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Key Points

• Addition of dasatinib to
chemotherapy followed
by allogeneic stem cell
transplant is well toler-
ated in younger pa-
tients with Ph1 ALL.

• Landmark analysis
showed statistically su-
perior advantages for
relapse-free and overall
survival for the trans-
planted patients.

This multicenter trial was conducted to determine whether the addition of dasatinib to

chemotherapy followed by an allogeneic hematopoietic cell transplant (HCT) in patients

with Philadelphia chromosome positive (Ph1) acute lymphoblastic leukemia (ALL) was

feasible. Patients $18 and #60 years of age with newly diagnosed Ph1 ALL received up to

8 cycles of alternating hyperfractionated cyclophosphamide, vincristine, Adriamycin, and

dexamethasone and high-dose cytarabine and methotrexate with dasatinib. Patients with

an available matched sibling or unrelated donor underwent an allogeneic HCT in first

complete remission (CR1), followed by daily dasatinib starting from day 100. Others

received maintenance therapy with vincristine and prednisone for 2 years and dasatinib

indefinitely. Ninety-seven patients (94 evaluable) with a median age of 44 years (range, 20-

60 years) and median white blood cells at presentation of 103 109/L (range, 1-4103 109/L)

were accrued. Eighty-three patients (88%) achieved CR or CR with incomplete count

recovery (CRi), and 41 underwent allogeneic stem cell transplant in CR1. Median follow-up

is 36 months (range, 9-63). For the overall population, overall survival (OS), event-free

survival, and relapse-free survival (RFS) at 3 years were 69%, 55%, and 62%, respectively.

The 12-month RFS and OS after transplant were 71% and 87%, respectively. Landmark

analysis at 175 days from the time of CR/CRi (longest time to HCT) showed statistically

superior advantages for RFS and OS (P 5 .038 and P 5 .037, respectively) for the

transplanted patients. Addition of dasatinib to chemotherapy and HCT for younger

patients with Ph1 ALL is feasible and warrants further testing.

Introduction

Treatment of patients with Philadelphia chromosome positive (Ph1) acute lymphoblastic leukemia (ALL)
has changed because of the introduction of tyrosine kinase inhibitors (TKIs).1,2 Addition of TKIs to
conventional chemotherapy regimens has not only permitted more patients to undergo allogeneic
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hematopoietic cell transplant (HCT) in first remission but has led to
their improved outcome.3,4 Furthermore, this strategy has produced
long-term relapse-free survival (RFS) in many individuals unable or
unwilling to receive HCT.5-7

The trials conducted to date, utilizing mainly imatinib and dasatinib,
have not led to consensus on the best strategy to incorporate them
into the traditional combination chemotherapy regimens used in ALL.2

Early studies incorporated imatinib as a block given separately from the
chemotherapy.4 However, there is now significant evidence suggest-
ing the importance of early and continuous treatment with TKIs.8 Other
investigators have examined the efficacy of initial therapy with TKI
with minimal or no cytotoxic agents.9,10 Although this strategy has
been extremely well tolerated, particularly in elderly patients, and
the response rate has been very high, there are questions about

the durability of the responses if patients are not consolidated with
an allogeneic HCT.10 Furthermore, there is significant concern
regarding the development of resistance-mediating mutations such
as T315I after such strategies.10 A recent randomized trial suggested
the superiority of reduced-intensity chemotherapy combined with
imatinib over intensive induction, with a higher complete remission
(CR) rate due to fewer induction deaths, but the 5-year event-free
and overall survival (OS) were similar.11

An important question is whether an allogeneic HCT in first CR
remains the preferred strategy. Children’s Oncology Group have
reported long-term follow-up of 91 children ages 1 to 21 years old
showing a similar 5-year disease-free survival for patients treated
with chemotherapy and imatinib, sibling-donor, and unrelated-donor
HCT.7 A French randomized study in patients 21 to 60 years of age
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Figure 1. Treatment regimen. (A) Original regimen.

Dasatinib was administered at 100 mg daily for the first

14 days of each of the consolidation cycles. (B) Modified

regimen after amendment. The dasatinib dose was modified

to 70 mg orally daily continuously from course 2 onward

during the consolidation cycles. MTX, methotrexate.
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suggested a benefit for those who underwent HCT, although the
donor versus no-donor analysis failed to demonstrate a benefit
for RFS or OS because of higher nonrelapse mortality in the
transplanted patients.11

Second- and third-generation TKIs have been investigated in Ph1
ALL for potential superiority, given their increased in vitro potency as
well as their ability to overcome most imatinib resistant mutations.12

Furthermore, preclinical studies have demonstrated synergy
between traditional drugs used for treatment of ALL and dasatinib.13

We have previously conducted a single-institution phase II trial of
hyperfractionated cyclophosphamide, vincristine, Adriamycin, and
dexamethasone (hyperCVAD) plus dasatinib in patients 21 to 80
years old with newly diagnosed Ph1 ALL.14 Herein, we report the
results for a multicenter trial using the same regimen but in an overall
younger population. The objectives of the study were to determine
the feasibility of such a strategy in a multi-institutional setting and to
determine its ability to improve outcomes in patients who are and are
not able to undergo allogeneic HCT in first CR. A secondary objective
was to determine the feasibility of initiation of dasatinib post-HCT.

Patients and methods

Eligibility criteria

Patients were eligible to participate (ClinicalTrials.gov identifier: NCT00792948)
if they had the diagnosis of Ph1 ALL based on morphological and flow
cytometry assessment of a bone marrow or peripheral blood specimen
as well as evidence of the Philadelphia translocation by cytogenetic (CG)
analysis, fluorescent in situ hybridization (FISH), or polymerase chain
reaction (PCR). They had to be previously untreated or had received one
cycle of prior ALL-type induction therapy before the establishment of the
Ph1 status. They had to be 18 years or older and 50 years or younger. The
protocol was amended in January 2012 to allow participation of patients
60 years or younger. All patients had to have a performance status of 0 to
3 and adequate organ function with bilirubin, alanine aminotransferase,
aspartate aminotransferase, and creatinine # 3 3 upper limit of normal.

Patients who were pregnant or nursing and those with uncontrolled illness
were also excluded. All patients provided a signed informed consent
approved by the institutional review board of the participating institutions
to be treated in the study, which was conducted in accordance with the
principles of the Declaration of Helsinki.

Treatment plan

The details of the backbone hyperCVAD regimen have been published
previously.14-16 Briefly, patients would receive up to 8 cycles of alternating
hyperCVAD and high-dose cytarabine plus methotrexate as induction/
consolidation courses. Dasatinib (initially 50 mg twice daily and, after an
amendment, 100 mg once daily) was administered in the first 14 days of each
of the 8 cycles. After a further amendment in February 2011, patients were
treated with dasatinib 100 mg daily for the first 14 days of the first cycle,
followed by dasatinib 70 mg daily, continuously started with the second cycle.
All patients received central nervous system (CNS) prophylaxis with
intrathecal cytarabine, alternating with methotrexate given twice on each of
the first 4 cycles. Patients presenting with active CNS disease were treated
with twice-weekly intrathecal chemotherapy until achievement of a negative
cerebrospinal fluid (CSF) assessment; they would then revert to the above
regimen. All patients who achievedCR and had an availablematched sibling or
10/10 unrelated donor would be encouraged to proceed to HCT with the
specified preparative regimen of total-body irradiation (TBI) (1200 cGy in
6 fractions over 3 days) and etoposide. They had to have recovered from all prior
toxicity and have CR or CR with incomplete peripheral blood recovery (CRi)
established within 14 days of the procedure. Transplants were all conducted
in one of the Blood and Marrow Transplant Clinical Trials Network affiliated
centers. All other patients remaining in CR after the completion of the 8 cycles
of chemotherapy (or earlier, owing to intolerance or significant toxicity) would be
enrolled in the maintenance portion of the study, which entailed continuous
dasatinib 100 mg daily, monthly vincristine, and prednisone for 5 days per
month, given for a total of 2 years. Dasatinib 100 mg daily was continued alone
after the maintenance. Two cycles of intensification with hyperCVAD were
permitted during months 6 and 13 of maintenance at the discretion of
the treating physician, depending on the patients’ molecular data and
tolerability. Patients who underwent HCT also received dasatinib 100 mg
daily starting on day 100 posttransplant and continued for up to 5 years.
Dose adjustments to all the agents in the study, including dasatinib, were
permitted according to standard clinical practice. Figure 1 summarizes the
treatment plan.

Study-related assessments

Requirements for baseline evaluations included a full history and physical
examination, complete blood count (CBC), full chemistry panel, bone marrow
aspirate examination for morphology, and flow cytometry, as well as CG, FISH,
or PCR for the detection ofBCR-ABL1 fusion transcripts. CBC and chemistry
panel were repeated at least weekly during the intensive chemotherapy cycles
and at least monthly during the maintenance phase. Bone marrow exam was
repeated on day 21 of the first cycle to determine response, and then every
2 to 3 cycles during the intensive phase, and approximately every 3 months
during the maintenance phase. Baseline CSF evaluation was conducted with
the induction course and at any time there was clinical suspicion for CNS
relapse. Initial and follow-up bonemarrow samples for minimal residual disease
(MRD) assessment were collected centrally.

Response criteria

Response was assessed on the basis of the established criteria for the
definition of CR, CRi, and relapse. Cytogenetic and molecular responses were
defined as previously reported.17

Endpoint definitions and statistical methods

The primary endpoint was 12-month RFS after transplant, which wasmeasured
from the date of transplant to the first relapse or death from any cause, with
patients last known to be alive in remission censored at the date of last
contact. Among all patients who achieved remission, RFS was measured
from date of remission to relapse or death from any cause, with patients

Table 1. Patient characteristics at enrollment

Demographics Median [range] or no (%)

Patients 94

Median age at diagnosis, y 44 [20-60]

Age .50 y 23 (24)

Sex: female 52 (55)

Laboratory

WBC (3 109/L) 10 [1-410]

Marrow blast, % 83 [0-100]

CNS disease at diagnosis

Absent 62 (66)

Not assessed 29 (31)

Present 3 (3)

Prior therapy before enrollment

Untreated 60 (64)

Previously treated; achieved CR/CRi 16 (17)

Previously treated; remission status unknown 7 (7)

Previously treated; refractory 11 (12)

CNS, central nervous system; CR, complete remission; CRi, CR with incomplete peripheral
blood recovery; WBC, white blood cell.
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last known to be alive in remission censored at the date of last contact.
Event-free survival (EFS) was measured from the date of study registration
to the first of date of completion of protocol therapy without CR or CRi,
relapse from CR or CRi, or death from any cause. Patients last known to be
alive and in remission were censored at the date of last contact. Overall
survival was measured from date of study registration to death from any
cause, with patients last known to be alive censored at the date of last
contact. The study was designed to test a null 12-month RFS after
transplant rate of 40% and powered for an alternative rate of 65%. Thirty-
four patients undergoing transplant would provide 90% power with a one-sided
type 1 error 4.4% for this test; with this design, if 19 or more transplanted
patients were alive and relapse-free at 12 months, the regimen would be
considered effective. It was anticipated that 85 eligible patients would need to be
accrued to have 34 patients transplanted.

Survival endpoints were estimated using the Kaplan-Meier method and
analyzed with the log-rank test and Cox proportional hazard regression
models. A two-sided a value of 5% denoted significance. The following
results are based on data available as of 25 March 2016.

Results

Patient characteristics

Between September 2009 and October 2013, 97 patients were
enrolled in the study from 30 participating centers across the
United States (estimated yearly incidence, ;1500 patients).
Ninety-four patients were eligible and evaluable for this analysis.
Their median age was 44 years (range, 20-60 years) and median
white blood cell (WBC) count at presentation was 10 3 109/L
(range, 1-410 3 109/L). Three patients had documented CNS
involvement at the time of presentation. Thirty-four patients had

received one course of therapy before enrollment in the study,
including 16 who had achieved a CR or CRi. Table 1 summarizes
enrollment characteristics of the patients.

Response and outcome

Overall, 83 patients (88%) achieved CR or CRi (81 with CR and
2 CRi); among patients without prior therapy, 90% (54 of 60)
achieved CR or CRi, and among patients who were refractory to
their first cycle of therapy, 81% achieved CR or CRi (9 of 11).
Eight patients (9%) were unresponsive to the treatment, and the
response is not available for 1 patient (Figure 2). Two patients had
extramedullary disease at presentation, which was not reassessed
(hence cannot be counted as CR), but achieved hematologic
CR after induction. The median follow-up on the study for the
censored patients is 36 months. Three-year EFS was 55% (95%
confidence interval [CI], 46% to 66%) for the whole cohort
(Figure 3A). For the 83 patients who achieved CR/CRi, 3-year
relapse-free survival was 62% (CI, 52% to 74%; Figure 3B), and
3-year overall survival for the full cohort was 69% (CI, 52% to
79%; Figure 3C).

Fifty-three patients did not undergo a protocol prescribed HCT in
first CR. Nine patients did not achieve CR/CRi; 2 of them died
within 6 weeks of registering in the study (day 14 and day 42); the
other 7 lived at least 1 year after study registration. Forty-four
patients in this subset achieved CR or CRi. Landmark analysis was
performed at 175 days after achieving CR or CRi (which was the
longest time from achieving a response to undergoing HCT). The

94 patients enrolled and evaluable
(60 untreated; 34 one prior cycle)

81 CR, 2 CRi (88%)
2 (2%) CR could not

be confirmed
8 (9%) resistant 1 (1%) missing data

41 (49%) received protocol-specified
allogeneic SCT in first CR

42 (52%) no protocol-specified
allogeneic SCT in first CR

3 (38%) died
after relapse

5 (63%) alive
in CR

8 (20%) Non-protocol
SCT in first CR

23 (55%)
alive in CR

4 (10%) alive
after relapse

15 (36%) died
after relapse

1 (2%)
missing data

31 (76%)
alive in CR

6 (15%)
died after
relapse

3 (7%)
relapsed and

are alive

Figure 2. Patient disposition and response. SCT, stem cell

transplant.
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3-year RFS after this landmark date is 51% (Figure 3D) and 3-year
OS is 56% (Figure 3E).

Outcomes after allogeneic HCT

The primary end-point of the trial was 12-month RFS after undergoing
HCT to estimate the outcome of combined therapy with HCT plus
dasatinib. Forty-one patients underwent the protocol-related HCT in
first remission. Among them, only 12 received the TBI 1 etoposide
regimen; 22 received TBI 1 cyclophosphamide, and others received
miscellaneous regimens. Figure 4A-B shows RFS and OS plots from
the date of HCT. Twelve-month RFS was 83% (CI, 72% to 95%),
significantly higher than the historical rate of 40% (P , .001). Three-
year RFS after transplant was 76% (CI, 63% to 91%).

There were no statistically significant differences between the
characteristics at the time of diagnosis (including age, WBC,
performance status, and CNS disease) of patients who did or did

not receive an allogeneic HCT (supplemental Table 1). Acute graft
versus host disease (GVHD) occurred in 18% (grade 1), 28% (grade
2), 10% (grade 3), and 3% (grade 4) of the transplanted patients. One
patient (3%) had extensive chronic GVHD. Data on graft failure were
not collected. Landmark analysis was performed at 175 days after
achieving CR or CRi. When we used this analysis, there was a
significant advantage for the patients who did undergo protocol HCT
(P 5 .038 for RFS [Figure 4C] and P 5 .037 for OS [Figure 4D]).
Cox regressionmodels with transplant as a time-dependent covariate
and controlling for prestudy age, WBC count, and prior therapy
had similar results (P 5 .11 for RFS and P 5 .037 for OS).

Toxicity

During the induction and consolidation courses, grade 3 and higher
toxicities were mostly related to myelosuppression (Figure 5A).
Similarly, during the maintenance phase, the adverse events were
mostly grades 1 and 2 (Figure 5B). A total of 40 patients received
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maintenance dasatinib; 11 patients have had a grade 3 toxicity, and 1
patient had a grade 4 toxicity, deemed possibly, probably, or definitely
related to treatment. Of the 33 patients receiving dasatinib post-HCT,
79%were on therapy for more than 6 months and 73%were on therapy
more than 1 year. Twenty-four (73%) have reduced the dose of dasatinib
for at least 1 cycle.

Discussion

The availability of second- and third-generation TKIs with significantly
more potent activity against the ABL kinase, including the more
resistant mutant variants, has raised significant interest in their
utilization in place of imatinib in regimens for Ph1 ALL, because the
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development of imatinib-resistant mutations is a significant cause
of failure of such regimens.18-20 Recently reported studies demon-
strate the feasibility of combining these agents with cytotoxic chemo-
therapy regimens.6,21,22

Deintensification of chemotherapy is associated with a significant
reduction of mortality risk during induction, particularly in older
patients.9,10 In a study by the Gruppo Italiano Malattie Ematologiche
dell’Adulto Acute LeukemiaWorking Party, 53 patients with Ph1ALL,
who were older than 18 years with no upper age limit, received
dasatinib combined with steroids and intrathecal methotrexate for their
induction.10 All patients achieved aCR, with the vast majority achieving
it after only 22 days of therapy and none dying during induction.10

Postremission treatment was not specified. At median follow-up of
only 20 months, 23 (43%) had relapsed with a median time to relapse
from CR of 5.9 months (range, 2.8-23.6 months). Relapses occurred
in 14 of 19 patients treated with TKI alone, in 2 of 2 patients receiving
no further therapy, in 5 of 14 patients receiving TKI plus chemotherapy,
and in 2 of 18 patients receiving HCT. A T315I mutation was detected
in 12 of 17 patients analyzed, with 8 occurring in patients who
received TKI alone, demonstrating the inadequacy of this strategy for
long-term disease control.10

The available literature suggests that even the second-generation
ABL kinase inhibitors are not potent enough to eliminate the need for
HCT and cytotoxic chemotherapy.6,10 This notion is particularly true for
the younger patients in whom the benefits of HCT appear to outweigh
the risks. We have previously reported that in our single-institution trials,
HCT appeared to be beneficial in patients younger than 40 without
reaching statistical significance, likely because of the limited patient
numbers.5,6 Chalandon et al also reported that HCT was associated
with a significant benefit in RFS and OS in their population of patients
who were younger than 60 and received imatinib-based therapy.11

However, they were unable to show a benefit for the transplanted group
among the patients who achieved molecular CR after the second
course of therapy.11 Similarly, a donor versus no-donor analysis failed to
show an advantage for the transplanted patients, despite a significant
reduction in risk of relapse; this was likely because of a significantly
increased risk of nonrelapse mortality in the transplanted group.

These data hint at the potential relevance of MRD monitoring in the
selection of patients most likely to benefit from HCT. In a prior report,
we showed that among patients with Ph1 ALL treated with the
hyperCVAD plus imatinib or dasatinib without HCT, those who
achieved a major molecular response at 3 months had an improved
outcome.17 MRD monitoring has also been shown to be beneficial for
the identification of patients most likely to benefit from HCT in Ph-
negative ALL.23-25 This is particularly relevant in older patients with a
greater risk of morbidity and mortality associated with HCT.

Another important consideration is the potential benefit of posttrans-
plant TKI usage (reviewed recently by Giebel et al26). Pfeifer et al
randomized 56 patients with Ph1 ALL to receive posttransplant
imatinib either prophylactically or after detection of MRD.27 The first
MRD analysis was conducted within 3 months after HCT, at which
time the proportion of patients with detectable BCR-ABL1
transcripts was similar in the 2 arms. With an intention-to-treat
analysis, prophylactic imatinib significantly reduced the incidence of
molecular recurrence.27 However, the 5-year survival in both arms
was similar. Another small study reported the feasibility of nilotinib
given prophylactically after HCT for patients with Ph1 leukemias.28 In
our study, all patients were assigned to receive dasatinib post-HCT

with regular PCR monitoring during follow-up. Thirty-three patients
actually received dasatinib post-HCT. Among them, 30 (91%)
patients required at least 1 dose reduction.

In conclusion, this is the first US intergroup study examining the role of
dasatinib plus chemotherapy in younger patients with Ph1 ALL; it
confirms the overall tolerability and high efficacy of this regimen in a
multicenter setting. It also demonstrated a beneficial effect of HCT in
this younger population with better RFS and OS for the transplanted
group on landmark analysis, though we note that this was not a
randomized comparison, and the potential presence of unmeasured
confounders makes this analysis not definitive. Future trials should
examine the potential role of more potent TKIs such as ponatinib
as well as monoclonal antibody-based strategies incorporating
blinatumomab and inotuzumab ozogamycin.22,29-31 Similarly, the poten-
tial role of MRDmonitoring both for selection of best candidates for HCT
and for posttransplant TKI administration should be examined formally.
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