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Molecular diagnostics in Hematology
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• 2012 ASH meeting: Next Generation Sequencing in MDS



Molecular diagnostics in Hematology
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• 2012: Recurrent mutations in AML



Next Generation Sequencing (NGS)
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Next Generation Sequencing (NGS)
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Molecular diagnostics: Case
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• Female patient, 67 years

• Referred for polycythemia

• Hb 16 g/dL – Hct 46%

• Normal platelet and wbc count

• EPO 10,1 (4,3-29)

• JAK2 V617F: positive

• What would you do next?



Case:
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• Bone marrow aspirate:
• Normal blast count

• No signs of dysplasia

• Trephine biopsy:
• Normal cellularity

• No blast excess

• No signs of dysplasia

• No signs of fibrosis

→ Normal bone marrow exam



Clonal hematopoiesis

• Whole exome sequencing
• DNA of peripheral blood cells
• 17182 subjects
• Screening for haem

malignancy associated
mutations

• Median age 58 years (19-108)

9Jaiswal et al NEJM 2014



Clonal hematopoiesis

10Jaiswal et al NEJM 2014



Clonal hematopoiesis & blood analysis?
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HSC/HPC produce 1012 cells/day

On average HPC acquire 1,3±0,2 somatic mutations per year.



Important definitions

VAF % mutated DNA molecules relative to DNA input

VUS Variant of Unknown Significance

Somatic mutation Acquired mutation
Is typically heterozygous, 50% VAF = 100% tumour cells 
carry mutation

Germline mutation Inherited mutation

Driver mutation Cancer-initiation mutation

Passenger mutation Mutation lacking functional consequences

CHIP Clonal Hematopoiesis of Indeterminate Potential

CHOP Clonal Hematopoiesis of Oncogenic Potential

ARCH Age Related Clonal Hematopoiesis

ICUS Idiopathic Cytopenia of Undetermined Significance

CCUS Clonal Cytopenia of Undetermined Significance
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Important definitions
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Condition ICUS CHIP/ARCH CCUS MDS AML

Genetic 
changes

None Somatic gene 
mutation or 

copy number 
variant in 
peripheral 

blood, VAF > 2%

Somatic gene 
mutation or 

chromosomal 
alteration

Somatic gene 
alteration in 

most patients

Somatic gene 
alteration in 

most patients

Cytopenias None None Present Present Generally 
present

Dysplasia None None None or below 
MDS criteria

Significant 
(>10% of cells in 

≥1 lineage)

Sometimes 
present

Blast increase No No No < 20% in BM ≥20% in BM or 
blood

Additional 
criteria

No evidence of haematological neoplasm, MGUS, MBL 
or PNH



CHIP defining genes

Shlush LI Blood 2018 // Steensma ASH education program 2018

VAF ≥ 2%



Clonal hematopoiesis: detection techniques

Important factors to take into account 

in the interpretation of NGS results:

• Basic system

• Bioinformatics

• Sample site (somatic vs germline)

• VAF



Sano S et al. Circ J 2019

Clonal hematopoiesis: detection techniques



Clonal hematopoiesis: detection techniques



CHIP or ARCH?

18



Mechanisms of clonal expansion

Bowman RL et al Cell Stem Cell 2018 19



CHIP: aging (ARCH)

Shlush LI Blood 2018, Jaiswal S & Ebert BL Science 2019 20



CHIP or CHOP?
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Genovese G et al. NEJM 2014 



CHIP: impact on survival?
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• Coronary heart disease

• Early onset myocardial infarction

• Heart failure

• Ischemic stroke

Jaiswal S et al NEJM 2014



CHIP or CHOP?
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Steensma D Blood 2015



Clonal evolution in MDS
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Walter et al NEJM 2012

• Recurrent mutations in the MDS founding clone

• Acquisition of new mutations in the founder clone

• Transformation to AML



CHIP or CHOP?
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Gondek et al Lancet Haem 2020



Clonal evolution update

• Acquisition of CHIP mutation

• Acquisition of CHOP mutation

• Additional lesions

26

Valent P et al Ebiomedicine 2017



CHOP

• CHOP will almost always lead to an overt neoplasm

• Variable latency period

• Can be germline

• Can induce clonal instability

• JAK2 V617F or KIT D816V can predispose for the 
acquisition of CHOP mutations

• Can be divided into 3 categories:
• Disease specific drivers that trigger differentiation and maturation

• Disease specific drivers of differentiation & proliferation of HSC

• Drivers that preferentially trigger proliferation of HSC

27

Valent P et al Ebiomedicine 2017



CHOP mutations
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Valent P et al Int J Mol Sci 2019

Steensma D Best Pract Res Clin Haem 2021



CHIP, CHOP and leukemic stem cells
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Valent P et al Int J Mol Sci 2019



CHIP, CHOP and AML

• Retrospective cohort study

• 150 de novo AML NPM1mut

• Prevalence & spectrum of mutations at diagnosis, CMR and
relapse

• NPM1 negative relapses excluded

• Standard intensive chemotherapy

30Capelli LV et al Leukemia 2021



CHIP, CHOP and AML

31

CHIP-like
DNMT3A

TET2
SRSF2
IDH1
IDH2

CHOP like
All others

Capelli LV et al Leukemia 2021



Clonal hematopoiesis & stem cell transplant
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Chapman MS et al ASH 2022



Clonal hematopoiesis & stem cell transplant
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Chapman MS et al ASH 2022



Clonal hematopoiesis & stem cell transplant
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Chapman MS et al ASH 2022



Clonal hematopoiesis & stem cell transplant
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Chapman MS et al ASH 2022



How to manage a patient with CHIP/CHOP?

• Blood count 1x/6m

• BM exam if cytopenia

• Repeat NGS to follow clonal
burden evolution

• Ensure correct 
cardiovascular FU & 
management

36

Gondek et al Lancet Haem 2020

Bolton et al JCO 2018



Prevention of CVD in CHIP+ individuals

37Libby et al JACC 2019



Conclusions
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CHIP Clonal Hematopoiesis of Indeterminate Potential
Presence of somatic mutations associated with AML/MDS in healthy subjects 
Minimal VAF of 2%
Low risk of transformation to myeloid malignancy
Can persist in AML in remission (DNMT3A, TET2)

ARCH Age Related Clonal Hematopoiesis
Different term for CHIP since prevalence clearly increases with age

CHOP Clonal Hematopoiesis with Oncogenic Potential
Disease related/specific lesions that trigger differentiation and/or 
proliferation
High risk of transformation to myeloid malignancy
Indicate adverse risk if persistent/acquired in CR?



Conclusions

• CHIP is a frequent event

• Known risk factors:
• Age

• Chemo/radiotherapy

• Smoking

• Has negative impact on survival

• Leads to hematological malignancy at a rate of 0,5-
1%/year

• Is an independent risk factor for cardiovascular 
disease
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