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• 80% of acute leukemias in adults

• Median age : 65 years 

• Incidence : 3-5 cases/100.000/year

Acute myeloid leukemia (AML)



Clonal proliferation of 
myeloid precursors with a 

reduced capacity to 
differentiate into more 

mature cellular elements



Series of GENETIC EVENTS

BLASTS

Accumulation of leukemic blasts or immature forms in BM, PB, other tissues

+
Reduction in the production of normal red blood cells, platelets, granulocytes

PHYSIOPATHOLOGY



anemia bleeding
increased risk of 

infections

• Symptoms of leukostasis if extremely high white blood cell counts

fever, lung, CNS, heart

• Extramedullary locations

• complications of pancytopenia 

skin, CNS, oropharynx, organomegaly, joints, myeloid sarcomas

CLINICAL SYMPTOMS



Bone marrow aspirate/biopsy

Mayo fondation for medical and research

DIAGNOSIS



staining with Wright Giemsa

blasts 

> 20%

immature cells with large nuclei, with prominent nucleoli
 pale blue cytoplasm 

‘auer rod’ = pathognomonic of myeloblasts

Cytochemical studies : + sudan black B, 
myeloperoxidase or  esterase

MORPHOLOGY



CD34+

HLA-DR +
 
CD117 +

CD13 +

CD33 +

Mawali et al, Am J Clin Path 2009

IMMUNOPHENOTYPING



t(15;17) in Acute Promyelocytic Leukemia (APL) 

CYTOGENETICS (karyotype and FISH)

recurrent cytogenetic abnormality in 55% of AML patients



Fusion transcripts : PML/RARA; t(15;17)

  AML1/ETO; t(8;21)
 
                                  CBFB/MYH11; inv(16)

Tandem internal duplication of FLT3

Internal duplication of KMT2A
 

MOLECULAR TESTINGS



MOLECULAR TESTINGS

NGS Next Generation Sequencing



Dohner et al, Blood 2022

Classification ICC 2022 based on cytogenetic and mutational profiles

impact on disease phenotype and outcome



Dohner et al, Blood 2022

PROGNOSIS



TREATMENT

Young patients < 65 y

Older patients > 65 y

7 + 3

venetoclax



Mrozek et al, Leukemia 2023

to better understand the underlying mechanisms of leukemogenesis

-> to develop more targeted therapies

-> to understand and treat relapses

SURVIVAL



high-throughput NGS seqencing

To understand the molecular pathogenesis of AML

1/ cytogenetic heterogeneity of leukemia cells 

2/ molecular heterogeneity of leukemia cells

some genomic alterations are shared by the entire tumor, 

BUT not all cancer cells show identical genomic and molecular profiles 

single-cell sequencing



Fewer mutations in AML genome …

 +- 13 mutations per patient – 5 in genes recurrently mutated in AML

 23 genes recurrently mutated - and 237 genes mutated in ≥ 2 patients

Cancer Genome Atlas Research Network, NEJM 2013

Sequencing DNA from 200 AML – BM and skin

high-throughput NGS sequencing



Peroni, J of exp and clin cancer res 2023



Founder mutation 

 genes involved in epigenetic regulation

 compromise maturation of blasts + promote self-renewal and clonal expansion 
 

Driver mutation 

 genes involved in proliferation

 proliferative advantages to tumor cells by impairing normal apoptotic activity 
 

DEREGULATION OF SEVERAL PATHWAYS



Dohner et al, NEJM 2015



Martignoles, IJMS 2018



FLT3 inhibitors

  -> targeted therapies

Daver et al, Leukemia 2017



Stone et al, NEJM 2017



IDH1,2 inhibitors

Yang et al, CCR 2012 Wouters et al, Blood 2017



Montesinos, NEJM 2022



Hirsch, nature com 2016

  -> relapses



Single-cell approaches

extreme heterogeneity of leukemic blasts 

To profile the leukemia at diagnosis and at relapse

-> identify underrepresented cellular subclones

-> identify resistant clones to therapeutic approaches

-> personalize the therapy to the genetic and transcriptional profile of leukemia



After targeted therapies …

Morita et al, Nature comm 2020

single-cell DNA sequencing



After targeted therapies …

Morita et al, Nature comm 2020

single-cell DNA sequencing





Arber et al, Blood 2022

Critical for proper diagnosis

Impact on management

-> Allogeneic stem cell transplantation

exclude a donor with the same mutation

->health surveillance strategies patient/family

Genetic counseling

  -> preleukemic states ? 

1. Germline predisposition



Dohner et al, Blood 2022

*pathogenic or likely pathogenic germline variants

* Regardless of age (DDX41 44-88y)

*validation by culture and sequencing of skin fibroblasts



Model of disease progression

Klco, Nature review cancer 2021



How to manage germline predisposition to AML ?  

Godley et al, Blood 2017



Baliakas et al, Hemasphere 2022



2. Clonal hematopoiesis

Weeks et al, Blood 2023

CH: the outsized contribution of expanded clones of HSC and progenitor cells to blood cell 
production

  prevalence of CH increase with age

CH  > somatic mutations in individual genes or

       > gains /losses of larger chromosomal segments

CH = premalignant state

         somatic mutations in CH = initiating mutations for hematological malignancies

CH =  strong predictor of development of blood cancers

mutations alter the function of terminally differentiated blood cells  

 including release of elevated levels of inflammatory cytokines -> inflammatory disorders



Weeks et al, Blood 2023



CHIP :   CH of indeterminate potential 

 CH possessing somatic mutations in leukemia driver genes 

at a variant allele fraction (VAF) of ≥2% in the absence of cytopenia

CCUS : Clonal cytopenia of undetermined significance (CCUS) 

CHIP in the presence of persistent, unexplained cytopenia in which 

dysplastic features of myelodysplastic syndrome (MDS) are absent

 10% to 20% of individuals aged >70 years
 

DNMT3A, ASXL1, and TET2 : 87%  

JAK2, TP53, SF3B1, and SRSF2 remaining cases

Weeks et al, Blood 2023



- How does clonal hematopoiesis progress to AML ? 10 -15 years pre-AML 

Watson C, ESH 2023

Linear evolution : successive mutations in a single dominant clone
 
Clonal competition : multiples clones with clear evidence of clonal interference

Static evolution : expanded clones have stopped growing ?

Late evolution : mutations only detected close to AML diagnosis or not at all 
 

4 patterns

when ? 

1st driver mutation : > 50 years pre-AML (linear)  - 4 years pre-AML (late)



CHIP : risk of malignant transformation 0,5 – 1% per year

 depend on specific mutations and hematological features     

Weeks et al, Blood 2023



Weeks et al, Blood 2023



  ->  targeted therapies/relapse

Conclusions

To understand the molecular mechanisms of AML

To understand the ‘preleukemic states’

* Germlines mutations

* Clonal hematopoiesis - CHIP 

extreme heterogeneity of leukemic blasts



Thank you for your attention


