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Frequently Used Genetic Techniques in Hemato-Oncology 
 

Conventional 
Cytogenetics 
(Karyotyping) 

Fluorescent In-
Situ 

Hybridization 
(FISH) 

Polymerase 
Chain Reaction 
(PCR) and its 
Modifications 

Detection of 
mutations 

Post transplant 
chimerism 
analysis 

Detection of 
fusion genes 

Genome-Wide 
Arrays 

Gene Expression 
Profiling 

Next 
Generation 
Sequencing 

(NGS) 



         Morphology    Flow Cytometry            FISH                         Cytogenetics 

·Risk stratification 
·Drug discovery/therapeutics 
·MRD monitoring 

Mutation Profiling 

Integration of Molecular Profiling into AML Diagnosis 

 Tanawa. CML Leuk Lymph. 2016;21. 



BM sample Preparation for cytogenetic study 

Karyotyping 

FISH 



Cytogenetics 



 The Role of Genetic in Risk 
Stratification and Prognosis of CML 

Patients 

 



Á The first spectacular success in cancer cytogenetics came when Nowelland  

      Hungerford (1960) discovered that a small karyotypic marker. 

Unbanded metaphase cell from a bone marrow culture established from  

a patient with chronic myeloid leukemia. The arrow indicates the Ph chromosome 



 



Do Not Miss Karyotyping at Chronic Myeloid 

Leukemia Diagnosis 

 
ÅThe 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). 

 

Å Complex variant translocations (CVT) involving one or more 

additional chr. are identified in less than 5% of newly 

diagnosed CML.  

 

ÅThere are conflicting reports about the prognostic impact of 

CVT in the achievement of optimal response to tyrosine 

kinase inhibitor (TKI). 





 The Role of Genetic in Risk 
Stratification and Prognosis of AML 

Patients 

 



Acute myeloid leukemia (AML) 

ÅA Genetically heterogeneous clonal disorder. 

  

ÅThe accumulation of somatically acquired genetic alterations 

in hematopoietic progenitor cells. 

 

ÅAlter normal mechanisms of self-renewal, proliferation, and 

differentiation. 

 

ÅGene 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 Complexity in AML 

Patel. N Engl J Med. 2012;366:1079. 

Gene 
Overall 

Frequency, % 

FLT3  
(ITD, TKD) 

37 (30,7) 

NPM1 29 

DNMT3A 23 

NRAS 10 

CEBPA 9 

TET2 8 

WT1 8 

IDH2 8 

IDH1 7 

KIT 6 

Gene 
Overall 

Frequency
, % 

RUNX1 5 

MLL-
PTD 

5 

ASXL1 3 

PHF6 3 

KRAS 2 

PTEN 2 

TP53 2 

HRAS 0 

EZH2 0 



Clinical Relevance of Molecular Landscape in AML 

To determine prognosis 

Therapeutic choice: 

ÅIdentify targetable lesions 

ÅPrioritize targets based on VAF 

ÅIdentify/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. Blood. 2016;127:29. 



ñIDEALò Diagnostic Workup for AML 

Same	day	

24-48h	

3-5	days	

10-17	days	

Morphology	(BM,	PB),	Flow	cytometry	(CD33)	

Conven onal	cytogene cs,	FISH	(per	request),	marrow	IHC	

Muta on	results	(FLT3-ITD,	FLT3-D835	TKD,	IDH1,	IDH2)	

Next	gen	sequencing	
(400	muta ons)	

Typically	we	wait	for	the	top	three	to	result	to	ini ate	therapy,	not	NGS.	
Typically we wait for reports from the top 3 test results to initiate treatment 

NPM1 



 



Leukemia is not a static condition! 

 

Repeat genomic analysis is necessary 

 

 

Kleppe. Nat Med. 2014;20:342. Grimwade. Blood. 2016;127:29. 



AML Risk Stratification by Cytogenetics and 
Molecular Abnormalities (ELN Recommendations) 

Döhner. Blood. 2017;129:424. 

Low, low allelic ratio (< 0.5ύΤ ƘƛƎƘΣ ƘƛƎƘ ŀƭƭŜƭƛŎ Ǌŀǘƛƻ όҗ 0.5). 



 


