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CHIP
Molecular characterization

of acute myeloid leukemia
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AML Molecular Characterization

[lNTEGRATION OF IMPROVED MOLECULAR PROFILING IN THE DIAGNOSTIC ALGORITHM OF AMLJ
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[ Next-generation sequencing-based mutation profiling ]
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AML Molecular Characterization

e Distinct groups of gene mutations
> Epigenetic mutations lead to unusual gene
expression of some oncogene with no
alteration of the DNA sequence

> DNA repair mutations

e 3to 5 drivers mutations in AML
e Variant allele frequency (VAF) :

nbr of variant reads /nbr of total reads

Clonal evolution and clonal heterogeneity of AML

PRE-LEUKEMIA EVOLVING LEUKEMIA LEUKEMIA AT DIAGNOSIS
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AML physiopathology, TRMN example

Therapy-related myeloid neoplasms (WHO 2016)

Therapy-related myeloid neoplasms (TRMNSs) remain as a distinct category in the classification
for patients who develop myeloid neoplasms following cytotoxic therapy.
The TRMNs may be further subdivided as therapy-related MDS or AML (t-MDS or t-AML)
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Percent survival

Molecular

Overall survival according to ontogeny group

— TP53/PPM1D
= = MDS related
De novo

7.5 months [3.5-15.4]
*14.5 months [7.5-41.5]

+25.2 months [13.3-NA]

p-value LogRank<0.001
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Khalife-Hachem et al, Hemasphere 2021
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Gillis et al, Lancet Oncol 2017

Landscape of TRMN

TP53/PPM1D group : Clonal
Selection
> Older
More treatment lines
Longer time btw TRMN & Cancer,
More complex Karyotype
Poor OS

In 78% of TRMN cases, at least
one of the mutations was detected
at cancer stage (median time 3
years [1,7-7,8]).




CHIP DEFINITION




New Paradigm with development of
Sequencing-based approaches
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e Burden of somatic mutations 2 to 6 the mutant clones in 1 cm= of

mutations/MB/cells normal Sk'n .
> mutations were found in 18 to

e Similar to that seen in many cancers 32% of normal skin cells




Clonal hematopoiesis of indeterminate
potential (CHIP) in healthy patients

10 % healthy adults > 65 years

Somatic mutations : epigenetic
regulators

10 times the risk of a‘hematologic
cancer VAF > 10% (LNH/AML)

— Clonal hematopoiesis wi
candidate drivers

7| — Clonal hematopoiesis wi

s R N Increase in all-cause mortality
(including coronary heart disease,
iIschemic stroke)

Percent of Participants

Proportion Surviving

Hazard ratio, 1.4 (95% Cl, 1.0-1.8)
| P=0.03
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CHIP
CONTEXT DEPENDENT MECHANISM

Frequency

HSCs acquire somatic variants
during our life span; some will
confer a fithess advantage and
lead to expansion of this clone

HSC pool size decreases with
age, leaving few clones to
dominate blood production

CH mutations have also been
found to be acquired early in
life, even during infancy or in
utero

Some CH mutations demonstrate
a particular fitness advantage in
the context of external stressors,
such as chemotherapy

In older adults, CH is
ubiquitous and can be detected
with sensitive sequencing
methods in the blood of almost
all adults




Influence of age

Distinct mutational signatures with age

> CHIP deamination of 5-methylcy-tosine to
thymine is found to be a common events
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Somatic mutations are inevitable, especially in
proliferative tissue as hematopoietic system

Age correlates with the number of cell divisions,
events naturally accumulate

Clonal advantage
> HSC pool contraction

> increased fithess over their wild-type
counterparts ( For ex TET2 & DNMT3A mice
exhibit increased HSC renewal)

SF3B1
SRSF2
ATM -
TET2
PPM1D -
JAK2 -
CHEK2 -
ASXL1
TP53 -

NASA astronauts and identical twins Scott Kelly (right) and Mark Kelly. Scott spent a year on
the ISS from 2015 to 2016 while Mark stayed on Earth, allowing scientists to study the effects of living
in space on Scott's body and compare the changes to Mark.

PHOTOGRAPH BY ROBERT MARKOWITZ, NASA

Lack of gravity and other non-Earthly
conditions cause accelerated aging effects

Space Ei

Before (Earth),
- S'";pl,e During (155}, and
ime Paints After Mission {(Earth)

Analyses RNA & DNA

Subject

Original Cell

Acquired
Mutation

Clonal
Reduction/
Expansion

CHIP Genes:

Potential Cardiovascul lar Disease
Health Risks | Hematologic Malignancy

Trinchant et al, Cell Reports 2020




Clonal Hematopoiesis of Indeterminate Potential (CHIP)

* Features:

— Absence of definitive morphological evidence of a
hematological neoplasm

— Does not meet diagnostic criteria for PNH, MGUS or MBL

— Presence of a somatic mutation associated with
hematological neoplasia at a variant allele frequency of
at least 2% (e.g., DNMT3A, TET2, JAK2, SF3B1, ASXL1,
TP53, CBL, GNB1, BCOR, U2AF1, CREBBP, CUX1, SRSF2,
MLL2, SETD2, SETDB1, GNAS, PPM1D, BCORL1)

— Odds of progression to overt neoplasia are approximately
0.5-1% per year, similar to MGUS

D Steensma et al, Blood 2015
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Leukemia
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Probability

Mutation, hematologic cancer

P<0.001

No mutation, hematologic cancer

CHIP : PRE LEUKEMIC STATE ?

T T
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Are all CHIP a preleukemic state ?

e AML is a rare disease opposite to CHIP
e CHIP is ubiquitous in healthy adults

Male Cases Female Cases Male Rate
e Female Rate
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95% of individuals studied (VAF 0.0003)

Cancer Research UK
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CHIP or Pre Leukemic state ?
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> Distinguished myeloid and e
lymphoid somatic gene mutations

> Prevalence of both M-CHIP
Increased with age

> M-CHIP was associated with a
higher incidence of myeloid
malignancies (hazard ratio =7.0)

Total  Event HR (95% CI) Palue
43474 102
2,635 51 7.0(5.0,98 s53x10™
524 1 NA NA

5 50 75
HR (85% C1)
myeloid malignancies




CHIP & AML PREDICTION

AML cases b — Mutant == Wild type
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Higher variant allele frequencies

IDH2, TP53 and RUNX1 mutations
almost always predictive of

AML demonstrated greater clonal development of AML.

complexity than controls

Pinkal Desai et al, Nat Med 2018 Sagi Abelson et al, Nature 2018
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CHIP and Cancer

' ' ' 25% in cancer patients

(n=268)
ic Cancer (n=214)
lelanoma (n=174)

o _ No associations across larger

liary Cancer (n=137)

cancer categories

Endometrial Cancer (n=114)
nnnnnnnnnnn Carcinoma (n=201)
Ovarian Cancer (I'k|31)
Breast Carcinoma (n=722) | -
— /" PPM1D/TP53 mutations
a (n=240)
Renal Cell Carcinoma (n=183)

Glioma (1=295)

Germ Cell Tumor (n=156)

CH-PD was associated with shorter
patient survival
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Increased incidence of subsequent
hematologic cancers
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Survival Probability
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P-value: < 0.001
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CHIP selection depends on
type somatic mutation & type of Chemo

Systemic therapy

Radionuclide (n= 160) -
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CHIP | S
CONTEXT DEPENDENT MECHANISM

Proportion Surviving

Hazard ratio, 1.4 (95% Cl, 1.0-1.8)
P=0.03
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CHIP, CVD & Inflammation




CHIP and Cardiovascular disease

e CHIP had a 4.0 times risk of e Restricted to VAF >10%.
myocardial infarction e DNMT3A and TET2 is

e CHIP carriers with these mutations Independently associated
also had increased coronary- artery future risk of cardiovascular
calcification disease.

=== CHIP

B CHIP and Myocardial Infarction, According to Mutated Gene No CHIP

Mo. of Participants with
ATVE and Myocardial Infarction/
PROMIS Mo. at Risk Odds Ratio [95% Cl) P Value

DNMT3A 31}46 14 [0.7-1.8) 029 o
TET2 12{13 8.3 (1.2-357.5) 0.02 % .
ASKL] &8 Undefined 0.02 B

_j'-"l K2 IE}' 16 Undefined =0.001 Group Atrisk Incident Events P-value HR

Other 20/22 65 (L7-6L6) o CHIP VAF <= 0.1 647 “% o704 108 —m—

CHIP, VAF > 0.1 432 53  9e-04 1.59

0.8 1 12 14 16 18
Hazard Ratio (95% Cl)

S Jaiswal, NEJM 2017 Bick et al, Circulation 2020




Cardiovascular injury associated with
Inflammation i soera,

CHIP associated with TET2
deficiency accelerates
atherosclerosis in mice

CANTOS trial :

> Administration of anti-IL1B —chip
(canakinumab) reduce o O [LOR pAspssoAla
cardiovascular events in patients
with TET2 CHIP (HR, 0.38)

%]
]
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Cumulative Event Rate
N
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Individuals who develop CHIP with
simultaneous genetic deficiency of
IL-6 signaling had cardiovascular
disease risk reduction




CHIP & obstructive pulmonary disease

Study #CHIP/#Case(%) #CHIP/#Control(%) Odds Ratio [95% Cl]

e Individuals with CHIP had a risk of
> moderate-to-severe COPD 1.6

> Seve re Or Ve ry Seve re C O P D 2 = 2 Additional WGS Cohorts  182/2282 (7.98%) 282/6878 (4.1%) 1.320 [0.993, 1.753]
ti m eS g reate r th an n 0 n - Car r i e rS ICGN-EOCOPD 7711282 (6.01%) 10/216 (4.63%) —t 1.041 [0.455, 2.385)

UK Biobank 122/1459 (8.36%) 1299/23941 (5.43%) 1.260 [1.030, 1.542)

Primary cohort

COPDGene 269/3421 (7.86%) 115/3085 (3.73%) 1.589 [1.240, 2.037)

RE Model for All Studies (Q = 5.17, p = 0.74; I* = 0.0%): P-value = 9.69e-06 - 1.357 [1.185, 1.554]
%8 F 11
04 1.1 18 32
Odds Ratio
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CHIP Summary

CHIP : somatic DNA mutation in genes associated with hematologic malignancies
detected in the blood of « healthy patients » (normal hemogram)

> Very common (>10% over 65 y0)
> DNMT3A, TET2, ASXL1 represent 75% of mutations

Contributing factors
> Age
Cytotoxic, especially radiotherapy & cisplatin (TP53/PPM1D/CHEK?2)
Role of inflammation (TET2/DNMT3A)
Smoking (ASXL1), genetic predisposition (?)

Not a disease but a risk factor for
> Haematological malignancies (TP53/PPM1D/CHEK?2)
> Cardiovascular disease (TET2/DNMT3A/JAK?2)

Prognostic impact link to the clone size (VAF >10%)

Role of CHIP in auto-immunity, rheumatologic diseases, infection, insulin resistance,
Lymphoma, GVHD, Osteoporosis, HIV, severity of COVID-19, Colon cancer, Alzheimer




Source of incidental

CHIP : areality ?

Cell-roo DNA
e Aot of clinical trials use
cfDNA for inclusion in solid
tumor trials

e Some mutations detected in
cfDNA are derived from CH
not tumor !

FoundationOne Liquid Biopsy :
« 33 genes screened also in myeloid

panel( including JAK2, MPL, ASXL1, T ——
DNMT3A, TET2, U2AF1, SF3B1, R e
IDH1,IDH2, TP53) .

VAFs in WBCs (%)

CHIP in cfDNA in patients with NSCLC
(=n=290)

ASXL1

mAny VAF mVAF>1% mVAF>2% r T T T T T ™
0.01 0.05 0.1 05 1 5 1015
,9% —AnyVAF

—VAF >1% 57% VAFs in cfDNA (%)

I~ P Razavi, Nat Med 2019

------------- ) ! TE * VAFs of CHIP in blood samples correlated
o ‘ with CHIP in plasma samples
1106 18% 34%

60- 70year




What we do with these results

CHIP : an opportunity ?

e Therapeutic intervention ?
> Prevent TRMN development ?
> Prevent CVD ?
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