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Chronic Myeloid Leukemia: Historical
Perspective.

» In 1845 John Hughes Bennett, an Edinburgh pathologist, described a “case
of Hypertrophy of the spleen and liver in which death took place from
suppuration.

»In 1872, Ernest Neumann established the bone marrow as the origin of
leukemia and of blood cells in general.

» In 1973, Janet Rowley recognized translocation t(9;22) as philadelphia
chromosome.

»In 1959, Busulfan was introduce as the first drug.
»In the early 1980s, interferon—a (IFN) became the standard drug therapy.
»In 1992, Tyrosine kinase inhibitors (TKls) are revolutionized CML therapy.



CML (Chronic Myeloid Leukemia)

» Represents the first human malignancy to be
successfully treated with a small molecule tyrosine
kinase inhibitor (Targeted Therapy).



Pathophsiology

» The salient biological features of CML cells are as follows:
»Increased proliferation
» Resistance to apoptosis
»Perturbed interaction with bone marrow stromal cells
» Genetic instability.



Epidemiology

**Annual incidence of 1.3 to 1.6/10°
** Males are more commonly affected.
** No geographic ethnic or familial predisposition.

** Around 3000 cases newly diagnosed in Bangladesh.



CML chronic phase




Choosing Front-Line THERAPY

Diagnostic e Have | adequately ruled out accelerated or blast
Certainty phase disease?

Risk e Calculate based on standard scoring
Stratification models

e Efficacy,
Comorbidities,
Patient Goals.

Treatment

Choice




Diagonostic Certainty

Imperatives

- Peripheral blood analysis with
smear

- FISH for t(9;22)(934.1;911.2)

- BCR-ABL1 by molecular genetic
techniques.

- Bone marrow (BM) aspirate

* Complete karyotype

* Confirm the Phase of disease.

Warning Signs

- 20 % or more basophils in
the PB.

-10%-19% blasts in the PB
and/or BM

-Additional clonal
chromosomal abnormalities

- Any new clonal
chromosomal abnormality in
phl cells that occurs during
therapy.



Phase of Disease

World Health Organization

European LeukemiaNet

Accelerated Phase (AP)

9% Blasts <20% in marrow or
peripheral blood (PB)

>14% Blasts <30% in marrow or PB

Platelets < 100 x10

Basophilia >19 %

Platelets < 100 x10

Platetets <100 x 10

Cytogenetic evolution

Cytogenetic evolution

Increase in WBC or spleen size

Blasts + Progranulocytes > 29% in
PB

Blast Phase (BP)

>20% blasts in PB or marrow

>29% blasts in blood or marrow

Extramedullary disease

Extramedullary disease

Clusters of blasts in BM

#Not responsive to therapy,
* Not related to therapy




ife Expectancy of Patients with CML
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Bower H et al, J Clin Oncol 2016;34:2851-7.

Patients of all ages diagnosed with CML will lose < 3 life-years as a
result of CML



Risk Stratification Models

SOKOL Hasford EUTOS
1984 1998 2011

Age v v

Basophil Count v v

Peripheral Blood Blast v v

Eosinophil Count v

Platelet Count v v

Spleen Size v~ v v

Patient Population

At diagnosis. OS in 800
Pts treated with
chemotherapy

At diagnosis, OS in 1300
Patients treated with
Interferon alpha

At diagnosis, CCyR at 18
mo in 2000 patients
Treated with imatinib




Monitoring Response

Test

e At diagnosis to establish disease
e Failure to reach milestones
e Any sign of loss of response (defined as hematologic or cytogenetic relapse)

e At diagnosis

e Every 3 months after initiating treatment. After BCR-ABL1(IS) 1% (>0.1-1%) has been
achieved, every 3 months for 2 years and every 3-6 months thereafter

* BCR-ABL transcript (1 log ) w/ MMR, QPCR should be repeated in 1-3 months

e Chronic phase

-Failure to reach milestones

-Any sign of loss of response

-1-log increase in BC-ABL1 transcript levels and loss of MMR
e Disease progression to accelerated or blast phase



Depth of Response

Type of Response Definition




Depth of Response

> 0.0032%
>  0.001%



Complete Hematologic Response

v Normalization of WBC and platelet counts as well as WBC
differential.

v'Spleen should not be palpable.
v'This requirement is stringent and precise.
v CHR is first therapeutic objective.



Aim of the detection of BCR-ABL kinase
domain mutations

» The primary role of BCR-ABL kinase domain mutation is the cause of
imatinib resistance in CML.

» The knowledge of mutation status might influence clinical
management.

» |dentification of mutation provides new insights into kinase domain
function and into novel treatment strategies to overcome resistance.



Biology

v The Ph chromosome translocation occurs in pluripotent
hematopoietic stem cell, nearly all the blood and bone marrow cells
in untreated CML patients express the BCR-ABL fusion gene.

v’ Imatinib resistance cells represent only a subset of the total BCR-ABL
expressing cells often 20% or less.

v’ RT-PCR amplification of BCR-ABL mRNA from CML patient blood or
bone marrow cells.



Biology

v’ Mutations were detected in over 90% of patients who relapsed after
an initial response to imatinib.

v’ Mutations let to 15 amino acid substitutions in 13 different residues.

v’ Mutations fell into two groups- alterations of amino acid that directly
contact with imatinib and prevent for achiving inactive
conformational state.



Mechanism of acquired imatinib resistance.

Reactivation of BCR-ABL kinase activity within the leukemic cell
despite the presence of imatinib by eithet gene implication and
point mutation.

Point mutations within the ABL kinase domain of the BCR-ABL
gene are emerging as the most frequent mechanism for
reactivation of kinase activity.

A number of mutations have been well characterized in terms of
their ability & degree to which they induce resistance.



Primary Imatinib Resistance

Primary imatinib resistance is defined as failure to achieve a
hematological response for at least four weeks during the first 6
months of imatinib therapy.



Acquired Imatinib Resistance

1. Loss of a sustain complete hematological remission with
transformation.

2. Loss of a sustain complete hematological remission with
without transformation.

3. Loss of an MCR (Major cytogenetic response).
4. Loss of a complete cytogenetic response. (CCR).
5. Increasing in BCR-ABL levels of at least 1 log.



Learner objectives

»To know the importance of regular monitoring of hematological
cytogenetic and molecular response.

» If necessary BCR-ABL kinase domain mutation analysis.
» Dose alteration or changing to another TKis.



Patients and Methods

(1 70 Patients received imatinib at tertiary Medical College Hospitals (DMCH & SSMICH)

L Among then 20 patients are continuing treatment more than 12 months.
O 40 patients between 6-12 months
O 10 patients < 6 months regularly.

L Monitoring of the patients by RQ-PCR for BCR-ABL (RNA) irregularly due to economical constraints.


https://en.wikipedia.org/wiki/Tertiary_referral_hospital
https://en.wikipedia.org/wiki/Tertiary_referral_hospital

BCR-ABL kinase domain mutation analysis

Indication:
- Disease progression to accelerated or blastic phase.

Number of patients Detected mutation Not Detected
22 10 12



BCR-ABL kinase domain mutation analysis

Mutation Number of patients | Sokol risk score
Types

High risk




Distribution of ten BCR-ABL kinase domain
mutated patients.

5 patients: Developed myeloid blastic 02 Completed induction therapy
crisis and treated with conventional 03 died in induction therapy.

chemo therapy.

03 patients: (E225K) Dasatinib started. Patients in CHR.

02 patients: Dose of imatinib is changed  Patients in CHR.
from 400 mg to 600 mg.



Conclusion

» Patients who commenced imatinib more than 4 years from diagnosis
have a significantly higher incidence of mutations.

» A higher incidence of mutations in patients in accelerated phase and
patients in late chronic phase.

» Lack of major cytogenetic response (MCR) is also associated with a
higher likely hood of detecting a mutation.






