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WHO classification 2018

Myeloproliferative neoplasm

 Chronic myeloid leukemia, BCR::ABL1 positive

 Chronic neutrophililc leukemia

 Polycythemia vera

 Primary myelofibrosis

• Prefibrotic/early primary myelofibrosis

• Overt primary myelofibrosis

 Essential thrombocythaemia

 Chronic eosinophilic leukemia, not otherwise specified

 Myeloproliferative neoplasm, unclassifiable
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WHO 2018

 Granulocytes are the major proliferative component

 Arises in a hematopoietic stem cell

 Characterized by the t(9;22)(q34.1;q11.2) 

• formation of Ph chromosome, containing the BCR::ABL1 fusion gene

 BCR::ABL1 is found in all myeloid lineages, in some lymphoid cells

 Natural history is biphasic or triphasic

• Initial indolent chronic phase (CP)

• Followed by:  

• accelerated phase (AP)

• blastic phase (BP)
3
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EPIDEMIOLOGY

 annual incidence of 1-2 cases/100.000 population

 slight male predominance (M/F: 1.6/1)

 median age 57 years in Western countries

o patients >70 years make up >20%

o children/adolescents <5%

 annual incidence increases with age 

o < 0,1 cases / 100.000 children

o ≥ 2,5 cases / 100.000 elderly individuals
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EPIDEMIOLOGY
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Age-specific incidence of AML  and CML in the Netherlands (1994-1998)
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EPIDEMIOLOGY

Belgian Cancer Registry (2013-2018)
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ETIOLOGY

 Predisposing factors are largely unknown

 Acute radiation exposure: increased risk (reported increased incidence of CML among atomic bomb survivors)

 No known familial associations

 Not a frequent secondary leukemia

6
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CLINICAL FEATURES

 most cases diagnosed in CP, onset usually insidious

 +/-50% asymptomatic, discovered by chance

 if symptomatic: common findings: fatigue, malaise, weight loss, night sweats, anemia, palpable splenomegaly (50%)

 atypical presentations: marked thrombocytosis without leukocytosis

 <5% diagnosed in AP or BP without a recognized CP

7
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NATURAL HISTORY OF CML

Accumulation of immature myeloid cells

New cytogenetic findings  

Chronic phase Accelerated Phase Blast phase 

Duration if untreated, 3-5 yrs Varies (6-9 months) Median survival of several 

months (3-6 months)

Symptoms Asymptomatic, OR Progressive splenomegaly Bleeding complications

Fatigue Myelofibrosis Infection complications

Abdominal pain or

discomfort

Complications due to 

severe anemia

Weight loss

Night sweats
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MICROSCOPY CP

Peripheral blood

 Leucocytosis (12-1000 x10e9/L): neutrophils and immature myeloid cells

• Children often higher WBC counts (median 250x10e9/L) then adults (median 80x10e9/L)

 No significant granulocytic dysplasia

 Blasts <2%

 Absolute basophilia / eosinophilia are common

 Absolute monocytosis,  but relative <3% monocytes (except rare cases with the p190 BCR::ABL1 isoform which 

mimics CMML)

 Platelets: normal to increased (>1000x10e9/L)

9



2/15/2022

10

MICROSCOPY CP

Bone marrow 

 Hypercellular : marked granulocytic proliferation

 No significant dysplasia

 Blasts usually <5%

 Erythroid precursors is decreased

 Megakaryocytes: normal to slightly decreased, or moderate to marked proliferation, smaller, hyposegmented

 Eosinophils and basophils are increased

 Pseudo-Gaucher cells are common
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https://askhematologist.com/2016/03/17/chronic-myeloid-leukemia/
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DEFINING CRITERIA FOR AP AND BP OF CML

11

Hochhaus et al. Clin Pract Guid

Ann Onc. (2017), Suppl 4
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DIAGNOSIS OF CML

Sensitivity

Haematologic Cytogenetic Molecular

Karyotype FISH PCR

Peripheral 

blood (with 

myeloid cells)

Bone marrow 

(with myeloid 

hyperplasia)

Chromosomal    

translocation  

t(9;22)(q34.1;q11.2)

Ph chromosome

BCR::ABL1 fusion gene BCR::ABL1 fusion gene

https://askhematologist.com/2016/03/17/chronic-myeloid-leukemia/
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GENETIC PROFILE

 At diagnosis: 90-95% have chromosomal translocation 

t(9;22)(q34.1;q11.2), Ph chromosome

 In AP or BP additional cytogenetic abnormalities (in >80%) may 

be seen: 

 trisomy 8

 trisomy 19

 duplication of the Ph chromosome

 isochromosome 17q (leading to the loss of the P53 gene on 17p)

13
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GENETIC PROFILE

 At diagnosis: 90-95% have chromosomal 

translocation t(9;22)(q34.1;q11.2), Ph chromosome

14
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GENETIC PROFILE

 At diagnosis: 90-95% have chromosomal 

translocation t(9;22)(q34.1;q11.2), Ph chromosome

 Remaining cases: 

• variant translocations (involving a 3rd or 4th

chromosome)

15

t(9;22;12) variant Philadelphia (Ph) chromosome

Hu Zhoa et al. J. Gene Med. 2021;(23), e3276

FISH and/or PCR (BCR::ABL1 fusion)
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BCR::ABL1 FUSION GENE 

16

FISH
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BCR::ABL1 FUSION GENE 

17

QUALITATIVE PCR
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BCR::ABL1 FUSION GENE



2/15/2022

19

19

BCR::ABL1 FUSION GENE

p190 in CML: a minor Breakpoint with a major impact

• 1-2% CML patients

• associated with distinct features like monocytosis

• frequent additional cytogenetic abnormalities at diagnosis

• should be considered as a high-risk group (treatment failure 

and progression)
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BCR::ABL1 FUSION GENE

p210 in CML

• meta-analysis: 54,034 patients from 34 studies

• e14a2 is the more common transcript type 

• e14a2 transcript is prevalent in females

• clinical impact e13a2 / e14a2?

Ghalesardi OK et al. Leukemia Research 2021
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BCR::ABL1 FUSION GENE

p230 in CML

• CML with marked thrombocytosis
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Qin YZ et al. Br J Haematol, (2018) 

Baccarani M et al. Leukemia (2019)

DISTRIBUTION OF RARE BCR::ABL1 TRANSCRIPTS IN CML

e13a2/e14a2

n= 4467,  98.3%

n=83 1.7% 

others

Rare transcripts are associated with

• Sex (females > males)

• Age (children/adolescents < elderly)
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Figure 1 

TREATMENT

1rst generation TKI
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TREATMENT

24
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Figure 1 

TREATMENT

Hehlmann R et al, Haematologica, 2016
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Figure 1 

TREATMENT

2nd and 3rd

generation TKI
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DIAGNOSTIC WORKOUT AND MONITORING

Hochhaus et al. Clin Pract Guid Ann Onc. (2017), Suppl 4

Recommendations for assessment of response and monitoring

 HR?
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DIAGNOSTIC WORKOUT AND MONITORING

Hochhaus et al. Clin Pract Guid Ann Onc. (2017), Suppl 4

Recommendations for assessment of response and monitoring

 CyR?
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DIAGNOSTIC WORKOUT AND MONITORING

Hochhaus et al. Clin Pract Guid Ann Onc. (2017), Suppl 4

Recommendations for assessment of response and monitoring

 MR?
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DIAGNOSTIC WORKOUT AND MONITORING

Hochhaus et al. Clin Pract Guid Ann Onc. (2017), Suppl 4

Recommendations for assessment of response and monitoring
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%IS BCR::ABL1 TRANSCRIPT LEVEL

IRIS trial (2000)

 30 diagnostic blood samples

 measured by 3 laboratories: Adelaide, 

Mannheim and Hammersmith

 the median value = baseline reference value 

and defined as 100% IS

 results reported in 1 log reductions from this 

baseline
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%IS BCR::ABL1 TRANSCRIPT LEVEL

Two possible ways of calculating / standardize to the IS

1. According to the conversion factor (CF)

2. Using the BCR-ABL1 reference standard method
32

 many sample exchanges between laboratories

 time-consuming

 laborious

 commercially available 



2/15/2022

33

33

MONITORING

Cumbo C et al. Cancer Management and research.  2020:12: 3175-89

Methods for CML MRD monitoring. 

The strategies are based on:

(A) the identification of BCR::ABL1 fusion

(B) the detection of molecular markers independent from BCR::ABL1
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MONITORING

Cumbo C et al. Cancer Management and research.  2020:12: 3175-89

Methods for CML MRD monitoring. 

The strategies are based on:

(A) the identification of BCR::ABL1 fusion

(B) the detection of molecular markers independent from BCR::ABL1
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MONITORING

Cumbo C et al. Cancer Management and research.  2020:12: 3175-89Soverini S. et al. J. of Clin Med. (2020)
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MILESTONES 1ST AND 2ND-LINE TREATMENT (ELN 2020)

Optimal Warning Failure

Baseline NA High-risk ACA, high-risk ELTS score NA

3 months ≤10% >10% >10% if confirmed within 1–3 months

6 months ≤1% >1–10% >10%

12 months ≤0.1% >0.1–1% >1%

Any time ≤0.1% >0.1–1%, loss of ≤0.1% (MMR)a >1%, resistance mutations, high-risk ACA

ACA additional chromosome abnormalities in Ph+ cells

From: ELN 2020 recommendations for treating CML

Continue current treatment

EMR

MMR
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TKI DISCONTINUATION

From: European LeukemiaNet 2020 recommendations for treating chronic myeloid leukemia

https://www.nature.com/articles/s41375-020-0776-2
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TKI DISCONTINUATION

All green: strong recommendation 

to consider TKI withdrawal

Any yellow: only consider TKI 

withdrawal in high priority 

circumstances (eg. planned 

pregnancy)

Any red:  TKI withdrawal not 

recommended except in clinical 

trials

Hughes T et al. Blood (2017)

Criteria to guide selection of patients suitable for TFR attempt
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TKI DISCONTINUATION

Mandatory

requirements

• CML in first CP only (data are lacking outside this setting)

• Motivated patient with structured communication

• Access to high quality quantitative PCR using the IS with rapid turn-around of PCR test results

• Patient’s agreement to more frequent monitoring after stopping treatment; monthly for the first 6 

months, every 2 months for months 6–12, and every 3 months thereafter

Minimal

requirements

(stop allowed)

• First-line therapy or second-line if intolerance was the only reason for changing TKI

• Typical e13a2 or e14a2 BCR–ABL1 transcripts

• Duration of TKI therapy >5 years (>4 years for 2GTKI)

• Duration of DMR (MR4 or better) >2 years

• No prior treatment failure

Optimal 

requirements

(stop recommended 

for consideration)

• Duration of TKI therapy >5 years

• Duration of DMR > 3 years if MR4

• Duration of DMR > 2 years if MR4.5

From: ELN 2020 recommendations for treating CML
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TKI DISCONTINUATION

Results of TKI discontinuation

 disease recurred in about 50-60% of patients 

 recurrence mostly within the first 6-8 months (=> persistence of LSC)

 disease rarely comes back after one year TKI discontinuation

 patients can usually restart TKI treatment

 90%– 95% of patients achieve undetectable levels of disease again

41
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NOMENCLATURE (ART 33 TER)
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MILESTONES 1ST AND 2ND-LINE TREATMENT (ELN 2020)

Optimal Warning Failure

Baseline NA High-risk ACA, high-risk ELTS score NA

3 months ≤10% >10% >10% if confirmed within 1–3 months

6 months ≤1% >1–10% >10%

12 months ≤0.1% >0.1–1% >1%

Any time ≤0.1% >0.1–1%, loss of ≤0.1% (MMR)a >1%, resistance mutations, high-risk ACA

From: ELN 2020 recommendations for treating CML

Consider possible TKI switch
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MILESTONES 1ST AND 2ND-LINE TREATMENT (ELN 2020)

Optimal Warning Failure

Baseline NA High-risk ACA, high-risk ELTS score NA

3 months ≤10% >10% >10% if confirmed within 1–3 months

6 months ≤1% >1–10% >10%

12 months ≤0.1% >0.1–1% >1%

Any time ≤0.1% >0.1–1%, loss of ≤0.1% (MMR)a >1%, resistance mutations, high-risk ACA

From: ELN 2020 recommendations for treating CML

KINETICS OF

EARLY TREATMENT RESPONSE

ACA additional chromosome abnormalities in Ph+ cells
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RESPONSE KINETICS

 wide range of pre-imatinib BCR::ABL1 levels

 IS, although very good for classifying response for most patients, 

does not suit every situation

 role for examining actual pre-imatinib level to assess trend of 

response at 3 months of TKI (kinetics not yet incorporated in 

follow-up recommendations)

45

Brandford S, Best Pract & Res Clin Hem: 2016, 284-94
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MILESTONES 1ST AND 2ND-LINE TREATMENT (ELN 2020)

Optimal Warning Failure

Baseline NA High-risk ACA, high-risk ELTS score NA

3 months ≤10% >10% >10% if confirmed within 1–3 months

6 months ≤1% >1–10% >10%

12 months ≤0.1% >0.1–1% >1%

Any time ≤0.1% >0.1–1%, loss of ≤0.1% (MMR)a >1%, resistance mutations, high-risk ACA

From: ELN 2020 recommendations for treating CML

ACA additional chromosome abnormalities in Ph+ cells

Change current treatment
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TKI RESISTANCE

BCR::ABL1 dependent

ABL1 kinase domain (KD) mutations

Increased BCR-ABL1 expression

BCR::ABL1 independent

Poor compliance

Drug influx and efflux

Activation of alternative signaling pathways

Plasma TKI concentration

Insensitivity of quiescent stem cells

Yaghmaie M. et al, Curr Hematol Malig Rep. 2019
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BCR::ABL1 KD MUTATIONS

 In case of resistance for first line TKI: 

1/3 

 In case of resistance to second or 

subsequent-line therapy: up to 50%

 In AP or BC patients: 70-80%

 Multiple mutations are often detectable 

(one or multiple low mutants 

detectable in addition to dominant 

mutants)
48

Soverini S. et al. J. Hemat. & Oncol. (2019)

Soverini S et al. Blood (2011)
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BCR::ABL1 KD MUTATIONS

 Detection method

o Sanger sequencing 

o NGS 

o dPCR

49

Soverini S. et al. J. Hemat. & Oncol. (2019)

Soverini S. et al. J. of Clin Med. (2020)
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BCR::ABL1 KD MUTATIONS

Soverini S. et al. Blood (2020) 

Soverini S. et al. AHS (2019)

N=236

≥2 mutations in 62 patients
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FLOW CHART OF ROUTINE ASSESSMENTS IN CML (2020 ELN RECOMMENDATIONS)  

Soverini S. et al. J. Clin. Med. (2020)
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TKI RESISTENCE - NGS TESTING FOR BCR::ABL1 KD MUTATIONS

Indications for the use of NGS testing in chronic phase CML

• in patients with failure
a

response to TKI therapy, irrespective of the TKI

• in patients with warning
a

response to TKI therapy, irrespective of the TKI

Indications for the use of NGS testing before allogeneic stem cell transplant (allo-SCT)

• BCR-ABL1 KD mutation status by NGS testing before allo-SCT may provide useful information regarding when post-

transplant TKI therapy should be reinstated. Patients who do not have BCR-ABL1 KD mutation results by NGS available 

at the time of transplant should be tested
b

Indications for the use of NGS testing in advanced CML phases

• all patients with advanced phase (AP or BC) either at diagnosis or during therapy

Indications for the use of NGS testing after TKI therapy discontinuation

• in patients relapsing after a TFR attempt if they fail to re-achieve MMR within 3–6 months after TKI re-treatment
52

Soverini S. et al. J. Hemat. & Oncol. (2019)
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BCR::ABL1 KD MUTATIONS

Soverini S. et al. J. Hemat. & Oncol. (2019) From: ELN 2020 recommendations for treating CML


