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The standard treatment for adults with Philadelphia chromosome–positive (Ph1) acute

lymphoblastic leukemia (ALL) in Japan is imatinib-based chemotherapy followed by allo-

geneic hematopoietic stem cell transplantation (HSCT). However, �40% of patients cannot

undergo HSCT in their first complete remission (CR1) because of chemotherapy-related

toxicities or relapse before HSCT or older age. In this study, we evaluated dasatinib-based

2-step induction with the primary end point of 3-year event-free survival (EFS). The first

induction (IND1)was dasatinib plus prednisolone to achieve CR, and IND2was dasatinib plus

intensive chemotherapy to achieve minimal residual disease (MRD) negativity. For patients

who achieved CR and had an appropriate donor, HSCT during a consolidation phase later

than the first consolidation, which included high-dose methotrexate, was recommended.

Patients with pretransplantation MRD positivity were assigned to receive prophylactic

dasatinib after HSCT. All 78 eligible patients achieved CR or incomplete CR after IND1, and

52.6% achieved MRD negativity after IND2. Nonrelapse mortality (NRM) was not reported.

T315I mutationwas detected in all 4 hematological relapses before HSCT. Fifty-eight patients

(74.4%) underwent HSCT in CR1, and 44 (75.9%) had negative pretransplantation MRD. At a

median follow-up of 4.0 years, 3-year EFS and overall survival were 66.2% (95% confidence

interval [CI], 54.4-75.5) and 80.5% (95% CI, 69.7-87.7), respectively. The cumulative incidence
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Key Points

� Dasatinib-based
2-step induction
resulted in a 100% CR
rate with minimal
toxicities and 53%
MRD negativity.

� This protocol treatment
increased the number
of HSCTs in CR1,
thereby improving
3-year EFS.
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of relapse and NRM at 3 years from enrollment were 26.1% and 7.8%, respectively.

Dasatinib-based 2-step induction was demonstrated to improve 3-year EFS in Ph1 ALL. This

study was registered in the UMIN Clinical Trial Registry as #UMIN000012173.

Introduction

The standard treatment for adults with Philadelphia chromosome–
positive (Ph1) acute lymphoblastic leukemia (ALL) is tyrosine kinase
inhibitor (TKI)–based chemotherapy.1,2 Although promising results
were reported using a chemotherapy-only strategy with a TKI plus
hyperCVAD (cyclophosphamide, vincristine, doxorubicin, and dexa-
methasone administered as hyperfractionated therapy) at MD Ander-
son Cancer Center,3-5 a US intergroup study using dasatinib plus
hyperCVAD followed by allogeneic hematopoietic stem cell transplan-
tation (HSCT) demonstrated significantly superior survival advantages
for patients undergoing transplantation.6 Therefore, for adults who
achieve complete remission (CR), HSCT in the first CR (CR1) is rec-
ommended if they have an appropriate donor.

The introduction of TKIs in the treatment of Ph1 ALL led to a high rate
of stable CR, which enabled more patients to undergo HSCT in CR1.
However, severe therapy-related toxicities and relapse before HSCT
and older age remain obstacles to undergoing HSCT in CR1.1,2,7

The Japan Adult Leukemia StudyGroup previously introduced imatinib
into an HSCT-based strategy, which is currently the standard strategy
for adults with Ph1 ALL in Japan.8-10 Dasatinib is a more potent inhib-
itor against BCR-ABL1 kinase than imatinib11,12 and is active
against imatinib-resistant mutations, except for T315I.13-16 Therefore,
dasatinib was expected to improve the efficacy of the current
HSCT-based strategy using imatinib. However, a study comparing
hyperCVAD plus dasatinib with hyperCVAD plus imatinib found no
significant difference in long-term survival outcomes.17 Chemotherapy
combined with a TKI in induction therapy should be selected in con-
sideration of early therapy-related toxicities. A TKI plus intensive che-
motherapy can lead to CR in .95% of patients and minimal residual
disease (MRD) negativity in up to 70%, but rapid eradication of leuke-
mic cells causes severe treatment-related toxicities, and the rate of
nonrelapse mortality (NRM) has been reported to be 2% to
6%.8,9,18,19 A series of trials by the Gruppo Italiano Malattie Ematolo-
giche dell’Adulto revealed that almost all patients, even elderly
patients, can achieve CR using a TKI plus steroids without severe tox-
icities.20,21 Although achieving MRD negativity predicts long-term sur-
vival,17,22 the rate of MRD negativity with TKI plus steroid induction is
low, resulting in relapse without effective consolidation.20 The Group
for Research on Adult Acute Lymphoblastic Leukemia reported a ran-
domized phase 3 study comparing imatinib plus reduced-intensity
chemotherapy with imatinib plus hyperCVAD as induction therapy.
Both arms were followed by imatinib plus high-dose methotrexate
(MTX)/cytarabine therapy, and patients who had a donor were eligible
for HSCT. Patients allocated to the imatinib plus reduced-intensity
chemotherapy arm had a significantly higher CR rate and lower early
death rate than those in the imatinib plus hyperCVAD arm.23 The
Group for Research on Adult Acute Lymphoblastic Leukemia study
demonstrated that intensive chemotherapy is not essential for induc-
tion with a TKI if followed by consolidations with a TKI plus intensive
therapy. Thus, TKI plus steroid induction followed by a TKI plus inten-
sive chemotherapy may reduce toxicities without attenuating the
molecular response before HSCT and improve survival outcomes.

Therefore, we designed the phase 2 Ph1ALL213 study to assess
whether dasatinib could improve efficacy compared with imatinib
and whether 2-step induction therapy could reduce toxicities, thereby
improving 3-year event-free survival (EFS).

Patients and methods

Patients

Patients age between 15 and 64 years with newly diagnosed BCR-
ABL11 ALL were included in this study. Eligibility criteria were the
same as in the previous Ph1ALL208 study. Patients were excluded if
they had previous chronic-phase chronic myelogenous leukemia, other
active malignancies, viral infections (HIV or hepatitis B surface antigen
positivity), or concurrent diseases that may affect dasatinib toxicities.
All patients provided written informed consent before enrollment.

Study design

This was a single-arm, multi-institutional phase 2 study. The protocol
was reviewed and approved by the institutional review board of
each participating institution and conducted according to the Declara-
tion of Helsinki.

Study treatments

Treatment schedules are listed in Table 1 and were the same as in our
previous Ph1ALL208 study,9 but dasatinib was used instead of ima-
tinib, and the induction phase was separated into 2 steps. The first
induction therapy (IND1) was started with prednisolone after the diag-
nosis of precursor B-cell ALL. In the case of BCR-ABL1 positivity,
dasatinib was started on day 8 to achieve hematological CR. IND1
was followed by IND2 to achieve MRD negativity, at which time dasa-
tinib was administered in combination with the same 4-drug intensive
chemotherapy24 as in our previous studies.8,9 After IND2, 2 types of
consolidation therapy, dasatinib in combination with high-dose MTX/
cytarabine in C1 or a CHOP-like (cyclophosphamide, doxorubicin, vin-
cristine, and prednisone) regimen in C2, were administered alternat-
ingly for 4 cycles. Maintenance therapy was 12 cycles of dasatinib
plus prednisolone with vincristine. Intrathecal injection of MTX and
dexamethasone was administered on day 22 of IND1, on the first
day of IND2, and at each consolidation. Dose modification for patients
age 60 to 64 years is described in Table 1.

Patients who achieved CR and had an appropriate donor underwent
HSCT. The timing of HSCT was recommended to be during the
consolidation phase, after the end of cycle 1 of the first consolidation
(C1-1). The procedure for HSCT, including the conditioning regimen
and prophylaxis for graft-versus-host disease (GVHD), was deter-
mined by each institution. We defined a reduced-intensity condition-
ing (RIC) regimen as having the following dosage levels: ,9 mg/kg
of busulfan, ,140 mg/m2 of melphalan, and total-body irradiation
(TBI) at ,500 (single) or 500 to 800 cGy (fractionated).25 An RIC
regimen was allowed when the patient was age $55 years or when
myeloablative conditioning (MAC) was impossible because of poor
physical condition. Patients who did not want to undergo HSCT or
who had no satisfactory donor proceeded to the remaining rounds
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of consolidation and maintenance therapy. Patients with pretransplan-
tation MRD positivity were assigned to receive prophylactic dasatinib
after HSCT. For patients with pretransplantation MRD negativity,
dasatinib was administered preemptively upon molecular relapse.
Dasatinib was started at a dose of 50 mg per day and increased up
to 100mg if tolerable and continued for 4 weeks, which was repeated
every 5 weeks for 10 cycles.

Detection of BCR-ABL1 transcripts and

MRD monitoring

BCR-ABL1 positivity at presentation was confirmed by multiplex real-
time quantitative polymerase chain reaction (RQ-PCR) at the central

laboratory (SRL, Inc., Tokyo, Japan). Copy numbers of major andminor
BCR-ABL1 messenger RNA RQ-PCR were normalized by glyceral-
dehyde 3-phosphate dehydrogenase expression and converted into
copies per mg of RNA. MRD was categorized into the following three
ranges: quantitative, nonquantitative, and negative with no significant
signal. The threshold of quantitation was 50 copies per mg of RNA,
corresponding to a sensitivity of 1025.9

MRDwas monitored centrally using bonemarrow samples after IND1,
IND2, C1-1, C2-4, and the last course of maintenance therapy. For
patients who underwent HSCT, MRD was monitored centrally within
2 weeks before HSCT (pretransplantation MRD) and 30 days after
HSCT (posttransplantation MRD). Reverse transcriptase nested

Table 1. Treatment schedule in the JALSG Ph1ALL213 study

Drug Dose Schedule

Prephase

PSL 60 mg/m2 per d orally D 27 to 21

IND1

Dasatinib 140 mg once per d orally D 1-28

PSL 60 mg/m2 per d orally D 1-14 and taper

CNS prophylaxis 15 mg of MTX 1 4 mg of dexamethasone IT D 22

IND2

CPM 1200 (900*) mg/m2, dip, 3 h D 1

DNR 45 (30*) mg/m2, dip, 1 h D 1-3

VCR 1.3 mg/m2 (max 2 mg/body) IV D 1, 8, 15, 22

PSL 60 (45*) mg/m2 per d orally D 1-21 and taper

Dasatinib 100 mg once per d orally D 4-31

CNS prophylaxis 15 mg of MTX 1 4 mg of dexamethasone IT D 1

C1

MTX 1000 mg/m2, dip, 24 h D 1

Cytarabine 2000 (1000*) g/m2, dip, 3 h, every 12 h D 2-3

mPSL 50 mg/body, every 12 h IV D 1-3

Dasatinib 100 mg once per d orally D 4-24

CNS prophylaxis 15 mg of MTX 1 4 mg of dexamethasone IT D 1

C2

CPM 1200 mg/m2, dip, 3 h D 1

DNR 45 mg/m2, dip, 1 h D 1

VCR 1.3 mg/m2 (max 2 mg/body) IV D 1

PSL 60 mg/m2 per d orally D 1-7 and taper

Dasatinib 100 mg once per d orally D 2-22

CNS prophylaxis 15 mg of MTX 1 4 mg of dexamethasone IT D 1

Maintenance
33

VCR 1.3 mg/m2 (max 2 mg/body) IV D 1

PSL 60 mg/m2 per d orally D 1-7 and taper

dasatinib 100 mg once per d orally D 1-28

Post-HSCT dasatinib

Dasatinib 50, 70, or 100 mg per d orally D 1-28 every 35 d 3 10 cycles

Posttherapy for molecular relapse

Dasatinib 100 max 180 mg once per d orally Until physician decision

Cyclophosphamide (CPM) was diluted in 500 mL of normal saline. Daunorubicin (DNR) was diluted in 100 mL of normal saline. High-dose MTX and cytarabine were diluted in 500 mL of 5%
glucose solution. High-dose MTX was followed by a rescue with 15 mg of folinic acid (IV) every 6 h 8 times, starting 36 h after starting MTX perfusion. C1 and C2 were alternatively repeated
for 4 cycles (C1-1, C2-1, C1-2, C2-2, C1-3, C2-3, C1-4, C2-4).
CNS, central nervous system; IT, intrathecally; JALSG, Japan Adult Leukemia Study Group; mPSL, methyl-prednisolone; PSL, prednisolone; VCR, vincristine.
*Dose modification for patients age .59 years.
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PCR was assessed when pretransplantation MRD was negative to
determine the sensitivity of RQ-PCR negativity. Mutation of the
ABL1 genewas analyzed using direct sequencingwhen pretransplan-
tation MRD remained within the quantitative range or at the first hema-
tological relapse.

Response definition

CR and relapse were defined by standard criteria, as described in our
previous study.9 CRwith incomplete blood count recovery, defined as
meeting all criteria for CR except platelet count and/or neutrophils,
was used only for response evaluation after IND1. Molecular relapse
was defined as the reappearance of a BCR-ABL1 signal, which
was confirmed consecutively twice with an interval longer than 1
week. Hematological response to IND1 was evaluated on day 42,
and molecular response to IND2 was evaluated on day 38.

End points and statistical analysis

The primary end point was 3-year EFS. Secondary end points were
3-year overall survival (OS); hematological response after IND1;
MRD negativity rates after IND1, IND2, and C1-1 and MRD negativity
rate pre- and posttransplantation; 3-year EFS andOSafter HSCT; tox-
icities in IND1, IND2, C1-1, and C2-1; NRM; hematological and CNS
relapse rates; frequenciesand typesofABL1mutations inpatientswith
refractoryor relapseddisease;and impactof risk factorsatpresentation
and at HSCT. Toxicities were graded using the National Cancer Insti-
tute Common Terminology Criteria for Adverse Events (version 4.0;
version translated by Japan Clinical Oncology Group).

Statistical analysis was performed in all evaluable cases. EFS was
defined as the time from the date of enrollment to an event, which
was relapse or death resulting from any cause. Patients with no events
were censored at the time of the last follow-up. OSwas defined as the
time from the date of enrollment to the date of death resulting from any
cause. Patients who survived or were lost to follow-up were censored
at the time of the last follow-up. Survival curves were plotted using the
Kaplan-Meier method and compared by log-rank test. Fisher’s exact
test was used for categorical variables. Cumulative incidence proba-
bilities of relapse and NRM were calculated using a competing-risk
setting treating events as follows: for relapse, death without relapse
was the competing-risk event, and for NRM, relapse was the
competing-risk event.26

Sixty-nine evaluable patients with Ph1 ALL were required to test the
null hypothesis of 45% as the threshold and an alternative of 60%,
with a 1-sided type 1 error of 5% and 80% statistical power. The
threshold value of 45% was decided based on our previous
Ph1ALL202 study. Considering a dropoff rate of 10%, 77 patients
were targeted to be enrolled in this study.

Analyses were performed according to the intention-to-treat principle
for all eligible patients using GraphPad Prism 6 (GraphPad Software,
Inc., La Jolla, CA). The data cutoff date was 1 July 2019.

Results

Patient characteristics

Eighty-one patients were enrolled consecutively from 46 institutions
between November 2013 and April 2016. Three patients were not
included because of ineligibility (Ph2 ALL), lack of prerequired central
diagnostic test, or inappropriate informed consent. The baseline char-
acteristics of 78 eligible patients are listed in Table 2. Their median

age was 44.5 years (range, 16-64), with 25 patients (32.1%)
age $55 years. Major-type BCR-ABL1 transcripts were observed
in 22 patients (28.2%). Cytogenetic abnormalities (CAs) were noted
in 69 patients (88.5%), and 50 (72.5%) had additional CAs.
Table 2. Patient characteristics

All patients

Eligible patients 78

Median age (range), y 44.5 (16-64)

$55 25 (32.1)

Sex

Male 37 (47.4)

Female 41 (52.6)

ECOG PS

0 44 (56.4)

1 29 (37.2)

2 4 (5.1)

3 1 (1.3)

Median WBC count (range), 3109/L 32.5 (0.9-443.2)

.30 40 (51.3)

Median PB blast (range), % 66.0 (0.0-98.0)

Median BM blast (range), % 92.7 (0.0-100)

Surface marker

CD101 75 (96.2) of 78

CD13 34 (43.5) of 78

CD19 79 (100) of 79

CD20 17 (21.5) of 79

CD33 32 (41.0) of 78

CD56 3 (3.8) of 78

HLADR 75 (98.7) of 76

Cytoplasmic IgM*

Positive 49 (94.2)

Negative 3 (5.8)

Not tested 25

Cytogenetics

Isolated Ph positivity 19 (24.4) of 78

Ph1 and others (additional CAs) 50 (64.1) of 78

1Der(22)t(9;22) 21 (26.6) of 78

Deletion 7 10 (12.6) of 78

Normal 7 (9.0) of 78

No mitosis 2 (2.6) of 78

BCR-ABL1

Breakpoints

Minor 56 (71.8)

Major 17 (21.8)

Major 1 minor 5 (6.4)

Copy number, copy/mg RNA

Average minor (SD), 3 105 5.5 (5.4)

Average major (SD), 3 105† 2.8 (1.3)

Data are presented as n (%) unless otherwise indicated.
BM, bone marrow; ECOG PS, Eastern Cooperative Oncology Group performance status;

PB, peripheral blood; SD, standard deviation; WBC, white blood cell.
*Percentage of those tested.
†Patients with major 1 minor types were included.
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Patient flow and conditions

Patient flow and conditions are shown in Figure 1. Six patients (7.7%)
completed the protocol chemotherapies without undergoing HSCT.
Fifty-eight patients (73.4%) underwent HSCT in CR1. Five patients
(6.4%) discontinued treatment before HSCT because of hematolog-
ical relapse (n54) or CNS relapse (n51). Four patients (5.1%) with-
drew from the protocol treatments because of severe toxicities (n53)
or intolerable toxicities (n51). Five patients (6.4%)withdrew because
of patient decision (n51), physician decision (n52), or transfer to
nonparticipating institution (n52).

Hematological and molecular responses

Results of the treatments from IND1 to C2-1 are summarized in
Table 3. At day 42 of IND1, all patients achieved either CR (n574)
or CR with incomplete blood count recovery (n54). The MRD nega-
tivity rates after IND1, IND2, and C1-1 were 21.8%, 52.6%, and
57.7%, respectively. Among 58 patients who underwent HSCT in
CR1, MRD negativity rates pre- and posttransplantation were
75.9% (44 of 58) and 94.5% (52 of 55), respectively. Among 14
patients with pretransplantation MRD positive, 7 had quantitative
MRD and 7 had nonquantitative MRD. Among 44 patients with pre-
transplantation MRD negativity, 42 had posttransplantation MRD
negativity.

Toxicity

Grade 3/4 hematological and nonhematological toxicities from IND1
to C2-1 are shown in Figure 2. Major toxicities were myelosuppres-
sion, infections, and increased transaminase. Grade 3/4 pleural effu-
sion and QTc elongation were not reported. NRM during
chemotherapy was not reported. Toxicities in IND1 were relatively
mild, but laboratory tumor lysis syndrome developed in 13%, even
though rasburicase was used prophylactically in 32.1% of patients,
and grade 3/4 disseminated intravascular coagulation developed in
8%. Grade 4 thrombocytopenia was reported in 48.7% of patients.
One case of grade 4 allergic pneumonitis with high fever and eruption
was noted. Toxicities in IND2 and C1-1 were more severe than those
in IND1; grade 4 neutropenia and sepsis were reported in 94% and
5% of patients in IND2 and 99% and 9% of those in C1-1, respec-
tively. However, grade 4 thrombocytopenia was noted in only 5.2%
of patients in IND2, but in 71.8% of those in C1-1. Toxicities in
C2-1 were mild.

Survival

The median follow-up duration for survivors was 4.0 years (range, 2.5-
5.4). The 3-year EFS and OS rates were 66.2% (95% confidence
interval [CI], 54.4-75.5) and 80.5% (95% CI, 69.7-87.7), respectively
(Figure 3A). The lower limit of the 90% CI of 3-year EFS was 56.4%
and exceeded the threshold 3-year EFS. At a median follow-up of 3.5
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Figure 1. Patient flow and conditions. AE, adverse event; CNSR, central nervous system relapse; HR, hematological relapse; MR, molecular relapse.
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years (range, 1.5-4.9), the 3-year EFS and OS rates in patients who
underwent HSCT in CR1 were 72.1% (95% CI, 58.5-81.9) and
87.9% (95% CI, 69.8-90.2), respectively (Figure 3B).

Relapse and NRM

Eighteen patients relapsed during protocol treatment (23.1%), 5 dur-
ing consolidation, 3 after maintenance therapy, and 10 after HSCT in
CR1. Six patients died as a result of relapse (33.3%), 2 after mainte-
nance therapy and 4 after HSCT in CR1. Six patients died as a result
of NRM after HSCT in CR1 (7.7%), 1 from sepsis, 1 from sinusoidal
obstruction syndrome, and 3 from infections after gut acuteGVHD.Of
9 patients who withdrew from the protocol treatments, 3 died as a
result of relapse and 3 died as a result of NRM after HSCT in CR1
or CR2. As a result, 21 (26.9%) of the eligible patients relapsed, 9

(11.5%) died as a result of relapse, and 9 (11.5%) died as a result
of NRM after HSCT. The cumulative incidences of relapse and
NRM at 3 years from enrollment were 26.1% (95% CI, 16.8-36.6)
and 7.8% (95% CI, 3.2% to 15.2%), respectively.

HSCT

The median age of the 58 patients who underwent HSCT in CR1 was
43 years (range, 16-63), including 13 (22.4%) age$55 years. HSCT
from related and unrelated donors accounted for 29.3% and 70.7%,
respectively. Cord blood transplantation accounted for 20.7%. RIC
regimens were used in 17 patients (29.3%). The most common reg-
imen for MAC was cyclophosphamide/TBI (31 [75.6%] of 41), and
that for RIC was fludarabine/melphalan/TBI (9 [52.9%] of 17). The
median duration from enrollment to stem cell transplantation was

Table 3. Results of pretransplantation treatments (from IND1 to C2-1)

Treatment n (%) Result

IND1

n of patients 78

Rasburicase 25 (32.1)

Thrombomodulin-a 23 (29.5)

Dasatinib, dose down 6 (7.7) Transaminase elevation (n 5 4), skin rash (n 5 2)

Average total dose (SD), % of planned 3920 mg 94 (13.6)

D 8 PB blast ,5% 34 (43.6)

D 22 PB blast ,5% 73 (93.6)

D 42 response (CR 1 CRi) 78 (100)

CR 74 (94.9)

CRi 4 (5.1)

MRD negative* 17 (21.8) of 78

IND2

n of patients 77

Delay of start 13 (16.8) Myelosuppression (n 5 5), infection (n 5 5), transaminase elevation (n 5 1), social (n 5 2)

Dasatinib, dose down 3 (3.9) FN (n 5 1), unknown (n 5 1), dose down as IND1 (n 5 1)

Average total dose (SD), % of planned 2713 mg 96.9 (14.6)

MR* 41 (56.2) of 73

Proceeded to HSCT 2 (2.6)

C1-1

n of patients 71

Delay of start 20 (28.2) Neutropenia (n 5 8), infection (n 5 4), liver damage (n 5 2), social (n 5 2), patient decision (n 5 4)

Dasatinib, dose down 8 (11.3) Transaminase elevation (n 5 3), other toxicities (n 5 3), bridged to HSCT (n 5 2)

Average total dose (SD), % of planned 2100 mg 94.9 (16.1)

MR* 45 (63.4) of 71

Proceeded to HSCT 21 (26.9)

C2-1

n of patients 45

Delay of start 6 (13.3) Thrombocytopenia (n 5 2), bridging to HSCT (n 5 2), herpes infection (n 5 1), patient decision (n 5 1)

Dasatinib, dose down 5 (11.1) Transaminase elevation (n 5 1), as previous course (n 5 2), bridging to HSCT (n 5 1), relapse (n 5 1)

Average total dose (SD), % of planned 2100 mg 91 (4.6)

MRD negative* 24 (64.9) of 37

Proceeded to HSCT 18 (23.1)

CRi, CR with incomplete blood count recovery; FN, febrile neutropenia; PB, peripheral blood; SD, standard deviation.
*Percentage of those tested.
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173.5 days (range, 84-381). Acute and chronic GVHD developed in
31 (53.4%) and 17 patients (29.3%), respectively.

Among 14 patients who were assigned to prophylactic dasatinib (Fig-
ure 1), 2 of 3 with posttransplantation MRD positivity received dasati-
nib at day 28 for 17 days and day 39 for 39 days. They did not
respond to dasatinib, but 1 responded to donor lymphocyte infusion.
Grade 3 and 4 thrombocytopenia and grade 3 gastrointestinal bleed-
ing were reported. Six of 10 patients with posttransplantation MRD
negativity received prophylactic dasatinib at a median of 50 days
(range, 40-69) from HSCT, and all except 1 ended as MRD2. Grade
3 thrombocytopenia (n52), gastrointestinal bleeding (n51), and
increased transaminase (n51) were reported. Among 44 patients
who were assigned to preemptive dasatinib, 42 (87.5%) were post-
transplantation MRD2; 29 (65.9%) did not require dasatinib, 7
(15.9%) relapsed before receiving dasatinib and did not respond to
dasatinib, and 6 (13.6%) received dasatinib preemptively at a median
of 303 days (range, 110-661) from HSCT and ended as MRD2 after
a median of 657 days (range, 32-1032). Grade 3 anemia (n51) and
gastroenteritis (n51) were reported.

T315I mutation

T315I mutation was detected in all 4 patients who relapsed hemato-
logically before HSCT. They underwent HSCT after withdrawing from
the protocol treatments, and 3 achievedCR2. T315I mutation was not
detected in 11 patients with pretransplantation MRD positivity. Four

BCR-ABL1 mutations, 3 T315I mutations, and 1 F317I mutation
were detected in 10 patients who relapsed after HSCT in CR1.
Two achieved CR2 by the second HSCT. Overall, 5 (62.5%) of the
8 patients who relapsed with a BCR-ABL1 mutation underwent suc-
cessful HSCT rescue.

Risk factors for survival outcomes

Patients with additional CAs at presentation did not have significantly
different EFS (hazard ratio [HR], 2.04; 95% CI, 0.85-4.89; P5 .179;
Figure 4A), but they had significantly unfavorable OS (HR, 6.59; 95%
CI, 2.27-19.09; P5 .035; Figure 4B) compared with those with only
isolated Ph positivity. Those patients with major BCR-ABL1 tran-
scripts did not have significantly different EFS (HR, 0.65; 95% CI,
0.29-1.47; P5 .349; Figure 4C) or OS (HR, 0.49; 95%CI, 0.18-
1.36; P5 .251; Figure 4D) from those with minor BCR-ABL1 tran-
scripts. Among patients undergoing HSCT in CR1, the intensity of
conditioning, MAC or RIC, did not result in significantly different
EFS (P5 .505; Figure 5A) or OS (P5 .977; Figure 5B). Patients
with pretransplantation MRD positivity did not have significantly differ-
ent EFS (HR, 2.61; 95% CI, 0.74-9.19; P5 .057; Figure 5C), but
they had significantly unfavorable OS (HR, 4.39; 95% CI, 1.04-
18.50; P5 .008; Figure 5D) compared with those with pretransplan-
tation MRD negativity. Those with pretransplantation MRD positivity
had a similar relapse rate (18.2% vs 14.3%; P51.000) but had a
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Figure 4. Impact of additional CAs and type of BCR-ABL1 transcript on survival outcomes. (A) EFS curves of patients with additional CAs and isolated Ph positivity;

3-year EFS rates from enrollment were 61.8% (95% confidence interval [CI], 46.8-73.7) and 77.8% (95% CI, 51.1-91.0), respectively. (B) OS curves of patients with additional

CAs and isolated Ph positivity; 3-year OS rates from enrollment were 73.9% (95% CI, 59.3-83.9) and 100%, respectively. (C) EFS curves of patients with major BCR-ABL1 and
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major BCR-ABL1 and minor BCR-ABL1 transcripts; 3-year OS rates from enrollment were 90.5% (95% CI, 67.0-97.5) and 76.7% (95% CI, 63.3-85.8), respectively.
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significantly higher NRM rate (35.7% vs 2.3%; P5 .002) than those
with pretransplantation MRD negativity.

Discussion

This study demonstrated that dasatinib-based 2-step induction fol-
lowed by HSCT is effective in improving 3-year EFS. By introducing
dasatinib, all eligible patients achieved CR and 52.6% achieved
MRD negativity after 2-step induction. Moreover, postremission
relapse during chemotherapy developed in only 5 patients (6.4%),
which was less than half of the 14.7% reported in the Ph1ALL208
study9 and 16.2% in the Ph1ALL202 study.8,10,27 All 4 hematological
relapses occurred with T315I mutations. The rate of pretransplanta-
tion MRD negativity was 75.9% in this study and 65.0% in the
Ph1ALL202 study. Two-step induction successfully reduced toxic-
ities during induction. Grade 4 nonhematological toxicities accounted
for,2%, and NRM, which was observed in 4.4% in the Ph1ALL208
study and 2.0% in the Ph1ALL202 study, was not reported. Thus,
stable molecular remission with minimal toxicities achieved by
dasatinib-based 2-step induction increased the number of patients
undergoing HSCT in CR1 to 77.4% of eligible patients, which was
higher than the 63.2% reported in the Ph1ALL208 study and
59.6% in the Ph1ALL202 study.27

Administration of TKIs before HSCT significantly improved the long-
term survival outcomes for adults with Ph1 ALL.28-30 The 3-year
EFS rates from HSCT were similar among the 4 studies: 72.1% in
this study and 76% in the US intergroup study,6 which used dasatinib,
and 71.4% in the Ph1ALL208 study and 59.9% in the Ph1ALL202
study, which used imatinib. No difference in EFS between imatinib and
dasatinib was observed after HSCT when performed. HSCT has
become more accessible because of the use of unrelated donors31

and RIC regimens.32-34 Compared with the Ph1ALL202 study, the
significantly higher rate of RIC regimens (32.8% vs 10.2%;
P5 .011) increased the chance of HSCT for older patients. In this
study, in addition to the 58 patients who underwent HSCT in CR1,
all 5 patients who relapsed before HSCT and 6 of 9 who discontinued
or withdrew from the protocol treatments underwent HSCT. As a
result, 69 (88.5%) of the eligible patients underwent HSCT in CR1
(n564) and CR2 (n55). The number of patients who died as a
result of relapse after HSCT was 5 (7.2%) of 69, whereas 9
(13.0%) of 69 died as a result of NRM after HSCT. HSCT was
used maximally in this study, but the indication for HSCT has always
been a subject of discussion. HSCT in CR1 has not been the stan-
dard choice of therapy for pediatric patients with Ph1 ALL.35,36 The
Children’s Oncology Group AALL062 trial, which used dasatinib
and intensive chemotherapy for 60 pediatric patients with Ph1 ALL
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Figure 5. Impact of conditioning intensity for HSCT and MRD status at HSCT in CR1 on survival outcomes. (A) EFS for patients who received MAC or RIC. (B) OS for

patients who received MAC or RIC. (C) EFS for patients who were MRD2 or MRD1. (D) OS for patients who were MRD2 or MRD1.
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(median age, 10.2 years; range, 1.5-27.6), reported 5-year ESF and
OS rates of 60% and 86%, respectively. HSCT was recommended
for patients with a matched sibling donor or with high-risk features
based on MRD, and 19 patients underwent HSCT. Patients receiving
chemotherapy and dasatinib only and those undergoing HSCT had
similar 5-year EFS (60% vs 61%) and OS rates (88% vs 83%).36

Pediatric studies raised the clinical question of whether younger
adults need to undergo HSCT in CR1.

Regarding risk factors for survival outcomes at presentation, additional
CAs were reported as a risk factor for relapse.37-39 In this study,
patients with additional CAs did not have significantly different EFS,
but they had significantly unfavorable OS compared with those with
isolated Ph positivity (Figure 4A-B). The impact of BCR-ABL1 type
on survival outcome is controversial.27,40 In this study, patients with
the major BCR-ABL1 type did not have significantly different EFS
orOS from those with theminorBCR-ABL1 type (Figure 4C-D). Nish-
iwaki et al41 recently reported that patients with Ph1 ALL with multili-
neage BCR-ABL1, which was present in 81% of cases of the major
type and 19% of cases of the minor type, had significantly better EFS
andOS than those with Ph1 ALL with unilineageBCR-ABL1. Studies
focusing on the prevalence and prognosis of patients with multilinage
BCR-ABL1 are needed. Regarding risk factors at HSCT, the pres-
ence of pretransplantation MRD was associated with significantly
unfavorable OS (Figure 5C-D). Two retrospective studies using regis-
try data30,42 and 1 retrospective analysis on the Ph1ALL202 study27

reported an unfavorable impact of pretransplantation MRD positivity
on relapse rate. However, the patients with pretransplantation MRD
positivity in this study had a similar relapse rate to those with pretrans-
plantation MRD negativity. This may be related to patients with pre-
transplantation MRD positivity having more frequent NRM than
those with pretransplantation MRD negativity (35.7% vs 2.3%;
P5 .002), which may attenuate the relapse rate. The cause of fre-
quent NRM in 5 patients with pretransplantation MRD positivity was
not identified.

Posttransplantation TKIs are expected to reduce relapse after
HSCT.43-46 The Acute LeukemiaWorking Party of the European Soci-
ety for Blood and Marrow Transplantation proposed that patients with
posttransplantation MRD positivity can be treated using imatinib either
prophylactically or preemptively upon molecular relapse.45 In this
study, among 14 patients who were assigned to prophylactic dasati-
nib, 2 with posttransplantation MRD positivity received dasatinib but
did not respond to dasatinib with grade 3/4 toxicities, and 6 with post-
transplantation MRD negativity received prophylactic dasatinib, 5 of
whom ended as MRD2, 4 (66.7%) with grade 3 toxicities. Among
44 patients who were assigned to preemptive dasatinib, 6 were
treated using preemptive dasatinib, resulting in 2 patients (16.7%)
with grade 3 toxicities, but 7 relapsed before receiving dasatinib
with no response, although 4 survived in CR2 (3 after second
HSCT and 1 after whole-brain irradiation). Considering the 29 of 44
patients with pretransplantation MRD negativity who did not require
dasatinib, 4 survivors in CR2 among the 7 relapsed patients, and
grade 3/4 toxicities observed after prophylactic dasatinib, we cannot
recommend prophylactic dasatinib for patients with pretransplantation
MRD negativity.

We introduced dasatinib instead of imatinib to improve the efficacy of
treatment before HSCT. Ponatinib, the most potent BCR-ABL1 inhib-
itor against both wild-type and mutated BCR-ABL1, including T315I,
is now available for relapsed and refractory Ph1 ALL in Japan.

Ponatinib provided deeper molecular remission than dasatinib and
prevented relapse of the T315I clone during chemotherapy in this
study.47,48 Two-step induction successfully reduced toxicities, but
grade 3/4 toxicities remained frequent. Recently, the Gruppo Italiano
Malattie Ematologiche dell’Adulto reported that consolidation by blina-
tumomab after induction by dasatinib plus prednisone resulted in
excellent molecular response with minimal severe toxicities.49 Of the
63 enrolled patients with a median age of 54 years (range, 24-82),
the CR rate was 98%. The molecular response rate after 2 cycles
of blinatumomab was 60%. This study suggested that
chemotherapy-free treatment can further reduce the toxicities of treat-
ment with a high molecular response before HSCT.

In summary, dasatinib and 2-step induction increased the efficacy and
reduced toxicities of treatment before HSCT, thereby increasing the
number of patients undergoing HSCT in CR1. As a result, 3-year
EFS significantly improved. However, further reduction of toxicities
using monoclonal antibodies is expected. HSCT was used maximally,
but NRM after HSCT remains an issue. Therefore, the indication for
HSCT in CR1, especially in younger adult patients, should be clarified.
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