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Molecular diaghostics in Hematology

* 2012 ASH meeting: Next Generation Sequencing in MDS




Molecular diaghostics in Hematology

e 2012: Recurrent mutationsin AML

Gene
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Next Generation Sequencing (NGS)

DNA RAPPORT: Haematologische Tumoren gen panel analyse

Naam patiént: v Analyse: STHT myeloide subpanel
Geslacht, geboortedatum: Vrouw /1970 Monster: DNA uit Bloed

il Aanvraagdatum: 09/04/2021

: Afnamedatum: 06/04/2021

UZ Brussel Dossier: L= Ontvangstdatum: 09/04/2021

Aanvrager: DR. DE BECKER, ANN Onze referentie: D21.2641

Aanvragende dienst: LHEM Uw referentie: 5746720516786

Indicatie: Patient met vermoedelijk AML als klinische diagnose.

RESULTAAT:
Massieve parallelle sequencing analyse identificeerde onderstaande variant(en) in patiént
Gen cDNA verandering Eiwit verandering | Allelfrequentie Variant klasse Parameters voor classificatie
NM_175622.2(DNMT3A): = < = : e
DNMT3A c.973dup p.(Trp305Leufs*19) | 20 mogelijk pathogeen(KL4) vermoedelijk pathogene frameshift variant in een tumor suppressor gen
IKZF1 ?547222260.6(%?1 : p.(Asn150Ser) 17 mogelijk pathogeen(KL4) vermoedelijk pathogene missense variant in een tumor suppressor gen
JAK3 ?l\]dégggi_lrs.BUAKB): p.(Arg540%) 50 variant van ongekende betekenis(KL3)
RUNX1 ??5(7’10.1201 890.3(RUNX1): p.(Asn100Lys) 35 variant van ongekende betekenis(KL3)
BESLUIT:

Er werd een DNMT3A (NM_175629.2(DNMT3A):c.913dup (p.(Trp305Leufs*19)) vermoedelijk pathogene frameshift variant geidentificeerd in exon 8.
De aanwezigheid van dit type variant in AML heeft mogelijks klinische betekenis (tier Il) en is eerder geassocieerd met een ongunstige prognose (PMID:29619119, 31482762).

Er werd een IKZF1 (NM_006060.6(IKZF1):c.476A>C (p.{Asn159Ser)) vermoedelijk pathogene missense variant geidentificeerd in exon 5.
De aanwezigheid van deze specifieke variant in AML heeft mogelijk klinische betekenis (tier II) vermits het gaat om een dominant negatieve LoF van IKZF1 die eerder met AML werd geassocieerd. (PMID: 33081843)

Er werden geen andere (vermoedelijk) pathogene varianten geidentificeerd in het STHT myeloide subpanel (inclusief FLT3, NPM1 en CEBPA)
Daarnaast werden ook 2 varianten met ongekende biologische en klinische betekenis geidentificeerd, cfr tabel.




Molecular diagnostics: Case

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:

* 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

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ’

Age-Related Clonal Hematopoiesis

Whole exome sequencing
DNA of peripheral blood cells
Associated with Adverse Outcomes 17182 subiects
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Clonal hematopoiesis
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Clonal hematopoiesis & blood analysis?
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On average HPC acquire 1,310,2 somatic mutations per year.



Important definitions

VAF
VUS

Somatic mutation

Germline mutation
Driver mutation
Passenger mutation
CHIP

CHOP

ARCH

ICUS

CCUS

% mutated DNA molecules relative to DNA input
Variant of Unknown Significance

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

Inherited mutation

Cancer-initiation mutation

Mutation lacking functional consequences

Clonal Hematopoiesis of Indeterminate Potential
Clonal Hematopoiesis of Oncogenic Potential

Age Related Clonal Hematopoiesis

Idiopathic Cytopenia of Undetermined Significance

Clonal Cytopenia of Undetermined Significance




Important definitions

Condition

Genetic
changes

Cytopenias

Dysplasia

Blast increase

Additional
criteria

ICUS

None

None

None

No

CHIP/ARCH

Somatic gene
mutation or
copy number
variant in
peripheral
blood, VAF > 2%

None

None

No

CCUS

Somatic gene
mutation or
chromosomal
alteration

Present

None or below
MDS criteria

No

No evidence of haematological neoplasm, MGUS, MBL

or PNH

MDS

Somatic gene
alteration in
most patients

Present

Significant
(>10% of cells in
>1 lineage)

<20% in BM

AML

Somatic gene
alteration in
most patients

Generally
present

Sometimes
present

>20% in BM or
blood
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CHIP defining genes

Common (>50) Less common Uncommon (5-9)
variants, n (10-49) variants, n variants, n*

DNMT3A 403 TP53 33 GNAS 8

TET2 72t JAK2 31 BRCC3 6

ASXL1 621 SF3B1 27 CREBBP 6

GNB1 22 NRAS 6

CBL 12 RAD21 6

SRSF2 11 SETDB1 6

PPM1D f U2AF1 5

SETD2 5

Gene Chromosome Region Gene Chromosome Region

ASXL1 20 Whole gene NOTCH1 9 Indel: exon 0

BRAF 5 Missense: position 600 (aa) NPM1* 5 Indel: position 288 (aa)

CALR 12 Indel: positions 360 to 380 (aa) NRAS 1 Missense: positions 12, 13, 61 (aa)

CBL 1" Whole gene PPM1D 74 Whole gene

DNMT3A 2 Whole gene PTPN11 12 Whole gene

EZH2 7 Whole gene RUNX1 21 Whole gene

FLT3 12 Mi;s:;lse: position 835 (aa) and exons SETBP1 18 Missense: position 870 (aa)

GNAS 20 Whole gene SF381 2 Missense: positions 625, 666,
700 (aa)

GNB1 1 Missense: positions 57, 76, 80 (aa) SMC1A X Whole gene

IDH1 2 Missense: positions 132 (aa) SMC3 10 Whole gene

IDH2 15 Missense: positions 140, 172 (aa) SRSF2 17 Missense: position 95 (aa)

JAK2 9 Missense: position 617 (aa) STAG2 X Whole gene

KiT* 4 Missense: position 816 (aa) TET2 4 Whole gene

KRAS 12 Missense: positions 12, 13, 61 (aa) TP53 17 Whole gene

MPL 1 Indel: exon 10 U2AF1 24 Missense: positions 34, 154 (aa)

MYD88 3 Missense: position 265 (aa) WT1* 1 Whole gene

VAF 2 2%



Clonal hematopoiesis: detection techniques

Important factors to take into account R ——

depends on sensitivity of the detection technique

in the interpretation of NGS results:
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Clonal hematopoiesis: detection techniques

Table. Studies of Clonal Hematopoiesis
Study Method Sample Population Sensitivity Prevalonce
Xie etal (2014)  Whole-exome  Peripheral blood 2,728 individuals with firsttime 001 VAF  5-6% of >70-year-olds
sequencing primary cancers (selected from
TCGA)
etal  Whol Peripheral blood 12,380 Swedish persons 0.01 VAF % <50-year-olds
(2014)t0 sequencing unselected for cancer of 10% of >65-year-olds
hematological phenotypes
(6,245 controls, 4,970 with
schizophrenia, 1,165 with
bipolar disorder)
Jaiswal et al Whole-exome Peripheral blood 17,182 persons unselected for ~ 0.035 VAF Rare <40 years old
(2014)® sequencing hematological phenotypes 11% of >70-year-olds
(selected from 22 population-
based cohorts)
McKerrell et al Targeted Peripheral blood 4,219 individuals (3,067 blood 0.008 VAF  0.8% of <60-year-olds
(2015) sequencing Cord blood donors, 1,152 unselected 19.5% of >90-year-olds
(15 hotspot individuals, 32 patients with
analysis) hematopoietic stem cell
transplant, 18 cord blood) oung et al argete ealthy temale participants I utation in
Young et al Targeted Peripheral blood 20 healthy female participants ~ 0.0003 VAF  Mutation in DNMT3A 25 7 ' R o,
ot b (olcod fom Nsce's Toake and TET2 n 95% of (2016) sequencing g (Sselscted from Nurse's Health ) E;dJETQ in 95% of
{error-comected) Study) individuals (56.6-68.1 (error-corrected) tudy) individuals (56.6-68.1
years old)
Jaiswal et al Whole-exome Peripheral blood 4,726 participants with coronary 0.1 VAF 7%
(2017)2 sequencing artery disease, 3,529 controls (mean age of 65 years)
(selected from 4 case-control
studies)
Zink et al Whole-genome  Peripheral blood 11,262 lcelanders (in various 0.1 VAF 0.5% of <35-year-olds
(2017)* sequencing disease projects at deCODE >50% of >85-year-olds
genetics)
Abelson et al Targeted Peripheral blood 1. Discovery Cohort: 95 pre-AML  0.005 VAF Around 30% of
(2018)= sequencing cases, 414 controls >50-year-olds
(error-corrected) 2. Validation Cohort: 29 pre-AML
cases, 262 controls (selected
from EPIC Study)
Desai et al Targeted Peripheral blood 181 age-matched control 0.01 VAF  20.75% of <64-year-olds
(2018) ‘sequencing population against later AML 38.46% of >65-year-olds
group (selected from WHI)
Gibson et al 1. Whole-exome 1. (pre-and post-ASCT) 1. 12 patients who underwent 0.02 VAF 1. 50%
(2017)% sequencing Peripheral blood and ASCT for Hodgkin or 2.29.9%
2. Targeted bone marrow non-Hodgkin lymphoma
sequencing 2. Cryopreserved 2. 401 patients who underwent
aliquots of autologous ASCT for non-Hodgkin
stem-cell products Ilymphoma
Coombs et al Targeted Paired tumor and blood 8,810 patients 0.01 VAF 25.1%
(2017)> next-generation
‘sequencing
Jongen-Lavrencic  Targeted Bone marrow o 428 patients with a confimed 0.02 VAF 89.2%
et al (2018)2 next-generation  peripheral blood diagnosis of previously
sequencing untreated AML, 54 patients with
refractory anemia with excess of
blasts




Clonal hematopoiesis: detection techniques

BIJLAGE: TEST - EN ANALYSE SPECIFICATIES

BELAC 141-MED geaccrediteerd volgens kwaliteitsnorm 1S015189:2012

Beschrijving gen panel

Versie (v) 1 van het comprehensieve vaste en hematologische tumor genen panel (STHTGP) bevat de coderende regio's en 11
baseparen (bp) flankerende intronische sequentie van 165 genen. De volledige genenlijst en subpanels zijn raadpleegbaar op de
BRIGHTcore website via: http://www.brightcore.be/stht.

Methode

150 nanogram genomisch desoxyribonucleinezuur (DNA) geéxtraheerd uit FFPE weefsel of uit beenmerg/bloed wordt chemisch
gefragmenteerd en een DNA-bibliotheek wordt bereid gebruik makende van de KAPA Hyper Plus Prep kit volgens de instructies
van de fabrikant. Nadien worden maximaal 8 DNA-bibliotheken samen gecapteerd met behulp van Roche Nimblegen SeqCap EZ
Choice XL aanrijkingsprobes. De gecapteerde fragmenten worden vervolgens geamplificeerd en gesequeneerd in 2 maal 100bp
paired-end modus op een Illumina NovaSeqG000 instrument. BELAC 141-MED geaccrediteerd volgens kwaliteitsnorm
1ISO15188:2012

Data verwerking

De data-analyse wordt uitgevoerd met v3.7 van de analyse pipeline. Na demultiplexing, wordt de kwaliteit van de reads bepaald
met FastQC (v.0.10.0). De reads worden gealigneerd tegenover het humaan referentie genoom hg19 (ucsc.hg19.fasta) met BWA-
mem (v.0.7.10). De gealigneerde reads worden gesorteerd en kwaliteitscontrole gebeurt met samtools v.0.1.19. Duplicate reads
worden gemarkeerd met Picard (v1.97). De reads worden verder geoptimaliseerd met GATK (v3.3) en onderworpen aan een
kwaliteitscontrle met Picard (v1.97). De coverage in de target regio's wordt bepaald met samtools v0.1.19 en een in-house
ontwikkeld Rscript (R v.2.15.1). Variant calling wordt uitgevoerd met GATK (v4.0) Mutect2. Variants worden geannoteerd met
Annovar v2018Apr16.

Data interpretatie

De geannoteerde varianten worden gevisualiseerd in Qiagen Clinical Insight Interpret (QCH) (v7.1) en geanalyseerd volgens het
ComPerMed algoritme (v 1). Ze worden biologisch ondergebracht in één van deze 5 klassen (KL): goedaardig (KL1), vemoedelijk
goedaardig (KL2), ongekende biologische betekenis (KL3), vermoedelijk pathogeen (KL4), pathogeen (KLS) en klinisch
ondergebracht in één van deze 4 groepen: significant klinisch belang (tier 1). mogelijk klinisch belang (tier 1), ongekend klinisch
belang (tier Ill), (vermoedelijk) goedaardig (tier V). Deze classificatie gebeurt voigens de American College of Medical Genetics
and Genomics (ACMG)/ Association for Molecular Pathology (AMP) 2015 en AMP/American Society of Clinical Oncology (ASCO)/
College of American Pathologists (CAP) 2017 richtlijnen voor variant interpretatie (PMID:25741868 en 27203330). Volgende tools
worden gebruikt bij de classificatie via het ComPerMed algoritme: COSMIC, SIFT, Mutation Taster, PubMed, JAX-CKB, MDA, MCG,
CIVIC, Clinvar, OncoKb, VarSome. De classificatie geldt op het moment van de rapportopmaak en kan variéren in de tijd,
aangezien de informatie en kennis over varianten continu evolueert. Enkel geidentificeerde klasse 3, 4 en 5 varianten en tier I, Il
en |l worden gerapporteerd en dit conform Human Genome Variation Society (HGVS) nomenclatuur (www.hgvs.org).

Kwaliteitsparameters
Analyseparameters
De data voldoen aan de vooropgestelde kwaliteitsparameters. Een gedetailleerd kwaliteitsrapport is verkrijgbaar op aanvraag.

Algemene ‘coverage’ parameters

Percentage (%) van posities in het exon meer dan 500 maal 'gecovered' | Aantal exonen (35)
100% 6182 (98.33 %)

0 - 06% 8(0.13%)
1-89% 58 (0.92 %)

0% 30(0.62 %)

Beperkingen van de test

Crotere genomische deleties en duplicaties, structurele varianten (inclusief fusiegenen), repeats, diep-intronische varianten en
varianten in de promotor regio's worden met deze test niet standaard gedetecteerd. De detectielimiet van de test is 5% VAF
(>500x) voor SNV's en kleine indels (<50 bp) in een wildtype achtergrond in FFPE stalen of beenmerg/bloed. Het minimum
vereiste tumor percentage is 10% voor de vooropgestelde detectielimiet van 5% VAF. Geidentificeerde gekende pathogene
varianten (cfr. ComPerMed CPV lijst v1) worden onder voorbehoud gerapporteerd onder 5% VAF. Deze analyse maakt geen
onderscheid tussen somatische en germline varianten.

Conclusie test - en analyse specificaties
Deze test is een combinatie van een type-A (kwantitatief) en type-D (kwalitatief) test met een standaarddeviatie van 2,9% voor de
variant frequentie (accuraatheid), een test sensitiviteit van 100% (05%CI:08%-100%) en een test specificiteit van 100% (05%Cl: 00-
100%). (EJHG Open, (2010) 18, 1276-1288).




CHIP or ARCH?

Age (years)

a b
30+
S
&g 20
L @
[&]
3
a 104
U_
T T T T T
20 40 60 80 100
Age (yr)

S ASXLT - 4 Samples with two mutations
3 Age data missing

*ATM, DIDO1, GUCY1A2, HDAC4,
MBD1, MECOM, NOTCH3, PRKDC,
RICTOR, SNX25, SOS1
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Mechanisms of clonal expansion
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CHIP: aging (ARCH)

~1 protein-coding
mutation every 10
years per HSC
50,000 to 200,000 .
HSCs per person

DNMT3A - - os—
TET2 - ———————
ASXL1 ~ ——
JAK2 - —
SF3B1 - —
TP53 | o

T T T T T T T
0 50 100 150 200 250 300

Numb

of rand
acquired by age 70 in HSC pool

Shlush LI Blood 2018, Jaiswal S & Ebert BL Science 2019
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Proportion without Hematologic

CHIP or CHOP?

Cancer

1.00-

0.99+

0.98+

0.974

0.96

0.954

094,
0.00

No clonal
hematopoiesis
(N=8783)

Clonal
hematopoiesis
(N=439)

Hazard ratio, 12.9 (95% Cl, 5.8-28.7)
P<0.001

0

| | | |
20 40 60 80

Months

Proportion Surviving

1.00+
No clonal
hematopoiesis
0.95- (N=38324)
0.90- Clonal
hematopoiesis
(N=455)
0.85-
0.80—
Hazard ratio, 1.4 (95% Cl, 1.0-1.8)
0.754, P=0.03
4
0.00 | | | | |
0 20 40 60 80
Months
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CHIP: impact on survival?

Events/

Cause specific mortality HR(CI95%) o oirisk P-value
n=4,775
Cancer = 0.9(04-2.2) 5/213 0.86
Cardiovascular ] 1.4(0.9-2.3) 19/213 0.15
VAF=0.10 " 1.9(1.1-3.5) 12/93 0033
VAF <0.10 = 1.0(0.5-2.3) 7/120 097
Other/unadjudicated —_— 1.0(0.7-1.6) 23/161 0.79
05 1.0 20 4.0
Hazard ratio

e Coronary heart disease

e Early onset myocardial infarction
* Heart failure

* Ischemic stroke
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CHIP or CHOP?

Monoclonal
= = gammopathy of
undetermined
Post-germinal significance (MGUS)
center B cell
Progresssion:
~1% per year
Monoclonal

- B-cell

lymphocytosis (MBL)
Post-germinal
center ("memory”)
or another B cell Progression:
~1-2% per year
Clonal hematopoiesis
= =| ofindeterminate
potential (CHIP)
Myeloid progenitor,
lymphoid progenitor or
multipotential progenitor
or stem cell
Progression:

~0.5-1.0% per year

Most patients do not progress

No progression;
death from
unrelated causes
Smoldering Plasmacell °
leukemia
Most patients do not progress
No progression;
death from
unrelated causes
hronic lymphocy Transformed
_ leukemia (CLL) ymphoma (Ri
Non-Hodgkin
homa
Most patients do not progress N
No progression;
death from
unrelated causes
lodyspla \cute myeloid
romes (MD! sukemia (AM|
ther myel
lasms
Lymphoid
neoplasms
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Clonal evolution in MDS

{ ) MDS or sAML

Mutations
O Germline
Cluster 1 SNVs
@ Cluster 2 SNVs
@ Cluster 3 SNVs
@ Cluster 4 SNVs
@ Cluster 5 SNVs

e Recurrent mutations in the MDS founding clone
* Acquisition of new mutations in the founder clone
* Transformation to AML
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CHIP or CHOP?

Variant allele frequency (%)
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MDS
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CHIP

Gondek et al Lancet Haem 2020
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Clonal evolution update
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Initial Early First Driver Additional Complex Multi-
Event Lesions Lesions Lesions Lesion Patterns

e Acquisition of CHIP mutation

e Acquisition of CHOP mutation

 Additional lesions
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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



CHOP mutations

Effects of the Mutant on Clonal Cells Affected
Mutation Differentiation Proliferation Oncogenesis Myeloid Neoplasm
BCR-ABLIp10 + + +* Ph+ CML
JAK2V617F + +/- - MPN
CALR mutations + +/- - MPN
MPL mutations ++ +/- -
KIT D816V ++ +/- - ISM and AdvSM
FIP1L1-PDGFRA + +/- - CEL, MPN-eo
RUNXI-RUNXITI +/- ++ + AML
CBFB-MYHI1 +/- ++ + AML
FLT3 ITD mutations +/- + +/- AML
NPMI mutations - ++ +/- AML
KRAS, HRAS mutations - ++ + AML
TP53 mutations - + + MPN, CMML, AML

Table 3

Factors associated with increased likelihood of malignancy diagnosis in persons with CH.

Higher number of detected mutations or somatic SNPs

Larger clone size (especially VAF >10-20%)

Elevated RDW or MCV
Cytopenia(s)

Specific genes with mutations (e.g., TP53, IDHI, IDH2, RUNX1, spliceosome components, multiple gene mutations)
Specific alleles (e.g., DNMT3A R882, SRSF2 P95, IDH2 R140Q, GNB K57E)

Inherited marrow failure syndrome or receipt of genotoxic therapy




CHIP, CHOP and leukemic stem cells

eradication of all LSC and most pre-L-NSC

SAML P0888% early relapse

[ Leukemic stem cells (LSC)
01 Pre-lLeukemic Neoplastic stem cells (Pre-L-NSC)

~ late relapse
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CHIP, CHOP and AML

Mutations distribution at diagnosis and CMR

354
e
S 30
kS
S 25+
£
= 204
=
© 15+
=
104
’ I [
04 = N | -l
-] L o Y
d = Q [y
SN
<@ Y3 S0 XZERWY o
U}Q .4_. 7]
(8] w o

Retrospective cohort study
150 de novo AML NPM1mut

Prevalence & spectrum of mutations at diagnosis, CMR and

relapse
NPM1 negative relapses excluded
Standard intensive chemotherapy

= Diagnosis
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CHIP, CHOP and AML

EFS
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Clonal hematopoiesis & stem cell transplant

Reconstructing the somatic phylogenies using somatic mutations

Inferred
ancestral
cells

&

g

3 cells f o)
ce rom i)

single individual

Cell 1 Cell 2

Phylogeny

Cell 2 Cell 3

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

Estimating numbers of engrafting HSCs -> Transplant is a population bottleneck

Tight bogtleneck o 0
3 A !‘ 2 Loss of population diversity
o Many cells have recent common ancestry

®Lom,
'w_ ". <
S S —— %‘Q‘A‘ §2 Broad bottleneck -
e '% ) %’ e
g ,\ :'.,'!. é&.}!: Maintenance of population diversity
nFE

m Less recent common ancestry of cells

This leaves its marks on the phylogeny....
~ 100 engrafting HSCs 1000 engrafting HSCs . 10,000 engrgftinq HSCs
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RN

“4‘.,' ‘l 1|'
sl T

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

HSCT leads to a loss of clonal diversity of ~8-10 years

Pai_ 1| | Pok 2| | Pair 3| |Poi 4| | Por 5| | Poi 6| | Par? Pak_10
::w‘ll Agead2 4| (Agea51 9| |AgeaSBd| (Ageebd 5| |Agee85 2| Age-8S.5 *ﬂ

85 years

Clonal traction of expanded clones
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o

Chapman MS et al ASH 2022



Clonal hematopoiesis & stem cell transplant

Conclusions

Chapman MS et al ASH 2022

~30,000 HSCs usually engraft from younger donors
Mutation burdens minimally increased (if at all) (~1.5 years of ageing)

Clonal diversity is decreased (5-10 years of ageing)

Clonal landscape is shaped by exaggerated selective
pressures acting at different points in the transplant journey

Targeted sequencing data of mature myeloid, T- and B-cells
gives further power

Phylogeny approach will become a new gold standard for
understanding the impact of different HSCT variables
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How to manage a patient with CHIP/CHOP?

ittty

| Patients with solid tumors |

*'l' 'i' ’::t;fteorl:zlnfi:r
Y T Y

| Clonal hematopoiesis |

i ity

Evaluation for hematologic malignancy: Poor prognosis

CBC, cytopenia work-upt, from solid tumort
+/- bone marrow biopsy

Incidental
finding

No evidence of overt

hematologic malignancy No further work-up

Infrequent monitorings : Repeat mutational testing, BM biopsy on clinical
progression/planned high-risk treatments, coordination with cardiology/internal
medicine to ensure standard-of-care CVD risk management being followed

Blood count 1x/6m
BM exam if cytopenia

Repeat NGS to follow clonal
burden evolution

Ensure correct
cardiovascular FU &
management
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Prevention of CVD in CHIP+ individuals

Libby et al JACC 2019

History and Physical Exam

Traditional cardiovascular risk factors:
smoking, hypertension,
hypercholesterolemia, obesity, diabetes
Family history: cardiovascular disease,

malignancy

Physical Exam: blood pressure, heart rate,
BMI. Comprehensive cardiovascular exam

CHIP with incidental screening

Testing:

CBC with differential
Extended metabolic panel
Liver enzyme and function test

HbA1c

Lipid profile, Lp (a) and in select patients ApoB
High-sensitivity C-reactive protein
Resting 12-lead electrocardiogram

CHIP with malignancy history

Imaging:
Coronary artery calcium (CAC) score
Based on clinical history and testing

Other imaging modalities can include:
2D Echocardiography
Exercise treadmill testing (preferred

In patient with confirmed or
suspected malignancy

determine prognosis

Bruce Protocol)

For research:

Myocardial strain imaging
Coronary CTA

Sodium fluoride (NaF) or
Fluorodeoxyglucose (FdG) PET
Coronary/myocardial flow
reserve by PET/CTA

Follow-up Monitoring:

Every 6 -12 months follow-up with interim
history, physical exam, lipid profile, hsCRP,
fasting glucose/HbA1c

Follow ACC/AHA guidelines to determine
Interventions and LDL goal, consider CHIP
as a risk-enhancing factor

Favorable prognosis

Assess Cardiotoxic Exposures in Cancer
Patients and Survivors:
Examples include: Anthracyclines, anti-HER2

therapy, androgen deprivation therapy,
5-fluorouracil, tyrosine kinase inhibitors

Radiation to chest, head/neck

No further work-up
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Conclusions

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?
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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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