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Chronic Myeloid Leukemia (CML): Overview & Genetics
Module 1: Pathophysiology and Epidemiology

Chromosome ¢ Chromosome 22

Philadelphia
Chromosome (Ph)
Constitutively active tyrosine kinase  uncontrolled proliferation.

Definition

Clonal hematopoietic stem cell disorder characterized by uncontrolled proliferation.

pidemiology Sidebar
Incidence: 1.6 cases/ 100,000
Median Age: 55-65 years
Gender Ratio: Male 1.6: 1 Female
Pediatric: Rare (<3% of cases)

Pathogenesis

Driver: £(9;22)(q34;q11)reciprocaltranslocation.
* Mechanism: BCR-ABL 1 fusion protein acts as an oncoprotein.
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BCR-ABL1 Fusion Variants & Signaling

Fusion Protein (Si Breakpoint Disease Association
Minor BCR (P190) ela2 Pht A Acute Lymphoblastic Leukemia
Major BCR (P210) e13a2 / e14a2 Classical CML
Micro BCR (P230) Telomeric breaks Indolent CML (Rare)

Resistance:

BCR-ABLI T3151 Mutation

(Tyrosine Kinase)
ATP-Binding Pocket

(TKI Target)
MAPK Pathway I
RAS PI3K-AKT Pathway STAT Pathway
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Cell Proliferation I1Survival( AntiApoptosis)
Migration | Leukemogenesis
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Clinical Presentation & Hematological Findings

Asymptomatic: ~50-60%
I/ detected via incidental CBC.

Splenomegaly
(Most common physical sign)

Hyperviscosity

(in severe leukocytosis)

Constitutional
Symptoms: Fatigue,
Weight Loss

MOCK LAB REPORT

CBC PANEL

*‘WBC Count: >100,000/uL [HIGH] 1
- Platelets: Elevated (Variable) [HIGH] 1

Basophils: Increased (Accelerated Phase if >20%)
» Hemoglobin: Variable Anemia

CHEMISTRY /SPECIAL

Leukocyte Alkaline Phosphatase

(LAP): LOW |

Note: Differentiates from Leukemoid Rxn.
° Serum 812: ELEVATED
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Diagnostic Investigations: Marrow & Genetics

Normal Marrow
*  Moderate cellularity, mix of hematopcilotic cells, fat spaces, a balanced 3:1 myeloid: erythroid ratio
with fewer large- erythroid precursors erythroid precursors and numerous denser myeloid cells.

CML Marrow

° Hypercellularity, with minimal fat spaces, vast expansion of myeloid cells at all stages of

development, including many immature forms. Myeloid: Erythroid ratio: 20:1, very few erythroid
islands.

Blast Criteria (Disease Phase by Blast Percentage)

ST " ST
-— Chronic Phase — - - Accaberated Phass - —er— Blagt Crisis —=
Method Scope Clinical utilit
Karyotyping Chromosomalstructure | Detects t(9;22) & clonalevolution(additional abnormalities).
FISH Interphase nuclei Quantifies % of BCR-ABL 1 positive cells.
RT-PCR mRNA Transcripts Most sensitive; Quantitative monitoring (MMR/MR4).
4
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Response Assessment & Molecular Milestones

Diagnosis (100% / Baseline)

Nommal CBC, No Splenomegaly

Log Reduction of Tumor Burden

Hematologic Response (CHR)

Cytogenetic Response (CCyR)
0% Ph+ Melaphases

Major Molecular Response (MMR)
s 0 1% (3 log recuction)

Molecular R
?J;p) ecular Response

< 0.000%
4.54ag reduction)

Monitoring uses the interasional Scale (15)

&.ﬁ mmmm::mmm |

Advanced Phases & Prognostic Scoring

Phase Criteria
AcceleratedPhase (WHO 2016)

* Blasts 10-19°/0 in blood or marrow.
* Basophils 2200/0.

* Persistent Thrombocytopenia (<100k) or Thrombocytosis (>1000k).

* Clonal Evolution (new cytogenetic abnormalities).

*[Note: Category removed in WHO 2022]
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Blast Crisis

* Blasts 220°/o in blood or marrow.
* Extramedullary blast proliferation.

Risk Stratification

Score Name Parameters Included
Sokal Age, Spleen size, Platelets,Blasts -
Hasford (Euro) Sokal parameters+ Eosinophils
ELTS Age, Spleen size, Blasts, Platelets
(EUTOS Long-Term)

Scores are used to guide TKI selection and predict progression risk.

Tyrosine Kinase Inhibitors (TKls): Pharmacology

Generation Drug Agent Key Side Effects / Toxicity T3151
Activity
1st Gen Imatinib Fluid retention, Muscle cramps, Gl upset. (Well Ineffective (X)
tolerated).
2nd Gen Nilotinib ~ Vascular events (PAOD, Coronary), Ineffective (X)
Metabolic syndrome.
2nd Gen Dasatinib Pleural Effusion, Pulmonary HTN. Ineffective (X)
2nd Gen Bosutinib | Gl Toxicity (Diarrhea), Liver enzyme elevation. Ineffective (X)
3rd Gen Ponatinib Arterial occlusive events (High Risk). Effective (W
3rd Gen | Omacetaxine Myelosuppression. (Protein synthesis inhibitor). Effective (W
6
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Management Algorithm: CML Chronic Phase

Ponatinib or
Omaeetaxine = #1315+

Allogeneic
Transplant

«— |f Progression

Treatment-Free Remission (TFR) Criteria

* Deep Remission (>MR4.5) sustained for 22 years.
* Protocol: Stop TKI with monthly PCR monitoring.
* Success Rate: ~50-60%.

Sickle Cell Anemia: Diagnosis via HPLC

Module 2: HemoglobinElectrophoresis

a4 Windows
100 | - y——
£
‘3 —~— Hb SS Diagnosis:
> f Predominant S window (>50%)
g 50 + Absence of HbA,
[}
= o
2 ‘
0 -L j — T=rk -
F A 5 c o
Retention Time —»
— - — - {0 Clinical Note:
. ' o Transfusion Caveat: HPLE in recangly
' | transéused patipnts shows a mixed
= picture. Wit 3 months for washout or
screen panents to distinguith Homazy-
Separation based on globin chain weight and charge defect. w wE m W,"
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Pathophysiology: From Mutation to Vaso-occlusion

~ — —

Genetics [  Molecular s Polymarization ¥ Cellular

—

T

Clinical Crises in Hb SS
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Chronic Complications & Laboratory Findings
Body Map of Damage

Body Map of Damage Laboratory Findings

Sickle
s~ Cells

Howell-Jolly
Bodies

(Small dark

J nuclear remnants

indicate splenic
atrophy)

Hb:HoH.{ctth]
Sickling Test: Positive (Screening only)

Principles of Management

[ propnyianis | Lﬂ,._r;ﬂm] woiiaton

« Folic Acid: 5mg weekly, S droxyurea: Increases
i | {w Fluids). w HE-F lmtﬂd for freq.
| = Penicillin V: Start at S | Srnlih % qmmm ‘@i
nosis until puberty . In pragnancy
r:tgecuun prevention). l'l : (metm"NEAIDH) @. R
. wlmum: ~ = Oxygen (if hypaic). @J Transplant (Curative). @
Mm‘i'ngmmal = Antibiotics ﬁﬁ’ + New Agents: }&
H. influenzae, Hep B. (if febrie). ¥ | Crizanizumab, Vioxelotor,

| A Transfusion Rule: Do NOT raise Hb -.-n-mﬁL (Risk of kundmﬂy} ]
Usa Exmanga Transfusion for Stroke/ACS 10 lower HbS <30%,
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Sickle Cell Variants & Differential

Genotype Clinical Severit Key Features/ Smear
HbAS (Trait) Benign/ Asymptomatic Protects against Malaria. Riskof Hematuria.
N Normal CBC.
Hb S-Beta Thal | 'V'0UCTdle 10 SEVETE Resembles Hb SS but Low MCV + Splenomegaly

(No auto-splenectomy).

HbSC Disease | Moderate _ GluR Lys mutation. Retinal issues, Thrombosis
(Better survival than SS) | risk. Smear: Target Cells + Rhomboid Crystals.
HbE Mild (Common in SE Microcytic anemia.

Asia)

Prenatal Diagnosis & Genetic Counseling

10—11 Weeks 15+ ¥eeks
chnﬂmrc Villus i
. [ Qoo e j ﬁ ( Amniocentesis ] @
DNA Analysis via PCR. . DNA Analysis via PCR. |

Pre-implantation Genetic Diagnosis - PGD
['IWch:la] (_2 Biopsy ) 3.Am|ys|aj [4&% ]:.

|ﬁ3 In Vitro ) —) DEFE -> PGH for | rmlan'l
| 7 F,?mw_'?"',, i @f § Embrw @

* Note PCSS!bIlIty of HLA Matchmg (‘Savior Snbhng )
| & Counseling: If both parents are carriers (AS), risk of affected child (SS) is 25%. |
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