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Abstract

Treatment for children with Philadelphia chromosome-positive acute lymphoblastic

leukemia has changed radically over the past 20 years. This type of leukemia used to

have dismal prognosis, but today cure rates have improved with combination of cyto-

toxic chemotherapy and a tyrosine kinase inhibitor such as imatinib or dasatinib, with

hematopoietic stem cell transplant reserved for patients who are at high risk based on

slow response to therapy or who relapse. Treating these patients can be challenging

particularly if they are not enrolled on a clinical trial. Here, we describe our approach

to these patients.
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1 CASE 1

A 16-year-old male presented with a 3-week history of fevers, lym-

phadenopathy, and leg pain. On examination, he had petechiae and

bruising. Platelets were 17 000 cells/µL, hemoglobin was 10.4 g/dL,

white blood cell count (WBC) was 12.7 cells/µL, and absolute neu-

trophil count was 900 cells/µL with predominance of lymphocytes

and some atypical lymphocytes. Flow cytometry of a marrow aspirate

revealed 90% abnormal B-cell lymphoblasts expressing CD19, CD34,

CD10, variable dim CD38, CD66c, variably dim CD45, without CD33,

CD13, CD15, CD20, CD3, or CD117, consistent with B-cell acute

lymphoblastic leukemia. His cerebrospinal fluid had no detectable

leukemia cells. He started on four-drug induction therapy with

prednisone, vincristine, daunorubicin, and pegaspargase. Seven days

later, results revealed a karyotype 46,XY,t(9:22)(q34.1;q11.2)[18] and

Abbreviations: CI, cumulative incidence; CML, chronic myelogenous leukemia; CNS, central

nervous system; COG, Children’s Oncology Group; CR, complete remission; EFS, event-free

survival; EsPhALL, European Ph+ ALL study group; FISH, fluorescence in situ hybridization;

HSCT, hematopoietic stem cell transplant; MRD, minimal residual disease; Ph+ , Philadelphia

chromosome-positive; qRT-PCR, quantitative reverse transcriptase PCR; TKI, tyrosine kinase

inhibitor

fluorescence in situ hybridization (FISH) showing BCR-ABL1 fusion in

70% of cells.

2 INTRODUCTION

In the year 2000, cure rates for pediatric ALL in children had

improved to greater than 85%.1-5 However, outcomes for Philadelphia

chromosome-positive (Ph+) ALL remained dismal. An international

retrospective study of 326 children with Ph+ ALL treated between

1985 and 1996 showed that only 82% attained complete remission

(CR), the 5-year event-free survival (EFS) rate was 28%, and overall

survival (OS) was 40.6 Hematopoietic stem cell transplantation (HSCT)

in first remission (CR1) with a related donor was the best chance of

cure in the pre-tyrosine kinase inhibitor (TKI) era,6,7 but was only

available for a subset of patients. HSCT was associated with a risk

of early death and significant long-term toxicity. Furthermore, in

the pre-TKI era, the 5-year disease-free survival (DFS) and OS for

children with Ph+ ALL transplanted in CR1 were only 44 and 54%,

respectively.7 The subsequent combination of intensive chemotherapy
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with a TKI such as imatinib or dasatinib8,9 has revolutionized the care

of children, adolescents, and young adults with Ph+ ALL.

2.1 Lessons learned from clinical trials

In contrast to chronic myelogenous leukemia (CML), where monother-

apy with imatinib achieved durable complete remissions, the single

agent effect of imatinib in patients with Ph+ ALL was transient.10

Studies in adults showed that combining imatinib with multiagent

chemotherapywas safe.11-13 Based on these results, two large cooper-

ative groups, theEuropeanPh+ ALL studygroup (EsPhALL) inEurope14

and theNorthAmerican-basedChildren’sOncologyGroup (COG), con-

ducted trials combining imatinib with chemotherapy in pediatric Ph+

ALL patients.15 The randomized EsPhALL2004 trial demonstrated that

imatinib (300 mg/m2/day) plus chemotherapy was more effective than

chemotherapy alone in good risk Ph+ ALL patients defined based on

rapid response to prednisone and CR at the end of induction.14 How-

ever, 80% of patients on the EsPhALL study, including 76.7% of good

risk patients, underwent HSCT in CR1. In contrast, on the nonran-

domized COG AALL0031 trial, imatinib (340 mg/m2/day) was added

to an intensive chemotherapy backbone initially in a phase 1 stepwise

fashion until the feasibility and safety of using it throughout the 2-

year treatment was established.15 In AALL0031, only patients with

matched-sibling donors (13/44 or 30%) were assigned to proceed to

HSCT. This study resulted in a 70% 7-year EFS in patients receiv-

ing chemotherapy plus continuous imatinib postinduction.16 While the

number of patients enrolledwas small, those receivingmatched-sibling

HSCT on study or alternative-donor HSCT off-study had similar out-

comes to patients who received chemotherapy plus imatinib. These

results changed the standard of care in pediatric Ph+ ALL. Today, only

patients classified as high-risk patients based on minimal residual dis-

ease (MRD) are recommended to undergo HSCT in CR1.17 The defini-

tion of who is high risk evolves over time, and a smaller percentage of

patients have gone to transplant with each successor trial without sig-

nificant drop in treatment efficacy.

On the AALL0031 trial, all patients received central nervous system

(CNS) radiation to prevent recurrence. This intervention was based on

trials in high-risk pediatric ALL patients conducted in the late 1990s

that showed unacceptably high CNS relapse rates.18 Subsequent COG

and joint COG/EsPhALL trials moved away from routinely using radi-

ation therapy to prevent CNS recurrence, and reserve it for patients

with overt CNS disease at diagnosis.

The successor COG AALL0622 trial focused on determining the

safety and feasibility of substituting the second generation dual

ABL/SRC kinase inhibitor, dasatinib (60mg/m2/day), to the same inten-

sive chemotherapy backbone used in the previous AALL0031 trial.17

Dasatinibwas 300 times as potent as imatinib in blocking BCR/ABL1 in

vitro,19 active in patients with imatinib resistant clones,20 and the sole

TKI available that crossed the blood-brain barrier.21 In the AALL0622

study, patients received dasatinib in all blocks of chemotherapy start-

ing at day 15 of induction therapy. CR rates and undetectable end-

induction MRD levels were higher on the AALL0622 trial than the

predecessor AALL031 trial on which imatinib was started postin-

duction. This suggested that beginning TKI therapy during induction

leads to better early response. Toxicity in AALL0622 was similar to

AALL0031. On AALL0622, matched sibling transplants were recom-

mended if available, and well-matched unrelated transplants allowed

in high-risk patients based on elevated MRD levels (discussed later). A

total of 30%met the criteria for transplant, 15% had amatched sibling,

and 15%were high risk based onMRD levels. No significant difference

in outcomes was apparent between patients undergoing transplant

and those receiving chemotherapy plus dasatinib. Despite its better

CNS penetrance, dasatinib did not completely prevent CNS relapses.17

Ultimately, the EFS of the two trials were similar, suggesting no sig-

nificant differences between imatinib and dasatinib at the doses used

in these studies in preventing relapses in newly diagnosed pediatric

Ph+ ALL.

2.2 More recently completed trials

AALL0622 was terminated early in order to open the first transat-

lantic Ph+ ALL trial, COG AALL1122 (BMS CA180372), conducted

jointly by COG, EsPhALL, and Bristol Myers Squibb, the manufac-

turer of dasatinib. AALL1122 tested the combination of dasatinib

(60 mg/m2/day) added to the EsPhALL chemotherapy backbone. This

backbone was selected because it had significantly lower cumulative

doses of cyclophosphamide, ifosfamide, and etoposide, and therefore

a potentially lower risk of late effects, such as infertility and sec-

ondary malignancy than the COG AALL0031/AALL0622 backbone.

Early results fromCOGAALL1122havebeen reported in abstract form

(Table 1),22 with publication of longer term outcome data expected in

the near future.

Following completion of the randomized testing of imatinib,

the EsPhALL trial was expanded (EsPhALL2010) with all patients

receiving continuously dosed imatinib, starting on induction

day 15, plus the intensive EsPhALL chemotherapy backbone

with HSCT reserved for high-risk patients defined by early

response. The outcome of EsPhALL2010 was similar to the

prior trial conducted by this group (EsPhALL2004), although

far fewer patients underwent HSCT on the 2010 trial (40% vs

80% on the predecessor trial).23 See Table 1 for a summary of

outcomes in Ph+ ALL trials in children, adolescents, and young

adults.

The Chinese Children’s Cancer Group has recently published

the results of their CCCG-ALL-2015 Ph+ ALL trial that random-

ized patients to receive imatinib (300 mg/m2/day) or dasatinib

(80mg/m2/day) added to a modified St Jude Total XV/XVI backbone.24

This trial showed a significantly better outcome in the dasatinib arm

with improved EFS, OS, and decreased relapse rate. Follow up is rela-

tively short (median 26.4 months) and the results of the imatinib arm

appear inferior to those reported previously by the COGand EsPhALL.

While further follow up is needed, this trial suggests advantages to

using higher doses of dasatinib in Ph+ ALL than tested in the COG

AALL0622 and combined EsPhALL/COGAALL1122 trials.
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TABLE 1 Pediatric clinical trials for Ph+ acute lymphoblastic leukemia

Trial Years (# patients)

Chemotherapy

backbone TKI cXRT HSCT

Relapse rate

BM/(PB) iCNS

BM+CNS other EFS OS

COG

AALL003115,16
2002-2006 (54) AALL0031 Imatinib All 43% 23%

7%

0%

0%

5 years: 68% 5 years: 81%

EsPhALL200414 2004-2009

(178)

BFMHR Imatinib All 81% 13%

0%

7% (BM+ other)

2%

5 years: 60% 5 years: 72%

COGAALL062218 2008-2012

(60)

AALL0031 Dasatinib CNS3 only 32% 25%

7%

3%

1%

5-y: 60% 5-y: 86%

EsPhALL201023 2010-2014

(155)

BFMHR Imatinib All 38% 14%

4%

8%

0%

5 years: 57% 5 years: 72%

EsPhALL/COG

AALL112222
2012-2014

(106)

BFMHR Dasatinib CNS3 only 14% 20%

4%

4%

4%

3 years: 65.5% 3 years: 91.5%

Abbreviations: cXRT, cranial radiation; TKI, tyrosine kinase inhibitor.

2.3 Ongoing trials

Because Ph+ ALL is a rare disease in children, completing phase 2 tri-

als on a single continent takes many years to be feasible, and inter-

national collaboration is required to perform phase 3 trials. The COG

and EsPhALL groups collaborated to develop the EsPhALL2017/COG

AALL1631 trial (NCT03007147). For standard-risk patients, defined

as those with low MRD (<5 × 10−4) at the end of the second block

of chemotherapy, about week 12 of treatment, the trial compares

outcomes and toxicity of imatinib added to one of two chemother-

apy backbones, the EsPhALL backbone or a less intensive backbone

similar to what high-risk ALL Ph-negative patients receive on COG

trials.25,26 The goal is to minimize short-term and long-term toxicity

while maintaining or improving cure rates. High-risk patients, defined

by slow response at a single time point (MRD ≥ 5 × 10−4 after

10-12 weeks of therapy), are treated initially on the EsPhALL back-

bone but are allocated to allogeneic HSCT; for these patients, the

study aims to determine the feasibility of administering post-HSCT

imatinib.

2.4 Timing of TKI introduction

A common question in newly diagnosed patients is when to start

TKI therapy? In AALL0031 and the original EsPhALL trial, the TKI

was started after completion of 4 weeks of induction,14,15 whereas

on AALL0622, EsPhALL2010, and the joint EsPhALL/COG AALL1122

trial, it was started on induction day 15.17,22,27 As noted above, start-

ing TKI earlier clearly led to better early responses.17,23 A day 15 start

was chosen to provide uniformity in the patients on trial and also give

enough time for results ofBCR-ABL1 fusion testing tobecomeavailable.

Testing for BCR-ABL1 is rapidly available today in most high-income

countries. Therefore, TKI can and should be started safely as soon

as a patient is known to have Ph+ ALL, as is allowed in the current

EsPhALL2017/COG AALL1631 trial and was done in the CCCG-ALL-

2015 trial.24

2.5 Choosing a TKI

Today, both imatinib and dasatinib are approved in North America,

Canada, and Europe for use in newly diagnosed children with Ph+

ALL. Dasatinib crosses the blood-brain barrier and theoretically

provides better CNS protection than imatinib. CNS relapse rates

have ranged from 7 to 11% at 5 years with imatinib14,17,23 and

4 to 15% with dasatinib at 3-5 years. Results of nonrandomized

trials performed by COG and EsPhALL have not shown any obvi-

ous differences in outcomes with the two TKIs at the doses tested

(Table 1). The St Jude group has safely used a higher dose of dasatinib

(80 mg/m2/day).28 This dose was tested in the randomized CCCS-

ALL-2105 trial24 and shown to provide superior results to imatinib

(300 mg/m2/day). Longer follow up is needed to determine whether

the outstanding early outcome with higher dose dasatinib will be

maintained. Also, it is not clear whether the dose of dasatinib tested

would prove to be superior to the higher doses of imatinib used

in previous COG and currently accruing combined COG/EsPhALL

trials (340 mg/m2/day). Therefore, at this time, either imatinib (300-

340 mg/m2/day)14-17,23,27 or dasatinib (60-80 mg/m2/day)17 are
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TABLE 2 Comparison of tyrosine kinase inhibitors for Ph+ acute lymphoblastic leukemia

Tyrosine

kinase

inhibitor Idiosyncratic side effect

Tested in

combinationwith

chemotherapy in

adults

Tested in

combinationwith

chemotherapy in

children

Crosses

blood-brain

barrier

Effective in

T315I

mutation

Imatinib Liver toxicity duringmaintenance requiring

discontinuous dosing in pediatric trials

Low risk of QTc prolongation

Yes Yes No No

Dasatinib Pleural effusions when given at higher doses

ProlongedQTc

Yes Yes Yes No

Nilotinib Pruritis, headache

Nausea

Fatigue

Elevated lipase

Hypertriglyceridemia

ProlongedQTc

Yes No No No

Ponatinib Pancreatitis, hypertension

Arterial thrombosis

Pleural and pericardial effusions, cardiac

arrhythmias

Low risk of QTc prolongation

Yes No No Yes

reasonable choices to use along with chemotherapy to treat newly

diagnosed Ph+ ALL patients. Other ABL-class TKIs such as nilotinib,29

bosutinib,30 and ponatinib31 do not yet have an established safety

profile when combined with chemotherapy in children, but could

be considered in relapsed patients with demonstrated resistance

to imatinib and dasatinib. See Table 2 for list of TKIs and their

attributes.

2.6 Choosing a chemotherapy backbone

The optimal postinduction chemotherapy backbone for children and

young adults with Ph+ ALL has not been determined. COG estab-

lished an effective chemotherapy backbone that, when combined with

imatinib (COG AALL0031) or dasatinib (COG AALL0622), led to a

long-term EFS rate between 60 and 70%.16,17 However, as mentioned

above, this chemotherapy regimen includes high cumulative doses of

chemotherapyassociatedwith an increased riskof damaging long-term

side effects. More patients have been treated on clinical trials with the

EsPhALL regimen, and this serves as the “standard” arm of the current

joint EsPhALL2017/COG AALL1631 trial. Cumulative chemotherapy

doses associated with significant late effects are lower on that back-

bone. However, a significant concern with the EsPhALL backbone is

treatment-related mortality, particularly in the three high-risk consol-

idation blocks that combine high-dose dexamethasone and intensive

chemotherapy.14,23 Patients need to be monitored very closely dur-

ing these blocks, and supportive care measures (antimicrobial prophy-

laxis, use of filgrastim, or other stem cell growth factors) are strongly

advised. Ultimately, given that EFS and OS rates are similar, either the

EsPhALL or COG backbone is a reasonable choice, and either could be

considered “standard of care.”

2.7 How to handle toxicities

Imatinib and dasatinib have been generally well tolerated in combina-

tionwith chemotherapy. In the face of delays due tomyelosuppression,

we generally continue TKI for 2weeks before stopping. Duringmainte-

nance therapy,mercaptopurine andmethotrexate areheld first prior to

holding imatinib or dasatinib. In the setting of myelosuppression after

bone marrow transplant, TKI should be held until counts recover. TKI

should be held during serious infections, in the setting of hepatic tox-

icity manifested by transaminase elevations >20 times normal with

elevated direct bilirubin more than 1.5 times normal. In the setting of

a grade 1 prolonged corrected QT interval (QTc), other medications

causing prolonged QTc should be preferentially discontinued, but with

grade 2 or higher, TKI should be held. Both dasatinib and imatinib can

cause effusions. If an effusion is thought to be due to the TKI, the agent

should be held and restarted at 80% the original dose.

2.8 Identifying high-risk patients

Detection of MRD has been an effective way to identify patients with

ALL who have an increased risk of relapse.32-37 Many groups consider

ALL patients who remainMRD positive after 3-4 months of therapy to

be at very high risk of relapse, and appropriate candidates for HSCT in

CR1 or other experimental therapies.

The prognostic significance of MRD measurements in patients

with Ph+ ALL receiving TKI therapy was demonstrated on the

EsPhALL2004 trial.38 Of nine patients with negative MRD at the end

of the first month of treatment (induction IA), none relapsed. Patients

who had detectable MRD after induction IA but negative MRD by the

end of second phase (induction phase IB, week 12) had a relatively low
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5-year cumulative incidence (CI) of relapse of 14.3%. Those who had

detectable MRD, either at a low (<5 × 10−4) or high level (≥5 × 10−4)

had a higher 5-year CI of relapse (35.3 and 43.1%, respectively). These

results provide the rationale for risk stratification on the current

joint COG/EsPhALL protocol, which uses end-consolidation phase IB

Ig/TCRMRD levels to classify patients as either standard or high risk.

In addition to flow cytometry and Ig/TCR PCR, another method to

measure MRD in Ph+ ALL is quantitative reverse transcriptase PCR

(qRT-PCR) of BCR-ABL1 transcript expression. In the EsPhALL2004

trial, the level of concordance between the BCR-ABL1 transcript lev-

els and Ig/TCR MRD levels was 65-71% depending on the time point

it was obtained. In fact, when samples were compared, MRD levels

based on BCR-ABL1 transcript tended to be higher than when mea-

sured by IG/TCR methods, and was generally less reliable in pre-

dicting outcomes.38 In the joint EsPhALL/COG trial AALL1122, MRD

was assessed by Ig/TCR PCR, with flow cytometry, and qRT-PCR of

BCR-ABL1 serving as backup tests. HSCT recommendations could be

made for 98% of patients by flow cytometry, 84% by Ig/TCR PCR,

and only 39% of patients by BCR-ABL1 PCR, primarily because assay-

specific requirements were not met.39 MRD results were concordant

90% of the time between the Ig/TCR PCR and flow cytometry assays.

Although concordance rates were similar for BCR-ABL1 PCR, results

were unavailable for the majority of the patients making this method

impractical. PCR for BCR-ABL1was not as reliable as flow cytometry as

a backup test.

For patients not enrolled on a clinical trial, using flow cytometry

for MRD assessment is perhaps the most practical method in North

American centers. This method will lead to a usable result in nearly

all patients with Ph+ ALL. Next-generation sequencing of clonotypic

Ig/TCR rearrangements is another methodology that can detect lower

levels of residual disease than flow cytometry, but it has not yet been

evaluated in Ph+ ALL.41 Other markers of high-risk disease, such as

deletionsof the Ikaros zinc finger 1 gene (IKZF1)42,43 observed in60-70%

of pediatric Ph+ ALLpatients, continue tobe tested in clinical trials, and

may ultimately augmentMRD-based risk classification.17

3 CASE 1 CONTINUED

At the end of induction, MRD was determined via flow cytometry and

found to be undetectable (<0.01%). However, FISH showed that 18%

of cells had BCR-ABL1 fusion. Further molecular studies revealed that

the patient had the p210 form of BCR-ABL1.

3.1 CML in blast crisis can masquerade as Ph+

ALL

Avariation of the scenario described above occurs in a small number of

patientswith Ph+ ALL (2/59 or 3%of patients onAALL0622)17 and can

bevery confusing to clinicians. In fact, this scenario iswhat is seenwhen

a patient with CML in blast crisis has successfully achieved control of

their blast populationbuthasnot yet achievedamolecular remission.44

Molecular studies looking at which specific fusion protein is present

in the patient can be helpful. Almost all patients with CML have the

larger p210 variant of BCR-ABL1, which is the result of the breakpoint

in the BCR gene occurring in the major breakpoint cluster region (M-

BCR). In Ph+ ALL, most patients have a breakpoint within the minor

breakpoint cluster region (m-BCR) leading to a smaller mBCR-ABL

transcript that encodes a p190 protein.45,46 However, the p210 tran-

script is present in 10-15%of pediatric cases of de novo Ph+ ALL and is

not by itself enough to support the diagnosis of CML.46

The FISH-positivity in nonleukemic cells at the end of induction

provides the strongest evidence of the underlying diagnosis of CML.

Because CML is a stem cell disease and blast crisis is associated with

a higher risk of relapse, we recommend that patients with suspected

CML in blast crisis undergo HSCT, preferably after obtaining a major

molecular response. Patients thought to have Ph+ ALL at initial diag-

nosis treated without HSCT have been described who later relapse in

chronic phase CML.44

Recently, researchers in Prague sought to understand better dis-

crepancies between MRD levels measured by Ig/TCR PCR, a genomic

assay, with qRT-PCR determination of MRD via measuring BCR-ABL1

transcript expression. To address this problem, they developed a DNA-

based assay to measure BCR-ABL1 genomic copies and found that the

discrepancies persisted. In fact, nearly 20% of patients with ALL and

a p190 fusion and 12.5% of patients with the p210 fusion had dis-

crepant results for the BCR-ABL1 genomic rearrangement and Ig/TCR

PCR. They demonstrated that these patients had BCR-ABL1 fusion in

their nonblast myeloid cells, B cells, and T cells, suggesting that they

haveCML-like biologywith the translocation occurring in a stem cell or

multipotent progenitor cell. Interestingly among those with the CML-

like biology, 10 of 12 transplanted patients were alive, compared with

one of three nontransplanted patients, with a median follow up of

10 years.40

3.2 What to do with low-level persistent
BCR-ABL1 transcript expression

How to manage a patient who shows persistence of low-level BCR-

ABL1 expression by qRT-PCR with negative MRD measured by flow

cytometry and/or Ig/TCRMRD is adifficult issue. SometimesBCR-ABL1

transcript levels disappear, reappear, and disappear again later in ther-

apy, but the prognostic implications of these findings are unknown.

Because transcript levels have not been routinely followed throughout

therapy on pediatric studies, we do not yet have a data-driven way to

approach this problem. Caution is urged on acting on low-level BCR-

ABL1-positive PCR results late in therapy.

3.3 Use of TKI beyond the end of chemotherapy
or HSCT

Adults with Ph+ ALL frequently remain on TKI therapy indefinitely,

even following HSCT. In addition to the significantly high cost, these
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medications cause problems with linear growth and osteopenia when

used chronically.47 In contrast to how these medications are used

in adults, pediatric studies show that TKI therapy after the end of

chemotherapy treatment is not necessary for cure in the majority of

pediatric patients.14,15,17 Studies have not been done to test the bene-

fit of continuing chemotherapy beyond 2 years in pediatric and young

adults with Ph+ ALL. There are conflicting data regarding the utility

of post-HSCT TKI administration in Ph+ ALL. In a retrospective anal-

ysis of 473 adult Ph+ ALL patients transplanted in CR1, post-HSCT TKI

administration (primarily imatinib) was associated with a more favor-

able DFS on multivariate analysis; it was also associated with a lower

CI of acute GVHD.48 However, a CIBMTR analysis of TKI maintenance

after HSCT for adult CML demonstrated no survival benefit.49 Thus,

currently available data does not definitively support the use of pro-

phylactic TKI post-HSCT. The current EsPhALL2017/COG AALL1631

trial is studying the feasibility of post-transplant TKI in high-risk Ph+

ALL patients.

4 CASE 2

A 15-year-old male with Ph+ ALL was treated with dasatinib plus

chemotherapy according to AALL0622. He remained in remission for

3 years post-HSCT, at which point he had a bone marrow relapse. He

was treated with a four-drug reinduction plus dasatinib 100 mg/day

(60mg/m2/day). He now had six copies of BCR-ABL1 detected via FISH

in each cell rather than one, but no BCR-ABL1 point mutations. We

increased his dose of dasatinib to 140 mg/day (87.5 mg/m2/day) based

on standard adult dosing. He achieved remission and was successfully

transplanted using his fully matched brother as a donor.

4.1 Therapy in relapsed Ph+ ALL patients

In spite of being heavily pretreated, many patients with relapsed Ph+

ALL have been successfully salvaged through reinduction and consol-

idation followed by HSCT, especially those who did not receive HSCT

in CR1. For example, the 5-year OS on the AALL00622 trial was 86%

compared with EFS of 60%, demonstrating that many patients can be

salvaged after relapse.17 In fact, at relapse, many patients can achieve

remissionwith relatively little chemotherapy including a TKI combined

with three-drug reinduction without anthracyclines. The efficacy of

prednisone plus TKI has been demonstrated in elderly patients with

Ph+ ALL,50 and researchers have proposed combining blinatumomab

plus TKI in a chemotherapy-free approach in this population.51

In choosing a TKI, it is important to look forBCR-ABL1 amplification,

which can be overcome by providing higher doses of imatinib or dasa-

tinib. Alternatively, specific point mutations in BCR-ABL1 can cause

absolute or relative resistance to imatinib and/or dasatinib by block-

ing the ability of these medications to bind to BCR-ABL1. In contrast

to adults, the vast majority of children with Ph+ ALL do not develop

point mutations even at relapse, possibly due to the more intensive

chemotherapy backbones used for pediatric Ph+ ALL.17,52 All patients

should have cytogenetics and resistance testing sent at the time of

relapse or progression. Most patients maintain sensitivity to imatinib

or dasatinib, and it is reasonable to restart the same TKI the patient

had previously while waiting for results of resistance testing. The TKI

can be changed based on the results of these analyses, if needed.

When transplanting relapsed patients, TBI-based regimens should be

used in patients not previously transplanted. Options for a patient who

has already had a TBI-based transplant would be a second transplant

with an alternative donor or chimeric antigen receptor (CAR) T-cell

therapy.53

5 SUMMARY

Targeted therapy has revolutionized the treatment of Ph+ ALL. This

disease has gone from one of the least curable forms of childhood

ALL to a disease with overall survival rates approaching those of

other ALL subtypes. New drugs such as ponatinib targeting mutant

BCR-ABL1, the allosteric BCR-ABL1 inhibitor ascminib,54 as well as

immunotherapy using blinatumomab, inotuzumab, or CAR T-cell ther-

apy may improve our ability to cure these patients while reducing the

long-term treatment-related side effects.
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