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Sequential clonal accumulation of somatic mutations in
(hematological) cancers
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Clonal Hematopoiesis of Indeterminate Potential (CHIP)

Definition: Detection of somatic mutations (SNVSs) in typical leukemia driver genes leading to
expansion of blood cell clones in individuals without hematologic neoplasms.
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CH iIs a pre-malignant condition for hematologic cancers

Probability
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Increased all-cause mortality in individuals with CH
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CH and cardiovascular disease (CVD)

Mutational spectrum
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Mechanistic basis for exacerbated CVD in individuals with CH
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Dysregulation of inflammatory molecules in

Tet2”- macrophages
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CH impacts the functionality of HSCs and mature progeny alike

CH mutation\
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Macrophages make up a significant portion of solid organs

Macrophage
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Massive surge in clonal hematopoiesis research
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CH Is associated with multiple pathologies / disease states
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Hematology Oncology
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CH in hematopoietic stem cell transplantation
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Allo-HSCT - Unexplained cytopenias

89 / 552 (16%) allo-HSCT recipients had cytopenias 1 oo
83 /89 (93%) had an identifiable cause T

(o]
o
]

5 /6 (83%) without an identifiable cause had detectable CH

Table 1. Characteristics of patients with donor-engrafted HSC clones

Donor Age at Donor age, Donor-engrafted Time of Donor VAF, VAF at Clonal Additional

Donor age (years)
B
o

Recipient  source HSCT, y V' mutation detection, mo %t detection, %% evolution mutation(s)
1 MUD 57 40 DNMT3A T862N 18 5.9 4.4 Yes ASXL1, TP53 20 - _L -‘-
2 MRD 67 59 DNMT3A Q356X 13 1.6 4.0 No None
3 MRD 51 53 DNMT3A R882H 4 2.6 2.6 No None
4 MRD 68 66 DNMT3A S786X 6 1.5 3.7 No None
5 MRD 63 62 DNMT3A R729Q 30 6.4 11.1 No None 0
1 1 1
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- CH is common among allo-HSCT recipients with unexplained ——

cytopenias
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Allo-HSCT — Clinical outcomes

» Related donors (255 years), PB or BM from time of donation, median FU time 3.3 years

= n=380/500 (16%) allo-HSCT donors had at least one CHIP mutation
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Allo-HSCT -

Clinical outcomes

= Related or unrelated donors (240 years), PB or BM from time of donation

= Nn=388/1,727 (22.5%) allo-HSCT donors had at least one CHIP mutation (VAF cut-off 0.005)
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Donor CH Is associlated with donor age
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Allo-HSCT - Clonal dynamics in the long-term

The median age at transplantation: The median age at study inclusion / sequencing:
= Donors: 37 years = Donors: 57 years

» Recipients: 39 years = Recipients: 61 years

Median follow-up 16 years . _
(range 10-32 years) Study inclusion

Normal HSC homeostasis

allo-HSCT
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Allo-HSCT - Clonal dynamics in the long-term

Donors Recipients

10
(23.8%)
29
(69%)

Total = 42 Donors Total = 42 Recipients
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Allo-HSCT
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Mutational spectrum

B Donor
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Clonal dynamics in the long-term
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Allo-HSCT - Clonal dynamics in the long-term

Donor-engrafted CH clones expand in allo-transplant recipients

DR1 DR3 DR21 DR28
B DNMT3A®' W TET2T B DNMT3A™ W TET2A7"
M Donor-engrafte 0.50 A 0.50 4 0.50 4 0.50
B No donor-engrafted CH
. 0.40 - 0.40 A 0.40 A 0.40 -
Recipients ./.
0.30 - 0.30 A 0.30 A 0.30 -
0.20 - 0.20 A 0.20 A 0.20 -
= I < T = <z -
0.10 o 0.10 - ./' 0.10 - 0.10 -
37
(88.1%) 0.05 - 0.05 - 0.05 A 0054 o—o
0.00 0.00 0.00 0.00
Total = 42 Recipients ' ' ' ' ' ' ' '
D1 R1 D3  R3 D21  R21 D28 R28

Universitats
USZ Spital Zirich Boettcher et al., Blood 2020



Allo-HSCT — Donor-derived AML / MDS

allo-HSCT 1996 Study inclusion 2017
VAF
Clonal evolution of CH clone MDS MLD (dx 2014) >
18 years after donation
Granulocytes | aAgx; 1 9760 | 0.37
Donor (D45) Donor (D45) Q967*
CH clone (50 yo) (71 yo) TET2 0.29
VAF
Compare
Recipient (R45) Recipient (R45)
(46 yo) (67 yo)
Granulocytes
Clonal evolution of CH clone MDS RAEB-2 (dx 2017) STAG2" .
> SETBP1°%¥%] 0.04
21 years after transplantation
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Allo-HSCT
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LEUKAEMIC TRANSFORMATION OF
ENGRAFTED HUMAN MARROW CELLS

IN VIVO
P. J. FiaLkow E. D. THOMAS
J. I. BRYANT P. E. NEIMAN

Departments of Medicine and Genetics, University of
Washington, and U.S. Public Health Service Hospital,
Seartle, Washingron, U.S.A.

Summary A 16-year-old girl with acute lympho-
blastic leukemia refractory to chemo-
therapy was given 1000 rad whole-body irradiation
followed by an infusion of marrow from an HL-A
matched brother. Blood-counts provided evidence of
a successful graft, and only donor-type XY cells were
found in uncultured marrow. Recurrent leukeemia was
evident 62 days after the marrow graft. Cytogenetic
studies showed that the leukamia recurred in XY,
presumably hitherto normal, donor-type cells. Al-
though the mechanisms underlying this development
are not known, a likely possibility is activation of a
leukeemogenic agent, such as a virus, in susceptible
donor cells, or transfer of such an agent from host
to donor cells.
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— Donor cell leukemia (DCL)

= 14 DCL cases in 10,498 transplant recipients
(0.13 %) between 1982 and 20031

= 8 DCL cases in 2,390 transplant recipients
(0.33 %) between 1992 and 20102

= 44 DCL cases in 32,898 transplant recipients
(0.13 %) between 1974 and 20123

- Risk for DCL 0.1 - 0.3%

Spital Ziirich 1 Hertenstein et al., Haematologica 2005 2 Dietz et al., Br J Haematol 2014  3Kato et al., Leukemia 2016



TP53 mutations in donor cell leukemia in allo-HSCT

8 DCL cases in 1,727 transplant recipients (0.7 % 10-year cumulative incidence)

| TP53(255) | 0.40
Splicing Factor (1/13) 0.07
Other Genes (0/74) | ] 0
TET2-CH (0/64) B 0
| DNMT3A-CH (1/232) | 0.004
[No CH (4/1330) | [ 0.003
1,000 500 0 05 |
No. of Donors DCL
Frequency
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Autologous stem cell transplantation



Autologous stem cell transplantation (ASCT) — mutational spectrum
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No. of Mutations
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Lymphoma patients?

n=55/173 (31.8%)
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- Enrichment for PPM1D mutations lymphoma patients

1 Gibson et al., J Clin Oncol 2017

2 Mouhieddine et al., Nat Commun 2020



ASCT - CHIP iIs associated with inferior overall survival

Lymphoma patients? Plasma cell myeloma patients?
wmie NO CHIP
CHIP, non-PPM1D .
100 e CHIP, PPM1D 14— No IMiDs, No CHIP - -
No IMiDs, CHIP - -
< 0.8 IMiDs, No CHIP —
= 5 IMiDs, CHIP ——
; 3 06
& 501 P<.001 g
= 8 0.4 | P=0.49
E’ 7 .
o 02 T L. EP=0.013
0_
0 é 1I0 1I5 0 3 6 9 12 15
Time (in years)
Years
- Therapy-related myeloid neoplasms & - Disease progression

cardiovascular disease
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Take-nome message of CH in HSCT
Allo-HSCT

= CH is very common in the general (ageing) population (and thus in donors).
= Older donor age is associated with donor-engrafted CH.

= Donor-engrafted CH is associated with increased Cl of cGvHD and decreased
CIR but similar, maybe even improved OS.

= DCL is a rare but devastating complication (adverse-risk genetics, i.e., TP53).

= Currently, no indication for CH screening in allo-HSCT donors.

ASCT

= Therapy-related myeloid neoplasms and cardiovascular disease.

=  Promotion of disease progression under certain circumstances ?
USZ <%



Thank you for your attention !
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