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Presentation Roadmap:

1. What is Clonal Hematopoiesis? CHIP? CCUS? All the Acronyms!

2. Implications of CH- Blood and Beyond
3. Risk Stratification

There is currently no data to support screening for CHIP/CCUS outside of a research setting




Somatic genetic events are inevitable and ubiquitous
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Figure 1. Prevalence of Somatic Mutations, According to Age.
Colored bands, in increasingly lighter shades, represent the 50th, 75th,
and 95th percentiles.
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Aged individuals living with CH will double by 2050

Clonal Hematopoiesis (CH) ——» 660 yrs =80 yrs\
10%  30-60%

O

__ Hematological
O éj[ljts malignancy
%g Cardiovascular

Age —1—

disease
@
= 2 — ®
< P @ | Reduced
lifespan
Year Age CH individuals
2020 >60 years 74.6 million 7.5 million
2050 >60 years 120-150 million 12-15 million

WHO: By 2050, the world's population of people aged 60 years
and older will double (2.1 billion)

Adapted from Mission Bio- Courtesy of Dr. Luisa Cimmino ‘




If it is inevitable, why study it?
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Clonal Hematopiesis

( SINTOMA2

CH

Clonal
hematopoiesis

CH with k
CH with unknown v:llriverr;own
drivers
e i
:
VAF = 2% Micro-CH
| | | CH with VAF < 2%
Myeloid CH Lymphoid CH
CHIP, CCUS, L-mCA, L-CHIP
M-mCA
CHIP CCus M-mCA A-mCA L-mCA L-CHIP
Clonal Clonal cytopenia - . - .
Hee e iesis of s Tantats Myeloid mCA Ambiguous mCA Lymphoid mCA Lymphoid CHIP
indeterminate significance

Term Key Point

CH Expansion of clonal HSPCs

CHUD CH with unknown drivers

Myeloid CH Known myeloid driver mutations (VAF
>2%)

CHIP Myeloid CH without cytopenias

CCUs Myeloid CH with cytopenias

m-MCA MyeI0|‘d CH from chromosomal
alterations

. Known lymphoid driver mutations or

Lymphoid CH MCAs

L-CHIP Lymphoid CH (mutations, VAF >2%)

L-mCA Lymphoid CH (chromosomal alterations)

Micro-CH Low-abundance clones (VAF <2%)

Weeks and Ebert, Blood, 2023




Definitions of the Acronyms.

ICUS

Idiopathic cytopenia of uncertain significance

ia ClI ation =

Cytopenias

CHIP

Clonal Hematopoiesis Of Indeterminate Potential

ia Clonal mutation =

: : . CCUS
Cytopenlas a Clonal mutation = Clonal cytopenia of uncertain significance

O o
C s Dysplasia Clo tion = IDUS I s I
- Idiopathic dysplasia of uncertain significance
P ysp g Increased monocytes Mutation Decreased RBCs
. or WBCs or platelets

CHIP+ increased monocytes= CMUS

clonal monocytosis of undetermined significance

CCUS+ increased monocytes= CCMUS

clonal cytopenia and monocytosis of undetermined
significance

Younes et al. Leukemia Research 2023, ‘



Progression to an overt myeloid malignancy

ICUS Other AR AML

Hematopoietic —_— -
stem cells .
Idiopathic Other Clonal Myelodysplastic  Acute Myeloid
Cyvtopenias At-Risk Cytopenias Syndromes Leukemia
Mutation No Maybe Yes Yes Yes
Cytopenia Yes Maybe Yes Yes Yes
Dysplasia No Yes No Yes Yes
Blasts <5% <5% < 5% <5-1% >20%
5-yr survival ? ? 62% 38% (=65y 35%) 32% (=65y 11%)
Risk

Traeden et al. Blood 2023; SEER MDS 2014-2020; SEER AML 2014-2020 ( Image courtesy of Dr. Nancy Gillis) ‘



Who is at the highest risk?
Risk Stratification




Who is at risk of progression to myeloid disease?

Early Identifiers of Risk with CH

High risk group=Spliceosome gene,;
Co-mutation with DAT
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Peripheral blood profiling - >2 mutations or VAF 210% = high risk
Spliceosome mutations = highly predictive; TET2/DNMT3A/ASXL1 less specific
Clonal cytopenia - 14x risk

High-risk patterns - 95% 5-year progression (MDS like)

Mutation analysis - better accuracy, noninvasive diagnosis; larger panels - higher negative predictive value

Malcovati et al. Blood 2017, Li et al. Blood Adv 2021

873 patients
Risk of Progression
(10-year period)

ICUS ~9%
CCUS ~82%




Data From the MDS Natural History Study

7 Average annual rate of progression
09 e NMDS =27% At-risk MDS (AR-MDS) = CCUS or cytopenia +
AR-MDS = 7% (dysplasia or abnormal karyotype)
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Progression: Worsening disease / advanced diagnosis, change in disease-directed therapy due to
worsening disease (including HCT), increase in transfusion dependency, disease-related death

DeZern et al. ASH 2024 ‘




Mutation specific growth and pathogenicity
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Clonal Hematopoiesis Risk Score

CHRS defines 3 distinct risk strata for CHIP/CCUS

o
L

04

02}

Cumulative Incidence of MN

0.01

08}

™= No CHIP/CCUS =+ LowRisk =~ Intermediate Risk == High Risk

No CHIP/CCUS 4
Low - Risk
Intermediate - Risk -

High - Risk

Multivariable Aidusied HR
Reference
3.32[265 416]p< 2x 107"
|-|1 37.1[302,436]p<2x10°1

|-|-| 348.0 268.6, 451.0] p< 2x 1077

100

10" 102 10°

Hazard Ratio

4 ] 10 12
Years
Risk Groups Defined by Clonal Hematopoiesis Risk Score (CHRS)
Risk Groups Score N, per Incident MN 5-Year ClI 10- Year Cl
P category | (N, %) for MN for MN
High| =125 123 67 (54.5%) 244 +412% 52.2 + 4.96%
Intermediate | 10-12 1196 112 (9.36%) 2.76 + 0.482% 7.83 £0.807%
Low| =95 10018 90 (0.90%) 0.232 + 0.0484% 0.669 + 0.0827%
No CHIP/CCUS NA 182406 | 495(0.27%) | 0.0740 £ 0.00640% | 0.210 £ 0.0108%

Model performance: (C- index)
- UKB derivation cohort: 0.807
- UKB validation cohort: 0.799

Weeks et al. NEJM Evidence 2023

http://www.chrsapp.com/

Clonal Hematopoiesis Risk Score (CHRS) Calculator

Patient Characteristics

CHIP or CCUS

CHIP

Number of mutations

2 or more

High risk mutations

Present

Maximum VAF

< 0.2 (20%)

Mean corpuscular volume (MCV)

<1001

Red cell distribution width (RDW)

< 15%

Age

= 65 years

Calculate CHRS

About thi

Score

Cumulative Incidence of MN

11.00

100%

75%

50%

25%



http://www.chrsapp.com/

Clonal cytopenia risk score (CCRS)

Real World
17 academic sites=> 3 key prognostic factors

Prognostic Factors:

splicing mutations (score = 2 points)

platelet count <100 x 10°/L (score = 2.5 points)
>2 mutations (score = 3 points)

2-year cumulative risk of myeloid malignancy(P <.0001)
low risk (6.4%)

intermediate risk (14.1%)

high risk (37.2%)

Xie et al. Blood 2024
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CCRS < 2.5

Low risk

Patient
management

Development of
response criteria

A

CCRS =5

Splicing mutations
ee

High risk

Low platelet count
)eeo

Number of mutations >2
(Y X )

' l ‘ CCRS

25<CCRS <5

Clinical trial eligibility

assessment




Interventional Opportunities




Thoughtful testing

There is currently no data to support screening for CHIP/CCUS outside of a research setting

Patient perspectives on testing for clonal

hematopoiesis of indeterminate potential

How do patients feel about
CHIP testing?

Survey sent to young women
<40 years of age with a history

of early breast cancer (n = 642)

Participants marked their
interest in CHIP testing after
being presented with a
hypothetical patient story and 5

scenarios

Sella et al. Blood Advances. 2022

Interest in CHIP testing
for hypothetical patient ?

¢ 1@

after being presented with: after being presented with:

» CHIP-associated risks + Population-based

10 year risks
* Dedicated CHIP clinic

» Current CHIP

» Hypothetical CHIP

management
treatment
Interest in CHIP testing
for self?
28.2% reported
moderate anxiety after
75.8%

learning about CHIP

Most young survivors favored CHIP
testing mainly influenced

by risks and potential management
strategies

Effective risk Psychosocial
communication support
Individualized
decision-making




Consider the underlying risk factors/ clinical context

A
L—
—
PTEED ASXL1 + smoking
Epigenetic modifiers (DNMT3A, ASXL1,TET2)
-- DDR genes + oncologic therapy

<
>

DDR genes (TP53, PPM1D, CHEK2, ATM)

smoking Splicing (SRSF2, U2AF1, SF3B1)

. / CH-nonPD
———————————————————————————————— 74— - -~ ==~ --- detection limit (sensitivity)

>

Bolton et al., Nature Genetics 2020




Where are the Prevention Strategies?

CH / CHIP MDS/N

Advanced
Conditions with Clonal Disease  Malignancy
No Clinical Oncogenic Potential [,

g LR-MDS Mutation Number
Disorder CHIP/AA CHIPIFP CHIP/Ty

e CHIP | and Abundance

Cancer RiSK s——————

Clinical Trial
Opportunities
Bejar, Leukemia 2017




Clinical Trials for CCUS

Study Name NCT Number Interventional Drug
Early Intervention in High Risk CCUS NCT06802146 Decitabine/cedazuridine
Ena5|d.en|b.for Patients With Clonal Cytopenia of Undetermined Significance and NCT06240754 Enasidenib
Mutations in IDH2
Iv05|d§n|b for Patients With Clonal Cytopenia of Undetermined Significance and NCT05030441 vosidenib
Mutations in IDH1
Statins in Patients With CCUS and Myelodysplastic Syndromes (MDS) NCT05483010 Atorvastatin, Rosuvastatin
Canakinumab for the Prevention of Progression to Cancer in Patients With .

. - NCT05641831 k
Clonal Cytopenias of Unknown Significance (IMPACT Study) (10564183 Canakinumab
Luspatercept for Clonal Cytopenias of Uncertain Significance NCT06788691 Luspatercept
Curcumin to Improve Inflammation and Symptoms in Patients With CCUS, Low .
Risk MIDS, and Myeloproliferative Neoplasms NCT06063486 Curcumin supplement
Repurposing Metformin as a Leukemia-preventive Drug in CCUS and LR-MDS NCT04741945 Metformin
Ascorbic Acid and Chemotherapy for the Treatment of Relapsed or Refractory NCT03418038 Ascorbic acid for CCUS

Lymphoma, CCUS, and Chronic Myelomonocytic Leukemia

From Clinicaltrials.gov, Open and Enrolling Interventional Studies, May 2025




Vit Cin CCUS + low grade myeloid malignancies

Figure 1. Kaplan-Meier curve for overall survival in the group of patients treated with oral vitamin C 1000
mg/day and placebo, respectively, for 12 months.

Strata == Placebo =* Vitamin C

1.001
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@
0.251
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0.001
0 1 2 3 4 5
Years
Number at risk
Placebo{ 54 48 32 18 10 4
(2]
<
» .
Vitamin C{ 5§55 53 43 30 18 10
0 1 2 3 4 5
Years

Keywords: CCUS, MDS, Randomized, Myeloid malignancies

Al-Mousawi et al. EHA and ASH 2024




Is “high risk” CCUS just MDS?

Dataset Analysis:
National MDS Natural History Study.

Stratified by CHRS and CCRS

Results:

Low and intermediate-risk CCUS had better PFS and OS compared to LR-MDS.
High-risk CCUS had similar outcomes to LR-MDS.




Progression Free Survival

100 ~

Progression-free survival (%)
- N w B (&)} (@] ~ 0} <o}
o o (] o o o o o o o

Intermediate-risk CCUS

High-risk CCUS

Lower-risk MDS 1

High risk CCUS and Lower-risk MDS
have similar progressionrisk

Xie et al. ASH 2024

Risk classified based on
CCRS (for CCUS), and
IPSS-R (for MDS)

HR 95% Cl  P-value

Low risk CCUS - ; 0.38 0.26-0.56 <0.001
Intermediate risk CCUS— l—H 0.71 0.54-0.94  0.02
High risk CCUS e 1.30 0.93-1.83 0.12
I i
I 1 1
0.1 1 10

Hazard ratio




Overall Survival

100
a0 4
3 =80
= o 704
s 2 a0
Z 60+
% #7504
S 40 G 404
E- 30 CHRS CCUS 53 01 CCRS CCUS
o 204 Low-Risk o 207 Low-Risk
- Intermediate-Risk OE Intermediate-Risk
i — High-Risk = High-Risk
0= [~
; ; : 5 : : 5 0 ? 3 4 5 2
Years Years
CHRS CCUS vs LR-MDS CCRS CCUS vs LR-MDS
CCUS Risk Category HR P-value CCUS Risk Category HR P-value
Low-Risk 0.35 (0.20-0.60) <0.001 Low-Risk 0.45 (0.29-0.71) <0.001
Intermediate-Risk 0.63(0.43-0.92) 0.017 Intermediate-Risk 0.53(0.34-0.82) 0.004
High-Risk 0.65 (0.38-1.12) 0.119 High-Risk 0.64 (0.40-1.03) 0.068

Slide courtesy of Dr Komrokji, Xie et al. ASH 2024 ‘



Implications Beyond Myeloid Malighancies

VEXAS
UBA1

Systemic lupus
erythematosus
DNMT3A

HIV

TET2

ASXL1

DNMT3A

COPD |

DNMT3A

Rheumatoid arthritis
DNMT3A

Ulcerative colitis
DNMT3A
PPM1D

TET2

B\
/
g
/

Heart failure

DNMT3A
Cardiovascular disease
TET2

JAK?2

TP53

ANCA Associated
Vasculitis
DNMT3A

ASXL1

TET2

Sickle cell
DNMT3A

TET2

TP53

Chronic liver
disease
TET2

JAK2

§ S B
Osteoarthritis
DNMT3A
TET2

ASXL1

Gout
TET2

Chronic kidney
disease
DNMT3A

TET2

JAK2

PPM1D

CBL

J Gregory ©2023 Mount Sinai Health System

Nathan et al. Clin Reviews in Oncology/Hematology, 2023

Disease

Autoimmune disease - Any
Gout

COPD

Sickle cell disease

Chronic kidney disease
Chronic liver disease

HIV

Cardiovascular disease
Coronary heart disease
Heart failure

Pan arterial atheroscleorosis

Recurrent stroke

*

*

*

.
-
——

———

1 2 4 8 16 32

Hazard/ Odds
Ratio [95% CI]

6.60 [1.70, 30.00]
1.69 [1.09, 2.61]
1.84 [1.47, 2.30]
13.50 [3.10, 41.90]
1.02[1.01, 1.02]
2.01 [1.46, 2.79]
1.77[1.33, 2.21]

2.00 [1.20, 3.50]
1.25[1.13, 1.38]
1.31[1.14, 1.49]
1.55[1.04, 2.31]




Non-malignant Implications of CH

All- Cause Mortality Increased

Atherosclerotic Cardiovascular
disease is a well studied area

Disease

Autoimmune disease - Any

Hazard/ Odds
Ratio [95% CI]

6.60 [1.70, 30.00]

Gout - ————

COPD ——
Sickle cell disease

Chronic kidney disease ¢

*

1.69[1.09, 2.61]
1.84 [1.47, 2.30]
13.50 [3.10, 41.90]
1.02[1.01, 1.02]

*

Chronic liver disease e 2.01[1.46,2.79]

HIV e
Cardiovascular disease

1.77[1.33, 2.21]

Coronary heart disease ©= ———— 2.00[1.20, 3.50]

Heart failure = &~
Pan arterial atheroscleorosis = —#—

Recurrent stroke ——&——

1.25[1.13, 1.38]
1.31[1.14, 1.49]
1.55[1.04, 2.31]

A CHIP and Coronary Heart Disease

Subgroup

Biolmage
No mutation (reference)
Mutation

MDC
No mutation (reference)
Mutation

Fixed-effects meta-analysis

No. of Participants with
Coronary Heart Disease/

No. at Risk Hazard Ratio (95% Cl) P Value
94/326 ]
19/44 —— 1.8 (1.1-2.9) 0.03
299/607 :
21/33 | —— 2.0 (1.2-3.1) 0.003
‘ 1.9 (1.4-2.7) <0.001
r T T J
0.5 1.0 2.0 4.0

B CHIP and Early-Onset Myocardial Infarction

No. of Participants with
Myocardial Infarction/

Fixed-effects meta-analysis

Subgroup No. at Risk Odds Ratio (95% Cl) P Value
ATVB

No mutation (reference) 1716/3293

Mutation 37/43 ————— 54(23-130) <0.001
PROMIS H

No mutation (reference) 24883844

Mutation

52/65 ! —a— 3.4 (1.8-6.5) <0.001

‘ 4.0 (2.4-6.7) <0.001




PESA Study: Progression of Early Subclinical Atherosclerosis

Longitudinal study (>20 years)
Large: N~4200 (~1500 women)
Middle-aged: 40-54 yrs at enroliment
Asymptomatic: Free of clinical CVD

DEEP PHENOTYPING

>4000 parameters related to:
{ = Cardiometabolic risk factors

« Lifestyle (diet, sleep pattern, physical
activity, tobacco,..) & psychosocial stress

« Hematological & inflammatory parameters
* Leukocyte telomere length & attrition rate

MULTI-OMICS

« Genomics

« Transcriptomics (MRNA and miRNA seq)
* Proteomics

» Metabolomics

+ Methylomics

CENTRAL ILLUSTRATION: The 10 Most Important Findings of the PESA
Study: Key Messages From 10 Selected Contributions of PESA

Subclinical
atherosclerosis
in middle-aged
subjects is highly
26% Prevalent and rapidly
progressing.Importance
\ 530,  of screening of
femoral arteries

the prequel of
atherosclerosis

£

Disease Prevalence

PET/MR

Baseline 3 year FU

PET/MR identifies

LDL in primary
prevention: the
lower the better

% Subjects with Atherosclerosis

50 70 90 110 130 150
mg/dL

Discovery of novel risk
factors: omics, telomeres,
CHIP

Lifestyle factors associated
with atherosclerosis: sleep,
diet and socioeconomic factors

LD,

& |s=

Fuster-Bewat: a simple and
affordable score to predict
atherosclerosis presence

8.
o0

Machine learning improves
atherosclerosis detection

.

Atherosclerosis is associated
with brain hypometabolism
in midlife

Vigorous physical activity is
associated with LV
hypertrabeculation

Ibanez, B. et al. J Am Coll Cardiol. 2021;78(2):156-79.




CHIP is associated with de novo subclinical atherosclerosis

Somatic mutation

Baseline

Follow-up

3-year follow-up 6-year follow-up

O O O

3D imaging of subclinical atherosclerosis in femoral arteries

De novo atherosclerosis in femoral arteries at 3-year follow-up De novo atherosclerosis in femoral arteries at 3-year follow-up

Yes/No

OR[95%CI]  p-value Yes/No OR[95% CI]  p-value
No CHIP (Ref.)  183/1,651 \ No CHIP (Ref.)  183/1,651
I '

CHIP mutations ~ 76/437 | —#&— 1.56 (1.13-2.13) 0.006 DNMT3A 50/297 \F——=— 1.52[1.04;2.18] 0.025
| :

L O S N £ a0 | 1.37(0.95-1.95)  0.081 TET2 31/222 | = | 1.85[0.98;329] 0.045
(VAF 0.2-2%) 1 :
: | 5

CF(':/PA?ggjyt')ons 24/105 | | - | 216 (1.27-3.55) 0.003 Other mutations ~ 19/75 | | @ | 2.05[1.24;3.28] 0.004
o (] '
| | :

*Adjusted for age, sex, CVRFs, and cumulative systemic burden of atherosclerosis 0.'5 1,'0 2_'5 5.'0
Odds ratio

Diez-Diez, Lopez-Neble et al, Nature Medicine 2024




inflammatory

agents?
Targeted

inhibitors? CH
Metformin?

Micronutrient
supplementation?
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Thank you!

Namrata S. Chandhok

Assistant Professor of Clinical Medicine
Division of Hematology
University of Miami Miller School of Medicine

Sylvester Comprehensive Cancer Center
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