph+ ALL beginning at week
16-24 and given for 6 months

MRD

MRD

MRD

MRD

MRD

MRD

MRD

MRD

Preparative regimen (1 week)
TBI, etoposide, IV cyclophosphamide

Maintenance (8-week
cycles) Cycles 1–4

Fig 1. Treatment schema for Children’s Oncology Group (COG) protocol AALL0031. At enrollment onto AALL0031, patients had completed 4 to 6 weeks of three-drug
or four-drug induction therapy consistent with a front-line pediatric cooperative group (Children’s Cancer Group [CCG] or Pediatric Oncology Group [POG]) regimen.
MRD, minimal residual disease; IV, intravenous; IT, intrathecal; PH�, Philadelphia chromosome–positive; ALL, acute lymphoblastic leukemia; HD, high dose; TBI, total
body irradiation; IM, intramuscular; PO, oral.
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standard induction chemotherapy and were entered onto AALL0031,
which included an intensive consolidation phase followed by a con-
tinuation regimen (Fig 1). Imatinib (340 mg/m2/d for 21 days) was
included for Ph� ALL patients during an increasing number of
treatment blocks (Fig 2 and Appendix, online only) in the first four
patient cohorts (44 patients), followed by continuous dosing in the
final patient cohort (50 patients). In maintenance cycles 5 through
12, imatinib was administered intermittently on a 2-week-on/2-
week-off schedule. Patients who had a human leukocyte antigen
(HLA) –identical family donor underwent BMT after the first two
cycles of AALL0031 protocol therapy. Sixty-six Ph� VHR ALL pa-
tients enrolled in AALL0031 received the identical chemotherapy
without imatinib, allowing for an evaluation of imatinib toxicity.

Early results from AALL0031 demonstrate that addition of ima-
tinib was tolerable and improved 3-year EFS compared with that in
historical controls. Matched sibling donor allogeneic BMT does not
appear to offer a benefit to early survival.

PATIENTS AND METHODS

Patients

COG AALL0031 enrolled patients ages 1 to 21 years with VHR ALL from
October 14, 2002, until October 20, 2006. Because of the delays associated with
identification of the VHR markers (Philadelphia chromosome, hypodiploidy,
and induction failure), eligible patients were enrolled on protocol with histo-
logically proven ALL after completion of 4 weeks of induction therapy. Induc-
tion therapy was limited to a combination of vincristine, asparaginase,
prednisone or dexamethasone with or without daunomycin, prednisone, or
dexamethasone, and asparaginase with or without daunomycin. VHR features
included (1) Philadelphia chromosome t(9;22)(q34;q11.2) detected by con-
ventional or molecular cytogenetics or BCR-ABL fusion transcript identified
by reverse transcription polymerase chain reaction; (2) hypodiploidy defined
as fewer than 44 chromosomes or DNA index less than 0.8; (3) any rearrange-
ment of the MLL gene in conjunction with a slow early response, defined as
� 5% marrow blasts at day 15 and/or � 0.1% minimal residual disease (MRD)
at the end of induction as detected by multiparameter flow cytometry;19,20 and
(4) induction failure. The latter was defined as more than 25% blasts (M3
marrow status) by histology at the end of 4 weeks of induction therapy, as M2
marrow status (5% to 25% blasts by histology), or as an MRD � 1% by flow
cytometry at the end of induction followed by an M2 (or M3), marrow status
or MRD � 1% after receiving two additional weeks of induction therapy
(defined as M2/M2 induction failures). No imatinib was administered before
enrollment onto COG AALL0031. All patients who were not Ph� ALL served
as the control group in the evaluation of imatinib for additional toxicities on
the chemotherapy backbone.

Treatment Schema

All patients enrolled onto the study received a minimum of two consol-
idation chemotherapy blocks (Fig 1). Patients with an HLA-matched related
donor entered the BMT arm following these blocks. Total duration of chem-
otherapy for those not receiving BMT was approximately 27 months. Prior
approval was obtained from the National Cancer Institute (NCI) and the
institutional review boards of the COG member institutions. Informed con-
sent of the patient and/or parent and assent of patient were obtained in
accordance with federal guidelines.

Imatinib Therapy

For patients with Ph� ALL, imatinib 340 mg/m2/d was introduced into
the chemotherapy regimen in a stepwise fashion, with toxicity assessed for each
cohort before progression to the next cohort as shown in Figure 2. Each cohort
had 12 subjects except for cohort 1 (n � 7), which was discontinued early on
the basis of published data demonstrating acceptable imatinib toxicity with
high-dose methotrexate.10 Cohort 5 was expanded to accrue a total of 50
patients to provide a more precise estimate of outcome. With the original
cohort size of 12, a 90% CI provides a half-width of approximately 24%; that is,
the true EFS result could be 24% higher or lower, depending on the observed
estimate. Increasing the size of the final cohort reduced the half-width of the CI
to 12% to provide reasonable precision. The total imatinib exposure (before
maintenance) was 42 days in cohort 1, 63 days in cohort 2 (n � 17), 84 days in
cohort 3, 126 days in cohort 4 (n � 22), and 280 days in cohort 5 (n � 44). All
groups received an additional 336 days of imatinib exposure in maintenance
cycles 1 through 12 (Fig 2). For all patients receiving BMT on protocol,
imatinib was started between week 16 and week 24 after BMT when the
absolute neutrophil count was � 750 and the platelet count was � 75,000
given for a total of 24 weeks. Dosing started at 230 mg/m2/d and increased after
28 days to 340 mg/m2/d if no grade 3 or 4 toxicity was observed.

Toxicity Assessment

Data on AEs and clinically significant abnormal laboratory findings were
collected using National Cancer Institute Common Terminology Criteria
(CTC) version 2.0. Standard AE reporting was supplemented with NCI’s
AdEERs (Adverse Event Expedited Reporting System) reports and MedWatch
reports (for reporting AEs with commercial agents to the US Food and
Drug Administration and NCI). Inclusion of the Ph� patients treated with
the identical chemotherapy without imatinib allowed for direct compari-
son of patients treated with the same chemotherapy backbone with or
without imatinib.

MRD Assessment

MRD was assessed by multiparameter flow cytometry at study entry
(after completing conventional induction therapy) and after the first and
second blocks of consolidation therapy at a single central reference lab as
described.21 Samples were available from 119 (89%) of 133 patients at
study entry.

Therapy Cons 1
(3 wk)

Cons 2
(3 wk)

Reind 1
(3 wk)

Intens 1
(9 wk)

Reind 2
(3 wk)

Intens 2
(9 wk)

Maint 1-4
(8-wk

cycles)
Cohort 1 Imatinib

× 3 wk
Imatinib
× 3 wk

Imatinib
× 3 wk

Cohort 2 Imatinib
× 3 wk

Imatinib
× 3 wk

Imatinib
× 3 wk

Imatinib
× 3 wk

Cohort 3 Imatinib
× 3 wk

Imatinib
× 3 wk

Imatinib
× 3 wk

Cohort 4 Imatinib
× 3 wk

Cohort 5 Continuous dosing of imatinib

Maint 5-12
(8-wk

cycles)
Imatinib × 2
wk every 4

wk
Imatinib × 2
wk every 4

wk
Imatinib × 2
wk every 4

wk
Imatinib × 2
wk every 4

wk
Imatinib × 2
wk every 4

wk

Fig 2. Integration of imatinib into suc-
cessive blocks of therapy. Imatinib was
given at 340 mg/m2/d (blue blocks) for
21 days (cohorts 1 to 4). Maintenance
Blocks 1 through 4 consisted of 3-week
blocks and Maintenance Blocks 5
through 12 consisted of 2-week blocks
every 4 weeks. In cohort 5, dosing was
continuous except for 2 weeks every 4
weeks during Maintenance Blocks 5
through 12. All boxes shaded blue re-
ceived imatinib during that cycle of ther-
apy. Cons, Consolidation Block; Reind,
Reinduction Block; Intens, Intensifica-
tion Block; Maint, Maintenance Block.
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Statistical Analysis

The primary outcome was EFS, calculated as the time from entry onto
study to first event or last contact, where an event was defined as induction
failure, relapse at any site, secondary malignancy, or death. AALL0031 study
data were frozen on October 31, 2008, for these analyses. Patients who did not
fail were censored as of the date of last contact. Estimates of EFS were com-
puted using the Kaplan-Meier method,22 and standard errors of the estimates
were determined according to Peto and Peto.23 The log-rank test was used for
comparison of survival curves between groups. MRD rates and toxicity rates
were compared between groups by using the �2 test and Fisher’s exact test.
Two-sample t tests were used to compare course durations between groups.
Analyses used a historical control data set of Ph� patients in remission that
included patients enrolled onto the ALinC 14 (Pediatric Oncology Group
POG 8602), ALinC 15 (POG 9005 and 9006), and ALinC 16 (POG 9201, 9405,
9406, and 9605) protocols for B-precursor ALL between January 1986 and
November 1999. Although related and unrelated BMT patients were part of
the historical data set, the percentage of BMT patients compared with the
percentage of patients who received chemotherapy is unknown. Induction
failures were excluded from the historical controls. The outcome of patients
treated on a Children’s Cancer Group (CCG) protocol (CCG 1921) with a
related-donor BMT for Ph� ALL was used as a historical control for related-
donor BMT.24 The group did not differ with respect to patient characteristics
(age, gender, WBC) from the patients who received a related-donor BMT in
this study.

RESULTS

Patient Characteristics

One hundred sixty patients were enrolled. Two patients were
ineligible because of an invalid consent (Ph�, cohort 3). The 158
eligible patients included 93 Ph� patients, 41 with hypodiploidy
(� 44 chromosomes), 22 Ph� induction failures, and two with an
MLL rearrangement and a slow early response. Among the 93 Ph�
patients in cohorts 1 through 5, nine had induction failure (M3 at the
end of induction) before entering AALL0031, with one additional
M2/M2 induction failure excluded from analysis. One patient en-
rolled onto the study was not evaluable (Ph�, cohort 1). Median age at
diagnosis for the Ph� patients was 10 years (range, 1.3 to 21 years). Of
the 92 evaluable Ph� ALL patients, 59 (64%) were male and 69 (75%)
were white. Median WBC count at initial diagnosis was 27,000/�L
(range, 1,800 to 638,000/�L). The demographic summary was similar
to Ph�ALL patients treated on earlier COG trials. The Ph� induction
failure patients (n � 10) were excluded from all analyses except for
comparing their outcomes with those of Ph� non–induction failure
patients. There was concern that AALL0031 accrual might be affected
by the fact that unrelated-donor BMT was not allowed on this study.
To evaluate this concern, we examined protocol entry among the 34
Ph� ALL patients initially enrolled on the COG AALL0232 study for
high-risk ALL, all of whom were evaluated for the Ph chromosome
and recommended to enter AALL0031 protocol if positive. Although
patients were not required to be enrolled on frontline COG trials, 24
(71%) of the 34 Ph� patients initially enrolled on the frontline
AALL0232 trial were enrolled on AALL0031. This strongly suggests
that for the majority of patients, the prohibition of unrelated-donor
BMT was not a factor in deciding whether to enroll on AALL0031.

Impact of Imatinib With Intensive Chemotherapy on

Early EFS

The 3-year EFS of patients in cohort 5 receiving continuous
imatinib was 80.5% � 11.2% (95% CI, 64.5% to 89.8%), including

those assigned to a sibling BMT. This is significantly higher than
historical controls, after excluding induction failures from previ-
ous POG studies (N � 120; 3-year EFS, 35.0% � 4.4%; P � .0001;
Fig 3) and other published data including 267 children with Ph�
ALL (2-year EFS, 40.9%; 95% CI, 35.5% to 46.3%).5

Toxicities Associated With Imatinib and

Intensive Chemotherapy

A direct comparison of toxicities for each block of therapy was
performed for those VHR ALL patients who did (Ph�) and did not
receive imatinib. Those who did not receive imatinib included hypo-
diploid patients, induction failures, and Ph� patients who did not
receive imatinib in an earlier block. A midstudy analysis demonstrated
a higher incidence of ALT elevation during maintenance cycle 2 (7 of
42 v 1 of 27), cycle 5 (10 of 25 v 5 of 18), and cycle 6 (9 of 24 v 4 of 13)
for those receiving imatinib. After identification of hypertransami-
nasemia, therapy was amended such that the duration of imatinib
was shortened from 21 days to 14 days in each 4-week maintenance
cycle. A postamendment analysis found that the altered imatinib dos-
ing in maintenance cycles 5 through 12 resulted in a decrease in ALT
grade � 3 toxicity from 54% (17 of 31) before the amendment to 28%
(11 of 40) after the amendment (P � .01).

In most phases of therapy, grade � 3 toxicities for Ph� patients
and non-Ph� patients had about the same frequency. The few signif-
icant differences included infection with grade 3/4 neutropenia during
Reinduction 2 (19.6% [10 of 51] in the imatinib-treated group v 2.2%
[1 of 43] in the group that did not receive imatinib; P � .01) and lower
total WBC (P � .02) and hypokalemia in the imatinib group in
Consolidation 2 (P � .04).

As an aggregate marker for imatinib toxicity, the duration of each
of the first four blocks of therapy were compared between the Ph�
group and the non-Ph� patients. There were no significant differ-
ences in Consolidation 2 or Reinduction 1. There were significantly
longer delays with imatinib in consolidation 1 (mean � standard
deviation, 23.7 � 3.3 days v 22.3 � 3.5 days; P � .01) and in Reinduc-
tion 1 (31.9 � 10.4 days v 27.7 � 8.5 days; P � .03). There were no
significant post-BMT imatinib toxicities.
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Fig 3. Early event-free survival in Philadelphia chromosome–positive acute
lymphoblastic leukemia patients treated with imatinib. Treated patients in cohort
5 (n � 44) were compared with patients previously treated on Pediatric Oncology
Group (POG) protocols ALinC 14, 15, and 16 from January 1986 through
November 1999 (N � 120).
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Impact of Imatinib Mesylate With HLA-Identical

Sibling Donor BMT on EFS

Twenty-one patients had matched sibling transplants (8 of 39 in
cohorts 1-4 and 13 of 44 in cohort 5). The related-donor BMT group
treated with 6 months of imatinib post-BMT had a 3-year EFS
(56.6% � 21.5%) similar to that of a comparable historical (no ima-
tinib) BMT group from CCG 192124 (3-year EFS, 66.7% � 15.7%;
n � 9; P � .80). In violation of protocol therapy, 11 (13%) of 82 Ph�
patients were removed from AALL0031 by treating institutions for
off-protocol alternative (unrelated and mismatched) donor BMT.
Outcome analysis of patients (n � 31) enrolled in cohort 5 chemo-
therapy (including six patients receiving alternative-donor BMT)
showed an 86.8% � 10.0% 3-year EFS, which is similar to results
obtained after removal of the six off-protocol BMT patients (3-year
EFS, 87.7% � 10.9%). There was no significant difference in 3-year
EFS between patients (n � 25) treated with cohort 5 chemotherapy
(87.7% � 10.9%; 95% CI, 66.4% to 95.8%), patients (n � 21) receiv-
ing BMT from a sibling donor (56.6% � 21.5%; 95% CI, 30.4% to
76.1%), and patients (n � 11) receiving BMT from an alternative
donor (71.6% � 19.0%; 95% CI, 35.0% to 89.9%; P � .14; Fig 4).
These three groups were similar with respect to age at diagnosis, sex,
and race. Comparison of the nine Ph� induction failures (� 25 blasts
at end of induction; Fig 5) at study entry versus the other 82 Ph�
patients, including all treatment cohorts, showed no significant differ-
ence in 3-year EFS (50% � 35.4% v 66.2% � 7.4%; P � .27) although
the patient numbers were small.

Evaluation of Risk Factors That Have an Impact on

the Therapeutic Outcome in Ph� ALL

We evaluated a number of factors and their impact on therapeu-
tic outcome in Ph� ALL. Evaluation of NCI high-risk versus
standard-risk patients showed no significant difference in the 3-year
EFS (58.6% � 8.4% v 82.8% � 11.5%; P � .09). Even when age and
WBC were analyzed separately in the NCI high-risk group, there was

no significant difference (P � .64) among patients who were � 10
years old with WBC � 50,000 (3-year EFS, 38.7% � 14.5%), those
who were less than 10 years old with WBC � 50,000 (58.2%�14.2%),
and those who were � 10 years old with WBC less than 50,000
(66.3% � 12.2%). When cohorts 3 and 4 were combined, those with
an MRD � 0.01% at study entry (end induction, before any imatinib
exposure) had a better 3-year EFS than those with an MRD of more
than 0.01% (100% [n � 5] v 38.6% � 15.1% [n � 14]; P � .02) (Fig
6A). In contrast, end induction MRD levels did not predict outcome
in cohort 5 patients (Fig 6B) receiving continuous imatinib with a
3-year EFS of 88.2% � 17.5% versus 75.9% � 14.1% (P � .41) for
those with MRD � 0.01% (n�18) compared with those having MRD
of more than 0.01% (n � 26).

DISCUSSION

While the overall outcome for children with ALL has improved, the
cure rate for specific VHR subgroups including those with Ph� ALL
have been disappointing. Identification of the underlying biologic
basis of Ph� ALL provided an opportunity to develop a targeted
approach to treatment of these patients. In this study, we showed that
imatinib could be safely integrated into an intensive multiagent chem-
otherapy regimen. The outcome observed among cohort 5 patients
treated with intensive imatinib dosing in combination with intensive
chemotherapy is dramatically better than that observed in either his-
torical controls from prior POG trials or trials reported by a large
international collaborative group.21 Although sample size is limited,
there was no suggestion that patients who received either HLA-
identical related- or unrelated-donor BMT fared better than those
treated with intensive chemotherapy plus intensive imatinib dosing.
At the time of this report, more than 80% of the patients with Ph�
ALL enrolled in AALL0031 have completed protocol therapy, and
relapse after completion of therapy has not been observed. Longer
follow-up is required to definitively evaluate whether this outstanding
outcome is maintained.
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Fig 4. Comparison of event-free survival (EFS) for Cohort 5 chemotherapy only
versus related-donor bone marrow transplantation (BMT) versus unrelated-donor
BMT. Cohort 5 patients were compared with human leukocyte antigen (HLA)
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This study demonstrated the prognostic impact of MRD in Ph�
ALL at lower imatinib dosing (cohorts 3 and 4). More importantly,
intensive dosing with imatinib in cohort 5 appeared to improve the
expected outcome in both higher MRD and in induction failure pa-
tients. Together, these findings suggest that targeted tyrosine kinase
inhibitor therapy can improve the prognosis of patient subsets that
have historically had a poor outcome.

Previous studies have suggested that imatinib may improve post-
allogeneic BMT outcomes for Ph� patients.15 In this study, imatinib
treatment started between 4 and 6 months post-BMT and continued
for 6 months. Unlike in a previous study,15no myelosuppression re-
quiring imatinib dose reduction was observed.

We observed no major toxicities induced by continuous dosing
of imatinib at 340 mg/m2/d in combination with intensive chemother-
apy. Although we did observe ALT elevation in maintenance therapy,
it was addressed by decreasing the imatinib exposure from 21 to 14
days during each 4-week maintenance chemotherapy cycle. Imatinib-
related left ventricular dysfunction and heart failure has been seen in
adults,25,26 but there was no signal for increased detection with ima-
tinib compared with the control group in this study.

Newer tyrosine kinase inhibitors including dasatinib and nilo-
tinib appear to have more potent suppression of BCR-ABL kinase
activity.27,28 These agents in combination with intensive chemothera-
py may further improve the outcome of children with Ph� ALL. The
follow-up COG study for Ph� ALL will use dasatinib because of the
addition of Src inhibition.29 The relative lack of adverse effects with
imatinib may not be the same as with dasatinib, which is associated
with pleural effusions.30

In conclusion, intensive dosing with imatinib, in addition to
dose-intensive ALL chemotherapy more than doubled the 3-year EFS
for children and adolescents with Ph� ALL, with minimal toxicities.
There was no suggestion that outcomes were superior with either
HLA-identical or unrelated-donor BMT compared with chemother-
apy plus imatinib. Additional follow-up is needed to determine the
best long-term treatment for children with Ph� ALL, but our results
indicate that therapy should include a tyrosine kinase inhibitor, such
as imatinib.
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Fig 6. Impact of minimal residual disease (MRD) at study entry on outcome in Philadelphia chromosome–positive acute lymphoblastic leukemia (Ph� ALL). (A) Event-free
survival (EFS) by MRD at study entry (� 0.01% v � 0.01%) for cohorts 3 and 4 (100% v 38.6% � 15.1%; P � .02). (B) EFS by MRD at study entry for cohort 5 (88.2% �
17.5% v 75.9% � 14.1%; P � .41). Induction failures were excluded from these analyses.
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25. Kerkelä R, Grazette L, Yacobi R, et al: Cardio-
toxicity of the cancer therapeutic agent imatinib
mesylate. Nat Med 12:908-916, 2006

26. Atallah E, Durand JB, Kantarjian H, et al:
Congestive heart failure is a rare event in patients
receiving imatinib therapy. Blood 110:1233-1237,
2007

27. Kantarjian H, Giles F, Wunderle L, et al: Nilo-
tinib in imatinib-resistant CML and Philadelphia
chromosome-positive ALL. N Engl J Med 354:2542-
2551, 2006

28. Ottmann O, Dombret H, Martinelli G, et al:
Dasatinib induces rapid hematologic and cytoge-
netic responses in adult patients with Philadelphia
chromosome positive acute lymphoblastic leukemia
with resistance or intolerance to imatinib: Interim
results of a phase 2 study. Blood 110:2309-2315,
2007

29. Lombardo LJ, Lee FY, Chen P, et al: Discovery
of N-(2-chloro-6-methyl-phenyl)-2-(6-(4-(2-hydroxyethyl)-
piperazin-1-yl)-2-methylpyrimidin-4-ylamino)thiazole-
5-carboxamide (BMS-354825), a dual Src/Abl kinase
inhibitor with potent antitumor activity in preclinical
assays. J Med Chem 47:6658-6661, 2004

30. Quintás-Cardama A, Kantarjian H, O’Brien S,
et al: Pleural effusion in patients with chronic my-
elogenous leukemia treated with dasatinib after
imatinib failure. J Clin Oncol 25:3908-3914, 2007

■ ■ ■

Intensive Imatinib and Chemotherapy Improve Outcome in Ph� ALL

www.jco.org © 2009 by American Society of Clinical Oncology 5181


