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The translocation (9;22) gives rise to the
p190Bcr-Abl and p210Bcr-Abl tyrosine kinase
proteins, considered sufficient for leukemic
transformation. Philadelphia-positive (Ph�)
acute leukemia patients failing to respond to
initial induction therapy have a poor progno-
sis with few effective treatment options.
Imatinib is an orally administered, potent
inhibitor of the Bcr-Abl tyrosine kinase. We
conducted a clinical trial in 56 patients with
relapsed or refractory Ph� acute lympho-
blastic leukemia (ALL;48patients)orchronic
myelogenous leukemia in lymphoid blast
crisis (LyBC; 8 patients). Imatinib was given
once daily at 400 mg or 600 mg. Imatinib

induced complete hematologic responses
(CHRs) and complete marrow responses
(marrow-CRs) in 29% of ALL patients (CHR,
19%; marrow-CR, 10%), which were sus-
tained for at least 4 weeks in 6% of patients.
Median estimated time to progression and
overall survival for ALL patients were 2.2
and 4.9 months, respectively. CHRs were
reported for 3 (38%) of the patients with
LyBC (one sustained CHR). Grade 3 or 4
treatment-related nonhematologic toxicity
was reported for 9% of patients; none of the
patients discontinued therapy because of
nonhematologic adverse reactions. Grade 4
neutropenia and thrombocytopenia oc-

curred in 54% and 27% of patients, respec-
tively. Imatinib therapy resulted in a clini-
cally relevant hematologic response rate in
relapsed or refractory Ph� acute lymphoid
leukemia patients, but development of resis-
tance and subsequent disease progression
were rapid. Further studies are warranted to
test the effects of imatinib in combination
with other agents and to define the mecha-
nisms of resistance to imatinib. (Blood. 2002;
100:1965-1971)
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Introduction

The Philadelphia translocation (Ph) is the most common cytoge-
netic abnormality associated with adult acute lymphoblastic leuke-
mia (ALL), occurring in 20% to 40% of patients.1-4 It is also
detected in 2% to 5% of children with ALL5 and in approximately
1% of patients with acute myeloid leukemia (AML).6 The Philadel-
phia chromosome is the result of a t(9;22) (q34; q11) reciprocal
translocation leading to the formation of aBCR-ABL fusion gene,
the transcription of which results either in an 8.5-kb mRNA that
encodes a 210-kDa protein or in a 7.5-kb mRNA that codes for a
190-kDa protein.7,8 These BCR-ABL proteins display constitu-
tively active tyrosine kinase activity that is considerably greater
than that of the normal 145-kDa ABL gene product.9,10 Expression
of the deregulated BCR-ABL kinase has been shown to induce
resistance to apoptosis11 and growth factor independence12 and to
possess pronounced transforming potential in mouse models, and it
accounts for the malignant phenotype of chronic myelogenous
leukemia (CML).13

The presence of the BCR-ABL translocation is the single most
important adverse prognostic parameter in Ph� acute leukemia,
with long-term survival of less than 10% with current chemo-
therapy regimens.4,14-16 Conventional induction chemotherapy, as
well as recently developed regimens such as hyper-CVAD (fraction-
ated cyclophosphamide, vincristine, doxorubicin, and dexametha-
sone), generally achieves response rates of 60% to 80% in newly
diagnosed patients, which are slightly inferior to those in Ph� ALL,
but these responses are not durable.14,16,17In a recent report, overall
complete hematologic response (CHR) duration of patients with
Ph� ALL was 8 months1; adult patients with ALL who relapse after
primary chemotherapy or are refractory have a considerably
inferior prognosis.18 Intensification of chemotherapy has had no
substantial impact on the unfavorable course of de novo Ph� adult
ALL 1,19,20 or in patients who fail first-line therapy; these patients
generally do not respond well to further intensive treatment18 and
may be regarded as candidates for palliative care or experimental

From the Medizinische Klinik III, Johann Wolfgang Goethe Universität, Frankfurt,
Germany; Division of Hematology, Oregon Health Sciences University,
Portland; Department of Medicine and Molecular Biology Institute, University
of California at Los Angeles; Department of Haematology, Hammersmith
Hospital/Imperial College School of Medicine, London, United Kingdom;
Laboratoire de Greffe de Moelle, Université Victor Segalen, Bordeaux, France;
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therapies. Allogeneic stem cell transplantation (SCT) is the only
curative form of treatment to date, with long-term survival of 35%
to 65% if it is performed in first complete remission.21-25 In
contrast, the outcome with allogeneic SCT in actively relapsed or
refractory ALL is poor.18 Although allogeneic transplantation
remains the treatment of choice beyond first remission, long-term
survival is approximately 17% in second or third remission and
only 5% at 2 years from transplantation in primary induction failure
or relapse.24,26,27

Imatinib (Glivec, also imatinib mesylate [Gleevec]; formerly
STI571; Novartis Pharma, Basel, Switzerland) is a rationally
designed, potent selective competitive inhibitor of the BCR-ABL
protein-tyrosine kinase.28-30 In an ascending-dose phase 1 study,
imatinib induced substantial and durable responses with minimal
toxicity, at daily doses of 300 mg and higher, in nearly all patients
with chronic phase CML,31 results that were recently confirmed in
a phase 2 trial.32 Imatinib was also shown to have significant
antileukemic activity in patients with accelerated-phase CML or in
myeloid blast crisis, although results were inferior to results in
chronic phase.33,34 In patients with lymphoid blast crisis (LyBC) or
Ph� ALL entered in the initial phase 1 study, imatinib at daily doses
of 300 to 1000 mg induced hematologic responses in 14 of 20
patients (70%), including 4 complete hematologic responses (20%)
and 7 marrow responses (35%).35

In view of the possible therapeutic activity of imatinib, its low
toxicity, and the limited options available to relapsed ALL patients,
we conducted a phase 2 study of imatinib in patients with Ph� ALL
or LyBC who had failed first-line treatment.

Patients and methods

Patients

Male or female patients were eligible for inclusion in this study if they were
at least 18 years of age and had a morphologically confirmed diagnosis of
relapsed or refractory Ph� ALL or LyBC. Relapsed disease was defined as
first or subsequent relapse after standard chemotherapy, autologous or
allogeneic bone marrow, or peripheral blood SCT. Refractory disease was
defined by the failure of conventional induction therapy to induce complete
remission after 2 courses. For patients with CML, LyBC was defined as at
least 30% blasts in peripheral blood or marrow expressing lymphoid cell
surface markers, irrespective of prior therapy.

Patients were required to have alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) not higher than 3 � the upper normal
limit in cases without suspected leukemic involvement of the liver, or not
higher than 5 � the upper normal limit in cases of suspected liver
involvement; serum total bilirubin levels not higher than 3 � the upper
normal limit; and serum creatinine levels not higher than 2 � the upper
normal limit. Women of childbearing potential were required to have a
negative pregnancy test prior to starting treatment, and both male and
female patients were required to use barrier contraceptive measures
throughout therapy with imatinib. Patients were excluded from the trial if
they had an Eastern Co-operative Oncology Group (ECOG) performance
status of 3 or 4, grade 3/4 cardiac disease, leukemic central nervous system
involvement, or any serious concomitant medical condition. Exclusion
criteria also included treatment with anthracyclines, mitoxantrone, etopo-
side, methotrexate, or cyclophosphamide within 21 days before starting
therapy; treatment with any other investigational agent or with high-dose
cytosine arabinoside (1-3 g/m2 every 12 to 24 hours for 6 to 12 doses)
within 28 days before starting therapy; treatment with hematopoietic SCT
within 6 weeks before starting therapy; or if recovery from SCT was not
complete. Patients were also excluded from enrollment if they had a history
of noncompliance with therapy or if they were considered by the
investigator to be potentially unreliable.

All patients gave written informed consent to participate in the study,
and the study was reviewed and approved by a recognized ethics review
committee at each trial center. The study was performed in accordance with
the Declaration of Helsinki (as amended in Tokyo, Venice, and Hong Kong).

Study design and treatment

This was an open-label, nonrandomized, multicenter, multinational Novartis-
sponsored phase 2 trial designed to evaluate the clinical efficacy of
imatinib, as determined by the rate of sustained hematologic response
(lasting at least 4 weeks), and the safety of treatment.

Patients started treatment with imatinib at daily doses of 400 or 600 mg.
For patients who relapsed, dose escalation to a maximum of 400 mg twice
daily was permitted at the discretion of the investigator. On a case-by-case
basis following discussion between the investigator and sponsor, dose
escalation was also permitted for patients who did not achieve hematologic
response after at least 1 month of therapy. Patients were scheduled to
receive treatment for 24 weeks and then were continued indefinitely in
cases where the investigator judged that further treatment was of clini-
cal benefit.

Treatment was interrupted or reduced in response to nonhematologic,
hepatic, or hematologic toxicity, which was graded according to National
Cancer Institute/National Institutes of Health (NCI/NIH) Common Toxicity
Criteria. For patients requiring dose reduction, daily doses were reduced
from 600 to 400 mg, or from 400 to 300 mg. Dose reductions below 300 mg
per day were not allowed by study design. If grade 2 nonhematologic
toxicity occurred, therapy was interrupted until recovery to grade 1 or lower
and was then resumed at the original dosage. If grade 2 toxicity recurred
following resumption, treatment was again interrupted until recovery and
was resumed at a reduced dose. If grade 3 or 4 nonhematologic toxicity
occurred, therapy was interrupted until recovery to grade 1 or lower and
then resumed at a reduced dose. Specific dose reduction rules for hepatic
toxicity were applied to patients who enrolled with elevated baseline
aminotransferase levels (3-fold to 5-fold above upper normal limits). If
such patients developed increases in one or more aminotransferase levels of
greater than 3-fold, therapy was interrupted until levels returned to baseline
and was then resumed at a reduced dose. For patients who experienced
clinically relevant, but lower than 3-fold increases in aminotransferase
levels, treatment was interrupted until recovery and was then resumed at the
same dose. If patients experienced a subsequent clinically relevant increase
in aminotransferase levels, treatment was interrupted until recovery and
resumed at a reduced dose. Dose reductions for hematologic toxicity were
to be considered only for patients with grade 4 neutropenia (neutrophil
count below 0.5 � 109/L) lasting at least 2 weeks, after a minimum of 28
days of therapy. In practice, however, imatinib doses were also reduced in
cases of grade 4 thrombocytopenia considered to be unrelated to leukemia.
Bone marrow examinations were performed routinely, and biopsies were
obtained insofar as possible, until recovery from grade 4 neutropenia or
thrombocytopenia. For patients with persistent marrow cellularity of less
than 10% and blasts exceeding 10%, the daily dosage was successively
reduced at 2-week intervals or was interrupted until recovery of neutropenia
or thrombocytopenia to at least grade 2. Upon recovery, treatment was
resumed at the full initial dose. Treatment was not interrupted or reduced for
patients with marrow cellularity or blasts greater than 10%.

No concomitant anticancer drugs were to be administered. Treatment
with allopurinol at 300 mg per day was recommended until stabilization of
white blood cell (WBC) counts, and patients with febrile neutropenia or
infection could receive treatment with colony-stimulating factors at the
investigator’s discretion.

Evaluation of patients

Patients were evaluated for hematologic and cytogenetic response and
relapse at frequent intervals during the initial 24 weeks of imatinib
treatment. Peripheral blood samples were obtained and analyzed at
baseline, 3 times weekly for the first 4 weeks, weekly from weeks 5 to 13,
every 2 weeks after week 13, and on the last day of treatment. Bone marrow
aspirates were performed at screening; weeks 5, 9, 13, and 25; and on the
last day of treatment; bone marrow biopsies were optional and were
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obtained as indicated. Physical examination to evaluate liver and spleen
size and extramedullary involvement was carried out at screening, every 4
weeks during therapy, and on the last day of treatment. After the initial 24
weeks of treatment, bone marrow aspirates or biopsies for analysis of
disease status were obtained every 3 months for the first 6 months and every
4 months thereafter. Following treatment, patients were followed for
survival at least every 3 months, until death. Treatment toxicity was
evaluated by patient interview at each office visit. Toxicity was graded
according to NCI/NIH Common Toxicity Criteria.

The primary efficacy endpoint in this study was sustained hematologic
response lasting at least 4 weeks, assessed as (1) complete hematologic
response (CHR), defined according to conventional criteria as blast count
below 5% in bone marrow, no blasts in peripheral blood, neutrophil count at
least 1.5 � 109/L, platelet count at least 100 � 109/L, and no evidence of
extramedullary involvement36; (2) complete marrow response (marrow-
CR) in patients achieving a blast count of less than 5% in bone marrow, no
blasts in peripheral blood, no evidence of extramedullary involvement, a
neutrophil count at least 1.0 � 109/L, but no platelet recovery (platelet
count at least 20 � 109/L); (3) partial response, defined as fewer than 15%
blasts in peripheral blood and bone marrow. Sustained responses were
required to be observed at 2 consecutive evaluations at least 4 weeks apart.

Secondary efficacy endpoints were the induction of cytogenetic re-
sponse, time to disease progression, and overall survival. Complete
cytogenetic response was defined as the absence of Ph� metaphases. Time
to progression was calculated as the time from treatment start until relapse
after initial response, or the interval when treatment was discontinued
owing to unsatisfactory therapeutic response, adverse events, or patient
death from any cause. Time to progression was censored at the last
examination date for patients continuing treatment without progression, or
at the time treatment was discontinued for reasons other than adverse
events, unsatisfactory therapeutic response, or death. Overall survival was
calculated as the time from treatment start to the date of death from any
cause. Survival was censored at the time treatment was discontinued to
allow bone marrow transplantation, or at the last recorded contact or
evaluation when patients were alive at time of analysis.

Statistical analysis

Planned sample sizes of 30 patients with ALL were based upon practical
considerations rather than inferential hypothesis testing, as this trial was
regarded as a preliminary investigation of imatinib in acute leukemias.
Enrollment of patients with CML in LyBC was discontinued before accrual
of the 29 patients initially planned, on the basis of emerging phase 1 data
suggesting that single-agent therapy with imatinib in patients with LyBC
induced less durable responses than in the other Ph� advanced leukemia
disease groups. Response rates are reported as intent-to-treat analyses.
Patients who withdrew from treatment before a sustained response was
reported were counted as nonresponders. Time to progression and survival
were computed by means of standard Kaplan-Meier methods. Safety results
are reported for all enrolled patients who received at least one dose
of imatinib.

Results

Patients and treatment

A total of 56 patients were enrolled at 18 centers in France,
Germany, Italy, Switzerland, the United Kingdom, and the United
States from September 1999 to May 2000. During screening
examinations for study enrollment, patients had a confirmed
diagnosis of Ph� acute leukemia consisting of ALL (48 patients) or
LyBC (8 patients).

Table 1 summarizes patient characteristics and disease history
at baseline for all 56 enrolled patients. The first 10 patients (5 with
ALL and 5 with LyBC) started initial therapy with imatinib at daily
doses of 400 mg, and in the subsequent 46 patients, the initial dose

was 600 mg/d. However, dose escalation or reduction was permit-
ted for all patients, and no substantial difference in efficacy or
toxicity was observed between patients who started therapy at these
different doses. Median treatment durations were similar for
patients with ALL (62 days; range, 14-343 days) and LyBC (56
days; range, 32-325 days). Of the 56 patients enrolled, 3 were still
on treatment at the time of analysis. The remaining patients
withdrew from treatment owing to disease progression (72%),
adverse events (5%), death during therapy (9%), or elective
SCT (9%).

Efficacy

Table 2 summarizes hematologic response rates for the 48 ALL and
8 LyBC patients. Values represent the best response observed at any
time during therapy. Of the 48 ALL patients, 9 (19%) achieved a
CHR; a marrow-CR or partial marrow response was observed in 5
patients (10%) and 15 patients (31%), respectively. Thus, 60% had
reductions in blast counts in peripheral blood and in bone marrow
corresponding to hematologic response on at least one occasion.
Hematologic responses lasting at least 4 weeks were reported for
13 patients (27%), including 3 CHRs (6%). Many patients with an
initial hematologic response did not have adequate bone marrow
evaluations at later assessments, and sustained response could not
be confirmed solely for that reason. The median time to hemato-
logic response was 1 month, corresponding to the first scheduled
evaluation of hematologic response; reduction in peripheral blood
blasts typically occurred within 1 week after initiation of imatinib
therapy. Complete cytogenetic responses were reported for 8 (17%)
of the 48 patients with ALL.

Table 1. Demographics, disease history, and characteristics of patients
at baseline

Characteristics ALL, n � 48 LyBC, n � 8

Age, y

Median (range) 50 (22-78) 60 (49-68)

Sex, no. (%)

Male 24 (50) 4 (50)

Female 24 (50) 4 (50)

ECOG score, no. (%)

Grade 0-1 26 (54) 5 (62)

Grade 2 19 (40) 3 (38)

Grade 3 1 (2) 0

NA 2 (4) 0

Prior response, no. (%)

Relapsed after first remission 19 (40) 3 (38)

Relapsed after 2 or more remissions 12 (25) 3 (38)

Refractory 17 (35) 2 (25)

Prior BMT, no. (%) 10 (21) 0

Diagnosis to study entry, mo

Median 8 5

Range 2-118 0-14

WBC (� 109/L)

Median 10 13

Range 0.2-195 3-106

Blasts in peripheral blood, %

Median 18 1

Range 0-94 0-84

Blasts in bone marrow, %

Median 83 50

Range 3-100 13-95

Platelets (� 109/L)

Median 32 108

Range 1-1715 9-1059

NA indicates not available.
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One of the 3 patients with a sustained CHR has maintained an
ongoing response 11 months after the start of therapy, with no
evidence of Ph� cells in bone marrow. Of the remaining 2 patients
with sustained CHR, 1 relapsed after 4.7 months and withdrew
from imatinib therapy. Another was found to have Ph� cells in a
marrow sample after 5.6 months, and started concomitant treatment
with interferon alfa 1 month later. Concomitant therapy with
interferon alfa and imatinib has been maintained, and the patient
remains relapse-free 3 months after starting combined therapy. This
patient has been censored from all evaluations of efficacy and
safety for this trial, from the start date of concomitant inter-
feron therapy.

Among the 19 patients with no reported hematologic response
at any time, 12 had transient (duration of no more than 4 weeks in 8
patients, 5 weeks in 2 patients, and 9 and 10 weeks in 1 patient
each) but marked reductions in peripheral blood blasts, indicating
some degree of hematologic improvement. Of the remaining 7
patients, 6 were not assessable for hematologic improvement
owing to low circulating blasts at study entry.

Figure 1 presents the time to progression for patients with ALL.
The estimated median time to progression was 2.2 months (95%
CI � 1.8-2.8 months), and the estimated progression-free rate at 6
months was 12% (95% CI � 2%-22%).

Figure 2 presents overall survival (OS) for the 48 patients with
ALL. The Kaplan-Meier estimate for median OS was 4.9 months
(95% CI � 4.1-7.1 months), and the estimated overall survival rate
at 6 months was 40% (95% CI � 25% to 54%).

To determine whether patients achieving any form of hemato-
logic response had a survival advantage compared with nonre-
sponders, we compared patients with a CHR or marrow-CR
(n � 14), those with a partial response (n � 15), and the 14 patients
who were treated for at least 4 weeks but did not have documented

response. Whereas median survival was 9.2 months for patients
who had CHR/marrow-CR and 7.1 months for patients with a
partial response, all of the nonresponders died and their median
survival was only 3.6 months (P � .001) (Figure 3).

When we analyzed other factors potentially affecting treatment
outcome, only the WBC count at baseline was shown to have a
significant effect on survival, with a longer median survival (7.2
months) in patients with a WBC count below 10 � 109/L compared
with patients with a baseline WBC count exceeding 10 � 109/L
(median survival, 4.1 months) (P � .0163 by log-rank test). None
of the other clinical or laboratory parameters—initial imatinib
dose, age, sex, time since diagnosis, prior response, prior BMT,
presence of hepatomegaly or splenomegaly, WBC count, platelets,
blast cells in peripheral blood, hemoglobin and additional chromo-
somal abnormalities—were statistically significant in terms of
predicting initial response to imatinib or survival.

Among 11 patients who had undergone prior SCT procedures,
treatment with imatinib induced sustained hematologic responses
in 3 (27%; 2 CHRs and 1 partial response), and a further 5 patients
(45%) met criteria for hematologic response on at least one
occasion (1 CHR and 4 partial responses). These rates of response
are comparable to those observed for all 48 patients with ALL
(Table 2).

Five patients with ALL discontinued treatment with imatinib in
order to undergo allogeneic SCT. Of these, 3 discontinued within 1
month, with blood counts consistent with CHR or marrow response
(1 patient each), or without a valid response evaluation (1 patient);
and 2 discontinued within 2 months, with CHR and marrow
response (1 patient each). Sustained marrow response was docu-
mented for one patient who discontinued after 1.9 months of
therapy, while other patients had too few evaluations to determine
response duration. Of these 5 patients, 1 died of treatment-related

Table 2. Hematologic response in patients with acute lymphoblastic leukemia

Hematologic response

ALL LyBC

All responses,
N � 48

Sustained responses,
N � 48

All responses,
N � 8

Sustained responses,
N � 8

Overall, no. (%) 29 (60) 13 (27) 4 (50) 2 (25)

95% CI, % 45.3-74.2 15.3-41.8 15.7-84.3 3.2-65.1

CR, no. (%) 9 (19) 3 (6) 4 (50) 1 (12.5)

Marrow-CR, no. (%) 5 (10) 0 0 0

Partial marrow response, no. (%) 15 (31) 10 (21) 0 1 (12.5)

Not evaluable, no. (%) 7 (15) 10 (21) 0 0

No response, no. (%) 12 (25) 25 (52) 4 (50) 6 (75)

CI indicates confidence interval; CR, complete remission.

Figure 1. Time to progression for patients with acute lymphoblastic leukemia.
The time-to-progression analysis included all 48 patients with ALL. At the time of
analysis, 41 patients had documented progression, and 7 were censored: 5 patients
discontinued therapy within the first 2 months to undergo bone marrow transplanta-
tion (BMT) procedures and were censored at the time of discontinuation; 1 patient
was censored after receiving interferon alfa after 7 months on the study, and 1 patient
was progression-free and receiving treatment after 11 months on the study. The
estimated median time to progression was 2.2 months with 95% CI � 1.8-2.8 months.

Figure 2. Overall survival for patients with acute lymphoblastic leukemia. At the
time of analysis, 39 of the 48 ALL patients died, and 9 were censored for the analysis
of overall survival: 5 discontinued therapy with imatinib to undergo BMT (3
subsequently died by the time of analysis); 1 was censored after 7 months after
receiving interferon alfa; and 3 patients remained alive at the time of analysis, 9 to 12
months after starting treatment with imatinib (treatment is ongoing for only 1 of these
3 patients). The estimated median survival was 4.9 months with 95%
CI � 4.1-7.1 months.
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complications; 2 have relapsed and died of leukemia; and 2 were
alive at the time of analysis 10 months after they had started imatinib.

Efficacy results for patients with LyBC were generally similar
to those for patients with ALL (Table 2). Sustained hematologic
responses (lasting at least 4 weeks) were reported for 2 of the 8
patients with LyBC (one CHR and one partial response). Of the
other 6 LyBC patients, 2 had unsustained CHRs and 4 had
reductions in blast counts in peripheral blood and/or bone marrow,
but did not satisfy criteria for hematologic response. Complete
cytogenetic responses were reported for one with LyBC. Median
overall survival for the 8 patients with LyBC was 6.6 months (95%
CI � 2.4-9.9 months). One LyBC patient who achieved CHR and
complete cytogenetic response remained progression-free and
receiving imatinib therapy after 11 months.

Toxicity

The toxicity of imatinib in this trial was generally similar to that
observed in patients with CML.31,33-35 Table 3 presents treatment-
related nonhematologic adverse reactions observed in 10% of
patients or more. The most frequently reported events were nausea,
vomiting, and edema, with few of these events described as grade 3
or 4. Table 4 presents the incidence of grade 3 or 4 hematologic
toxicity and abnormal laboratory findings. The most common grade
3 or 4 findings were leukopenia or neutropenia.

None of the 56 patients enrolled in this study discontinued
therapy with imatinib because of treatment-related nonhematologic
adverse events. Treatment-related adverse events regarded as
serious were reported for 9 patients (16%), and comprised neutro-
penia or febrile neutropenia (4 patients), elevated liver aminotrans-
ferases (2 patients), fever of unknown origin, cerebral edema,

headache, anorexia, cachexia, nausea, vomiting, and generalized
rash (1 patient each; some patients experienced multiple serious
adverse events). No treatment-related deaths were reported.

Discussion

The treatment of patients with Ph� acute leukemia who have failed
primary therapy poses a difficult clinical challenge. Patients who
relapse after intensive combination chemotherapy or allogeneic
transplantation, or who are refractory to treatment, have few
therapeutic options.16,18,27 We conducted this phase 2 trial to
determine whether imatinib, a potent inhibitor of the oncogenic
Bcr-Abl tyrosine kinase, when administered at well-tolerated doses
as defined in an earlier trial,31,35 could induce meaningful and
durable hematologic responses in patients with relapsed or refrac-
tory Ph� ALL or LyBC. In the present study, the rates of CHR and
of marrow-CR with imatinib given orally at 400 mg or 600 mg per
day were 19% and 10% in patients with relapsed or refractory ALL.
In the vast majority of patients, these responses were of short
duration, with a median time to disease progression of only 2.2
months, an estimated progression-free rate of 12% at 6 months, and
an overall survival rate of 40% at 6 months by Kaplan-Meier
analysis. Thus, CHRs were sustained for at least 4 weeks in only
6% of patients with ALL. Overall, these findings are similar to
those of a recently published phase 1 study, which demonstrated an
overall response rate of 70%, a marrow response with blasts fewer
than 15% in 50%, and a complete hematologic response rate of
20% in patients with a lymphoid phenotype.35 Reasons for the
slightly inferior results in our phase 2 study may be (1) patient
selection, particularly as the number of patients with Ph� ALL in
the phase 1 study was small and the results of ALL and LyBC
patients were combined, and (2) slightly different definitions
of response.

Published results of conventional salvage chemotherapy in
adult ALL have shown poor treatment outcome independently of

Figure 3. Overall survival for patients with acute lymphoblastic leukemia—by
hematologic response. This analysis of overall survival by best achieved hemato-
logic response on treatment included 14 patients with CHR or marrow response, 15
patients with partial response, and 14 patients who were treated for at least 4 weeks
but did not have documented response (5 patients were excluded). Whereas median
survival was 9.2 months for patients who had CHR/marrow response and 7.1 months
for patients with partial response, all of the nonresponder died and their median
survival was only 3.6 months (P � .001).

Table 3. Nonhematologic adverse events related to treatment with imatinib

Adverse event*

All enrolled patients, N � 56

All grades
no. (%)

Grades 3 or 4
no. (%)

Nausea 43 (77) 1 (2)

Vomiting 35 (63) 0

Lower limb edema 16 (29) 1 (2)

Periorbital edema 15 (27) 1 (2)

Abdominal pain 14 (25) 0

Muscle cramps 8 (14) 0

Skin rash 6 (11) 1 (2)

Face edema 6 (11) 0

Diarrhea 6 (11) 0

*Events reported in at least 10% of patients.

Table 4. Hematologic and nonhematologic abnormalities
during treatment with imatinib

Parameter and grade* All enrolled patients, N � 56 no. (%)

Anemia

Grade 3 17 (30)

Grade 4 4 (7)

Thrombocytopenia

Grade 3 12 (21)

Grade 4 15 (27)

Leukocytopenia

Grade 3 15 (27)

Grade 4 23 (41)

Neutrocytopenia

Grade 3 7 (13)

Grade 4 30 (54)

Alkaline phosphatase increase

Grade 3 1 (2)

Grade 4 0

ALT increase

Grade 3 2 (4)

Grade 4 0

Bilirubin increase

Grade 3 2 (4)

Grade 4 0

*Abnormalities occurring during treatment or worsening from baseline to the
indicated grade according to the NCI/NIH Common Toxicity Criteria.
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the presence of the BCR-ABL translocation, with median disease-
free survival (DFS) ranging from 2 to 7.5 months18,37; in patients
with adverse risk factors, some series have reported the chance of
long-term DFS to be less than 5%.38 Therefore, DFS and OS
observed in the present study of single-agent imatinib is within the
range of previous experience with aggressive chemotherapy regi-
mens. While the initial CHR rates of 30% to 60% that have been
reported for salvage chemotherapy appear higher than the 19%
achieved in our study, more detailed analyses have demonstrated
that the presence of additional unfavorable clinical features has a
profound negative impact on the response to chemotherapy. In a
multivariate analysis, worse survival was observed with an increas-
ing numbers of adverse features, permitting stratification into risk
groups with median survival as low as 2 months and corresponding
CR rates of 9% in patients with 3 unfavorable features.39 As a large
proportion of patients in our study had several unfavorable risk
factors in addition to the Philadelphia chromosome, eg, higher age,
second or subsequent relapse, relapse after SCT and short (less than
1 year) duration of first CR, the results achieved with imatinib are
comparable to those observed with intensive chemotherapy regi-
mens. In contrast to chemotherapy, which is associated with
significant morbidity and induction mortality of up to 40%,18

imatinib was associated with comparatively few severe adverse
events and an overall death rate during study treatment of 9%.
Imatinib was well tolerated despite pronounced hematologic toxic-
ity in many patients, which did not require discontinuation of
therapy, however, and was associated with remarkably few serious
infectious or bleeding complications. Nonhematologic adverse
reactions were grade 1 or 2 in the majority of cases. These
observations are most likely attributable to the more selective
mechanism of action of imatinib as opposed to conventional
cytotoxic agents, which induce considerably greater organ damage,
such as mucositis, which predisposes to subsequent complications
of therapy. The low rate of complete absolute neutrophil count and
platelet recovery that we observed even in patients demonstrating a
good marrow response and clearance of circulating blasts is
unclear. Inhibition of c-kit kinase activity by imatinib could
conceivably compromise normal hematopoietic recovery, but this
is largely speculative.40

Development of resistance to imatinib has become the central
issue concerning the use of imatinib in advanced BCR-ABL�

leukemias. In Ph� ALL, secondary resistance has been shown to be
associated with point mutations in the adenosine triphosphate
binding domain or activation loop of the BCR-ABL oncoprotein in
a large proportion, and possibly the majority, of patients with
lymphoid BCR-ABL� leukemias.41,42 No point mutations have so
far been identified prior to imatinib therapy in patients showing
primary resistance to this agent, suggesting that mechanisms of
resistance are multifactorial. On the basis of in vitro models,
genomic amplification of the BCR-ABL fusion gene, increased
expression of the BCR-ABL protein, enhanced drug efflux due to
up-regulation of multidrug resistance proteins, or decreased cellu-

lar bioavailability of imatinib have been postulated to play a role in
resistance.43-46 Further investigation of resistance mechanisms is
likely to suggest treatment strategies able to circumvent or delay
resistance in patients with advanced Ph� acute leukemia. This
outlook is supported by the recent demonstration that gene
expression profiling of Ph� ALL blasts by microarray analysis is
able to discriminate between imatinib-sensitive and imatinib-
refractory leukemias, and that genes related to apoptosis pathways
and cell cycle control—among others—are differentially expressed
in sensitive and resistant cells.47

While the lack of long-term efficacy of imatinib is at first glance
sobering, the inability of a single agent to cure patients with the
most unfavorable leukemic subtype following failure of primary
therapy should come as no surprise. Rather, our observation of
pronounced, albeit brief, hematologic responses in the majority of
relapsed and refractory patients, in conjunction with imatinib’s
favorable safety profile encourages further investigation of ima-
tinib as an adjunct to established antileukemic therapy. For
example, the antileukemic activity of imatinib may open a window
of opportunity for patients who are resistant to chemotherapy but
are otherwise eligible for allogeneic SCT. In our study, 2 of 5
patients who were transferred to allogeneic SCT exhibit prolonged
DFS; these encouraging but preliminary results need more exten-
sive testing in prospective clinical trials.

Because of its low toxicity, imatinib may also be useful as
palliative treatment for patients who are not candidates for
aggressive salvage therapy, and incorporation of this selective
agent in trials in the setting of first-line treatment of Ph� acute
leukemia seems justified.

Recent reports of additive or synergistic in vitro activity of
imatinib in combination with cytotoxic agents active against ALL,
such as daunorubicin or cytarabine,48-50 or in combination with
other novel signal transduction modulators, such as farnesyl
transferase inhibitors,51,52 support clinical trials to test the feasibil-
ity of combination regimens. Our current study provides the basis
for investigations aimed at identifying combination therapies most
appropriate in the various clinical settings of Ph� acute leukemias.

Acknowledgments

We wish to thank the numerous coinvestigators, nursing staff, and
clinical trial monitors who participated in this study. The contributions of
data managers and programmers at Novartis Pharmaceuticals are
gratefully acknowledged. Dr David Parkinson and Dr Greg Burke
(Novartis) provided invaluable support, and we thank Marianne Rosa-
milia, Dr John Ford, and Dr Elisabeth Wehrle (Novartis) for their
collaboration in implementing the protocol and reporting of the study
results. Dr Thomas Brown provided valuable assistance in preparing the
manuscript. We are also indebted to Ann Bolton for assisting in data
analysis and preparation of the manuscript.

References

1. Gleissner B, Gökbuget N, Bartram CR, et al.
Leading prognostic relevance of the BCR-ABL
translocation in adult acute B-lineage lympho-
blastic leukemia: a prospective study of the Ger-
man Multicenter Trial Group and confirmed poly-
merase chain reaction analysis. Blood. 2002;99:
1536-1543.

2. Maurer J, Janssen JW, Thiel E, et al. Detection of
chimeric BCR-ABL genes in acute lymphoblastic

leukaemia by the polymerase chain reaction.
Lancet. 1991;337:1055-1058.

3. Radich J, Gehly G, Lee A, et al. Detection of bcr-
abl transcripts in Philadelphia chromosome-posi-
tive acute lymphoblastic leukemia after marrow
transplantation. Blood. 1997;89:2602-2609.

4. Westbrook CA, Hooberman AL, Spino C, et al.
Clinical significance of the BCR-ABL fusion gene
in adult acute lymphoblastic leukemia: a Cancer

and Leukemia Group B Study (8762). Blood.
1992;80:2983-2990.

5. Schrappe M, Arico M, Harbott J, et al. Philadel-
phia chromosome-positive (Ph�) childhood acute
lymphoblastic leukemia: good initial steroid re-
sponse allows early prediction of a favorable
treatment outcome. Blood. 1998;92:2730-2741.

6. Paietta E, Racevskis J, Bennett JM, et al. Biologic
heterogeneity in Philadelphia chromosome-positive

1970 OTTMANN et al BLOOD, 15 SEPTEMBER 2002 � VOLUME 100, NUMBER 6

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/100/6/1965/1255119/h81802001965.pdf by guest on 18 M

ay 2024



acute leukemia with myeloid morphology: the East-
ern Cooperative Oncology Group experience. Leu-
kemia.1998;12:1881-1885.

7. Chan LC, Karhi KK, Rayter SI, et al. A novel abl
protein expressed in Philadelphia chromosome
positive acute lymphoblastic leukaemia. Nature.
1987;325:635-637.

8. Shtivelman E, Gale RP, Dreazen O, et al. bcr-abl
RNA in patients with chronic myelogenous leuke-
mia. Blood. 1987;69:971-973.

9. Ben-Neriah Y, Daley GQ, Mes-Masson AM, Witte
ON, Baltimore D. The chronic myelogenous leu-
kemia-specific P210 protein is the product of the
bcr/abl hybrid gene. Science.1986;233:212-214.

10. Lugo TG, Pendergast AM, Muller AJ, Witte ON.
Tyrosine kinase activity and transformation po-
tency of bcr-abl oncogene products. Science.
1990;247:1079-1082.

11. Bedi A, Barber JP, Bedi GC, et al. BCR-ABL-me-
diated inhibition of apoptosis with delay of G2/M
transition after DNA damage: a mechanism of
resistance to multiple anticancer agents. Blood.
1995;86:1148-1158.

12. Sirard C, Laneuville P, Dick JE. Expression of
bcr-abl abrogates factor-dependent growth of hu-
man hematopoietic M07E cells by an autocrine
mechanism. Blood. 1994;83:1575-1585.

13. Sawyers CL. Chronic myeloid leukemia. N Engl
J Med. 1999;340:1330-1340.

14. Faderl S, Kantarjian HM, Thomas DA, et al. Out-
come of Philadelphia chromosome-positive adult
acute lymphoblastic leukemia. Leuk Lymphoma.
2000;36:263-273.

15. Hoelzer D, Gokbuget N. Recent approaches in
acute lymphoblastic leukemia in adults. Crit Rev
Oncol Hematol. 2000;36:49-58.

16. Radich JP. Philadelphia chromosome-positive
acute lymphocytic leukemia. Hematol Oncol Clin
North Am. 2001;15:21-36.

17. Preti HA, O’Brien S, Giralt S, Beran M, Pierce S,
Kantarjian HM. Philadelphia-chromosome-posi-
tive adult acute lymphocytic leukemia: character-
istics, treatment results, and prognosis in 41 pa-
tients. Am J Med. 1994;97:60-65.

18. Garcia-Manero G, Thomas DA. Salvage therapy
for refractory or relapsed acute lymphocytic leu-
kemia. Hematol Oncol Clin North Am. 2001;15:
163-205.

19. Dekker AW, van�t Veer MB, Sizoo W, et al. Inten-
sive postremission chemotherapy without mainte-
nance therapy in adults with acute lymphoblastic
leukemia. J Clin Oncol. 1997;15:476-482.

20. Kantarjian HM, O�Brien S, Smith TL, et al. Re-
sults of treatment with hyper-CVAD, a dose-inten-
sive regimen, in adult acute lymphocytic leuke-
mia. J Clin Oncol. 2000;18:547-561.

21. Snyder DS, Nademanee AP, O’Donnell MR, et al.
Long-term follow-up of 23 patients with Philadel-
phia chromosome-positive acute lymphoblastic
leukemia treated with allogeneic bone marrow
transplant in first complete remission. Leukemia.
1999;13:2053-2058.

22. Dunlop LC, Powles R, Singhal S, et al. Bone mar-
row transplantation for Philadelphia chromo-
some-positive acute lymphoblastic leukemia.
Bone Marrow Transplant. 1996;17:365-369.

23. Stockschlader M, Hegewisch-Becker S, Kruger

W, et al. Bone marrow transplantation for Phila-
delphia-chromosome-positive acute lymphoblas-
tic leukemia. Bone Marrow Transplant. 1995;16:
663-667.

24. Cornelissen JJ, Carston M, Kollman C, et al. Un-
related marrow transplantation for adult patients
with poor-risk acute lymphoblastic leukemia:
strong graft-versus-leukemia effect and risk fac-
tors determining outcome. Blood. 2001;97:1572-
1577.

25. Sierra J, Radich J, Hansen JA, et al. Marrow
transplants from unrelated donors for treatment of
Philadelphia chromosome-positive acute lympho-
blastic leukemia. Blood. 1997;90:1410-1414.

26. Martin TG, Linker CA. Autologous stem cell trans-
plantation for acute lymphoblastic leukemia in
adults. Hematol Oncol Clin North Am. 2001;15:
121-143.

27. Martin TG, Gajewski JL. Allogeneic stem cell
transplantation for acute lymphocytic leukemia in
adults. Hematol Oncol Clin North Am. 2001;15:
97-120.

28. Deininger MW, Goldman JM, Lydon N, Melo JV.
The tyrosine kinase inhibitor CGP57148B selec-
tively inhibits the growth of BCR-ABL-positive
cells. Blood. 1997;90:3691-3698.

29. Druker BJ, Tamura S, Buchdunger E, et al. Ef-
fects of a selective inhibitor of the Abl tyrosine
kinase on the growth of Bcr-Abl positive cells. Nat
Med. 1996;2:561-566.

30. Gambacorti-Passerini C, le Coutre CP, Mologni L,
et al. Inhibition of the ABL kinase activity blocks
the proliferation of BCR/ABL� leukemic cells and
induces apoptosis. Blood Cells Mol Dis. 1997;23:
380-394.

31. Druker BJ, Talpaz M, Resta DJ, et al. Efficacy and
safety of a specific inhibitor of the BCR-ABL ty-
rosine kinase in chronic myeloid leukemia. N Engl
J Med. 2001;344:1031-1037.

32. Kantarjian H, Sawyers C, Hochhaus A, et al. He-
matologic and cytogenetic responses to imatinib
mesylate in chronic myelogenous leukemia.
N Engl J Med. 2002;346:645-652.

33. Talpaz M, Silver RT, Druker BJ, et al. Imatinib in-
duces durable hematologic and cytogenetic re-
sponses in patients with accelerated phase
chronic myeloid leukemia: results of a phase 2
study. Blood. 2002;99:1928-1937.

34. Sawyers CL, Hochhaus A, Feldman E, et al. Ima-
tinib mesylate induces hematologic and cytoge-
netic responses in patients with chronic myelog-
enous leukemia in myeloid blast crisis: results of
a phase II study. Blood. 2002;99:3530-3539.

35. Druker BJ, Sawyers CL, Kantarjian H, et al. Activ-
ity of a specific inhibitor of the BCR-ABL tyrosine
kinase in the blast crisis of chronic myeloid leuke-
mia and acute lymphoblastic leukemia with the
Philadelphia chromosome. N Engl J Med. 2001;
344:1038-1042.

36. Cheson BD, Cassileth PA, Head DR, et al. Report
of the National Cancer Institute-sponsored work-
shop on definitions of diagnosis and response in
acute myeloid leukemia. J Clin Oncol. 1990;8:
813-819.

37. Bassan R, Lerede T, Barbui T. Strategies for the
treatment of recurrent acute lymphoblastic leuke-
mia in adults. Haematologica. 1996;81:20-36.

38. Butturini A, Arlinghaus RB, Gale RP. BCR/ABL
and leukemia. Leuk Res. 1996;20:523-529.

39. Thomas DA, Kantarjian H, Smith TL, et al. Pri-
mary refractory and relapsed adult acute lympho-
blastic leukemia: characteristics, treatment re-
sults, and prognosis with salvage therapy.
Cancer. 1999;86:1216-1230.

40. Buchdunger E, Cioffi CL, Law N, et al. Abl pro-
tein-tyrosine kinase inhibitor STI571 inhibits in
vitro signal transduction mediated by c-kit and
platelet-derived growth factor receptors. J Phar-
macol Exp Ther. 2000;295:139-145.

41. Hofmann WK, Jones LC, Lemp NA, et al. Ph(�)
acute lymphoblastic leukemia resistant to the ty-
rosine kinase inhibitor STI571 has a unique BCR-
ABL gene mutation. Blood. 2002;99:1860-1862.

42. von Bubnoff N, Schneller F, Peschel C, Duyster J.
BCR-ABL gene mutations in relation to clinical
resistance of Philadelphia-chromosome-positive
leukaemia to STI571: a prospective study. Lan-
cet. 2002;359:487-491.

43. Gambacorti-Passerini C, Barni R, le Coutre P, et
al. Role of alpha1 acid glycoprotein in the in vivo
resistance of human BCR-ABL(�) leukemic cells
to the abl inhibitor STI571. J Natl Cancer Inst.
2000;92:1641-1650.

44. le Coutre P, Tassi E, Varella-Garcia M, et al. In-
duction of resistance to the Abelson inhibitor
STI571 in human leukemic cells through gene
amplification. Blood. 2000;95:1758-1766.

45. Mahon FX, Deininger MW, Schultheis B, et al.
Selection and characterization of BCR-ABL posi-
tive cell lines with differential sensitivity to the ty-
rosine kinase inhibitor STI571: diverse mecha-
nisms of resistance. Blood. 2000;96:1070-1079.

46. Weisberg E, Griffin JD. Mechanism of resistance
to the ABL tyrosine kinase inhibitor STI571 in
BCR/ABL-transformed hematopoietic cell lines.
Blood. 2000;95:3498-3505.

47. Hofmann WK, de Vos S, Elashoff D, et al. Rela-
tion between resistance of Philadelphia-chromo-
some positive acute lymphoblastic leukaemia to
the tyrosine kinase inhibitor STI571 and gene-
expression profiles: a gene-expression study.
Lancet. 2002;359:481-486.

48. Topaly J, Zeller WJ, Fruehauf S. Synergistic ac-
tivity of the new ABL-specific tyrosine kinase in-
hibitor STI571 and chemotherapeutic drugs on
BCR-ABL-positive chronic myelogenous leuke-
mia cells. Leukemia. 2001;15:342-347.

49. Kano Y, Akutsu M, Tsunoda S, et al. In vitro cyto-
toxic effects of a tyrosine kinase inhibitor STI571
in combination with commonly used antileukemic
agents. Blood. 2001;97:1999-2007.

50. Thiesing JT, Ohno-Jones S, Kolibaba KS, Druker
BJ. Efficacy of STI571, an abl tyrosine kinase in-
hibitor, in conjunction with other antileukemic
agents against bcr-abl-positive cells. Blood.
2000;96:3195-3199.

51. Hoover RR, Mahon FX, Melo JV, Daley GQ.
Overcoming STI571 resistance with the farnesyl-
transferase inhibitor SCH66336 [abstract]. Blood
2002;98:2585a.

52. Peters DG, Hoover RR, Gerlach MJ, et al. Activity
of the farnesyl protein transferase inhibitor
SCH66336 against BCR/ABL-induced murine
leukemia and primary cells from patients with
chronic myeloid leukemia. Blood. 2001;97:1404-
1412.

Appendix

In addition to the authors, the following investigators participated in this
trial: B. Wassmann, MD, Medizinische Klinik III, Johann Wolfgang Goethe
University, Frankfurt, Germany; M. O’Dwyer, MD, Portland, OR; Ron
Paquette, Department of Medicine and Molecular Biology Institute, Univer-
sity of California at Los Angeles; J. F. Apperly, MD, London, United
Kingdom; F. X. Mahon, MD, Laboratoire de Greffe de Moelle, Université
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