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Abstract
Chronic myeloid leukemia (CML) accounts for 2-3% of leukemias in children under 15 and 9%

in adolescents aged 15-19. The diagnosis and management of CML in children, adolescents, and

young adults have several differences compared to that in adults. This review outlines the diagno-

sis and management of the underlying disease as well as challenges that can occur when dealing

with CML in this patient population.
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1 INTRODUCTION

Chronic myeloid leukemia (CML) is a rare disease in children and ado-

lescents, accounting for 2-3% of all leukemias in children younger than

Abbreviations: AP, accelerated phase; BM, bonemarrow; BMD, bonemineral density; BMI,

bodymass index; BP, blast phase; CBC, complete blood count; CCyR, complete cytogenetic

response; CML, chronic myeloid leukemia; CNS, central nervous system; COG, Children’s

Oncology Group; CP, chronic phase; CSF, cerebrospinal fluid; ELN, European LeukemiaNet;

ELTS, EUTOS long-term survival; FISH, fluorescent in situ hybridization; HLA, human

leukocyte antigen; I-BFM, International Berlin FrankfurtMunster; IS, international scale;

MMR, major molecular remission;MR, molecular response; NCCN, National Comprehensive

Cancer Network; PDGFR, platelet-derived growth factor receptor; PTH, parathyroid

hormone; Q-RT-PCR, quantitative RT-PCR; SCT, stem cell transplant; TDM, therapeutic drug

monitoring; TKI, tyrosine kinase inhibitors; TSH, thyroid stimulating hormone.

15 years of age and ∼9% in adolescents between 15 and 19 years

of age.1,2 The average annual incidence of CML in children younger

than 15 years is 0.6-1.0 cases per million and that for patients 15-

19 years of age is 2.1 per million.3 Given the rarity of this diagno-

sis and very scant clinical trial data, current management recommen-

dations are derived from studies or practice guidelines developed for

adult patientswithCML.1–7 However, children, adolescents, andyoung

adults tend to have more aggressive clinical presentation than that in

adults.1,2,4,5 Recent data indicate that some genetic differences exist in

pediatric CML compared to adult disease8,9; for example, 60% of pedi-

atric patients have ASXL1mutation compared to only 15% of adults.10

Further, childrenwithCMLare exposed to their disease and its therapy
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during periods of growth and development—and life-long treatment is

required in most cases—for a much longer period of time compared

to those who are diagnosed at a much later age, assuming that most

patients require life-long therapy.

Tyrosine kinase inhibitors (TKI) are now the standard of care for

patientswith CML in the chronic phase (CP).6,7,11 In addition to target-

ing the fusion protein of BCR-ABL1, TKI may have off-target inhibition

of other tyrosine kinases such as platelet-derived growth factor recep-

tor (PDGFR), vascular endothelial growth factor receptors, c-KIT, etc.,

which share pathways for bone growth and metabolism and other

endocrine functions.12,13 The long-term effects of TKIs on developing

children are presently unknown and likely to be different than what

is observed in adults. While newer and safer therapies are sought for

CML in children, defining the safety and efficacy of existing TKI in

children is important. However, currently there are no evidence-based

guidelines for the diagnosis and management of CML in children and

adolescents.

The Children’s Oncology Group (COG) CMLWorking Group identi-

fied these gaps in the management of CML in children. In the absence

of pediatric specific evidence-based guidelines, it will be important

to have a uniform approach for the management of CML in children.

These recommendations will allow consistency in the evaluation, man-

agement, and follow-up of these patients and will enable collection

of information for future studies in children and adolescents with

CML.

2 METHODS

To develop these recommendations, a list of frequently encountered

questions in the management of different phases of CML in chil-

dren and adolescents was developed (Supplementary File, Appendix

1). This was followed by a descriptive literature review of original

studies and expert opinion manuscripts evaluating management and

outcome of CML in children and adolescents. In addition, published

guidelines, guidance documents, and standard of care documents

for the management of adults with CML were reviewed.1,2,4–11,14–21

The data gathered were presented and reviewed within the COG

CML Working Group. Based on the review, recommendations were

developed.

3 DIAGNOSIS OF CML IN CHILDREN AND

ADOLESCENTS

3.1 What information is required at the time of

diagnosis of CML in children and adolescents?

The National Comprehensive Cancer Network (NCCN) guidelines

recommend the following tests at the diagnosis of CML: history and

physical examination, spleen size (centimeters below costal margin),

complete blood count (CBC) with differential, chemistry profile,

bone marrow (BM) aspirate and biopsy, and quantitative reverse

transcriptase – polymerase chain reaction (Q-RT-PCR) using the

international scale (IS), from peripheral blood.11 In the aspirate, the

required tests include morphology with percentage of blasts and

basophils, karyotype, fluorescent in situ hybridization (FISH), and

qualitative RT-PCR for BCR-ABL1.11 Cerebrospinal fluid (CSF) studies

are not required in patients with CP CML unless clinically indicated or

in patients with suspected blast phase (BP). These recommendations

are also supported by the International Berlin Frankfurt Munster

(I-BFM) Study Group ChronicMyeloid Leukemia Committee.6

3.1.1 Recommendation

The following investigations are recommended at diagnosis in all

patients with suspected or confirmed CML: history and physical exam-

ination, spleen size (by palpation, report in centimeters below the

costal margin), CBC with differential, BM aspirate and biopsy, BM

karyotyping, FISH (BCR-ABL1), and peripheral blood and/or BM Q-

RT-PCR for BCR-ABL (Table 1). There is no need for CSF sampling in

CMLCP.

3.2 What further baseline investigations are needed

at CML diagnosis?

NCCN guidelines recommend additional baseline tests including

extended chemistry, liver function, andhuman leukocyte antigen (HLA)

typing.11 The Alberta guidelines also recommend baseline endocrine

evaluations including lipase, glucose, cholesterol, hemoglobin A1C,

lipid profile, and thyroid function.19 Bone mineral density (BMD) at

diagnosis might be helpful but there are currently no data in the pedi-

atric age group. HLA typing at diagnosis may be of use. Rhabdomyoly-

sis is rarely reportedwith the use of TKI.22 Onemay consider checking

creatinine kinase in patients with spontaneousmyalgia.

3.2.1 Recommendation

Recording the exact height, weight, body mass index (BMI), Tanner

stage, blood group, bone age, coagulation profile, renal functions,

calcium, phosphate, liver functions, lipid profile, glucose, HbA1C,

baseline thyroid functions (thyroid stimulating hormone [TSH] and

free T4), and baseline serology per institutional guidelines (Table 1),

in addition to prior vaccination record based on institutional guide-

lines, is recommended. We feel that HLA typing at diagnosis may be

of use.

3.3 How is advanced stage (BP or accelerated

phase) CML defined at diagnosis or during therapy?

There is no universally accepted definition or consensus on acceler-

ated phase (AP) or BP CML.11,20 The WHO classification defines BP

as ≥20% blast cells in the peripheral blood or BM, or extramedullary

blast proliferation, which can occur anywhere but is most commonly

seen involving the skin, lymph node, spleen, bone, or the central ner-

vous system (CNS).21 In adults, most BP are myeloid lineage with
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TABLE 1 Initial evaluation and follow-up investigations

Evaluation At diagnosis Follow up

History and physical X Every visit

Spleen size (by palpation)
centimeters below costal margin

X Every visit

Ht/wt/BMI X Every visit

Tanner staging X Every 6months

CBCwith differential and platelets X Every 3months

% blasts X

Peripheral bloodQRT- PCR X Every 3monthsa

Bonemarrow aspiration X At 3months and 1 year

Morphology X

% blasts X

% basophils X

Karyotype X 1 year

FISH X

Quantitative RT-PCR X

Bonemarrow biopsy X

Other tests X

Blood group X

Coagulation profile INR/APTT X

Cardiac evaluation ECHO X Annually

EKGwithQT interval X Annually

Chemistry Extended chemistry with
renal and liver functions

X Every 3months

Lipase X Every 3months

Glucose X Every 3months

Urate X Every 3months

Cholesterol X Every 3months

HbA1C X Every 3months

Lipid profile X Every 3months

Thyroid functions X 4-6weeks after TKI therapy
and then annually

HLA testing Xa –

Virology CMV, hepatitis pane,
varicella zoster

X

Abbreviations: APTT, activated partial thromboplastin time ; BMI, body mass index; CBC, complete blood count; CMV, cytomegalovirus; ECHO, echocar-
diogram; EKG, electrocardiogram; FISH, fluorescent in situ hybridization; HLA, human leukocyte antigen; Ht, height; INR, international normalizing ratio;
QRT-PCR, quantitative reverse transcriptase polymerase chain reaction; TKI, tyrosine kinase inhibitor; wt, weight.
aHLA typingmay be of use at diagnosis, but it can be done later.

20-30% being lymphoblastic.23 However, in pediatrics BP are predom-

inantly lymphoblastic; an international registry of CML in children and

adolescents (n = 479) reported 17 children presenting with BP and

12/17 (70%) had lymphoblastic BP.24 Sheets of blasts may be seen in

focal areas of the BM,which can be considered evidence of a BP even if

the rest of the marrow shows CP.21 Additionally, the presence of lym-

phoblasts even at a lower numbermay herald blast transformation and

requires further evaluation.

The European LeukemiaNet (ELN) uses different criteria to define

AP and BP compared to WHO criteria (Table 2).20,21 We recommend

followingWHO criteria, as described below.

AP is defined as the presence of any one or more of following

criteria by WHO21: persistent or increasing splenomegaly, persis-

tent or increasing white blood cell (WBC) count (>10 × 109/L) unre-

sponsive to therapy, peripheral blood basophils ≥20%, platelet count

>1000 × 109/L uncontrolled by therapy or <100 × 109/L unrelated

to therapy, 10-19% peripheral blood and/or BM blasts, any new clonal

abnormality or additional clonal abnormalities in Ph+ cells at diagno-

sis (eg, a secondPh clone, trisomy8 or 19, isochromosome17q), and/or

abnormalities of 3q26.2 or complex karyotype.

The following are provisional criteria for thediagnosis ofCMLAP21:

poor therapy response (lack of hematological response to the first TKI
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TABLE 2 Clinical and hematological criteria for the definition of chronic phase, accelerated phase, and blast crisis according toWHO
classification20,21

CML—chronic phase CML—accelerated phasea CML—blast phasea

Presence of all of the
following criteria

Presence of any or all of the
following criteria

Presence of any or all of the
following criteria

Less than 10% blasts in the
peripheral blood and BM

Peripheral blood or BMblasts 10-19%
(ELN criteria—blasts in blood or BM15-29% or blasts plus
promyelocytes in blood or BM>30%with blasts<30%)

Peripheral blood or BMblasts≥20%
of peripheral bloodWBC or
nucleated BM cells
(ELN criteria: blasts in blood or
BM≥30%)

Does not meet any criteria for
accelerate phase or blast crisis

Persistent or increasingWBC count unresponsive to therapy Extramedullary blast proliferation
(Same as ELN)

Persistent thrombocytosis>1000× 109/L uncontrolled by therapy or
persistent thrombocytopenia<100× 109/L unrelated to therapy
(ELN criteria uses only thrombocytopenia as described byWHO)

Larger foci or clusters of blasts on
BMbiopsy

Peripheral blood basophils≥20%
(Same as ELN)

Persistent or increasing splenomegaly

Any new clonal abnormality or additional clonal abnormalities in Ph+ cells
at diagnosis (second Ph clone, trisomy 8 or 19, isochromosome 17q),
abnormalities of 3q26.2 or complex karyotype.
(Same as ELN)

Red flag: bona-fide lymphoblasts in
the blood or BM, even if<10%,
may indicate imminent
lymphoblastic transformation and
warrants further clinical and
genetic investigations

Provisional criteria
• Poor therapy response (lack of hematological response to first TKI or

molecular indication of resistance to 2 sequential TKI) or

• occurrence of mutations in BCR-ABL1 during TKI therapy

Abbreviations: BM, bonemarrow;CML, chronicmyeloid leukemia; ; ELN, European LeukemiaNet;WBC,white blood cells;WHO,WorldHealthOrganization;
TKI, tyrosine kinase inhibitor.
aInformation in parenthesis compares and contrasts to ELN criteria.

or molecular indication of resistance to two sequential TKI) or occur-

rence of two ormoremutations in BCR-ABL1 during TKI therapy.

3.3.1 Recommendation

Following the WHO classification for definition of BP, AP, and CP for

children and adolescents with CML is recommended20,21 (Table 2).

3.4 What is the utility of existing prognostic scoring

systems in the context of CML in children and

adolescents?

Scoring systemsare commonlyused toprognosticate andmanageCML

in adults, butmost of them (SOKAL,Hasford, andEUTOS) arenot appli-

cable to pediatrics.14,25 The newly devised EUTOS long-term survival

(ELTS) score based on age, spleen size, platelet count, and peripheral

blasts was shown to better discriminate the probability of death due

to CML in adults.14 The International Registry for Chronic Myeloid

Leukemia (I-CML-Peds study) in Children and Adolescents evaluated

and compared the risk group allocations and outcome between the

prognostic scores in the pediatric population (n = 350). This study

showed that the ELTS score was associated with better differentiation

of progression-free survival compared to SOKAL, Hasford, and EUTOS

scores in children and adolescents with CML.14 However, more pedi-

atric data are required to confirm that ELTS is applicable to children

and adolescents with CML.

3.4.1 Recommendation

It is recommended not to use the SOKAL, Hasford, and EUTOS scores

for risk assessment or taking treatment decisions for children with

CML.

4 MANAGEMENT OF CML IN CHILDREN

AND ADOLESCENTS

4.1 When is leukapheresis indicated?

Leukapheresis in CML is not indicated simply based on a specific

white cell count. In fact, most patients with a high WBC count do

not need leukapheresis. Unlike in acute leukemias, the thrombosis and

leukostasis risk associated with hyperleukocytosis is hypothesized to

be less frequent in CML due to the preponderance of maturing WBCs

rather than enlarged blasts that account for the leukocytosis in acute

leukemia.26,27 Early initiation of hydroxyureamay help to decrease the

WBC and reduce leukostasis risk without the need for apheresis.

Leukapheresis may be considered emergently if there are signs

of leukostasis and end organ injury such as respiratory distress, pri-

apism, severe retinopathy/papilledema, or CNS symptoms concerning

for ischemic or hemorrhagic stroke.27 Leukapheresis is also useful and

may be considered in the management of CML in pregnancy.28,29 If

leukapheresis is used, additional medical treatment such as hydration,
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hydroxyurea (50 -100 mg/kg/d given orally in 3-4 divided doses with a

maximum dose of 6 g), and TKI therapy should be initiated as soon as

possible.

4.1.1 Recommendation

The decision of leukapheresis should be based on symptoms of

leukostasis (such as respiratory distress, priapism, and stroke) rather

than the presentingWBC count alone. Leukapheresis can be of benefit

in pregnancy.

4.2 What TKI should be used as initial therapy for

CP CML in children and adolescents?

For adult patients, imatinib, dasatinib, nilotinib, and bosutinib are all

FDA approved as frontline therapy and are recommended for frontline

treatment according to the NCCN guideline.11 Until recently, imatinib

was the only FDA-approved TKI for first-line therapy in children with

CML.6,15–17 Dasatinib was approved by the FDA as first- and second-

line therapy for pediatric patientswithCPCML in2017.18 Nilotinibhas

also been approved by the FDA in 2018 as first- and second-line ther-

apy for pediatric patients with CML 1 year or older.30,31 Bosutinib has

recently been evaluated in the pediatric population.32

Although some European groups recommend a lower starting dose

of imatinib in children with CP CML (260-300 mg/m2/d), based on the

results of the COG Phase II study using a higher dose of imatinib that

waswell tolerated, our preference for the initial recommended dose of

imatinib is 340 mg/m2/d (maximum dose 600 mg).2,33–36 The starting

dose of dasatinib in children with CP CML is 60 mg/m2 once daily

(maximum dose 100 mg). The dose of nilotinib identified for children

with CP CML is 230 mg/m2/dose twice daily, with a maximum single

dose of 400mg.30,31 Second-generation TKIs are likely to induce faster

and deeper molecular response (MR) but do not impact disease-free

survival.37,38 Appendix II (Supplementary File) describes pediatric

dosage and dosing details for imatinib, dasatinib, and nilotinib.

4.2.1 Recommendation

Based on availability, imatinib (340 mg/m2/d, maximum dose 600 mg),

dasatinib (60 mg/m2 once daily, maximum dose 100 mg), or nilotinib

(460 mg/m2/d in two divided doses) can be used as frontline TKI. TKI

dose should be adjusted for body surface area but the maximum dose

should not be exceeded.

4.3 How tomonitor therapy response and disease

status?

The response to TKI therapy is determined by measuring hema-

tologic and cytogenetic responses and MR (called the “milestones

of response”). Hematologic response is defined as normalization

of peripheral blood counts and regression of hepatosplenomegaly;

cytogenetic response is defined as a decrease in the Ph-positive

chromosomes in BMmetaphases (aminimumof 20metaphases should

be analyzed) and an MR as a decrease in the amount of BCR-ABL1

TABLE 3 Diseasemonitoring based onNCCN recommendations11

Recommendations

History and physical
examination with
documentation of spleen
size by palpation (indicate
centimeters below costal
margin)

Every visit
Weekly until clinically stable
Biweekly till complete hematological
response

Thenmonthly till 3 months from
diagnosis and then every
3months

CBCwith differential Every visit

BM karyotyping Every 3months until complete
cytogenetic response

Failure to achieve response
milestone

Any sign of loss of response (defined
as hematologic or cytogenetic
relapse)

PBQ-RT-PCR At diagnosis
Every 3months until CCyR and then
every 3months for 2 years and
then every 3-6months.

With 1-log increase inMMR, repeat
in 1-3months.

BCR-ABL kinase domain
mutation analysis

In chronic phase if

• inadequate initial response

• any sign of loss of response or

• 1-log increase in transcript or loss
ofMMR

Disease progression to AP or BP

Abbreviations: AP, accelerate phase; BM, bone marrow; BP, blast phase;
CBC, complete blood count; CCyR, complete cytogenetic response; MMR,
major molecular remission; NCCN, National Comprehensive Care Net-
work; PB, peripheral blood; Q-RT-PCR, quantitative reverse transcriptase
polymerase chain reaction.

chimeric mRNA using Q-RT-PCR, expressed as a ratio of BCR-ABL1

mRNA transcripts to the mRNA transcripts; usually wild type ABL1

mRNA is used.11

The I-BFMCML committee recommends Q-RT-PCR for BCR-ABL1

on peripheral blood every 3 months.6 They also recommend BM every

3 months until complete cytogenetic response (CCyR) is achieved, fol-

lowed by peripheral blood surveillance as long as there is no loss of

response. The NCCN recommends peripheral blood Q-RT-PCR every

3 months for 3 years and then every 3-6 months.11 If there is a 1-log

increase butmajormolecular remission (MMR) is still maintained, then

peripheral blood Q-RT-PCR should be repeated in 1-3 months. They

recommend BMevaluations at 3 and 6months after diagnosis if Q-RT-

PCR is not available, at 1 year after diagnosis if CCyR andMMRare not

achieved, and at 18 months if MMR is not achieved or if 1-log increase

in BCR-ABL1 is seenwithout anMMRor loss ofMMR.

4.3.1 Recommendation

Diseasemonitoring as outlined in Table 3 is recommended.11

4.4 How to define response to therapy?

In adult CML, response to TKI is the most important prognostic fac-

tor irrespective of the type of TKI used.11,20 ELN defines response as

http://guide.medlive.cn/
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TABLE 4 Criteria to define response to TKI therapy in children and adolescents with CML-CP

Type of response Anticipated duration to response

Complete hematologic response No signs and symptoms of disease with disappearance of palpable
spleen+++Complete normalization of peripheral blood count withWBC count
within age appropriate normal values+++Absence of immature cells such as
myelocytes, promyelocytes or blasts in peripheral blood+++Platelet count
within the normal range 150 - 450× 109/L

Cytogenetic response (a
minimum of 20metaphases
should be analyzed)

Complete (CCyR) no Ph positivemetaphases

Partial (PCyR) 1% to 35%Ph positivemetaphases

Major (Complete+ partial) 0% to 35%Ph positivemetaphase

Minor >35%-65%Ph positivemetaphases

Molecular response Completemolecular response No detectable BCR-ABL1mRNA byQ-RT-PCR (IS) using an assay with a
sensitivity of at least 4.5 logs below the standardized baseline

Major molecular response
(MMR)

BCR-ABL1 transcripts 0.1% byQ-RT-PCR (IS) or more than a 3-log reduction in
BCR-ABL1mRNA from the standardized baseline, if Q-PCR according to IS is
not available

Relapse Any sign of loss of response (defined as hematologic or cytogenetic relapse) 1 log
increase in BCR-ABL1 transcript levels with loss ofMMR should prompt
marrow evaluation for loss of CCyR andmutational analysis but is not defined
as relapse

Abbreviations: AP, accelerate phase; BP, blast phase; CML, chronic myeloid leukemia; CP, chronic phase; CCyR, complete cytogenetic response; IS, inter-
national scale; MMR, major molecular remission; Ph, Philadelphia; Q-RT-PCR, quantitative reverse transcriptase polymerase chain reaction; TKI, tyrosine
kinase inhibitor.

“optimal” or “failure.” The “optimal” response is associated with the

best long-term outcome and indicates that no change in therapy is

required,whereas “failure” indicates a change in therapy (either change

of TKI or proceeding to stem cell transplant [SCT]). Between “opti-

mal” or “failure” is an intermediate “warning” zone, meaning disease

response needs more frequent monitoring to permit timely change in

therapy.20 The NCCN has color coded the response milestones based

on BCR-ABL1 transcript level as determined by Q-RT-PCR into red

(indicative of failure and change of therapy), yellow (warning zone

where close monitoring is required with or without change in ther-

apy, such as increasing the dose of first-line TKI or switching of TKI),

and green, indicating that the same TKI should be continued and the

response monitored.11 Currently there are no comparable data to

correlate cytogenetic or MR to outcome in pediatric patients with

CML. Hence, we recommend following response definitions and crite-

ria based on adult recommendations from ELN and NCCN and some

pediatric expert opinions.6,7,11,20

4.4.1 Recommendation

Following response criteria based on modification from NCCN and

ELN as outlined in Tables 4 and 5 is recommended.

4.5 How tomonitor compliance to TKI therapy?

Noncompliance is one of the most common reasons for suboptimal

response and treatment failure in patients with CML on TKI.39

Noncompliance is a major problem in teenagers and compliance often

deteriorates during the first year after a good response has been

obtained.40 Patients should be educated regarding the importance of

compliance to their TKI therapy. Patients should be asked about their

compliance to therapy at every clinic visit with education and help

provided to improve TKI compliance. There is no evidence to support

routine monitoring of TKI levels to confirm compliance. However,

when there is concern of compliance, a plasma trough level of TKI

can be done; imatinib therapeutic drug monitoring (TDM) is now

commercially available in North America. Adult studies have shown

the best response at trough target level >1000 ng/mL6,40–43 and

increased hematological toxicity at levels >3180 ng/mL, but there

are no pediatric data. TDM for other TKIs is not yet readily available.

There are no data from the pediatric CML population.

4.5.1 Recommendation

Frequently educating patients regarding the importance of compliance

to TKI therapy, and discussing their compliance at every visit and pro-

viding additional help, as needed, are recommended. Monitoring the

plasma level of imatinib can be considered if available and if there is

concern about compliance.

4.6 When to do BCR-ABL1 kinase domainmutation

analyses?

Primary resistance to TKI in patients with uncomplicated CML-CP is

rare. Hence, routine testing for mutations is not required at diagno-

sis of CML-CP or for those with an optimal response to TKI. Recom-

mendations for mutational analysis are evolving. The NCCN recom-

mends that mutation testing be done in CP if there is an inadequate

initial response, if there is evidence of loss of response, if there is a

1-log increase in BCR-ABL1 transcript or loss of MMR, or if there is
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TABLE 5 Acceptable time line for therapy response for first-line TKIa

Warning signs

Time inmonths Optimal response Hematological and cytogenetic BCR-ABL1 (IS) Failure to respond

Clinical considerations for
patients withwarning signs or
failure to respond

Diagnosis NA Blast crisis or AP; del(9q-);
additional cytogenetic
abnormalities in Ph+ cells

Baseline level NA Evaluate for SCT

3 CHR, BCR-ABL1
≤10% and/or Ph+
≤35%

Ph+ 36-95% >10% NoCHR; stable disease
or disease progression
Ph+ >95%

Evaluate patient compliance
Evaluate drug interactions
Mutational analysis
Switch to alternate TKI and
evaluate for SCT

6 BCR-ABL1<1%
CCyR (Ph+ 0%)

Ph+ 1-35% 1-10% Ph+>35%
BCR-ABL1>10%

12 CCyR
BCR-ABL1≤0.1%

- >0.1-1% Ph+≥1%
BCR-ABL1>1%

18 BCR-ABL1≤0.1% – >0.1-1%

Then and at
anytime

– Additional cytogenetic
abnormality in Ph– cells

Any rise in
BCR-ABL1
transcript level

Loss of CHR; loss of
CCyR; presence of new
mutation; loss ofMMR;
additional cytogenetic
abnormality in Ph+
cells

Abbreviations: AP, accelerated phase; CHR, complete hematological response; CCyR, complete cytogenetic response; IS, international scale; MMR, major
molecular remission; NA, not applicable; PCyR, partial cytogenetic response; Ph, Philadelphia; SCT, stem cell transplant; TKI, tyrosine kinase inhibitor.
aModified from references 6,7,11 and 20

disease progression to AP or BP.11 ELN guidelines recommend muta-

tional analysis for patients with failure or progression to AP or BP.20

The Gruppo Italiano Malattie EMatologiche dell’Adulto study found

that genetic mutations were more frequent in patients with cytoge-

netic suboptimal response than in those with molecular suboptimal

response.44 The I-BFM CML committee recommends that mutational

analysis be done only if treatment failure or suboptimal response is

observed.6

4.6.1 Recommendation

It is recommended that mutational analyses be performed if failure

to achieve therapy milestones (suboptimal response), loss of prior

response, or progression to AP or BP is observed.

4.7 What are the indications for adjusting or

changing initial TKI?

The common indications for switching the initial TKI are intolerance,

intolerable toxicities, a mutation that causes resistance to specific TKI,

or failure to achieve treatment milestones.11 If mutational analysis

indicates a mutation specific to a TKI, further TKI selection should be

made accordingly. TKIs ponatinib and bosutinib aswell as omacetaxine

have been developed for patients with TKI resistance.20

4.7.1 Recommendation

Switching to a different TKI in case of intolerance, toxicity, or

resistance to or failure of a TKI is recommended.

4.8 Is there a role for stopping TKI in pediatric

patients with a good response?

Several studies regarding stopping TKIs have been published in

adults with deep and sustained molecular remission for over 2

years.11,45,46 Until recently, stopping TKI therapy in adult patients was

recommended only in the context of a clinical trial. However, NCCN

guidelines now recommend stopping TKI only for a select population

who fulfill all of the following criteria11,20: age ≥18 years with CP-

CML on an approved TKI therapy for at least 3 years, prior evidence

of quantifiable BCR-ABL1 transcript, stable MR (MR4; ≤0.01% IS)

maintained for at least 2 years or longer, no history of TKI resistance,

and access to reliable Q-RT-PCR testing with sensitivity of detection

≥4.5 logs IS. Closemonitoring—every 3-4weeks—after stopping TKI is

mandatory.

So far there are no data to show the feasibility of stopping TKI in the

pediatric CML population. The limited available data are mainly based

on case reports of noncompliant pediatric patients.47 Current adult

guidelines for stopping TKI cannot be applied to children and adoles-

cents without proper prospective clinical trials.

4.8.1 Recommendation

TKI therapy should only be stopped in children and adolescents in the

context of a clinical trial.

4.9 What are the indications for allogeneic SCT in

children and adolescents with CML?

Thus far, SCT is the only known curative therapy for CML. However,

given the risks of SCT, and overall few associated toxicities with TKI,
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medical therapy with TKI has essentially replaced SCT in both chil-

dren and adults with CPCML.On the other hand, the need for life-long

therapy with TKI and the known and unknown late effects of TKI may

make SCT an attractive option for some. Therefore, there remains con-

troversy regarding the role of SCT in pediatric patients with CML-CP

responsive to their first TKI therapy.1,6,7,17,36

Currently, SCT is indicated when patients either present with or

progress to BP or develop AP.1,11,20 A recent study from the Interna-

tional CML Registry reported survival in some patients with BP (n= 5)

and AP (n = 14) who were treated with TKI without SCT with or with-

out systemic chemotherapy.24 Further studies are required to evaluate

the role of TKI and systemic therapy alone without SCT for long-term

survival of patients presenting with advanced stage disease at diag-

nosis. However, the above study indicates that it is possible to treat

some patients who present with AP without SCT, especially if there is

no suitable donor; all efforts must be undertaken to search for a suit-

able donor. Additionally, failure of or intolerance to TKI may also be

considered an indication for SCT.11,20

There is no clear answer regarding the role of SCT in noncompli-

ant patients. The I-BFM CML Committee recommends SCT in the set-

ting of poor TKI compliance despite maximum support, serious side

effects from TKI, or following appropriate patients/family counseling

regarding the risk of SCT versus the probability of achieving defini-

tive cure with SCT over TKI therapy alone.6 To date, there have been

no randomized trials comparing TKI and SCT. Although SCT can be

curative, there remains the risk of substantial transplant-related mor-

bidity and mortality, including infertility and long-term complications,

and the risk of later relapse.15 With recent advances surrounding SCT,

children undergoing transplant have fewer complications and better

outcomes compared to those of adults and hence SCT may be an

option for patients who cannot or do not want to continue lifelong TKI

therapy.1,36

Accepted criteria for SCT are the following:

(i) BP or AP at diagnosis

(ii) Progression to BP or AP once in CP

(iii) FailureofmultipleTKIs (hasnotmet response criteriaorprogress-

ing)

(iv) Presence of unacceptable or intolerable toxicity to TKI

(v) Role of SCT is arguable in patients with poor compliance; of note,

compliance is also necessary for SCTmedications (eg, GVHD pro-

phylaxis).

(vi) patient preference; there should be a detailed discussion on pros

and cons especially with patients in the first CP.

4.9.1 Recommendation

SCT for pediatric patients who either present with or progress to

BP or AP is recommended; SCT may also be considered for patients

who have failed two TKIs or have intolerable toxicities to TKI. SCT

could be offered to adolescents and children with serious compliance

issue in CML-CP only after a detailed discussion of risks and benefits

of SCT.

5 TOXICITIES OF THERAPY FOR CML

TKIs have toxicities that require monitoring in the children receiving

them. These toxicities can occur in many organ systems, but are most

often endocrinological, as well as hematological and systemic.

5.1 Endocrine toxicities

5.1.1 Bone density

TKIs are known to have an effect on bone metabolism; however, rec-

ommendations for monitoring bone health have varied. Aleman et

al have described how TKIs cause secondary hyperparathyroidism,

hypophosphatemia with phosphaturia.13 There may be other con-

tributing causes of hypophosphatemia as well. Osteoclast activity,

which is important for bone remodeling, is reduced.13 Aleman et al

recommended that patients on imatinib ingest adequate calcium and

vitamin D to help reduce secondary hypoparathyroidism. TKIs also

alter calcium and phosphate metabolism, so clinicians should check

calcium, phosphorous, parathyroid hormone (PTH), and vitamin D lev-

els 6 weeks after the start of TKI and follow up every 6 months

thereafter.15 If there is a fracture or decreased BMD on plain radio-

graph, then patients should undergo bone densitometry (DEXA scan).

The I-BFM CML Committee recommends a DEXA scan every 5 years

in children receiving imatinib.6 TheNCCN recommends aDEXA scan if

theBMD isdecreasedonaplain radiographor if there is anunprovoked

fracture.11

Recommendation

It is recommended that aDEXA scanbe obtained at baseline and yearly

thereafter for children and adolescents on a TKI. Laboratory monitor-

ing should include calcium, phosphorous, PTH, and 25-hydroxy vita-

min D at baseline and every 6 months thereafter. Patients should be

encouraged to have an adequate dietary intake of calcium. Clinicians

should seek to maintain 25-hydroxy vitamin D in the optimal range

(≥30 ng/mL) and may need to recommend vitamin D supplementation

with ergocalciferol or cholecalciferol to achieve that.

5.1.2 Growth

All TKIs can affect growth in patients who are prepubertal. Multiple

authors have described impaired longitudinal growth in children on

TKI, mostly seen in prepubertal children (for an overview, see Samis et

al12). The growth failure is felt to be due to inhibition of the activity at

non-BCR-ABL1 enzymes, including inhibition of PDGFR-beta signaling

and results in decreased recruitment and activity of chondrocytes in

the growth plate, and dysregulated bone remodeling due to reduced

osteoclast activity.12

Recommendation

Growth parameters (height, weight, and BMI) should be obtained at

baseline and every 3months thereafter. Bone age should be obtained if

the linear growth (height velocity) is slow such that the patient is expe-

riencing a decline in height percentiles.
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5.1.3 Puberty delay

The effects of TKIs on puberty are inconclusive, so recommenda-

tions exist that at an adequate age, pubertal development should be

monitored every 4-6 months.12 If there is delayed puberty or sex

steroid deficiency then further workup is warranted includingmeasur-

ing gonadotropins, sex steroids, and bone age.

Recommendation

It is recommended that puberty assessment be obtained at baseline

and starting at 8 years every 6 months until puberty completion.

Gonadotropin and sex steroid testing should be obtained at baseline

and later during treatment if puberty is delayed or if symptoms of sex

steroid deficiency develop in a postpubertal adolescent.

5.1.4 Fertility and reproductive health

There are reported effects of all the TKIs on reproductive health.

Imatinib, dasatinib, and nilotinib are all considered teratogenic and

have caused embryonic or fetal toxicities in animal studies.15 Ima-

tinib and its metabolites are also known to be excreted in human

milk.15,48

TABLE 6 Common acute/subacute side effects seenwith TKIs6,15,17,48,49

Imatinib Dasatinib Nilotinib Ponatinib Bosutinib

Side effect (% grade 3-4) (% grade 3-4) (% grade 3-4) (% grade 3-4) (% grade 3-4)

Neutropenia 1-10 1-10 1-10 1-10 1-10

Thrombocytopenia 1-10 1-10 1-10 1-10 1-10

Anemia 1-10 1-10 1-10 1-10‘ 1-10

Skin rash 2-3 0-2 1-2 4-5 2-8

Nausea/Vomiting 1-2 2 <1 <1 1-5

Edema 1-6 <1 <1 <1 <1

Muscle cramps 2-5 1-3 1-2 1-2 <1

Bone pain 2-5 1-3 1-2 1-2 <1

Diarrhea 1-4 <1 1-2 1-10 1-12

Lethargy 1-2 1-4 1 1-2 1

Weight gain 1-6 <1 <1 <1 <1

Abnormal LFTs 1-3 <1 <1 <1 <1

Hyperlipidemia Low Low Low Low Low

Short stature Low Low Low Low Low

Thyroid dysfunction Low Low Low Low Low

Pleural effusion 2-11 <1 2-4

Pericardial effusion 1-5 <1

Pulmonary arterial hypertension 1-2

Avascular necrosis Reports

Elevated pancreatic enzymes <1 1 3-20

Increase bilirubin 1

Constipation 1

Folliculitis-like skin rash Reports

Increased fasting glucose <1 1-5

Decreased blood glucose Reports Reports

Peripheral arterial occlusive disease 1-5 1-5 5

Cerebral ischemia Reports

Myocardial infarction Reports

Vascular adverse events Reports Reports

QT prolongation <1 2 <1

Arterial hypertension Reports Reports

Arterial and venous thromboembolic events 1-5

Exanthema Reports

Headache <1 <1 1-2 1-3 1

Abbreviations: LFT, liver function test; TKI, tyrosine kinase inhibitor.
Note. Low—indicates level of grade 3-4 not available; reports—indicates case reports for this side effect.
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The NCCN guidelines state that TKI therapy does not seem to have

an effect on male fertility or cause fetal malformations in the preg-

nancy of a male’s partner.11 However, TKI therapy at the time of con-

ception and during pregnancy in women has been reported to be asso-

ciated with fetal abnormalities and spontaneous abortions.15

Recommendation

Forpostpubertal boys, spermbanking shouldbeofferedprior tounder-

going SCT. For girls, reproductive endocrinology and/or fertility con-

sultmaybeofferedatdiagnosis andpregnancy shouldbeavoidedwhile

on TKI.

5.1.5 Other endocrine effects

There are other endocrine effects such as thyroid dysfunction, which is

a well-known side effect of TKI.12 An increased risk of subclinical glu-

cocorticoid deficiencyhas been reported in patients receiving imatinib.

TKIs can affect glucose metabolism, causing hypoglycemia or hyper-

glycemia, and nilotinib has been associatedwith hyperglycemia.12 Spe-

cial attention to fluctuations in glucose is particularly important in

patients with pre-existing diabetes mellitus prior to CML diagnosis.

Recommendation

Baseline thyroid function testing (TSH and free T4), glucocorticoid

metabolites (morning serum cortisol), and HbA1C are recommended.

These tests should be followed annually or sooner if symptoms of

hypothyroidism, adrenal insufficiency, or glucose abnormalities occur.

5.2 Other side effects

All TKIs have several side effects in common (so-called class effects)

including neutropenia and thrombocytopenia, anemia, infection,

rash, nausea, edema, muscle cramps, bone pain, diarrhea, lethargy,

and weight gain.6 A detailed list of side effects associated with the

various TKIs, reported in pediatric and adult studies, is found in

Table 66,15,17,48,49 and monitoring recommendations during ongoing

TKI therapy are found in Table 1.

6 OTHER CONSIDERATIONS IN PEDIATRIC

CML THERAPY

6.1 Immune suppression

There are little data on immune function in patients on TKI ther-

apy. There is some immune suppression with TKI therapy; however,

immune suppression by TKIs does not seem to be at a degree to cause

concern for opportunistic infections.50 Pneumocystis jiroveci pneumo-

nia prophylaxis is not neededwith TKI therapy.

Immunizations can be given while on TKI therapy, with some

exceptions. In general, administration of inactivated killed vaccines

to children on TKI therapy is safe, though the response may be

insufficient.15,17 Live attenuated vaccines are not recommended,

although one study showed that varicella vaccine could be given safely

to children with immune deficiency, and thus could be considered in

children on TKI therapy.51 The NCCN guidelines recommend that live

vaccines may be considered after stopping TKI for several weeks in

patients with deepMR, if needed.15

6.1.1 Recommendation

Killed vaccines are safe and live vaccinesmay be considered after stop-

ping TKI for several weeks if the patient is in deepMR.

6.2 Transition to adult care

Transitioning of pediatric patients with CML to adult care should be

individualized. In general, transition to adult care often occurs at ages

18-21, as most oncologists surveyed by the COG felt that they pro-

vided appropriate care up to age 21.52,53 It is important to have a

smooth transition to the adult setting when this change in provider

does occur to ensure a successful transition.52 Some oncologists advo-

cate transfer at age 18 because theremay be clinical trials available for

patients at an adult center that may be of benefit to the patient.

6.2.1 Recommendation

Patients should be transferred to adult care providers between the

ages of 18-21, but if there is a clinical trial available at the adult cen-

ter then transition may occur as soon as the patient is eligible for the

trial.

ACKNOWLEDGMENTS

We thank the COG CML Working Group and Dr Meinolf Suttorp for

critical review of the manuscript. This study was supported by NCTN

Operations Center Grant U10CA180886.

CONFLICT OF INTEREST

This publication was supported by the Children’s Oncology Group.

The content is solely the responsibility of the authors and does not

necessarily represent the official views of the National Institutes of

Health. The authors have no conflict of interest to declare.

ORCID

Uma Athale https://orcid.org/0000-0003-3236-6560

Nobuko Hijiya https://orcid.org/0000-0002-0199-054X

Jeffrey R. Andolina https://orcid.org/0000-0001-6502-6859

Donna L. Johnston https://orcid.org/0000-0001-6145-9809

REFERENCES

1. Hijiya N, Schultz KR, Metzler M, Millot F, Suttorp M. Pediatric

chronic myeloid leukemia is a unique disease that requires a different

approach. Blood. 2016;127:392-399.
2. Hijiya N, Millot F, Suttorp M. Chronic myeloid leukemia in children:

clinical findings, management, and unanswered questions. Pediatr Clin
North Am. 2015;62:107-119.

http://guide.medlive.cn/

https://orcid.org/0000-0003-3236-6560
https://orcid.org/0000-0003-3236-6560
https://orcid.org/0000-0002-0199-054X
https://orcid.org/0000-0002-0199-054X
https://orcid.org/0000-0001-6502-6859
https://orcid.org/0000-0001-6502-6859
https://orcid.org/0000-0001-6145-9809
https://orcid.org/0000-0001-6145-9809
http://guide.medlive.cn/
http://guide.medlive.cn/


ATHALE ET AL. 11 of 12

3. Mattano L, Nachman J, Ross J, Stock W. Leukemias. In: Bleyer A,

O’Leary M, Barr R, Ries LAG, eds. Cancer Epidemiology in Older

Adolescents and Young Adults 15 to 29 Years of Age, Including

SEER Incidence and Survival: 1975-2000. Bethesda, MD: National

Cancer Institute, NIH; 2006:39-51. https://seer.cancer.gov/archive/

publications/aya/aya_mono_complete.pdf [Accessed December 29,

2018]. Pub. No. 06–5767.

4. Millot F, Traore P, Guilhhot J, et al. Clinical and biological features

at diagnosis in 40 children with chronic myeloid leukemia. Pediatrics.
2005;116:140-143.

5. Pemmaraju N, Kanarjian H, Shan J, et al. Analysis of outcomes in

adolescents and young adults with chronic myelogenous leukemia

treated with upfront tyrosine kinase inhibitor therapy. Haematologica.
2012;97:1029-1035.

6. De la Fuente J, Baruchel A, Biondi A, et al. Recommendations for the

management of CML in children and young people up to the age of 18

years. Brit J Haematol. 2014;167:33-47.
7. Andolina JR, Neudorf SM, Corey SJ. How I treat childhoodCML. Blood.

2012;119:1821-1830.

8. Adler R, Viehmann S, Kuhlisch E, et al. Correlation of BCRABL

transcript variants with patient characteristics in childhood chronic

myeloid leukemia. Eur J Haematol. 2009;82:112-118.
9. Krumbholz M, Karl M, Tauer JT, et al. Genomic BCR-ABL1 break-

points in pediatric chronic myeloid leukemia. Genes Chromosomes Can-
cer. 2012;51:1045-1053.

10. Ernst T, Busch M, Rinke J, et al. Frequent ASXL1 mutations in chil-

dren and young adults with chronic myeloid leukemia. Leukemia.
2018;32:2046-2049.

11. NCCN. NCCN clinical practice guidelines in oncology; chronic myel-

ogenous leukemia, Version 1.2019: National Comprehensive Cancer

Network. 2018.

12. Samis J, LeeP,ZimmermanP, et al. Recognizingendocrinopathies asso-

ciated with tyrosine kinase inhibitor therapy in children with chronic

myelogenous leukemia. Pediatr Blood Cancer. 2016;63:1332-1338.
13. Aleman JO, Farooki A, Girotra M. Effects of tyrosine kinase inhibition

on bone metabolism: untargeted consequences of targeted therapies.

Endocrine Related Cancer. 2014;21:247-259.
14. Millot F, Guilhot J, SuttorpM, et al. Prognostic discrimination based on

the EUTOS long-term survival score within the international registry

for chronic myeloid leukemia in children and adolescents.Haematolog-
ica. 2017;102:1704-1708.

15. Pallera A, Altman JK, Berman E, et al. NCCN guidelines insight—

chronic myeloid leukemia. J Natl Compr Canc Netw. 2016;14:1505-
1512.

16. Baccarani M, Saglio G, Goldman J, et al. Evolving concepts in the

management of chronic myeloid leukemia: recommendations from

an expert panel on behalf of the European Leukemia Net. Blood.
2006;108:1809-1820.

17. Tanizawa A. Optimal management of pediatric CML. Pediatrics Interna-
tional. 2016;58:171-179.

18. Gore L, Kearns PR, deMartinoML, et al. Dasatinib in pediatric patients

with chronicmyeloid leukemia in chronic phase: results from a phase II

trial. J Clin Oncol. 2018;36:1330-1338.
19. Alberta Health Services. Management of chronic myeloid leukemia.

Clinical Practice Guideline LYHE-001 Version 5. https://www.alberta-

healthservices.ca/assets/info/hp/cancer/if-hp-cancer-guide-lyhe001-

cml.pdf [AccessedMarch 14, 2018].

20. Baccarani M, Deininger MW, Rossi G, et al. European Leukemia Net

recommendation for the management of chronic myeloid leukemia:

2013. Blood. 2013;22:872-884.
21. Vardiman JW, Melo JV, Baccarani M, Radich JP, Kvasnicka HM.

Chronic myeloid leukemia, BCR-ABL1-positive. In: Swerdlow SH,

Campo E, Lee-Harris N, et al, eds. WHO Classification of Tumors of

Haematopoietic and Lymphoid Tissues. Lyon: World Health Organiza-

tion; 2017:30-36.

22. Adenis A, Bouché O, Bertucci F. Serum creatine kinase increase in

patients treated with tyrosine kinase inhibitors for solid tumors. Med
Oncol. 2012;29:3003-3008.

23. Silver RT. The blast phase of chronic myeloid leukemia. Best Pract
Res Clin Haematol. 2009;22:387-394. https://doi.org/10.1016/j.beha.
2009.07.006.

24. Millot F, Guilhot J, Suttorp M, et al. Advanced phases at diagnosis of

childhood chronic myeloid leukemia: the experience of the Interna-

tional Registry for Chronic Myeloid Leukemia (CML) in Children and

Adolescents (I-CML-Ped Study). Blood. 2017;130:316.
25. Salas DG, Glauche I, Tauer JT, Thiede C, Suttorp M. Can prognostic

scoring system for chronic myeloid leukemia as established in adults

be applied to pediatric patients? Ann Hematol. 2015;94:1363-1371.
26. Holig K, Moog R. Leukocyte depletion by therapeutic leukocytaphere-

sis in patients with leukemia. Transfus Med Hemother. 2012;39:241-
245.

27. Kurosawa H, Tanizawa A, Tono C, et al. Leukostasis in children

and adolescents with chronic myeloid leukemia: Japanese Pediatric

Leukemia/LymphomaStudyGroup.Pediatr BloodCancer. 2016;63:406-
411.

28. Abruzzesea E, TrawinskaaMM, de Fabritiisa P, BaccaranibM.Manage-

ment of pregnant chronic myeloid leukemia patients. Expert Rev Hema-
tol. 2016;9:781-791.

29. Palani R, Milojkovic D, Apperley JF. Managing pregnancy in chronic

myeloid leukaemia. Ann Hematol. 2015;94:S167-S176.
30. HijiyaN, ZwaanCM, Rizzari C, et al. Nilotinib in pediatric patientswith

Philadelphia chromosome positive (PH+) chronic myeloid leukemia

(CML) or PH+ acute lymphoblastic leukemia (ALL): a pharmacokinetic

study. Pediatr Blood Cancer. 2017;64:S34.
31. Hijiya N, Maschan A, Rizzar C, et al. Efficacy and safety of nilotinib

in pediatric patients with Philadelphia chromosome-positive (PH+)
chronic myeloid leukemia (CML): results from a phase 2 trial. Pediatr
Blood Cancer. 2017:22-23.

32. ITCC. ITCC bosutinib study. https://www.clinicaltrialsregister.eu/

ctr-search/trial/2015-002916-34/NL [Accessed January 3, 2019.

33. Champagne MA, Fu CH, Chang M, et al. Higher dose imatinib for

children with de novo chronic phase chronic myeloid leukemia: a

report from the Children’s Oncology Group. Pediatr Blood Cancer.
2011;57:56-62.

34. Champagne MA, Capdeville R, Krailo M, et al. Imatinib mesylate

(STI571) for treatment of children with Philadelphia chromosome-

positive leukemia: results from a Children’s Oncology Group phase 1

study. Blood. 2004;04:2655-2660.
35. Millot F, Baruchel A, Guilhot J, et al. Imatinib is effective in children

with previously untreated chronic myeloid leukemia in early chronic

phase: results of the French national phase IV trial. J Clin Oncol.
2011;29:2827-2832.

36. Suttorp M, Schulze P, Glauche I, et al. Front-line imatinib treatment in

children and adolescents with chronic myeloid leukemia: Results from

a phase III trial. Leukemia 2018;32:1657-1669.
37. Cortes JE, Saglio G, Kantarjian HM, et al. Final 5-year study results

of DASISION: the dasatinib versus imatinib study in treatment-naïve

chronic myeloid leukemia patients trial. J Clin Oncol. 2016;34:2333-
2340.

38. HochhausA, SaglioG, Hughes TP, et al. Long-termbenefits and risks of

frontline nilotinib vs imatinib for chronic myeloid leukemis in chronic

phase: 5-year update of the randomized ENESTnd trial. Leukemia.
2016;30:1044-1055.

39. Marin D, Bazeos A, Mahon FX, et al. Adherence is the critical factor

for achieving molecular responses in patients with chronic myeloid

leukemia who achieve complete cytogenetic responses on imatinib.

J Clin Oncol. 2010;28:2381-2388.
40. SuttorpM, BornhäuserM,MetzlerM,Millot F, Schleyer E. Pharmacol-

ogy and pharmacokinetics of imatinib in pediatric patients. Exp Rev Clin
Pharm. 2018;11:219-231.

http://guide.medlive.cn/

https://seer.cancer.gov/archive/publications/aya/aya_mono_complete.pdf
https://seer.cancer.gov/archive/publications/aya/aya_mono_complete.pdf
https://www.albertahealthservices.ca/assets/info/hp/cancer/if-hp-cancer-guide-lyhe001-cml.pdf
https://www.albertahealthservices.ca/assets/info/hp/cancer/if-hp-cancer-guide-lyhe001-cml.pdf
https://www.albertahealthservices.ca/assets/info/hp/cancer/if-hp-cancer-guide-lyhe001-cml.pdf
https://doi.org/10.1016/j.beha.2009.07.006
https://doi.org/10.1016/j.beha.2009.07.006
https://www.clinicaltrialsregister.eu/ctr-search/trial/2015-002916-34/NL
https://www.clinicaltrialsregister.eu/ctr-search/trial/2015-002916-34/NL
http://guide.medlive.cn/
http://guide.medlive.cn/


12 of 12 ATHALE ET AL.

41. Rousselot P, Johnson-Ansah H, Huguet F, et al. Personalized daily

doses of imatinib by therapeutic drug monitoring increase the rates of

molecular responses in patients with chronic myeloid leukemia. Final

results of the randomizedOPTIM imatinib study.Blood. 2015;126:133.
42. Verheijen RB, Yu H, Schellens JHM, et al. Practical recommendations

for therapeutic drug monitoring of kinase inhibitors in oncology. Clin
Pharm Ther. 2017;102:765-776.

43. Guilhot F, Hughes TP, Cortes J, et al. Plasma exposure of imatinib and

its correlation with clinical response in the Tyrosine Kinase Inhibitor

Optimization and Selectivity Trial.Haematologica. 2012;97:731-738.
44. Soverin S, Colarossi S, Gnani A, et al. Contribution of ABL kinase

domain mutations to imatinib resistance in different subsets of

Philadelphia positive patients: by the GIMEMA working party on

chronic myeloid leukemia. Clinical Cancer Res. 2006;12:7374-7379.
45. Ross DM, Brantford S, Seymore JF, et al. Safety and efficacy of ima-

tinib cessation for chronicmyeloid leukemia patientswith stable unde-

tectable minimal residual disease: results from the TWISTER study.

Blood. 2013;122:515-522.
46. Hughs TP, Ross DM. Moving treatment-free remission into main-

stream clinical practice in CML. Blood. 2016;128:17-23.
47. Millot F, Claviez A, Leverger G, et al. Imatinib cessation in children and

adolescents with chronic myeloid leukemia in chronic phase. Pediatr
Blood Cancer. 2014;61:355-357.

48. Caldemeyer L, Dugan M, Edwards J, Akard L. Long-term side effects

of tyrosine kinase inhibitors in chronic myeloid leukemia. Curr Hematol
Malig Rep. 2016;11:71-79.

49. Valent P, Hadzijusufovic E, Schernthaner GH, et al. Vascular safety

issues inCMLpatients treatedwithBCR/ABL1kinase inhibitors.Blood.
2015;125:901-906.

50. Reinwald M, Boch T, Hofmann WK, Buchheidt D. Risk of infectious

complications in hemato-oncological patients treated with kinase

inhibitors. Biomark Insights. 2015;10:55-68.
51. Luthy KE, Tiedeman ME, Beckstrand RL, Mills DA. Safety of live-virus

vaccines for children with immune deficiency. J Am Acad Nurse Pract.
2006;18:494-503.

52. Kenney LB, Melvin P, Fishman LN, et al. Transition and transfer of

childhood cancer survivors to adult care: a national survey of pediatric

oncologists. Pediatr Blood Cancer. 2017;64:346-352.
53. Wilkins KL, Agostino N, Penney AM, Barr RD, Nathan PC. Supporting

adolescents and young adults with cancer through transitions: posi-

tion statement from theCanadian task force on adolescents and young

adults with cancer. J Pediatr Hematol Oncol. 2014;36:545-551.

SUPPORTING INFORMATION

Additional supporting informationmay be found online in the Support-

ing Information section at the end of the article.
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