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DNA mutational rate throughout life
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Thousands of point mutations
accumulated throughout life
Probably only 10-20 drivers el ’

=» the majority of mutations have no functional impact and do not impair functio
however, few “driver” mutations might provide a selective advantage =>
expansion possibly preceding cancer transformation

P. Campbell, IMS 2023



clonal haematopoiesis

CH = expansion of HSCs clones (& progeny) in the BM,
following the acquisition of somatic mutations

= 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

stem cells pool over time
CH risk over time

Early life

Early adult Middle age

Age
reduced stem cells pool DIVERSITY

increased stem cell SELF-RENEWAL CAPACITY, increase CLONE SIZE

E.Borsi et al., manuscript in preparation




CHIP => clonal haematopoiesis of indeterminate potential

clonal acquisition to
CHcausedby | detection threshold
I

normall . acquired molecular sict N T
hematopoiesis abnormality = B L x
/ ( Loy Y

/ 1 SRSF2, \

SO, I sF381, U2AFL, | \ o Nl
~7~ ) ‘ K ASXLL, JAK2 ~ N
A~ N \ 4 ONMT3A \ =) |
1 \ k. . ( ,,'. - _‘\ I \\ e— _/ -
/ o ] Germline Predispositiol Spalpnse

\ | inherited attete /

\ M CH with VAF>2%

T AsxL1

HSPC diversity

- CHIP can be detected in 10-20% of individuals >70y

- 90% of CHIP cases carry mutation(s) in DNMT3A, ASXL1 and TET2 (epigenetic
modifiers); other frequently observed mutations in JAK2, TP53, SF3B1 and SRSF2

- somatic CNAs in well-known myeloid malignancies drivers’ loci can also occur in

approximately 2% of individuals
- lymphoid CHIP less common (NOTCH1)

L.D.Weeks and B.L.Ebert, Blood (2023)




CHIP is common in haematological diseases

= CHIP is present in patients with PC neoplasms (up to 30% of treated MM)

(MM incidence increases with aging: is CHIP a
py-product of age-related changes in HSCs??)

t effect on the BM niche

= MM might DRIVE the emergence of CH through

MM clone(s)
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CHIP in MM is associated with a 11.5-fold risk of dev




how can CH be assessed
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CH assessment by NGS
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D.P.Steensma et al., Exp.Hematol. (2020)



CH assessment by single-cell NGS

no somatic mutation == low frequency mutations === CHIP
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\ % amplicons between 0.2*mean and 5*mean reads/cell/amplicon

% amplicons between 0.5*mean and 2*mean reads/cell/amplicon

% amplicons >1x coverage

% amplicons >5x coverage

% amplicons >10x coverage
% amplicons >20x coverage

% amplicons > 40x coverage

% reads to amplicons above 2*mean reads/cell/amplicon

E.Borsi et al., manuscript in preparation




MDS-PA assessment by MC-FC

1. NGF Ab panel (CD138, CD27, CD38, CD56, CD45, CD19, CD117, CD81) => PC
clonality & CD56+ monocytes

2. MDS-PA panel (HLADR, CD45. CD36, CD13, CD34, CD117, CD71) => neuthrophil
and erythroid lineage altered maturation phenotypic pathways

patterns of expression
(monocytic, neutrophil and erythroid lineages)

Neutrophils

NORMAL
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cD36

cD11b - co71

MDS-lik
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CcD13
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cDs6 v " - cD11b v - - cD71

C.Maia et al., Blood (2020)



CH prevalence and clinical
Impact in MM
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CHIP & MM

RATIONALE => prevalence of CHIP is higher in patients exposed to cytotoxic
chemotherapy or radiation & is associated with worse clinical outcomes

AIM: to explore the prevalence od CHIP in MM patients at the time of ASCT
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CHIP mutational spectrum in MM

- 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)
- CHIP prior to ASCT was not associated with an increased risk of TMN
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=> CHIP is common in MM patients




CHIP association with outcome
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CHIP & MM outcome (under LEN)
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MDS-PA in MM

33/256 (11.6%) NDMM (treated with triplets including LEN) with MDS-PA

67
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impact of MDS-PA on the tumor microenvironment

1. alteration in the granulocytic differentiation
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scDNA seq to assess CHIP

Clones per Gene
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ASH2023

760 Characterization of Clonal Hematopoietic of Indeterminate Potential (CHIP) Mutations in an
Imid-Naive Multiple Myeloma (MM) Autologous Stem Cell Transplant (ASCT) Population: First
Results from a Pre-Transplant Time Point in a Prospective, Longitudinal Study

Mutational landscape of MM patients with CHIP

owers+ [

e E—
i B EEEE
E B 8
SFisl .

SRSF2 - .

CBL .

M2 .
- =
STAG2 .

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
OOOOOOOOOOOOOOOOOOOOOOOOOOOO

iiiiiiiiiiiiiiiiiiiiiiiiiiiii

66 MM patients:
- CHIP in 66 (43%)
(NGS 4000X seq depth)
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4814 Clonal Hematopoiesis Is Associated with Severe Cytokine Release Syndrome in Patients
Treated with Chimeric Antigen Receptor T-Cell (CAR-T) Therapy

62 MM/NHL patients pre CAR-T:
- CHIP in 15 (24%)

- VAF >2%
(1000X seq depth, targeted NGS of 108 pre-defined gene panel)

S.Kahn et al., ASH 2023; S.R.Goldsmith et al, ASH 2023




CHIP is common in MM (more common than previously observed?), is
associated with altered ME features, causes dismal patients outcomes

does therapy influence

CH evolution?

RATIONALE

1.

MDS-associated cytogenetic abnormalities were observed in MM
patients after HD-CT

. hematologic stress (induced by cytotoxic therapy, chronic

infections, myeloablative regimens...) might support the clonal
dominance of CHIP clones, that might possibly outcompete non-
mutated HSCs upon ASCT




can CHIP lead to clonal evolution?
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= development of CHIP in 81 patients (59 MM, 18 lymphoma, 4 solid tumours) upon ASCT
- apheresis & FUP PB samples
- NGS 55 genes associated with CHIP

=>18/81 patients where CHIP carriers (VAF > 2%)

mutations were not induced by HD-CT, but pre-exist in patients at
graft collection and conferred a reconstitution advantage to

C.A..Ortmann et al., Cell Reports (2022)
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two paths from CH to clonal expansion

mutational signature as «molecular barcode»

Newly diagnosed smoldering myeloma — 96 classes profile Mutational signatures
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C.A..Ortman et al., Cell Reports (2022
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mutational signature to track CH evolution

e mutational signature = genomic single-cell
Progenitor § @ s o . .
% Cells é%?? barcode, linked to a mutational process
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two path leading to CH clonal evolution
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take-home-message

1. CH is common in MM patients and tends to become more
common after treatment

2. high-throughput technologies are needed to detect very
infrequent clones carrying CH-related mutations

3. CH may confer worse outcomes in patients undergoing ASCT,;
worse outcome is abrogated by IMiDs maintenance

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

5. genomic alterations driving the myeloid clones’ expansion can be
either already pre-existing at diagnosis or can be acquired In
response to DNA damaging therapy




thanks
Multiple Myeloma Research Unit

prof. Michele Cavo

BO-IVIIVI lab (C. Terragna) MOL BIOL CLINICAL UNIT
Marina Martello Elena Zamagni
Enrica Borsi Paola Tacchetti
Silvia Armuzzi Lucia Pantani

Barbara Taurisano Katia Mancuso
llaria Rizzello
FLOW

- . Emanuele Favero
llaria Vigliotta

BIOINFO NERDs DATA ANALYSIS

Vincenza Solli & MANAGEMENT
Andrea Poletti Simona Barbato
Gaia Mazzocchetti Margherita Musella

LAB TECH
Ignazia Pistis

217 H lMM' MULTIPLE MYELOMA

- ATRC RF . ¢ Research Foundation

AAAAAAAAAAAAAAAAAAAA
ccccccccccccccccccc

«Seragnoli» Insitute of Hematology
IRCCS Azienda Ospedaliero-Universitaria
di Bologna (ITALY) It POLICLINICO DI

""""" SERVIZIO SANITARIO REGIONALE

tsesscess EMILIA-ROMAGNA SANT’ORSOLA
111888110 Azienda Ospedaliero - Universitaria di Bologna
IRCCS Istituto di Ricovero e Cura a Carattere Scientifico




