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                            Chronic Myeloid Leukaemia

CYTOGENETICS IN Chronic Myeloid LeukaemiaMolecular mechanisms,
various mutations and treatment option Department of Clinical
Haematology SKIMS

Dr. Sandeep Kumar Resident Department of Internal Medicine

IntroductionAccounts for 15% of adult leukaemia's. Median age 67
years. However occurs in all age groups.

CML is a clonal hematopoietic stem cell disorder.

Disease is driven by BCR-ABL 1 chimeric gene product, a
constitutively active Tyrosine Kinase, resulting from a reciprocal
balanced translocation t(9;22)(q34;q11.2), Cytogenetically detected
as Philadelphia (Ph) chromosome.

Introduction ctd..Diagnosis detecting t(9;22)(q34;q11.2)
(present in 90% cases).Some Complex translocations (Variant Ph)
involving three or more translocations that include chromosomes 9
& 22 and one or more other chromosomes. Others Masked Ph
translocations between 9 & a chromosome other than 22.
Prognosis & response to TKI in all variants is similar to Ph.In
5-10 % cases additional chromosomal abnormalities in Ph + ve cells.
Include : Trisomy 8Double PhIso-chromosome 17 or del 17p20q
Collectively referred as CLONAL EVOLUTION sign of adverse
prognosis, particularly Trisomy 8, Double Ph, or Chromosome 17.

Differential DiagnosisLeukemoid reactionJuvenile myelomonocytic
leukemiaChronic myelomonocytic leukemia"Atypical CML"Chronic
eosinophilic leukemiaChronic neutrophilic leukemiaOther
myeloproliferative neoplasmsOther Philadelphia chromosome-positive
malignancies

Ph positive Leukaemia's20 to 30 percent of adults with acute
Precursor B cell lymphoblastic leukaemia (ALL).

5 to 10 percent of Childhood ALL, and

1 percent of Adult AML.

Molecular basics of CMLMech1 Balanced Reciprocal Translocation
t(9;22)(q34;q11.2)Found in >90%. Present in hematopoietic stem
cells (but not Stromal cells).Abelson tyrosine kinase (ABL1) is a
non-receptor tyrosine kinase involved in cell growth and
proliferation. Chronic myeloid leukaemia (CML) arises from the
fusion of the ABL1 gene (chromosome 9q34) with the breakpoint
cluster region (BCR) gene (chromosome 22q11.2), generating the
Philadelphia chromosome expressing onco-protein BCR-ABL1.

Breakpoints in long arm of Chr-9(ABL locus) & Chr 22 (BCR
locus) results in 3 different BCR-ABL Oncoprotein messages,
P210BCR-ABL1 (most common), p190 BCR-ABL1(present in 2/3rd) and
P230 BCR-ABL1 (rare a/w indolent course) [ The university of Texas
MD Anderson cancer centre.

Pathophysiology CtdGrowth advantage over normal counterparts
causes decrease in Normal Haematopoiesis. Normal Stem cells can
persist and may re-emerge following effective therapy.Minor BCR
region (m BCR Region) In Ph + ALL and some CML Breakpoint in BCR is
more Centromeric.

Micro BCR ( - BCR) Breakpoint in BCR Telomeric to m BCR
region.

m BCR

p190BCR-ABL1Predicts Worse outcome

Type of BCR-ABL1 fusion may influence clinical
manifestationsp210BCR-ABL1 fusion - ABL1 gene at a2 with major BCR
region at e13 or e14 to produce an e13a2 or e14a2 transcript
translated into a 210 kilodalton protein. This variant is present
in most patients with CML and one-third of those with Ph + B-cell
ALL.p190BCR-ABL1Monocytosis and a lowneutrophil/monocyteratio in
the peripheral blood.Inferior outcome when treated with tyrosine
kinase inhibitorsThis variant is present in two-thirds of those
with Ph+ B-cell ALL and a minority of patients with
CML.p230BCR-ABL1 lower peripheral blood leukocyte counts consisting
principally of neutrophils, thrombocytosis, less severe
splenomegaly, and delayed or absent transformation to blast
crisis.Neutrophilic CML or chronic neutrophilic leukaemia. have a
distinct clinical course.

Summary of molecular mechanisms involved

Interactions mostly mediated through Tyrosine phosphorylation.
Treatment principle

Additional pointsIn some cases Ph isnt detected by standard
cytogenetic analysis, but FISH & PCR detect it Course and
response to TKI similar to Ph +ve CML.Atypical morphological &
clinical features belong to other diagnostic groups e.g. Atypical
CML, CMML Dont respond to TKIs Poorer PrognosisMedian survival 2-3
yearsMutation in CSF3R in Chronic Neutrophilic Leukaemia &
Atypical CML & SETBP1 in Atypical CML Confirmed they are
different entities.

Transition to blast crisis or accelerated phase.Transition from
Chronic to Accelerated phase poorly understood a/w Double Ph,
Trisomy, Iso-chromosome 17 or Del 17p, 20q-

Molecular events a/w mutations in TP53, RB1, Myeloid
Transcription factors RNUX1, Cell cycle regulators like p16

No unifying theme for Blastic transformation.

Pathophysiology of treatment resistanceSeveral mechanisms More
than 100 mutations Most clinically relevant DEVOLPMENT OF DIFFERENT
ABL1 KINASE DOMAIN.

Treatment of CMLWork up H& P, including Spleen size by
Palpation (in CMs Below SCM.BLIBone marrow morphology - % Blasts, %
Basophils - Cytogenetics FISHQuantitative RT-PCR (QPCR) Blood /Bone
marrow.Determine Risk scoreHLA testing (If considering Allogenic
HCT).

ScoresStudyCalculationRisk definition by calculationSokal et al
1984 Exp. 0.0116 (Age in Yrs 43.4) + (Spleen 7.51) + 0.188
[(Platelet count / 700)2 - 0.563] + 0.0887 (blast cells 2.10)Low -
1.2Hasford et al, 19980.666 when Age 50 years + (0.042 Spleen) +
1.0956 when PLT >1500 109/L + (0.0584 Blasts cells) + 0.20399
when Basophils >3% + (0.0413 Eosinophils) 100Low -
780Intermediate - 781 1480High - >1480EUTOS score - Probability
of the patient NOT to be in CCgR after 18 months of Imatinib
therapy.7 Basophils + 4 Spleen sizeLow risk - 87High risk -
>87ELTS score EUTOS Long term survival score 0.0025 x (age in
completed years/10)3 + 0.0615 x spleen size below costal margin +
0.1052 x blasts in peripheral blood + 0.4104 x (platelet
count/1000)-0.5Low - 1.5680Intermediate - > 1.5680 but
2.2185High - > 2.2185

Treatment NCCN 2016

Supportive care strategies for Leucocytosis &
ThrombocytosisFactors to consider Age, Risk factors for
Thromboembolic disease & Degree of Thrombocytosis.

Symptomatic Leucocytosis Hydroxyurea, Apheresis, Imatinib,
Dasatinib, Nilotinib, or Clinical Trials.

Symptomatic Thrombocytosis Hydroxyurea, Antiaggregants,
Anagrelide, or Apheresis.

Management of TKI Resistance

When to go for CML mutations

Different Mutations & Significance in CML - Shaver, A., M.
Jagasia. 2013. BCR-ABL1 c.1075T>G (F359V) Mutation in Chronic
Myeloid Leukemia.My Cancer
Genomehttp://www.mycancergenome.org/content/disease/chronic-myeloid-leukemia/bcr-abl1/221/MutationimatinibDasatinibNilotinibBosutinibPonatinibBCR-ABL1ConfersConfersConfersConfersConfersBCR-ABL1
c.757 T>C (Y253 H)ReducedRetainsReduced??BCR-ABL1 c.763 G>A
(E255K) ReducedRetainsReduced??BCR-ABL1 c.764 A>T
(E255V)ReducedRetainsReduced??BCR-ABL1 c.895 G>C
(V299L)ReducedReducedRetains??BCR-ABL1 c.895 G>T
(V299L)ReducedReducedRetains??BCR-ABL1 c.943 A>G
(T315A)ReducedReducedRetains??BCR-ABL1 c.944 C>T (T315I)
***ReducedReducedReducedReducedRetainsBCR-ABL1 c.950 T>G
(F317C)ReducedReducedRetains??BCR-ABL1 c.949
T>A(F317I)ReducedReducedRetains??BCR-ABL1 c.951 C>A
(F317L)ReducedReducedRetains??BCR-ABL1 c.949 T>C (F317L
)ReducedReducedRetains??BCR-ABL1 c.951 C>G
(F317L)ReducedReducedRetains??BCR-ABL1 c.949 T>G
(F317V)ReducedReducedRetains??BCR-ABL1 c.1076 T>G
(F359C)ReducedRetainsReduced??BCR-ABL1 c.1075 T>A
(F359I)ReducedRetainsReduced??BCR-ABL1 c.1075 T>G
(F359V)ReducedRetainsReduced??

Other BCR-ABL1 Mutations in CMLPropertiesMutationFrequency of
Mutation in ABL1-mutated CML (COSMIC)ExonAmino Acid
ChangeNucleotide
Change(s)4M244Vc.730A>G7.4%L248Vc.742C>G2.4%G250Ec.749G>A10.4%Q252Hc.756G>Tc.756G>C2.9%Y253Fc.758A>T1.8%5D276Gc.827A>G1.4%E279Kc.835G>A0.3%6F311Lc.931T>Cc.933C>Ac.933C>G0.6%M351Tc.1052T>C9.0%E355Gc.1064A>G3.1%7V379Ic.1135G>A0.6%L384Mc.1150C>A0.6%L387Mc.1159T>A0.8%H396Pc.1187A>C0.1%H396Rc.1187A>G3.1%8E459Kc.1375G>A1.9%9F486Sc.1457T>C1.1%

Implications for targeted therapies- UNKNOWN

Imatinib effect on TK
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