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Patients with Philadelphia (Ph)
chromosome–positive acute lymphoblas-
tic leukemia (ALL) have a rapid disease
course and a poor prognosis. Dasatinib, a
novel, oral, multitargeted kinase inhibitor
of BCR-ABL and SRC family kinases, has
previously induced responses in patients
with imatinib-resistant or -intolerant Ph-
positive ALL. We present the interim re-
sults of a phase 2 study designed to
further assess the efficacy, safety, and
tolerability of dasatinib 140 mg in this
patient population (n � 36). With a mini-

mum follow-up of 8 months, treatment
with dasatinib resulted in substantial he-
matologic and cytogenetic response
rates. Major hematologic responses were
achieved in 42% (15/36) of patients, 67%
of whom remained progression-free. Com-
plete cytogenetic responses were at-
tained by 58% (21/36) of patients. The
presence of BCR-ABL mutations confer-
ring imatinib resistance did not preclude
a response to dasatinib. Dasatinib was
also tolerable, with 6% (2/36) of patients
discontinuing therapy as a result of study-

drug toxicity. Most adverse events (AEs)
were grade 1 or 2; febrile neutropenia was
the most frequent severe AE, but this and
other cytopenias were manageable with
dose reduction. Dasatinib represents a
safe and effective treatment option and
an important therapeutic advance for pa-
tients with Ph-positive ALL. This trial was
registered at www.clinicaltrials.gov as
#CA180015. (Blood. 2007;110:2309-2315)

© 2007 by The American Society of Hematology

Introduction

Presence of the Philadelphia (Ph) chromosome is the most frequent
cytogenetic aberration associated with acute lymphoblastic leuke-
mia (ALL). The Ph chromosome, found in approximately 20% of
adults with ALL, is the single most significant adverse prognostic
marker.1-3 The Ph chromosome results from a reciprocal transloca-
tion between chromosomes 9 and 22, creating the BCR-ABL fusion
protein, a constitutively activated form of the ABL tyrosine kinase.
The ability of BCR-ABL–transduced marrow cells to induce an
ALL-like myeloproliferative disorder in mouse models suggests
that the kinase plays a key role in the pathogenesis of Ph-positive
ALL.4 Ph-positive ALL is a more aggressive disease, indicating
that factors other than BCR-ABL are involved in its development
and progression. SRC family kinase (SFK) members LYN, HCK,
and FGR, for example, have been shown to be elevated in the
hematopoietic cells of mice with Ph-positive ALL, and these SFKs
are required for the induction of Ph-positive ALL, but not chronic
myeloid leukemia (CML), in mice.5

The involvement of BCR-ABL in Ph-positive ALL, coupled
with encouraging results achieved with the selective BCR-ABL
inhibitor imatinib mesylate in chronic-phase CML,6,7 prompted
studies of imatinib in patients with Ph-positive ALL. In a number of
phase 2 studies in patients relapsing after standard induction-

remission therapy, complete hematologic responses (CHR) were
observed in 19% to 30% of patients.8,9 Unfortunately, imatinib
resistance develops rapidly and is quickly followed by disease
progression.9 Clinical trials looking at imatinib combined with
chemotherapy and used in conjunction with allogeneic stem-cell
transplantation (SCT) were ongoing at the time this study was
initiated,10-14 leading to a recent approval for the treatment of
Ph-positive ALL.

Considerable evidence is available to suggest that BCR-ABL–
independent pathways may be driving both the disease and
imatinib resistance. Indeed, the SFKs involved in Ph-positive ALL
pathogenesis have also been implicated in resistance to imatinib,
and in mouse models of Ph-positive ALL, inhibition of BCR-ABL
and SFKs afforded greater antileukemic efficacy than BCR-ABL
inhibition alone.5 Loss of BCR-ABL–mediated regulation of SFKs
has also been cited as a mechanism of resistance to imatinib in
CML.15,16 Additional mechanisms of resistance in Ph-positive ALL
(and CML) include BCR-ABL point mutations17; amplification of
the BCR-ABL gene18,19; and overexpression of the P-glycoprotein
efflux pump.20,21

In light of the aggressive nature of Ph-positive ALL, there is
clearly a need for alternative therapies with greater potency and
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a rapid onset of action. Dasatinib (SPRYCEL, formerly BMS-
354825; Bristol-Myers Squibb, New York, NY) is a novel, oral,
multitargeted kinase inhibitor of BCR-ABL and SFKs that has been
rationally designed for the treatment of Ph-positive malignancies
such as ALL and CML. Dasatinib was recently approved in the
United States and the European Union for use in patients with
chronic, accelerated, or blast phases of CML with resistance or
intolerance to imatinib or Ph-positive ALL. Dasatinib has 325-fold
greater potency compared with imatinib in cells transduced with
unmutated BCR-ABL, is active against all but one BCR-ABL
mutation conferring imatinib resistance that has been tested to date,
and potently inhibits the SFKs implicated in imatinib resis-
tance.22,23 Unlike imatinib, dasatinib is not a substrate of the
P-glycoprotein pump, which is thought to be responsible, at least in
part, for imatinib efflux across the blood–brain barrier.24 Studies
with dasatinib in mouse models of intracranial CML have shown
that dasatinib treatment results in tumor stasis and regression,
which parallel survival benefits, whereas imatinib fails to show
any activity.25

A phase 1 dose-escalation study demonstrated that dasatinib
induced hematologic and cytogenetic responses in Ph-positive ALL
at a 70-mg, twice-daily dose and was generally well tolerated.26

These promising phase 1 results prompted initiation of this phase 2,
open-label, single-arm, multicenter clinical trial (designated
START-L [SRC/ABL Tyrosine kinase inhibition Activity: Research
Trials of dasatinib]). The aim was to further evaluate the efficacy
and safety of dasatinib in patients with imatinib-resistant or
-intolerant Ph-positive ALL and lymphoid blast crisis (LBC) CML.
Results from patients with lymphoid blast crisis CML are reported
separately. Results from a formal interim analysis conducted with
6 months’ follow-up are summarized in tabular format only; data
from a subsequent analysis extending the follow-up to a minimum
of 8 months form the basis for this report.

Patients, materials, and methods

Patients

The START-L study was open to male and female patients, aged 18 years or
older with Ph-positive (or BCR-ABL–positive) imatinib-resistant or -intoler-
ant ALL previously treated with standard induction or consolidation
chemotherapy, or imatinib-resistant or -intolerant LBC CML. Patients
reported here are those treated with Ph-positive ALL only. Patients were
considered imatinib-resistant if they had disease progression or lack of
response to treatment with imatinib after a minimum of 4 weeks of therapy
at a dose of 600 mg/day or more (or 400 to � 600 mg/day if intolerant
of � 600 mg/day). A relapse of blasts while on therapy was considered to
be disease progression. Patients were considered imatinib-intolerant if they
only tolerated doses less than 400 mg/day or had a toxicity possibly related
to imatinib at a dose of 400 mg/day or less that led to discontinuation
of therapy.

Adequate hepatic and renal function and an Eastern Cooperative
Oncology Group (ECOG) performance status of 2 or fewer were prerequi-
sites for inclusion. Exclusion criteria included prior dasatinib therapy,
imatinib therapy within 7 days of initiation, uncontrolled or significant
cardiovascular disease, or a history of a significant bleeding disorder
unrelated to Ph-positive ALL.

Study design and treatment

This was an open-label, multicenter, international, phase 2 study, conducted
in accordance with the ethical principles originating in the current
Declaration of Helsinki, and was consistent with International Conference
on Harmonization Good Clinical Practice and applicable regulatory require-

ments. Written, informed consent was obtained for all patients before
initiation. The Institutional Review Board/Independent Ethics Committee
at each trial center approved the study protocol, amendments, and patients’
informed consent before initiation of the study.

The primary objectives of the study were to establish the rates of major
hematologic response (MaHR) and overall hematologic response (OHR) to
dasatinib in patients with imatinib-resistant, Ph-positive ALL. Secondary
variables included rates of MaHR and OHR in patients with imatinib-
intolerant disease, duration of all hematologic responses, cytogenetic
response (CyR) rates, and the safety and tolerability of dasatinib. Hemato-
logic responses were categorized as major, minor (MiHR), and no response
and were determined according to analyses of complete blood counts and
bone marrow evaluations (Table 1). A MaHR was defined as a best
hematologic response of complete hematologic response (CHR) or no
evidence of leukemia (NEL); OHR was defined as a best hematologic
response of CHR, NEL, or MiHR. Cytogenetic responses were defined by
the prevalence of Ph-positive metaphases in a sample of approximately
20 metaphases (median, 20.0; range, 0-32): complete (CCyR), 0% Ph-
positive; partial (PCyR), less than 0% to 35% Ph-positive; minor CyR,
more than 35% to 65% Ph-positive; minimal CyR, more than 65% to 95%
Ph-positive; or no response, more than 95% to 100% Ph-positive. Major
cytogenetic response (MCyR) was defined as the sum of patients achieving
a best cytogenetic response of CCyR or PCyR.

Dasatinib was administered orally, initially at 70 mg twice a day, based
on the results of the phase I dose escalation study.26 The dasatinib dose
could be adjusted after one cycle of treatment (4 weeks [28 days]). A dose
increase to 100 mg twice a day was permitted for patients with any of the
following: a rising percentage of blasts on 2 consecutive hematologic
assessments at least 1 week apart; no CHR within 1 month of dasatinib
initiation; no CCyR after 3 months or more of dasatinib treatment; or loss of
a response achieved with dasatinib.

Dose reduction (stepwise to 50 mg twice a day and subsequently to 40 mg
twice a day) and interruption were permitted in response to associated toxicity,
which was graded according to the National Cancer Institute (NCI) common

Table 1. Hematologic response criteria

Major hematologic response

a) Complete hematologic response

1) WBC count �institutional ULN*

2) ANC �1000/mm3

3) Platelets �100 000/mm3

4) No blasts or promyelocytes in peripheral blood

5) Bone marrow blasts �5%

6) �5% myelocytes plus metamyelocytes in peripheral blood

7) Basophils in peripheral blood �20%†

8) No extramedullary involvement (including no hepatomegaly or

splenomegaly)

b) No evidence of leukemia

1) WBC count �institutional ULN*

2) No blasts or promyelocytes in peripheral blood

3) Bone marrow blasts �5%

4) �5% myelocytes plus metamyelocytes in peripheral blood

5) No extramedullary involvement (including no hepatomegaly or

splenomegaly)

6) Basophils in peripheral blood �20%† and at least one of the following:

(i) 20 000/mm3 �platelets �100 000/mm3

(ii) 500/mm3 �ANC �1000/mm3

Minor hematologic response

a) �15% blasts in bone marrow and in peripheral blood

b) �30% blasts plus promyelocytes in bone marrow and �30% blasts plus

promyelocytes in peripheral blood

c) �20% basophils in peripheral blood

d) No extramedullary involvement other than spleen and liver

WBC indicates white blood cell; ULN, upper limit of normal; and ANC, absolute
neutrophil count.

*ULNs were as follows: 1 center 8.0, 1 center 8.8, 1 center 9.0, 6 centers 10.0, 2
centers 10.8, 6 centers 11.0, 1 center 11.1.

†As specified in the study protocol.
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toxicity criteria (CTC). After a grade 2 to 4 nonhematologic adverse event (AE)
considered possibly related to dasatinib, treatment was interrupted until recovery
to less than or equal to grade 1 or baseline levels. Dasatinib was reinitiated at the
same dose for a first-time grade 2 event, reduced by one dose level for a repeat of
the same event, and reduced by a second dose level for yet another event. For
grade 3 events, dasatinib was reduced by one dose level for a first-time event and
reduced by a second dose level for a repeat event. A decision was made by the
investigator and sponsor to reduce the dasatinib dose further or discontinue
therapy if patients suffered additional repeat grade 2 to 3 events. Patients with
grade 4 nonhematologic toxicity, grade 3 or more organ toxicity related to
dasatinib, or corrected QT (QTc) interval greater than or equal to 530 msec, were
permanently discontinued from therapy.

Reduction or interruption of the dasatinib dose due to hematologic
toxicity was considered on the basis of bone marrow cellularity and
presence or absence of blasts, after 14 days of treatment, but only for grade
4 neutropenia (ANC � 500/mm3). Treatment was reinitiated at the same
dose for the first event and at one dose level lower for repeat events.
A decision on further dasatinib dose reductions or discontinuation from the
study was made by the investigator and sponsor if grade 4 neutropenia
occurred a fourth time. Patients were required to reinitiate treatment within
21 days of the start of a dose interruption.

Dasatinib was administered until disease progression, intolerable toxic-
ity, withdrawal of consent, or until the investigator and patient agreed that
discontinuation of therapy was in the best interests of the patient. Patients
were followed for 30 days or more after the last dose of study drug or until
recovery from all toxic effects, whichever was longer. Follow-up visits
occurred at least every 4 weeks until all study-related toxicities resolved to
baseline or less than or equal to grade 1, stabilized, or were considered
irreversible.

During the study, treatment other than dasatinib for Ph-positive ALL
was not permitted. The only exceptions were anagrelide for platelet counts
700,000/mm3 or higher (although no patient received anagrelide) and
hydroxyurea for WBC counts over 50 000/mm3 (administered to 2 pa-
tients). Use of hydroxyurea was restricted to approximately 2 weeks.
Erythropoietin (1 patient) and colony-stimulating factors (0 patients) were
administered at the investigator’s discretion. Intrathecal chemotherapy
(ARA-C, methotrexate, or dexamethasone) was permitted for 3 patients
with evidence of central nervous system (CNS) involvement.

Patient evaluation

Complete blood counts were conducted every 7 days to determine
hematologic responses to dasatinib. Cytogenetic responses were assessed
by bone marrow aspirates/biopsies conducted every month for the first
3 months and every 3 months thereafter.

Hematologic responses had to be maintained for 4 or more weeks
with no anagrelide or hydroxyurea used during the same period;
hematologic response duration was measured from the first day the
criteria were met until the date treatment was discontinued due to
progression or death, or on the date of the last hematologic assessment.
For patients who achieved a MaHR or MiHR to dasatinib, progression
was defined as failing the criteria for MaHR or MiHR on all measure-
ments over a consecutive 2-week period while on dasatinib. Patients
with no decrease from baseline levels in percentage blasts in peripheral
blood or bone marrow on all assessments over a 4-week period after
starting the maximum dasatinib dose were also classified as having
progressed.

Assessment ofAEs (including evaluation of skin and mucosa for evidence of
bleeding) was carried out every week for the first 8 weeks of treatment and every
other week thereafter. Toxicity was assessed according to the definitions of the
NCI CTC Version 3.0, with grade 1 to 2 AEs classified as mild-to-moderate and
grade 3 to 4 events classified as severe.

Peripheral blood–cell mRNA was collected and analyzed for BCR-ABL
gene point mutations by denaturing high-performance liquid chromatogra-
phy (D-HPLC) and sequencing and for the level of expression by
quantitative reverse transcriptase polymerase chain reaction (Q-RT-PCR).

Statistical analysis

Two-sided 95% confidence intervals (CIs) were calculated for the primary
endpoints according to the Clopper-Pearson method.27 Kaplan-Meier
product limit methodology was used to estimate durations of MaHR and
OHR, and 2-sided 95% CIs for median values were calculated using the
Brookmeyer and Crowley method.28

Results

Patients and treatment

A total of 36 patients with Ph-positive ALL who were enrolled in
this study between January and May 2005 and received at least one
dose of study drug were included in this preliminary analysis:
34 patients (94%) with imatinib-resistant disease and 2 patients
(6%) with imatinib-intolerant disease. Reasons for imatinib intoler-
ance were gastrointestinal symptoms, liver dysfunction, and leuko-
penia in one case and hepatotoxicty, nausea, and emesis in the
second case. Because of the low number of patients with imatinib-
intolerant Ph-positive ALL enrolled, results for this patient cohort
are not presented separately but are combined with those for
imatinib-resistant patients.

The demographics and baseline characteristics of the treated
population were representative of patients with Ph-positive ALL
(Table 2). Given the aggressive nature of the disease, patients had a
median 20-month duration of leukemia before starting dasatinib,
yet all had been extensively pretreated. Fifteen patients (42%) had
undergone prior SCT, 32 patients (89%) had received chemo-
therapy, and 3 (8%) had received interferon (IFN)–�. All patients
had previously received � 400 mg/day imatinib, with 17 (47%)
having received doses in excess of 600 mg/day. Twenty-five
patients (25/32; 78%) had a BCR-ABL kinase domain mutation at
baseline. Approximately one third of patients (11/36; 31%) had

Table 2. Patient demographics and baseline characteristics

Ph-positive ALL patients

n 36

Median age, y (range) 46 (15-85)

Male sex, n (%) 23 (64)

Median duration of ALL, mo (range) 20 (3-97)

Any BCR-ABL domain mutation, n (%)* 25 (78)

Imatinib therapy duration, n (%)

Less than 1 y 16 (44)

1-3 y 19 (53)

More than 3 y 1 (3)

Highest imatinib dose, n (%)

Less than 400 mg 0

400-600 mg 19 (53)

More than 600 mg 17 (47)

Prior chemotherapy, n (%) 32 (89)

Prior interferon, n (%) 3 (8)

Prior SCT, n (%) 15 (42)

Median WBC count/mm3 (range); WBC count at least 7.0 (0.7-211.0); 11 (31)

20 000/mm3, n (%)

Leukopenia grade 1-4, n (%) 11 (31)

Median platelets (range); platelets less than

100 000/mm3, n (%)

53.5 (8.0-360.0); 25 (69)

Median peripheral blasts (range); peripheral blasts at

least 30%, n (%)

32 (0.0-100); 11 (31)

Median marrow blasts (range) 69 (0.0-100)

*Calculated as a proportion of the 32 patients in the Ph-positive ALL cohort who
underwent mutational analysis at baseline.
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some extramedullary involvement at baseline; the CNS was the
most common site (5/36; 14%).

With a minimum of 8 months of follow-up, 9 patients (25%)
remained on study. Primary reasons for discontinuation were
disease progression (17 patients, 47%) and death (4 patients, 11%).
Two of the 4 patients who died on study demonstrated evidence of
disease progression before death. The cause of death for these
4 patients included general status worsening, suspected CNS
progression, suspected pulmonary aspergillosis, and pneumonia/
pleural effusion, all of which were considered to be unrelated to
study therapy by the investigators. Two patients (6%) discontinued
treatment because of study drug toxicity, with rash and gastrointes-
tinal toxicity, respectively, given as the reasons. Of the remaining
4 patients, 3 (8%) underwent stem-cell transplantation, while the
fourth (3%) experienced deterioration of their condition but
without progression. The median duration of therapy was 3.2 months
(range, 0.2-11.0) for the total population, and 8.3 months (6.3-11.0)
for patients remaining on study.

Efficacy

Dasatinib induced rapid hematologic responses in patients with
imatinib-resistant or -intolerant Ph-positive ALL. The OHR rate
was 50% (18/36 patients); Table 3 summarizes all hematologic
responses to dasatinib, sustained for a minimum of 4 weeks, with
values representing the best response at any time during the study.
Major hematologic responses were observed in 42% (15/36) of
these patients and the median time to MaHR was 1.8 months. The
median duration of MaHR had not been reached, and among
patients who achieved MaHR, response duration ranged from
1.9 to over 8.7 months (Figure 1). Ten of the 15 patients (67%) who
achieved a MaHR had not progressed at the 8-month follow-up.

Marked rates of CyR were also observed with dasatinib therapy
(Table 4). Major cytogenetic responses were evident in 58%
(21/36) of patients. This is of clinical importance given the
advanced nature of the disease and considering that with prior

imatinib the MCyR rate was only 50%. Treatment was discontin-
ued for 39% (14/36) of patients before the first on-study cytoge-
netic assessment, ie, within the first month of therapy.

The majority of hematologic and cytogenetic responses to
dasatinib in patients who were resistant or intolerant to imatinib
were similar to or exceeded responses achieved by these same
patients when previously receiving treatment with imatinib.

The median duration of progression-free survival was 3.3 months
(Figure 2).

Efficacy by baseline BCR-ABL mutational status

Thirty-two patients (89%) underwent mutational analysis at base-
line (31 imatinib-resistant and 1 imatinib-intolerant). Eighteen
imatinib-resistant BCR-ABL mutations were detected among 25 of
these patients (24 imatinib-resistant and 1 imatinib-intolerant)
throughout the BCR-ABL kinase domain. The T315I mutation,
which was found in 6 patients, was the most common. Eleven
patients (34%) had mutations in the P-loop and 3 patients (9%) had
mutations in the A-loop (Table 5).

Response data by mutational status at baseline are reported for
patients at the 8-month efficacy assessment. Analysis of response
rates among patients bearing BCR-ABL mutations revealed that,
despite the poor prognosis associated with many of the identified
genotypes, the response rates to dasatinib therapy remained high
(Table 5): MaHR and MCyR were achieved by 44% (11/25) and
56% (14/25) of patients with any mutation, respectively, similar to
those achieved by the total population (42% [15/16] and 58%
[21/36]). A marked proportion of patients with mutations in the P-
and A-loops of the ABL domain also achieved MaHR and MCyR.
Moreover, MaHR and MCyR rates were 31% (5/16) and 38%
(6/16), respectively, for patients with a mutation known to cause
moderate-to-very high resistance to imatinib (� 5-fold increase in
IC50 compared with unmutated BCR-ABL).

Table 3. Best confirmed hematologic response to dasatinib

No. (%) of patients

6 months’
follow-up

8 months’
follow-up

Overall hematologic response 17 (47) 18 (50)

Major hematologic response 15 (42) 15 (42)

CHR 11 (31) 12 (33)

NEL 4 (11) 3 (8)

Minor hematologic response 2 (6) 3 (8)

No response 19 (53) 18 (50)

Number of patients in each column was 36.

Figure 1. Duration of major hematologic response to dasatinib at 8 months’
follow-up. Only 15 patients with a MaHR are included in this plot (2 of whom were
censored with the same duration of response [195 days]).

Table 4. Best cytogenetic response to dasatinib

No. (%) of patients

6 months’
follow-up

8 months’
follow-up

CCyR 21 (58) 21 (58)

PCyR 0 0

Minor cytogenetic response 1 (3) 1 (3)

Minimal cytogenetic response 0 0

No cytogenetic response 0 0

Not evaluable* 14 (39) 14 (39)

Number of patients in each column was 36.
*Not evaluable represents patients who discontinued therapy before the first

cytogenetic assessment.

Figure 2. Progression-free survival associated with dasatinib therapy at 8
months’ follow-up.
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Safety

The overall safety profile for patients with Ph-positive ALL was
representative of the advanced stage of the disease. The most
frequent events, irrespective of grade, were gastrointestinal disor-
ders (diarrhea, nausea) and pyrexia. AEs related to study drug
experienced by 10% or more of patients in the total population are
shown in Table 6. The incidence of severe nonhematologic AEs
related to dasatinib therapy was low. Although severe febrile
neutropenia was documented for 4 patients (11%), this event was
manageable with dasatinib dose interruptions or reductions and/or
appropriate medical intervention. Only 2 patients (6%), both with
imatinib-resistant disease, discontinued therapy due to toxicity.

As expected, myelosuppression was reported in a number of
patients at baseline before receiving dasatinib. Myelosuppression is
part of the natural history of the disease and the level of
hematologic toxicity may partly be the result of the underlying
leukemic diagnosis coupled with the extensive prior regimens
received. Baseline and on-study cytopenias are summarized in
Table 7. At baseline, 5 patients (14%) had severe leukopenia,
7 (19%) had severe neutropenia, and 18 (50%) had severe
thrombocytopenia. The majority of on-study cytopenias were
reversible and could be managed by dose interruption or reduction.

Discussion

Treatment of patients with Ph-positive ALL represents a consider-
able clinical challenge. These patients are often refractory to
currently available treatment options, and their prognosis is poor.
The results of this phase 2 study demonstrate that dasatinib is active
in adults with Ph-positive ALL: 42% of patients achieved a MaHR,
including 33% who achieved a CHR. It is of significance that the
onset of MaHR was rapid, given the aggressive nature of Ph-
positive ALL. The median time to MaHR was 1.8 months,
indicating the rapid achievement of disease control in patients
responding to dasatinib therapy. Furthermore, among patients who
achieved MaHR, only 33% had progressed at 8 months’ follow-up,
and the median duration of MaHR had yet to be reached. Major
cytogenetic responses were achieved by 58% of patients, all of
which were CCyR. Dasatinib therapy was also well tolerated; only
2 patients (6%) had discontinued therapy due to study drug toxicity
at 8 months’ follow-up.

It is of note that rates of MCyR with dasatinib were higher than
rates of MaHR. This observation was attributed to instances where
a cytogenetic response was achieved but residual cytopenias were
present, thus precluding such patients from being classified as
having attained MaHR. We believe that in these cases, the
cytogenetic response reflects a more valuable end point.

The response rates reported in this study represent a substantial
augmentation over those reported for other treatment modalities;
these results were seen in a population that was either resistant or
intolerant to imatinib and where the majority of patients had also
received other treatment options.

The responses seen with dasatinib may, at least in part, be due to
the increased potency of dasatinib against unmutated BCR-ABL
and the ability of dasatinib to inhibit a spectrum of mutants of
BCR-ABL.22,23 In addition, the ability of dasatinib to target SFKs
may also have contributed to the efficacy of this drug in this patient
population, in light of evidence that suggests a role for these SFKs
in the pathophysiology of Ph-positive ALL.5 The role of BCR-ABL–
independent mechanisms of imatinib resistance is supported by
the observation in this study that 9 of the 25 patients tested in
the imatinib-resistant Ph-positive ALL cohort had no detectable
BCR-ABL mutations at baseline. This suggests that mechanisms
other than BCR-ABL mutations were responsible for resistance in
these patients.

Dasatinib was effective in patients with imatinib-resistant
disease with a range of mutations in the BCR-ABL kinase domain,
including those known to cause moderate-to-very high levels of
resistance to imatinib (� 5-fold increase of the IC50). Mutations in
the BCR-ABL P-loop are thought to contribute to increased
oncogenicity of the kinase and are associated with a lower life
expectancy among patients treated with imatinib.29 However, in the
present study, hematologic and cytogenetic responses were very
similar between patients with P-loop mutations and patients with

Table 5. Response by baseline BCR-ABL mutation analysis

Imatinib-resistant mutation

No. (%) of patients at 8 months’ follow-up

Total* MaHR MCyR

None 7 (22) 2/7 (29) 4/7 (57)

Any 25 (78) 11/25 (44) 14/25 (56)

P-loop; amino acids 248-255 11 (34) 4/11 (36) 5/11 (45)

A-loop; amino acids 379-398 3 (9) 3/3 (100) 3/3 (100)

Other regions 11 (34) 4/11 (36) 6/11 (55)

Specific mutations†

M244V 2 1 1

G250E 4 1 2

Y253H 3 3 2

E255K 4 0 1

D276G 2 2 2

T315I 6 0 0

E355G 2 0 0

H396P 2 2 2

F486S 2 1 2

*n � 32. Four patients had no mutational analysis performed at baseline.
†Reported in at least 2 patients.

Table 6. Adverse events associated with dasatinib experienced by
at least 10% of patients

No. (%) of patients at 8 months’
follow-up

Grades
1-4

Grades
3-4

Diarrhea 11 (31) 3 (8)

Pyrexia 9 (25) 1 (3)

Nausea 8 (22) 0

Asthenia 7 (19) 3 (8)

Pleural effusion 7 (19) 1 (3)

Rash 6 (17) 1 (3)

Weight decrease 6 (17) 0

Peripheral edema 6 (17) 0

Dyspnea 5 (14) 1 (3)

Headache 5 (14) 0

Febrile neutropenia 4 (11) 4 (11)

Fatigue 4 (11) 0

Vomiting 4 (11) 0

Table 7. Baseline and on-study grade 3-4 cytopenias associated
with dasatinib

No. (%) of patients

Baseline 8 months’ follow-up

Leukocytopenia 5 (14) 23 (64)

Neutropenia 7 (19) 26 (72)

Thrombocytopenia 18 (50) 28 (78)

Anemia 0 17 (47)
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other imatinib-resistant mutations. This observation is in agree-
ment with the less stringent requirements of dasatinib for binding
BCR-ABL compared with imatinib.17,30 Two mutants identified
in at least 2 patients, T315I and E355G, were associated with
a failure to achieve a MaHR or MCyR to dasatinib. In other
dasatinib phase 2 studies of patients with imatinib-resistant or
-intolerant CML, as well as in the LBC CML cohort of patients also
enrolled in this START-L trial, the presence of E355G did not
preclude a response to dasatinib, suggesting that this substitution
alone is not responsible for resistance to dasatinib. However, no
response to dasatinib has been observed for patients identified with
T315I, confirming the results of previous preclinical studies and
highlighting again the importance of BCR-ABL residue 315 for
binding of ATP-competitive kinase inhibitors.23

The finding that 14 patients progressed rapidly is not surprising
in view of the extensive prior treatment received and the high
frequency of mutations conferring absolute or high-level resistance
to ABL kinase inhibitors (eg, the T315I mutation was present
in 6 patients).

Cytopenia developed frequently in many patients but could be
controlled by dose interruption or reduction and adequate medical
intervention. Febrile neutropenia was the only severe AE related to
dasatinib that occurred in more than 10% of patients. It is worth
noting that the majority of patients in the study population were
heavily pretreated: approximately half of all patients had been
treated with imatinib for over 1 year, a similar proportion had
received a dose greater than 600 mg per day, and 42% had
undergone prior SCT. Consequently, a marked proportion of
patients entered the study with hematologic and nonhematologic
toxicities likely to be associated with their condition and with prior
treatment, including various degrees of cytopenia.

The rates of nonhematologic toxicity associated with dasatinib
were low, and the majority of nonhematologic AEs were mild to
moderate in severity. These results are in contrast to AEs observed
with conventional cytotoxic agents and highlight the benefit of
targeted molecular therapy.

The results presented in this report show that potent, multitar-
geted kinase inhibition of BCR-ABL and SFKs with dasatinib
rapidly induces hematologic and cytogenetic responses in patients
with relapsed Ph-positive ALL. These data are highly significant
given the refractory nature of patients enrolled in this trial to
current treatment modalities, including imatinib. Stem-cell trans-
plantation remains the only potentially curative option in this
population, though the likelihood of success is low31; however,
long-term survival rates with SCT are markedly increased when

patients with Ph-positive ALL are in complete remission.32 There-
fore, incorporation of dasatinib into induction and consolidation
regimens before SCT should be considered. It may also be of value
to evaluate the optimal dasatinib dose and dosing regimen in
patients with Ph-positive ALL destined to undergo SCT.

In the additional phase 2 trials in the START program, dasatinib
has been demonstrated to be effective and well tolerated in patients
with imatinib-resistant and -intolerant CML in all phases.33-35 The
results of this study also suggest that dasatinib represents an
important therapeutic option in Ph-positive ALL, able to induce
rapid and relatively durable responses in a substantial proportion of
patients. As such, this novel agent has the potential to significantly
improve existing treatment options for this aggressive disease.

Acknowledgments

This work was supported by research funding from Bristol-Myers
Squibb. S.C. was supported by a grant from the G. Williard Miller
Foundation.

Authorship

Contribution: O.O. performed research and was principal investiga-
tor; H.D. performed research; G.M. analyzed data; B.S. performed
research, was a national principal investigator, and contributed to
aspects of the manuscript; F.G. performed research; R.A.L. en-
rolled and treated subjects, evaluated responses and toxicities, and
edited and approved the final manuscript; G.R.C. performed
research; J.R. was involved in early team discussions on studies
and performed molecular studies of BCR-ABL; A.H. designed and
performed research, analyzed data, and substantially revised the
manuscript; A.M.A. analyzed data; A.G. designed research and
analyzed data; and S.C. was principal investigator at one site,
reviewed primary data, and contributed to the final manuscript.

Conflict-of-interest disclosure: One of the authors (R.A.L.)
holds stock in and has received research grants from competitors of
Bristol-Myers Squibb. A.M.A. and A.G. are employees of Bristol-
Myers Squibb.

Correspondence: Oliver Ottmann, Medizinische Klinik II/
Abteilung Haematologie, Johann Wolfgang Goethe Universität,
Theodor-Stern-Kai 7, Frankfurt 60590, Germany; e-mail:
ottmann@em.uni-frankfurt.de.

References

1. Faderl S, Talpaz M, Estrov Z, Kantarjian HM.
Chronic myelogenous leukemia: biology and
therapy. Ann Intern Med. 1999;131:207-219.

2. Ottmann OG, Wassmann B. Treatment of Phila-
delphia chromosome-positive acute lymphoblas-
tic leukemia. Hematology (Am Soc Hematol Educ
Program). 2005:118-122.

3. Thomas X, Boiron JM, Huguet F, et al. Outcome
of treatment in adults with acute lymphoblastic
leukemia: analysis of the LALA-94 trial. J Clin On-
col. 2004;22:4075-4086.

4. Li S, Ilaria Jr, RL, Million RP, Daley GQ, Van Etten
RA. The P190, P210, and P230 forms of the
BCR/ABL oncogene induce a similar chronic my-
eloid leukemia-like syndrome in mice but have
different lymphoid leukemogenic activity. J Exp
Med. 1999;189:1399-1412.

5. Hu Y, Liu Y, Pelletier S, et al. Requirement of Src
kinases Lyn, Hck and Fgr for BCR-ABL1-induced

B-lymphoblastic leukemia but not chronic myeloid
leukemia. Nat Genet. 2004;36:453-461.

6. 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.

7. O’Brien SG, Guilhot F, Larson RA, et al. Imatinib
compared with interferon and low-dose cytarabine
for newly diagnosed chronic-phase chronic myeloid
leukemia. N Engl J Med. 2003;348:994-1004.

8. Wassmann B, Pfeifer H, Scheuring UJ, et al.
Early prediction of response in patients with re-
lapsed or refractory Philadelphia chromosome-
positive acute lymphoblastic leukemia (Ph�ALL)
treated with imatinib. Blood. 2004;103:1495-
1498.

9. Ottmann OG, Druker BJ, Sawyers CL, et al. A
phase 2 study of imatinib in patients with relapsed
or refractory Philadelphia chromosome-positive

acute lymphoid leukemias. Blood. 2002;100:
1965-1971.

10. Thomas DA, Faderl S, Cortes J, et al. Update of
the hyper-CVAD and imatinib mesylate regimen
in Philadelphia (Ph) positive acute lymphocytic
leukemia (ALL). Blood. 2004;103:4396-4407.

11. Rea D, Legros L, Raffoux E, et al. High-dose
imatinib mesylate combined with vincristine and
dexamethasone (DIV regimen) as induction
therapy in patients with resistant Philadelphia-
positive acute lymphoblastic leukemia and lym-
phoid blast crisis of chronic myeloid leukemia.
Leukemia. 2006;20:400-403.

12. Lee S, Kim YJ, Min CK, et al. The effect of first-
line imatinib interim therapy on the outcome of
allogeneic stem cell transplantation in adults
with newly diagnosed Philadelphia chromo-
some-positive acute lymphoblastic leukemia.
Blood. 2005;105:3449-3457.

2314 OTTMANN et al BLOOD, 1 OCTOBER 2007 � VOLUME 110, NUMBER 7

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/110/7/2309/484087/zh801907002309.pdf by guest on 18 M

ay 2024



13. Yanada M, Takeuchi J, Sugiura I, et al. High com-
plete remission rate and promising outcome by
combination of imatinib and chemotherapy for
newly diagnosed BCR-ABL–positive acute lym-
phoblastic leukemia: a phase II study by the Ja-
pan Adult Leukemia Study Group. J Clin Oncol.
2006;24:460-466.

14. Wassmann B, Pfeifer H, Goekbuget N, et al. Al-
ternating versus concurrent schedules of imatinib
and chemotherapy as front-line therapy for Phila-
delphia-positive acute lymphoblastic leukemia
(Ph�ALL). Blood. 2006;108:1469-1477.

15. Dai Y, Rahmani M, Corey SJ, Dent P, Grant S. A
Bcr/Abl-independent, Lyn-dependent form of ima-
tinib mesylate (STI-571) resistance is associated
with altered expression of Bcl-2. J Biol Chem.
2004;279:34227-34239.

16. Donato NJ, Wu JY, Stapley J, et al. BCR-ABL in-
dependence and LYN kinase overexpression in
chronic myelogenous leukemia cells selected for
resistance to STI571. Blood. 2003;101:690-698.

17. Shah NP, Nicoll JM, Nagar B, et al. Multiple BCR-
ABL kinase domain mutations confer polyclonal
resistance to the tyrosine kinase inhibitor imatinib
(STI571) in chronic phase and blast crisis chronic
myeloid leukemia. Cancer Cell. 2002;2:117-125.

18. Gorre ME, Mohammed M, Ellwood K, et al. Clini-
cal resistance to STI-571 cancer therapy caused
by BCR-ABL gene mutation or amplification. Sci-
ence. 2001;293:876-880.

19. Hochhaus A, Kreil S, Corbin AS, et al. Molecular
and chromosomal mechanisms of resistance to
imatinib (STI571) therapy. Leukemia. 2002;16:
2190-2196.

20. Illmer T, Schaich M, Platzbecker U, et al. P-glyco-

protein-mediated drug efflux is a resistance
mechanism of chronic myelogenous leukemia
cells to treatment with imatinib mesylate. Leuke-
mia. 2004;18:401-408.

21. Thomas J, Wang L, Clark RE, Pirmohamed M.
Active transport of imatinib into and out of cells:
implications for drug resistance. Blood. 2004;104:
3739-3745.

22. Shah NP, Tran C, Lee FY, Chen P, Norris D, Saw-
yers CL. Overriding imatinib resistance with a
novel ABL kinase inhibitor. Science. 2004;305:
399-401.

23. O’Hare T, Walters DK, Stoffregen EP, et al. In
vitro activity of Bcr-Abl inhibitors AMN107 and
BMS-354825 against clinically relevant imatinib-
resistant Abl kinase domain mutants. Cancer
Res. 2005;65:4500-4505.

24. Dai H, Marbach P, Lemaire M, Hayes M, Elmquist
WF. Distribution of STI-571 to the brain is limited
by P-glycoprotein-mediated efflux. J Pharmacol
Exp Ther. 2003;304:1085-1092.

25. Wild R, Castaneda S, Flefleh C, et al. BMS-354825,
a dual SRC/ABL kinase inhibitor, displays potent anti-
tumor activity in a model of intracranial CML growth
[abstract]. Blood. 2004;104:549a. Abstract 1988.

26. Talpaz M, Shah NP, Kantarjian H, et al. Dasatinib
in imatinib-resistant Philadelphia chromosome-
positive leukemias. N Engl J Med. 2006;354:
2531-2541.

27. Clopper C, Pearson E. The use of confidence or
fiducial limits illustrated in the case of the bino-
mial. Biometrika. 1934;26:404-413.

28. Brookmeyer R, Crowley J. A confidence interval
for the median survival time. Biometrics. 1982;38:
29-41.

29. Branford S, Rudzki Z, Walsh S, et al. Detection of
BCR-ABL mutations in patients with CML treated
with imatinib is virtually always accompanied by
clinical resistance, and mutations in the ATP
phosphate-binding loop (P-loop) are associated
with a poor prognosis. Blood. 2003;102:276-283.

30. Tokarski J, Newitt J, Lee F, et al. The crystal
structure of Abl kinase with BMS-354825, a dual
SRC/ABL kinase inhibitor [abstract]. Blood. 2004;
104:160a. Abstract 553.

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

32. Wassmann B, Pfeifer H, Scheuring U, et al.
Therapy with imatinib mesylate (Glivec) preced-
ing allogeneic stem cell transplantation (SCT) in
relapsed or refractory Philadelphia-positive acute
lymphoblastic leukemia (Ph�ALL). Leukemia.
2002;16:2358-2365.

33. Hochhaus A, Kantarjian HM, Baccarani M, et al.
Dasatinib induces notable hematologic and cyto-
genetic responses in chronic phase chronic my-
eloid leukemia after failure of imatinib therapy.
Blood. 2007;109:2303-2309.

34. Guilhot F, Apperley J, Kim DW, et al. Dasatinib
induces significant hematologic and cytogenetic
responses in patients with imatinib-resistant or
-intolerant chronic myeloid leukaemia in acceler-
ated phase. Blood. 2007;109:4143-4150.

35. Cortes J, Rousselot P, Kim DW, et al. Dasatinib
induces complete hematologic and cytogenetic
responses in patients with imatinib-resistant or
-intolerant chronic myeloid leukemia in blast cri-
sis. Blood. 2007;109:3207-3213.

DASATINIB IS ACTIVE IN Ph-POSITIVE ALL 2315BLOOD, 1 OCTOBER 2007 � VOLUME 110, NUMBER 7

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/110/7/2309/484087/zh801907002309.pdf by guest on 18 M

ay 2024


