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AGENDA

GAME OF CLONES: type of CH

PREVALENCE OF CH IN MM
- Pre-neoplastic phase
—> Diagnosis
- At the time of ASCT

CH THERAPY: Does therapy influence CH evolution?
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GAME OF CLONES: CLONAL HEmATOPOIESIS (CH)
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Risk of CHIP over time
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Clonal Hematopoiesis (CH) '

Expansion of HSCs clones (& progeny) in
the BM, following the acquisition of
somatic mutations

HSCs

=» common at diagnosis is patients with blood

cancers, due to:

- clock-like mutational process ongoing at a
steady-state rate throughout life

- prior chemotherapy and/or radiation exposure

- smoking

- inflammation
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TYPE OF CLONAL HEMATOPOIESIS

-t~ @ﬂ ﬁ

Loss of Chromosome Y (LOY) Autosomal Mosaic Chromosomal Clonal !'IematOpOIeSIS of Indeterminate
\ Alterations (mCAs) Potential (CHIP)

* Absence of the Y chromosome in a clonal .
population of blood cells in men
* Increases with advancing age

. |
Large structural alterations present across all « Clonal expansion of blood cells

autosomal chromosomes in both males and carrying somatic blood cacner

* Genetic determinants highlight genes involved in . :ﬁ:,:;esses with advancing age ::::;;lrl;lllszgt:)r;s;;:qlgt(j;:;dual with
cell-cycle regulation, somatic drivers of tumor A. Genomic deletions are the partial or full loss «  Mutations are frequently observed
k growth, and cancer susceptibility ) of a chromosome arm in DNMT3A, TET2, ASXL1, JAK2,
B. Copy neutral loss of heterozygosity (CNLOH) TP3 etc

is a deletion and subsequent duplication of . Gen'etic determinants are related
Loy of Siufomesonmz (L) N chromosomal arms resulting in no net change to increased self-renewal of

. in copy number ..
« Absence of an X chromosome in a clonal Py hematopoietic stem cells and

population of blood cells in women c. Sigfomn:co::rzglcztr:ns are partial or full gain of K telomerase activity
* Increases with advancing age

D.W. Brown et al., Nature Communications 2023
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CHIP PRECEDES MCAS ACQUISITION

- higher estimated CHIP VAF than estimated mCA cellular fraction in a majority of co-localizing mutations, suggesting
the acquisition of the CHIP mutation preceded the acquisition of autosomal mCAs

\

Cross-sectional observations of cellular fraction indicate the

CHIP mutations often precede autosomal mCAs, which can

lead to preferential clonal expansion of mCAs containing CHIP
mutations (i.e., a “SECOND HIT”)

\_ J

CHIP VAF

i )
e
-

Multi-hit hypothesis in driving Clonal Evolution

mCAs Cellular fraction
Derek W. Brown et al., Nat Comm (2023)
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DISTINCTION OF LymPHOID AND MYELOID CH

CH Mutations

e TET2 mutations have been found to be more frequent in Myeloid lineage
* DNMT3A mutations tend to be more multipotent and frequently affect both Myeloid and Lymphoid lineage

* Certain CH can be characterized as Myeloid CH and others as Lymphoid CH = highly predictive of patients being at risk of Myeloid or
Lymphoid malignancies

-> Somatic variants in both myeloid and lymphoid driver genes using WES data from 46,706 unrelated individuals aged 40—-70 years
(median, 58 years) with no previous hematologic malignancy diagnosis

e f
100 = No mCA = NomCA
57 — M-mCA & — M-mCA
g — L-mCA 8¢ 904 — L-mCA . .
M-CHIP and L-CHIP g g 3 E ase the risk of Myeloid or
. 0 g8 S g . B
increase with ace £k s0 3 %0 malignancies
g A q 2E
- M-mCAs increased the risk of Myeloid 13 ., ]
. St Eg ¥ 101 — oone
malignamincies a2 e e« _
A . A g§ a0 — oW
- L-mCAs increased the risk of Lymphoid — — — — oL== — — — : EH
. . ) 1 2 a 4 5 [ 7 8 8 10 1 12 0 1 2 K] 4 5 6 7 8 9 10 11 12 Ei" 20
malignancies Yoars Yoars i .
1
- A-mCAs increased the risk of both Total Event HR (95% Cl)  Pvalue Total  Event  HR(95%Cl)  Pvalue a3
Py R O T R ST T - NomGA 385,768 1,141 NomCA m 385,768 3,259
H M-mCA | —— 1523 143 209 (24.2,344) <1.0x 1070 M-mCA g 1,523 20 1801327 61x107
0.025 - L-mCA :- 3,345 30 2.6(1.8,3.7) a6x 107 L-mCA : ‘ ‘-.- 3,345 3556 11.1(9.9,123) <1.0x10 I g:‘;‘h‘;‘;”—“‘w’ml"'"“‘“
— e B S—— 5 10 MCHIP g 2695 30 11(076,16) use
o4 ) _ . HR (95% CI) LCHIP —— 524 0 4202767 34x10"
= P - M-CHIP: DNMT3A, TET2, ASXL1 ook ik Encies —

A (3% Cf)
Iymphoid malignancies.

oo =» |-CHIP: variants distributed more

) N envely across genes
A. Niroula et al., Nature Medicine (2021)
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PREVALENCE OF CHIP IN PATIENTS WITH MYELOMA

The prevalence of CHIP has been studied at various TIME POINTS along the Myeloma
disease spectrum

-> pre-neoplastic phase

- at Myeloma Diagnosis

-> at the time of ASCT
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CHIP AND MM: PRE-NEOPLASTIC PHASE

No association between MGUS and CH - tendency toward their mutual exclusivity

independet biological trajectories

Dand laboratory covariates 2 develop alon
ey points

* Inalarge older cohort, MGUS and CH associate with different clinical and laboratory variables
*  MGUS and CH do not cooccur frequently and instead follow two unrelated clonal trajectories
within the bone marrow

Genaar - vae 3 ——— r3g0.783-2.308) 0.25
Age . 1.08 (1.038-1.123) <0.001* Age [ 104 (0.862-1082] 69
777 older subjects
Hemoglobin -+ (median-age91syrs - r aﬂ&%l&nl: 104 yrg) 097 (0804-1.171) 073
Gender - Male — ”'77(°'W°’ s Albumin { Y 8- 0.72 (0.374-1.395)  0.32
MGUS 9,6% CH[17,3%
Presence of MC —— Ct? g’ﬁ?-ﬂ” 0.074 Presence Oﬁ.?7 /7 32-)- 0.46 (0.185-1.002)  0.07
o 1 2 4 0 1 5 10 5
Odds ratios 0dds ratios

Da Via M. C. et al., Hematopoiesis and stem cells (2020)
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CHIP AND MM: DIAGNOSIS

285 NDMM enrolled in the PETHEMA and/or

67 GEM2012MENOS65
patients

11,6% of MM cases displayed MDS-PA phenotype

Prevalence of CHIP by NGS

CD34* Hematopoietic ’ Unmutated CD34 cell
stem cell
@ Clonal hematopoetic cell
Cell with early initiating mutations d H — (y
Mutagenic * @ Me 1an VAF— 9 (1]
events . Cell with stem cell mutations
Clonal @) O Cell with subclonal mutations Patients With MDS-PA

hematopoiesis

@)ie)Le

<« O\

Cardiovascular diseases Hematologic

malignancies

Pre-MDS MDS-PA No MDS-PA
MDS %L MM (11%) MM (89%)
00 >@0 @° ?
00 © O
Stem cell mu?ons Subclonal mlg Other ger? 5 O % m u ta te d

Early initiating

with pi

(TET2 and NRAS)

Cell with other genetic
abnormalities

Multiple myeloma

abnormalities

50% No mutated

» Depth > 20 and 3 reads with alteration
MAF < 0.01

+ 0.05<VAF<0.35
In COSMIC database

Maia C. et al., Hematopoiesis and stem cells (2020)

Median VAF=7%

W TET2(23.1%) Patients without MDS-PA

B NRAS (11.5%)
B GATA2 (7.7%)
@ JAK3 (3.8%)

[ CDKN2A (3.8%)
E CALR (3.8%)

@ NPM1 (3.8%)

[ ZRSR2 (3.8%)
[ ATRX (3.8%)

Bl PPM1D (3.8%)
B DNMT3A (3.8%)

B KRAS (4.9%)

B NOTCH1 (4.9%)
B NRAS (2.4%)

@ TET2 (2.4%)

B IKZF1 (2.4%)

@ ASXLT (2.4%)
@ DNMT3A (2.4%)
[ CBL (2.4%)

@ ABL1 (2.4%)

B JAK3 (2.4%)

78% No mutated

22% mutated

In either case, the overall prevalence of CHIP in
this NDMM population was high at 33%

Neri P. et al., Hematopoiesis and stem cells (2020)
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CHIP AND MM: DIAGNOSIS 1 ¢ |
e 90 (91%)

- A large multi-center cohort of 986 NDMM cases|(CoMMpass), including transplant-eligible and ineligible patients
- WES data of PB and BM

3 10 8 7 8
£ 49 3 2 1 5
2 o —— = 9 (9%)
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gz
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1) i
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Germline
= ! |
i I . N
Moubhieddine T.H. et al., Cancer Research Comm (2023) SEORLY ; e
0 25 50
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CLINICAL ASSOCIATION WITH CHIP IN NDMM

- Across the full cohort, they did not see a significant association between CHIP and OS or PFS

OS in full cohort

P=0.37 DS e £l anboep P=0.29
Non ASCT cohort A 100 ﬁ—\\ ASCT cohort
08 In non ASCT cohort P=0.66 PFS in non ASCT cohort P=0860 E 08 in ASCT cohort P =086 F PFS in ASCT cohert P=074
100 \ D i 100 100 -,
. . !
\».\1—\\ - 1
y 7] @
8 £ ! 8 LL £ LH
g 50 E 50 50 | E 50
L &
I
i —
no CH: Reference no CH: Reference
[ . - " - no CH: Reference no CH: Reference
0 it ol bl 0 CriHRT 08 07 184 Pans 0 CH: HR 1,08 (0.54,2.11), P = 0,86 o -~ CH:HR0.92(0.59,146),P=074
T T T T T T T T
0 2 4 6 8 0 2 4 6 8 o 2 M 6 s o ° 4 . 8
Number at risk Time (i Median (95% Cl Medal
umbere me (in years) on { J Number atrisk Time (in yeare) n (8% 1) Number at risk Time (in years) Median (95% CI) Number at risk Time (in years) Median (95% CI)
noCH 398 190 130 34 1 43(37-54) noCH 398 136 63 20 1 18(17-22)
CH— 59 34 28 6 53 (4.6 - NR) CH— 50 20 10 3 17 (14-3.4) noCH—487 365 312 108 4 NR(NA-NR) rocH—487 32 18 & 1 4208-47)
et emm —— - - - e ey CH— 40 32 e NA(EO-NR) - J‘,:*",fu“_"d.,, 27 17 7 4.3 (3.0 -NR)
CH— 99 65 57 20 6.0 (54 - NR) CH— 99 47 27 10 3.0 (2.0 - 3.6)

Mouhieddine T.H. et al., Cancer Research Comm (2023)
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EVOLUTION OF CHIP DURING TREATMENT

- Sequential PB samples
- Target bait panel of 586 genes (Pan-cancer and Myeloid associated genes)

Change in prevalence and VAF of CHIP clones between 2 time points

48 patients had 2 . | 52 MM — 1. 3 patientshad 3 or

timepoints 1. 3/52 (5,76%) had CHIP at
. diagnosis s Tonan
| 2. Following  therapy, CHIP . | . oo o
mutations were present in
36 ASCT additional 10 patients (13/52 — o2 -
25%)
I 0.1
1. Common emergent mutation .

was in DNMT3A (5/10)
Most patients with expanded

The median time

first and second : Time point 1 Time point 2
—> or emerging clones 3 CHIP 14 CHIP
3.12 years (rang‘ H mutations mutations
3. 1 patient DNMT3A clone

years dropped down under Lena

Moubhieddine T.H. et al., Cancer Research Comm (2023)
SO
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CHIP AND MM: AT THE TIME OF ASCT

* Checked for CHIP from stem cell products mobilized right before ASCT of 629 MM
* Target bait panel of 224 genes (pan-cancer, MM and Myeloid)

" Maximum VAR — 1. Commonly mutated genes
owTA I :v:\— included: DNMT3A, TP53,
EEFC? ity "I i :I"I"““"“IHIIIIII“““““ = TET2, PPM1D and ASXL1
s ] i " = ¥ 2. CHIP prior to ASCT was not
a1 n i " T associated with an increased
L Y 28 risk of TMN

N . 3. Majority of MM patients have
é%%if '.If”' only one mutation (116/136)
= il ' (20/136 — 14,7% had 2 or
e I O‘I’/. Sphcesneéw"/ more)

- 88/629 MM patients (14%) with mutation with a VAF > 0.02
- 136/629 MM patients (22%) with mutation with a VAF > 0.01
24/629 MM patients (4%) had VAF = 0.1
=>» median VAF = 0.027 (very low plasma cells contamination) o T o e (77
SRS,
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CHIP AND MM: AT THE TIME OF ASCT (CLINICAL OUTCOMES)

CHIP at the time of ASCT has been shown to be associated with decreased OS and PFS in MM patients

li‘n:;, N (%) ‘ HR (LCI, UCI) p-value a OS " <000t b PFS o,
OS ;es 156 (ézj }—I—I 134(105170) 0.020 S "
Maintenance : % 064 % 06
IMiDs ;’358 (57) ! 0.6‘5‘(0.52, 0.80) <0.001 5 04+ 5 04
CHIP ‘ g o p o
PFS ‘YQS {ée (2é) - 1.4;(1‘.{7‘, 179)  <0.001 1 o S e E”:"-m 1
Maintenance : e 0- 0
Mﬁs ;,58 (57)I ».‘4 ‘ | | | | 0A4‘7‘(o_39‘, 0.56) <0.001 ’ ¢ sm(:m, L ’ : smﬁngm) e
£ . d 2 d 2 i ) W[?S%Cl)
median OS median PFS
CHIP 5.3 years 2.2 years
CHIP 2 s 26 ADVERSE IMPACT ON OUTCOME WAS COMPLETELY
no .5 years .6 years
ABROGATED BY LEN
INCREASED RISK FOR MYELOMA PROGRESSION IN PATIENTS WITH CHIP Mouhieddine T.H. et al, Nat Comm (2020)
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DOES THERAPY INFLUENCE CH EVOLUTION?
CAN CH BE TRACKED?

1. In spite of the enormous benefits of chemotherapy, it can plant the seed for the
development of a secondary neoplasm years or decades later

2. Unresolved question is whether chemotherapy directly induces the acquisition of new driver
mutations or whether it selects for existing pre-leukemic clones
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MUTATIONAL SIGNATURE TO TRACK CH EVOLUTION

Innovative Aspects of the study \

Use of MUTATIONAss&neletaBATASETEPORAL BARCODES that perm = All tMNs exposed to prior platinum-based
20MBAniEexposWESoa patient’sfl#Btime therapy harbored the platinum signature,

rViNS—€T——tmported- FMN-and-DF— consistent with a model in which one cell
| Novo AML data from public
datasets (Cancer Genome

survived platinum-based DNA damage and

Atlas and Beat AML) expanded to clonal dominance.
Quantified mutational processes,
starting with SINGLE-BASE - Conversely, only 41% of tMNs exposed to prior
SUBSTITUTIONS (SBSS) melphalan-based  therapy harbored the
I melphalan signature, consistent with the
\1, v i, secondary malignancy being driven by subclonal
SBS1 553555331 SBS-MM1 populations, lack of melphalan driven
BSS35
SBS-HSC Related to Related to mutagenesis, or escape from melphalan
Related to AGE . Melphalan
Platinum-based CT exposure.

B. Diamond et al., Blood (2023)
LSS,
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MUTATIONAL SIGNATURES REVEAL CLONAL EVOLUTION

Selection of a pre-

existing clone

-
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Chemotherapy
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} TP53 loss
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I‘
\ clone

Escape via
apheresis

5 T ————
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.

Therapy-related
myeloid neoplasm

L

Single-cell expansion,
acquistion of complex
genetics

Chemotherapy
mutation signature

= o e

No chemotherapy
signature
Genetics similar to
de novo AML

Reinfusion

N ——

Y.S. Lee and P. van Galen, Blood (2023)

P e e s s T T T S S T S S AT =2,
Chemotherapy selects for a CH clone by \l
creating an environment that s '
permissive to the clonal expansion of a H
mutated precursor i

1
Chemotherapy also facilitates the i
—> subsequent acquisition of complex i
genomic drivers ,:'
’l
P e e e e s s s s S S SSm e n e n e =~
AY
)
1
i
The pre-existing CH clone escapes i

—> chemotherapy exposure via apheresis and '

is reintroduced by ASCT i
i
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TAKE HOME MESSAGE

1. CH is common in MM patients at all time points in their disease course and tends to become
more common after treatment

2. CH may confer worse outcomes in patients undergoing ASCT = worse outcome is abrogated
by IMiDs maintenance

3. CH is associated with an increased risk of subsequent hematologic malignancies

4. Different clonal trajectories that lead to tMNs, showing emergence from pre-existing clones
that either harbour chemotherapy mutation signature or escaped exposure via apheresis
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