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IMPORTANCE A randomized clinical trial is needed to determine whether the

second-generation Abl–tyrosine kinase inhibitor dasatinib is more effective than the

first-generation inhibitor imatinib mesylate for childhood Philadelphia chromosome–positive

acute lymphoblastic leukemia (ALL).

OBJECTIVE To determine whether dasatinib given at a daily dosage of 80mg/m2 is more

effective than imatinib mesylate at a daily dosage of 300mg/m2 to improve event-free

survival of children with Philadelphia chromosome–positive ALL in the context of intensive

chemotherapy without prophylactic cranial irradiation.

DESIGN, SETTING, AND PARTICIPANTS This open-label, phase 3 randomized clinical trial was

conducted at 20 hospitals in China. Enrollment occurred from January 1, 2015, through

September 18, 2018, and randomization was stopped on October 4, 2018, when the early

stopping criterion of the trial was met. Patients aged 0 to 18 years were recruited.

Of the 225 patients with the diagnosis, 35 declined participation and 1 died before treatment,

leaving 189 patients available for analysis. Data were analyzed from January 1 through

August 4, 2019.

INTERVENTIONS Patients were randomized to receive daily dasatinib (n = 92) or imatinib

(n = 97) continuously for the entire duration of ALL therapy from the time of diagnosis made

during remission induction to the end of continuation therapy.

MAIN OUTCOMES ANDMEASURES The primary outcomewas event-free survival, analyzed

based on intention to treat. The secondary outcomes were relapse, death due to toxic

effects, and overall survival.

RESULTS Among the 189 participants (136male [72.0%]; median age, 7.8 [interquartile range

(IQR), 5.2-11.3] years) and amedian follow-up of 26.4 (IQR, 16.3-34.1) months, the 4-year

event-free survival and overall survival rates were 71.0% (95% CI, 56.2%-89.6%) and

88.4% (95% CI, 81.3%-96.1%), respectively, in the dasatinib group and 48.9% (95% CI,

32.0%-74.5%; P = .005, log-rank test) and 69.2% (95% CI, 55.6%-86.2%; P = .04, log-rank

test), respectively, in the imatinib group. The 4-year cumulative risk of any relapse was 19.8%

(95% CI, 4.2%-35.4%) in the dasatinib group and 34.4% (95% CI, 15.6%-53.2%) in the

imatinib group (P = .01, Gray test), whereas the 4-year cumulative risk of an isolated central

nervous system relapse was 2.7% (95% CI, 0.0%-8.1%) in the dasatinib group and 8.4%

(95% CI, 1.2%-15.6%) in the imatinib group (P = .06, Gray test). There were no significant

differences in the frequency of severe toxic effects between the 2 treatment groups.

CONCLUSIONS AND RELEVANCE Intensive chemotherapy including dasatinib at a dosage

of 80mg/m2 per day yielded superior results in the treatment of Philadelphia

chromosome–positive ALL compared with imatinib mesylate at a dosage of 300mg/m2

per day and provided excellent control of central nervous system leukemia without the use

of prophylactic cranial irradiation.
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T
he Philadelphia chromosome occurs in approximately

3%to4%of casesof childhoodacute lymphoblastic leu-

kemia (ALL).1,2Historically, itwas associatedwithadis-

mal prognosis, with 5-year event-free survival ranging from

28% to 32%, andwas an indication for prophylactic cranial ir-

radiation andallogeneic hematopoietic cell transplant.3-5The

addition of the first-generation Abl–tyrosine kinase inhibitor

imatinib mesylate has improved the 5-year event-free sur-

vival rates to 57%, but virtually all patients received cranial ir-

radiation, and 38% to 100% underwent transplant.6-10

Because relapse and drug resistance were relatively fre-

quent events in patients treated with imatinib,11,12 2 second-

generation tyrosine kinase inhibitors, dasatinib and nilotinib

hydrochloride, were developed to overcome resistance-

inducingABL1 (OMIM189980)kinasedomainmutations.12Da-

satinib is the more commonly used dual Abl/Src kinase

inhibitor13 and can cross the blood-brain barrier to eradicate

centralnervous system(CNS) leukemia.14Severalnonrandom-

izedclinical trials15-18 suggested thatdasatinib could secure re-

sults comparable to those achieved with imatinib despite a

lower proportion of patients undergoing allogeneic trans-

plant or cranial irradiation. Because of substantial differ-

ences between these trials in theuseof historical controls and

the proportion of patients treatedwith transplant and cranial

irradiation, the relative efficacy between imatinib and dasat-

inib remains uncertain. We report herein the early results of

the first randomized clinical study, to our knowledge, com-

paring the efficacy of imatinib and dasatinib in children with

Philadelphia chromosome–positive ALL.

Methods

Trial Design andOversight

TheChinese Children’s Cancer Group studyALL-2015 (CCCG-

ALL-2015) is a prospective,multi-institutional clinical trial in-

volving 20major hospitals andmedical centers. The trial pro-

tocol is available in Supplement 1, and the statistical design is

described in the eMethods and the eAppendix in Supple-

ment 2. The study was approved by the ethics committee of

each participating institution.Written informed consent was

obtained from the parents, guardians, or patients, as appro-

priate. The conduct of the protocol included a central review

of minimal residual disease (MRD), periodic internal and on-

site monitoring, and external auditing to ensure protocol

compliance and appropriate data management. This study

followed the Consolidated Standards of Reporting Trials

(CONSORT) reporting guideline.

Eligible patients were children aged 0 to 18 years with a

confirmed diagnosis of ALL. All patients received MRD-

directed, risk-stratified treatment, modified from the St Jude

Children’sResearchHospital TotalXVandXVI studies19,20and

theShanghaiChildren’sMedicalCenterALL-2005trial.21CCCG-

ALL-2015 consists of 2 open-label, randomized studies. One,

which is still under way, tests the efficacy and toxic effects of

prolonged pulse therapy with dexamethasone and vincris-

tinesulfate, forwhichpatientswithPhiladelphiachromosome–

positive ALL were not eligible. The other randomized study,

which is the subject of this report, compared the efficacy and

toxic effectsof imatinibvsdasatinib treatment inpatientswith

the t(9;22)(q34:q11.2) translocationdetected by conventional

cytogenetics, fluorescence insituhybridization,orBCR (OMIM

151410)–ABL1 fusion identified by reverse transcription poly-

merase chain reaction analysis. Patients, physicians, and the

research staff were not aware of the trial results at any phase

of the trial.

Participants and Randomization

All patients were provisionally assigned to the low-risk, the

intermediate-risk, or the high-risk group based on their

presenting clinical features and immunophenotype; the final

risk status was determined by the leukemia molecular sub-

type andMRD (eTable 1 in Supplement 2). PatientswithPhila-

delphia chromosome–positive ALL were assigned to the

intermediate-risk arm and randomly assigned (1:1) to receive

imatinib or dasatinib as soon as the diagnosiswasmade, usu-

allyonday8of remission induction.Stratified randomization22

was done centrally with an interactive web response system.

Randomizationwas stratifiedbyparticipating institutions and

age at diagnosis (<1, 1-9, and ≥10 years). This was an open-

label study.

Treatments

All patients receivedupfrontwindowtherapywithdexameth-

asone for 4 days followed by remission induction with pred-

nisone acetate, vincristine, daunorubicin hydrochloride, and

pegaspargase from days 5 to 28 and cyclophosphamide, cy-

tarabine, andmercaptopurine from days 29 to 35 (eTable 2 in

Supplement 2). Patients with Philadelphia chromosome–

positiveALLbegan to receive dasatinib (80mg/m2per day) or

imatinibmesylate (300mg/m2perday) at amedianof8.0days

(interquartile range [IQR],6.0-12.0) after the initiationofdexa-

methasone therapy and continuing until the end of therapy.

Thedosageofdasatinibwasbasedon thatused in earlier adult

studies,23,24whichwaswell tolerated in the St Jude Total XVI

study of therapy for childhood ALL.25 The dosage of imatinib

waschosenfrom2consecutiveEuropeanstudies for their larger

experience8,9 thanthatof theChildren’sOncologyGroupstudy,

Key Points

Question Is dasatinib more effective than imatinib mesylate for

childhood Philadelphia chromosome–positive acute lymphoblastic

leukemia?

Findings In this randomized clinical trial of 189 children with

Philadelphia chromosome–positive acute lymphoblastic leukemia,

the 92 patients treated with dasatinib at 80mg/m2 per day had

significantly higher rates of 4-year event-free survival (71.0% vs

48.9%) and overall survival (88.4% vs 69.2%) and lower relapse

rates (19.8% vs 34.4%) than the 97 treated with imatinib mesylate

at 300mg/m2 per day. There were no significant differences in

severe toxic effects between the 2 groups.

Meaning These findings support the use of dasatinib at a dosage

of 80mg/m2 per day in children with Philadelphia

chromosome–positive acute lymphoblastic leukemia.
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which used a higher dose (340mg/m2),6,7 and because of the

tendency of Asian patients to have higher trough concentra-

tions than white patients while receiving the same dosage.26

All patients with MRD of at least 1% on day 19 of induction

therapy receivedadditional early intensification therapy from

days 50 to 57. Triple intrathecal therapy was given on days 5,

12, 19, and29of induction therapy; additional intrathecal treat-

ments on days 8 and 15 were given to patients with blasts in

their cerebrospinal fluid or traumatic lumbar puncture find-

ings at diagnosis.

On completion of induction therapy, high-dose metho-

trexate, mercaptopurine, and triple intrathecal therapy were

given as consolidation treatment (eTable 2 in Supplement 2).

Initial continuation treatment consistedof dailymercaptopu-

rine with additional pegaspargase, daunorubicin, vincris-

tine, dexamethasone, and triple intrathecal therapy every 3

weeks, followedby reinduction treatment fromweeks 17 to 19

(eTable 2 in Supplement 2). Subsequent continuation treat-

ment consisted of daily mercaptopurine and weekly metho-

trexate interrupted by 12 pulse therapies with cyclophospha-

mide, cytarabine,dexamethasone, andvincristine. Intrathecal

therapy was given only in the first 5 cycles. Altogether, pa-

tients received 19or21dosesof triple intrathecal therapy.None

of the patients were given prophylactic cranial irradiation.

Allogeneic transplant was recommended only for high-risk

patients with MRD of at least 1% at the end of remission

induction.

OutcomeMeasures

Theprimaryendpoint of the trialwas event-free survival. The

secondary end points were relapse and death due to toxic ef-

fects, as well as overall survival. Based on the statistical con-

siderations, randomization of 204 patients would provide an

80% power to detect an approximately 8.5% to 11.0% differ-

ence in5-year event-free survival.Although thisnumberofpa-

tients could be accrued within 3 years according to the his-

torical experience at the 20 participating institutions, an

interimanalysiswasplannedat 3.5 years to account for slower

accrual thananticipated.OnOctober 3, 2018, the results of the

interimanalysis,which showed significantly improved3-year

event-free survival in the dasatinib group, were provided to

the chair of the data and safety monitoring committee, who

recommended that randomization be stopped and that ima-

tinib be replaced with dasatinib in all patients still receiving

treatment.The trial remainsopenfornewpatients, all ofwhom

receive dasatinib.

Statistical Analysis

Data, available in Supplement 3, were analyzed from January

1 throughAugust4,2019.Event-freeandoverall survivalcurves

were estimated using the Kaplan-Meier method and com-

paredusing the log-rank test. Event-free survival timewascal-

culated from diagnosis to the first treatment failure, includ-

ing induction failureowing todeathordrug resistance, relapse

in any site, death due to any cause, development of a second

malignant tumor, and the instigation of off-protocol therapy

by decision of the treating physician based on persistent dis-

ease, severe toxic effects, or transplant not according to pro-

tocol criteria.Overall survivalwas consideredas the time from

diagnosis to death due to any cause. When no events oc-

curred, the observation was censored at the time of last pa-

tient contact. The cumulative incidence functions of any re-

lapse, isolated CNS relapse, any CNS relapse (isolated plus

combined), or death due to toxic effects were estimated ac-

cording toKalbfleisch andPrentice27 and comparedusing the

Gray test toaccount for competingevents.28Competingevents

for relapse includeddeath in remission, secondmalignant tu-

mor, treatment abandonment, refusal of protocol treatment

(withdrawal consent) byparents, or off-protocol treatment by

decisionof the treatingphysician.Competingevents fordeaths

due to toxic effects included relapse and other events (listed

above).Wecalculated95%CIswith a large-samplenormal ap-

proximation. The Fisher exact test was applied to compari-

sons in contingency tables. Single and multivariate regres-

sion analyses of event-free survival and cumulative risk of

relapse were performed using the Cox and Fine-Gray regres-

sionmodels,29 respectively. All reported P values are 2-sided

andwere not adjusted formultiple comparisons,withP < .05

indicating significance. Analyses were primarily based on in-

tention to treat, but secondary analyses for as-treated pa-

tients were also performed. In the latter, treatment abandon-

mentandparental refusal ofprotocol treatmentwere regarded

as failures.

Outcomedata reported in this articlewereupdatedonMay

31, 2019. Themedian follow-up time for the 161 patients who

were alive at the time of analysis was 26.4 months (IQR,

16.3-34.1months; range, 2.1-50.6months).All statistical analy-

ses were conducted with R statistical software, version 3.4.4

(R Project for Statistical Computing [https://www.r-project.

org/]).

Results

Study Population

FromJanuary1,2015, toSeptember18,2018,5525patientswith

newlydiagnosedALLwere enrolled in the study, ofwhom225

(4.1%) had Philadelphia chromosome–positive ALL. Thirty-

five patientswith this diagnosis declined randomization, and

1 died before treatment (Figure 1). Of the 189 eligible patients

(136male [72.0%]and53 female [28.0%];medianage,7.8 [IQR,

5.2-11.3] years), 92 were randomized to receive dasatinib and

97 to receive imatinib, givendaily for theentiredurationofALL

therapy.Baselinedemographicanddiseasecharacteristicswere

balancedbetween the 2 groups (eTable 3 in Supplement 2). As

expected, p190was detectedmore often than p210, and only

4patients had aT-cell immunophenotype. Based on theMRD

level at the endof induction, 184patientswere classified as at

intermediate risk and 5 at high risk, of whom 4 (3 receiving

imatinib and 1 receivingdasatinib) underwent transplant, and

1 imatinib-treated patient refused transplant. Of these 5 high-

risk patients, only 1 imatinib-treated patient was still alive af-

ter transplant at 4.0 years from diagnosis.

There were no significant differences in the initial treat-

ment response based on the detection ofMRDon days 19 and

46 of remission induction or the complete remission rate be-
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tween dasatinib- or imatinib-treated patients (eTable 4 in

Supplement 2). Five imatinib-treatedpatients didnot achieve

remission because of treatment abandonment (n = 2), refrac-

tory disease with 31% and 32% blasts at the end of induction

therapy (n = 2), ordeathdue to infection (n = 1).Onedasatinib-

treated patient did not achieve remission owing to refractory

disease (5.7% blasts at the end of induction).

After remission induction, 6 patients (3 receiving dasat-

inib and 3 receiving imatinib) were taken off protocol due to

treatment abandonment. Another 10patients (3 receivingda-

satiniband7 receiving imatinib)withdrewfromprotocol treat-

ment for other options such as transplant (7were still alive for

8.2 to 34.4months; the remaining 3 had unknownoutcomes)

(Figure 1).The18patientswhoseparentschose treatmentaban-

donment (n = 8) orwithdrew fromprotocol treatment (n = 10)

were censored in the intention-to-treat analysis butwere con-

sidered tohave treatment failure in theas-treatedanalysis.The

treating physicians recommended discontinuation of proto-

col treatment in favor of other treatment options, including

transplant for 7 other patients (2 receiving dasatinib and 5 re-

ceiving imatinib), all of whomwere considered to have treat-

ment failures in the intention-to-treat and as-treated analy-

ses. At analysis, 4 of these patients were alive, 1 had died of

transplant-related toxic effects, and 2 had an unknown sta-

tus. Among the remainingpatients, therewere a total of 12 ad-

verse events in the dasatinib group (4 hematologic relapses,

1 isolated CNS relapse, 2 combined hematologic and CNS re-

lapses, and 5 deaths in remission), comparedwith 22 adverse

events in the imatinib group (10 hematologic relapses, 6 iso-

latedCNS relapses, 1 combinedhematologic andCNS relapse,

1 ocular relapse, and 4 deaths in remission).

Primary Outcomes

By intention-to-treat analysis, the 4-year event-free survival

rate in thedasatinib group (71.0%; 95%CI, 56.2%-89.6%)was

significantly better than in the imatinib group (48.9%;95%CI,

32.0%-74.5%; P = .005, log-rank test) (Figure 2). The 4-year

overall survival rate was 88.4% (95% CI, 81.3%-96.1%) in the

dasatinib groupvs 69.2% (95%CI, 55.6%-86.2%;P = .04, log-

rank test) in the imatinib group. The4-year cumulative risk of

any relapse was significantly lower in the dasatinib group

(19.8%;95%CI,4.2%-35.4%) than inthe imatinibgroup(34.4%;

95%CI, 15.6%-53.2%;P = .01, Gray test) (Figure 3). The4-year

cumulative risk of isolated CNS relapse was also lower in the

dasatinib group (2.7%; 95% CI, 0.0%-8.1%) than in the ima-

tinib group (8.4%; 95% CI, 1.2%-15.6%; P = .06, Gray test),

whereas the cumulative risk of any CNS relapse (isolated plus

combinedwith hematologic) (10.1% [95%CI, 0.0%-23.3%] vs

9.4% [95%CI, 1.9%-19.9%]; P = .20, Gray test) and the cumu-

lative risk of deaths in remission (5.6% [95%CI, 0.8%-10.4%]

vs 4.3% [95%CI, 0.2%-8.4%];P = .67, Gray test) did not differ

significantly between the 2 groups (Figure 3).

Factors associated with an inferior event-free survival in

the intention-to-treat analysis in the imatinibgroupwerebeing

10 years or older and having a leukocyte cell count of at least

100×103/μLatdiagnosis,T-cellphenotype,and increasedMRD

on days 19 and 46. Factors in the dasatinib groupwere leuko-

cyte cell count of at least 100 ×103/μL at diagnosis, CNS3 sta-

tus (leukocyte count, ≥5/μLof cerebrospinal fluid,with blasts

or cranial palsy), high-risk classification, and increased MRD

on days 19 and 46 (eTable 5 in Supplement 2). In the multi-

variate analysis, treatment with imatinib, being 10 years or

older, leukocyte countof at least 100×103/μLatdiagnosis, and

T-cell phenotypewere independently associatedwithapoorer

event-free survival, althoughMRD on day 46was not signifi-

cant (Table).

Secondary Outcomes

The as-treated analysis showed no significant differences in

patient characteristics (eTable 6 in Supplement 2) and the in-

duction treatment response based on MRD level (eTable 7 in

Supplement 2).When treatment abandonment and refusal of

protocol treatment were included as adverse events, the

dasatinib-treatedpatientshadasuperior4-yearevent-free sur-

Figure 1. Trial Profile

225 Patients enrolled

97 Randomized to imatinib
during induction phase

92 Randomized to dasatinib
during induction phase

92 Given imatinib during
consolidation phase

91 Given dasatinib during
consolidation phase

82 Continuation phase 84 Continuation phase

15 Completed treatment

43 Continuing treatment

3 Relapse after completion
of treatment

25 Completed treatment

48 Continuing treatment

2 Relapse after completion
of treatment

5 Off protocol during
remission induction

2 Resistant disease

1 Death
2 Treatment abandonment

10 Off protocol

2 Relapse

3 Treatment abandonment
4 Withdrawal from

protocol treatment by
parent

1 Discontinuation of
protocol treatment by
physician

7 Off protocol

1 Death

2 Treatment abandonment
2 Withdrawal from

protocol treatment by
parent

2 Discontinuation of 
protocol treatment by
physician

24 Off protocol

13 Relapse

4 Death
3 Withdrawal from

protocol treatment by
parent

4 Discontinuation of
protocol treatment by
physician

11 Off protocol

5 Relapse

4 Death
1 Treatment

abandonment

1 Withdrawal from
protocol treatment by
parent

1 Off protocol during
remission induction
(resistant disease)

35 Not randomized

1 Death before treatment with
tyrosine kinase inhibitor

189 Randomized

Imatinib was administered as imatinib mesylate.
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vival (66.5% [95%CI, 52.4%-84.4%]vs 39.8% [95%CI, 25.4%-

62.2%];P < .001, log-rank test) (eFigure 1 in Supplement 2) as

well as a lower 4-year cumulative risk of any relapse (20.3%

[95%CI,4.6%-36.0%]vs33.8%[95%CI, 15.2%-52.4%];P = .04,

Gray test) and isolated CNS relapse (2.7% [95% CI, 0.0%-

8.0%] vs 8.6% [95% CI, 1.2%-16.0%]; P = .06, Gray test)

Figure 2. Kaplan-Meier Analysis of Survival by Treatment Group
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Figure 3. Cumulative Risk of Relapse and Death
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compared with the imatinib-treated patients (eFigure 2 in

Supplement 2). Similarly, treatmentwith imatinib, leukocyte

count of at least 100 ×103/μL at diagnosis, T-cell phenotype,

and increased MRD level on day 46 were independent

adverseprognostic features inamultivariate analysis (eTable8

in Supplement 2).

Adverse Events

The frequencies of commonly reported serious toxic effects

didnotdiffer significantlybetween the2 treatmentarms in the

as-treated analysis (eTable 9 in Supplement 2). Infections fol-

lowed by pancreatitis were the most common adverse ef-

fects, with 5 fatal infections occurring in each treatment arm.

No deaths could be attributed directly to dasatinib or ima-

tinib treatment.

Discussion

In this first randomized clinical phase 3 trial of dasatinib and

imatinib inchildhoodPhiladelphia chromosome–positiveALL,

enrollment was stopped after an interim analysis demon-

strated thatdasatinibyieldsasuperioroutcomecomparedwith

imatinib. In the intention-to-treat analysis, in which 7 pa-

tientswere considered tohave treatment failurebasedon their

physician’sdecisiontodiscontinuetheprotocol-specifiedtreat-

ment, the 4-year event-free survival rate for the 92 dasatinib-

treatedpatientswas71.0%, significantlybetter than the48.9%

for the 97 imatinib-treated patients. In the as-treated analy-

sis,we conservatively included as treatment failures not only

these 7 patients but also the other 18 whose parents decided

toabandontreatmentorwithdrewprotocol treatment forother

treatmentoptions (chiefly transplant).With this approach, the

difference in 4-year event-free survival rates were evenmore

striking (66.5% vs 39.8%).

This result stands in contrast to those of 2 recent pediat-

ric phase 2 trials of dasatinib given at a dosage of 60 mg/m2

per day.17,18 The event-free survival rates of these 2 trials did

not differ from those of their historical controls treated with

imatinib. Of the 60 patients treated in the Children’s Oncol-

ogy Group study,17 in which 19 patients received transplants

and 4 received cranial irradiation for CNS3 status, the 4- and

5-year event-free survival rateswere approximately 62%and

60%, respectively. In the international study,18 which en-

rolled 106 patients (14.2% of whom received transplants and

5% of whom received cranial irradiation for CNS3 status), the

3-year event-free survival rate was 66%. By contrast, despite

total omission of prophylactic cranial irradiation with trans-

plant limited toa singlepatient in thepresent study, the4-year

event-free survival rate in 92 dasatinib-treated patients was

71.0%.Moreover, isolatedCNS relapse occurred inonly 1 of 92

dasatinib-treated patients in this study but in 4 of 60 and 4 of

Table. Multivariate Cox Proportional Hazards Regression Analysis of Event-Free Survival

Category
No. (%) of Patients
(n = 183)a HR (95% CI) P Value

Tyrosine kinase inhibitor

Dasatinib 91 (49.7) 1 [Reference]
.005

Imatinib mesylate 92 (50.3) 2.78 (1.37-5.64)

Age, y

1-9 123 (67.2) 1 [Reference]
.04

≥10 60 (32.8) 2.02 (1.03-3.98)

Leukocyte cell count at diagnosis, ×103/μL

<100 105 (57.4) 1 [Reference]
<.001

≥100 78 (42.6) 4.15 (2.02-8.53)

CNS status

CNS1 164 (89.6) 1 [Reference] NA

CNS2/traumatic lumbar puncture 13 (7.1) 0.30 (0.07-1.23) .09

CNS3 6 (3.3) 1.19 (0.34-4.21) .78

Immunophenotype

B 179 (97.8) 1 [Reference]
<.001

T 4 (2.2) 20.71 (4.44-96.59)

Final risk

Intermediate 178 (97.3) 1 [Reference]
.09

High 5 (2.7) 3.14 (0.83-11.84)

Minimal residual disease (MRD) level

Day 19

<5% 156 (85.2) 1 [Reference]
.57

≥5% 27 (14.8) 0.75 (0.27-2.05)

Day 46

<0.01% 144 (78.7) 1 [Reference]
.11

≥0.01% 39 (21.3) 2.07 (0.84-5.10)

Abbreviations: CNS, central nervous

system; HR hazard ratio; NA, not

applicable.

a The single infant in the imatinib

group and 5 patients without MRD

results at day 46were excluded.
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106 patients in the other 2 studies.17,18 Thus, our results ap-

pear more favorable than those of the other 2 studies using a

lowerdosageofdasatinib, although longer follow-up isneeded

toassesswhether they represent significant improvementover

the Children’s Oncology Group study. Nonetheless, we ex-

pect that the event-free survival of our dasatinib-treated pa-

tients will not only remain superior to that of the imatinib-

treated patients, but the gap will be widened with longer

follow-up based on a previous observation30 thatmore effec-

tive treatment would reduce off-therapy relapse in children

with ALL, including those with Philadelphia chromosome–

positive ALL. Indeed, of the 40 patients who had completed

ALL therapy in this study, thus far, 3 of 15 imatinib-treatedpa-

tients as opposed to 2 of 25 dasatinib-treated patients had re-

lapsed after the cessation of treatment, pointing to more en-

during effects of the latter regimen (Figure 1).

Weattribute the improveddisease control achieved in the

dasatinib group to the use of a higher drug dose (80 mg/m2)

than typically specified by other protocols.12,15-18 This modi-

ficationmayovercome the relativedrug resistanceof somepa-

tientsby increasingsystemicdrugexposureandperhapseradi-

cates leukemia in the CNS by reaching a therapeutic level in

the cerebrospinal fluid.14 Indeed, of our 92 dasatinib-treated

patients, only 1 developed an isolated CNS relapse and only 2

had combined hematologic and CNS relapses. This explana-

tion is further supported by observations on the 10 patients

treatedwithasimilarbackbone regimenanddasatinibat ados-

ageof80mg/m2perday in theSt JudeTotalXVI study.20None

of thesepatients receivedprophylactic cranial irradiation, and

only 1 underwent transplant. With a median follow-up of 3.5

(range, 0.8-9.5) years, 1 patient failed induction, 1 died of

hematologic relapse after transplant, and 1 died of multiple-

organ failure in remission;noneof thepatientsdevelopedCNS

relapse. The 5-year event-free survival rate was 70.0%

(95%CI, 32.4%-100%); 5-year overall survival, 75.0% (95%CI,

38.2%-100%) (eFigure 3 in Supplement 2).

There were no differences in toxic effects between

dasatinib- and imatinib-treatedpatients. Bothdrugswerewell

tolerated, and no deaths could be directly attributed to either

agentalone.However, approximately5%of thepatients ineach

armdiedof fatal infections,whichaccounted for 23%and42%

of the treatment failures in the imatinib anddasatinib groups,

respectively. Similarly, the rate of fatal infection in the inter-

national study of dasatinib at a dosage of 60 mg/m2 per day

was 5.5% (5 of 91 patients).18 Moreover, approximately 7% of

our patients in each treatment arm had disseminated fungal

infections. These findings suggest that the intensity of che-

motherapy should be reduced in future studies or that pro-

phylactic antimicrobial treatment could be instituted.31,32

Although we found that dasatinib treatment at a dosage

of 80 mg/m2 per day allows the omission of prophylactic

cranial irradiation, our results raise an important question

about the role of allogeneic transplant in the treatment.

In our trial, 1 dasatinib- and 3 imatinib-treated patients

received transplants for MRD of at least 1% at the end of

induction, but only 1 remained alive in remission at 4.0

years from diagnosis. Although a leukocyte count of at least

100 ×103/μL and being 10 years or older were independent

risk factors (Table), the prevalence of these features was too

high to make them useful indicators for transplant. Whether

comprehensive genetic studies could be used to identify fac-

tors (eg, mutations of IKZF1 and ABL1 genes) to improve risk

stratification33 or whether the addition of other active non-

chemotherapeutic agents (eg, blinatumomab) or the use of

more potent tyrosine kinase inhibitors (eg, ponatinib) could

eliminate the need for transplant in this disease12 requires

further research.

Limitations

This study has several limitations. Until 2010, most patients

withALL inChina, especially those from lessdevelopedareas,

abandon treatment due to financial reasons.34,35 With im-

provedeconomic conditions and thedevelopment of theNew

Rural Cooperative Medical Scheme, which covers most ex-

penses related to the treatment of ALL, we undertook the

CCCG-ALL-2015 study toadvance thequalityof therapy forpa-

tientswith access to treatment.Nonetheless, 3.1%of theover-

all patients, including8of 189withPhiladelphia chromosome–

positivedisease (4.2%) in this study, still abandonedtreatment,

mainly because of economic constraints, the perception of

incurability, severe adverse effects, and concern over late

complications.35 This response is a culturally embraced atti-

tude that must be overcome before greater therapeutic suc-

cess can be achieved. In this regard, interventionswith finan-

cial support by charitable organizations canbehelpful, as can

assistance from community support groups, parental educa-

tion, and psychosocial guidance. In addition, although the

group resultswerenot available to any study investigators be-

fore the interim analysis, we cannot totally exclude physi-

cian bias as a factor affecting the outcome of this trial. Thus,

future studies of dasatinib in children and adults are war-

ranted to confirm our results.

Conclusions

This study found that dasatinib at a dosage of 80 mg/m2 per

day wasmore effective than imatinib mesylate at a dosage of

300 mg/m2 per day in the treatment of children with Phila-

delphia chromosome–positive ALL. Dasatinib therapy pro-

vided excellent control of CNS leukemia without the use of

prophylactic cranial irradiation.
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