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|Frequent|y Used Genetic Techniques in Hemato-Oncology
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Situ
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Cytogenetics
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Next
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Integration of Molecular Profiling into AML Diagnosis

Morphology Flow Cytometry FISH Cytogenetics
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The Role of Genetic In Risk
Stratification and Prognosis of CML
Patients




A Thefirst spectaculasucces$n cancercytogeneticcamewhenNowelland
Hungerford(1960 discoveredhata smallkaryotypicmarker

Unbanded metaphase cell from a bone marrow culture established from
a patient with chronic myeloid leukemia. The arrow indicates the Ph chromoso
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Do Not Miss Karyotyping at Chronic Myeloid

Leukemia Diagnosis

A The Philadelphia (Ph) chromosome (chr.) is the hallmark of
chronic myeloid leukemia (CML) and typically results from
the reciprocal translocation t(9;22)(q34;11.2). J

A Complex variant translocations (CVT) involving one or more
additional chr. are identified in less than 5% of newly
diagnosed CML.

A There are conflicting reports about the prognostic impact of
CVT In the achievement of optimal response to tyrosine
kinase inhibitor (TKI).




National

comprehensive NCCN Guidelines Version 2.2021 NCCN&E:S??E nl?ednet:
NCCN ﬁg?v‘;g;k: Chronic Myeloid Leukemia o

CRITERIA FOR HEMATOLOGIC, CYTOGENETIC, AND MOLECULAR RESPONSE AND RELAPSE

Complete hematologic response’

* Complete normalization of peripheral blood counts with leukocyte count <10 x 10°/L
* Platelet count <450 x 10°/L

* No immature cells, such as myelocytes, promyelocytes, or blasts in peripheral blood
* No signs and symptoms of disease with resolution of palpable splenomegaly

Cytogenetic res;mnsei"3

+ Complete cytogenetic response (CCyR) - No Ph-positive metaphases*
* Major cytogenetic response (MCyR) - 0%~35% Ph-positive metaphases
* Partial cytogenetic response (PCyR) - 1%~35% Ph-positive metaphases
* Minor cytogenetic response - >35%-65% Ph-positive metaphases

Molecular response®57

* Early molecular response (EMR) - BCR-ABL1 (IS) £10% at 3 and 6 months

* Major molecular response (MMR) - BCR-ABL1 (IS) £0.1% or 23-log reduction in BCR-ABL1 mRNA from the
standardized baseline, if QPCR (IS) is not available

* Deep molecular response (DMR) is defined as MR4.0: BCR-ABL1 (1S) £0.01% or MR4.5: BCR-ABL1 (IS) £0.0032%

* Any sign of loss of response (defined as hematologic or cytogenetic relapse)
*1-log increase in BCR-ABL1 transcript levels with loss of MMR should prompt bone marrow evaluation for loss of
CCyR but is not itself defined as relapse (eg, hematologic or cytogenetic relapse)




The Role of Genetic In Risk
Stratification and Prognosis of AML
Patients




Acute myeloid leukemia (AML)

A A Genetically heterogeneous clonal disorder.

A The accumulation of somatically acquired genetic alterations
In hematopolietic progenitor cells.

A Alter normal mechanisms of self-renewal, proliferation, and
differentiation.

A Gene mutations and deregulated expression of genes
and noncoding RNAs (ie, microRNAs) the enormous
molecular genetic heterogeneity within distinct cytogenetically
defined subsets of AML, in particular the large group of
cytogenetically normal (CN) AML.




Mutational Co

mplexity in AML
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$ Overall Overall
&‘3? Gene Frequency, % Gene Frequency
, %
FLT3
(ITD, TKD) 37.(30.7) RUNX1 S
NPM1 29 MLL-
or PTD 5
DNMT3A 23
ASXL1 3
NRAS 10
PHF6 3
CEBPA 9
TET2 KRAS 2
TET2 8
iy e . PTEN 2
IDH2 8 TP53 2
IDH1 7 HRAS 0
KIT 6 EZH2 0

Patel. N Engl J Med012366:1079



Clinical Relevance of Molecular Landscape in AML

To determine prognosis

.

| Therapeutic choice:

Aldentify targetable lesions
A Prioritize targets based on VAF
Aldentify/verify genotype-sensitivity associations

Markers for MRD

Inform preemptive therapy, such as alloSCT

.

Inform mechanisms of chemoresistance and relapse

|

Inform treatment decisions at relapse

|

Grimwade. Blood2016127:29. I




> Morphology (BM,

B), How cytometry (CD33)

> Conventional cytogenetics, HSH (per request), marrow [HC

E@aﬁon results (RLT3-TD, FLT3-D635 THD, IDHL, IDH2
NPM1

_w_ Next gen sequencing
(400 mutations)

Typically we wait for reports from the tdptest results to initiate treatment




Molecular Studies in AML

Marker Patients, % Prognosis
FLT3-ITD/mutation!] 15-39 Worse
NPM1mutation(?l 50 Better
IDH1/2mutations®% 20 Controversial
KITmutation - CBF!? 15 Worse
TBCL258) 10-20 Worse
MLL-PTDI] 7 Worse
DNMT3Amutation!? 20 Worse
ASXL1, TETZ2 mutations!?! 10 Worse; epigenetic modulation
p53mutation!”) 5-20 Very poor

T EVI1 expression(® 10 Very poor

Reterances in shdenotes
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L eukemia1s not a static condition!

Repeat genomic analysis is necessary

Which Mutations Matter in AML Diagnosis?

Diagnosis CR/MRD Relapse
FLT31TD and/or TKD NPM1 FLT34TD and/or TKD
NPM1 RUNXI-RUNX1T1 IDH1 and /DHZ2
CEBPA (biallelic) CBFB-MVYH11

IDHI and /DH2 PML-RARA

TP53 DNMT3A, ASXL1, TET2

Kleppe Nat Med.201420:342 Grimwade Blood.2016127:29.




AML Risk Stratification by Cytogenetics and

Molecular Abnormalities (ELN Recommendations)

Risk Status Cytogenetics Molecular Abnormalities
Favorable t(8;21)(q22;922.1); RUNX1I-RUNX1T1 Mutated NPM1 without FLT3-ITD or
inv(16)(p13.1q22) or t(16;16)(p13.1;q22); with FLT3-ITD'* or
CBFB-MYH11 Biallelic mutated CEBPA
Intermediate Mutated NPM1and FLT3-ITD"eh

£(9;11)(p21.3;923.3); MLLT3-KMT2A

Cytogenetic abnormalities not classified as
favorable or adverse

Wild-type NPM1 without FLT34TD
or with FLT3-ITD'*¥ (without
adverse risk genetic lesions)

Adverse t(6;9)(p23;934.1); DEK-NUP214

At oy sergey Mt APMIand ATz
R - Mutated RUNX1

: : : : |
|nv(3)(q2122;462./2/)1/;32&()3;;23/25.3,q26.2), Mutated ASK.Z |
-5 or del(5q); -7; -17/abn(17p) Mutated 7755
Complex karyotype, monosomal karyotype
Low, low allelicratio (0.50 T KA IKZ KAA@FH | ffSEAO NIUA2Z o0Xx
Dohner. Blood2017129424. J






