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Pediatric MDS with predisposition: old and novel concepts
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/ Prevalence  ~59% of pediatric hematologic malignancies
Bone marrow
/' cellularity Hypocellular (~80% of cases)
Piﬁggw Frequent Karyotypes: monosomy 7, trisomy 8
\osomatic Mutations: SETBP1, ASXL1, RUNX1, RAS
alterations pathway, EZH2, ETV6, UBTF, TP53
Absent Mutations in spliceosome, TET2, DNMT3A,
alterations IDH1/2. Very rare: del5q, RARS

ermline predisposition in ~30%
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Stressors that can initiate CH in predisposed individuals (CHIPI).
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Myeloid neoplasms with predisposition

Classification of Myeloid Neoplasms
with Germline Predisposition

Isolated Predisposition

Predisposition not affecting
other organ systems
These cases involve germline mutations where the

primary clinical manifestation is the risk of myeloid
neoplasm without other physical abnormalities.

ML-DS

Myeloid Leukemia associated with Down
Syndrome, representing a unique clinical
entity in the classification.

Key Mutations:
DOC
CEBPA & TPS3

Predisposition is specifically linked
to germline CEBPA mutations or
germline TPS3 mutations.

Syndromic Platelet-Associated
Prednsposntlops Predisposition
RASopathies Predisposition with

Developmental syndromes
caused by mutations in the RAS
pathway that increase the risk of
myeloid neoplasms.

preexisting platelet disorder

These patients often present with
thrombocytopenia or platelat
dysfonction prior to the
development of a myeloid

Supporting Fact:
malignancy.

Neurofibromatosis &

Noonan-like Disorders Key Mutations:
Specific conditions includ
Neurofibromatosis ype 1 and 5 4 Sy
Noonan syndrome-like disorders RUNX1 ANKRD26, & ETV6

(such as CBL syndrome).
Mutations in these three genes are
the primary drivers for this specific
clinical category.

Bone Marrow

: { Multi-System
Failure Disorders Predisposition
Classical Inherited Bone Marrow 3 e 3
Failure Disorders (IBMFS) ::Sl‘:i';{:’;‘:g‘a’: :;fsetztl:lsg

A group of well-characterized syndromes
where bone marrow failure often precedes
the development of leukemia

These genetic variants have pleiotropic
effects, causing issues in various organs
alongside the hematologic risk.

Supporting Fact:  Supporting Fact:

. . ) Key Mutations:
Fanconi Anemia (FA) & SCN, DC, & Diamond-
Shwachman-Diamond Syndrome (SDS)  Blackfan Anemia W’@ @ @
FA involves mutations in 222 FANC genes:  Includes Severe Congenital Neutrop GATA2 & SAMD9/SAMDYL
SDS 'saﬁﬁufﬁgnby germline SDBS &ELANEP" FS.F 3R), D)I()sil‘;le;;;oil 2 ) Includes germline GATA2 mutations and SAMD9

or SAMDSL mutations (often associated with

i and Diamond-Blackfan Anemia
[E>3 murstions MIRAGE syndrome or myelodyspiasia)

(ribosomal protein genes)

Table 8. Classification of myeloid neoplasms with germ
line predisposition

Myeloid neoplasms with germ line predisposition not affecting
other organ systems

Germ line CEBPA mutation

Germ line TP53 mutation

Myeloid neoplasms with germline predisposition with
preexisting platelet disorder

Germ line RUNXT mutation
Germ line ANKRDZ26 mutation
Germ line ETVé6 mutation

Myeloid neoplasms with germ line predisposition affecting
multiple organ systems

Germ line GATAZ mutation
Germ line SAMD9 or SAMD?9L mutation

Myeloid neoplasms in classical inherited bone marrow failure
disorders

FA (caused by germ line mutations in 1 of 222 FANC family genes)

Shwachman-Diamond syndrome (caused by germ line SDBS
mutation, frequently associated with somatic TP53 mutation)

Severe congenital neutropenia (most commonly caused by germ
line ELANE mutation, may also be associated with germ line
CSF3R and other gene mutations)

Dyskeratosis congenita and other telomere biology disorders
(caused by germ line mutations in various genes associated with
telomere maintenance)

Diamond-Blackfan anemia (caused by germ line mutations in
various ribosomal protein genes)

Myeloid neoplasms in RASopathies
Neurofibromatosis type 1

Noonan syndrome-like disorders (CBL syndrome, rare others)

ML-DS

Zwaan CM, et al Blood. 2026 Apr 2;147(14):1532-1561.



Pediatric MDS predisposition

Constitutional
thrombocytopenia e
cn :

Pancytopenia/BMF

=% 62&%“‘ AEL Dyskeratosis
= congenita

Other CT genes : (DC)

ERCC6L2 Fanconi anemia (FA)

DNAJC21 @ RPS27 EANCL RANC
SBDS SRP72 RPL35A - —
RPL11 RPLS FANCG
ELANE -
e G =
HAX1 A e FANCE FANCPSA.
e WAS ORI (Resze N ey FCoenCes
Congenital . FANCL FANCS/BRCAT
. FANCI FANCV/REV7
neutropenia FANCT/UBEZT  FANCN/PALB2
(CN) Diamond-Blackfan anemia (DBA) FANCURGICC2
Erythroblastopenia

Bluteau O, et al Blood. 2018 Feb 15;131(7):717-732



Age of presentation (of MDS) is a surrogate for the biological pathway

}
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Feurstein S, et al. Leukemia. 2021 Aug;35(8):2439-2444,



Age dependent phenotype of predisposition syndromes

Pediatric onset  Adult onset
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Masetti R, Leardini D et al, submitted
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Feurstein S, et al. Blood. 2022 Dec 15;140(24):2533-2548.
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Age better than clinical presentation or family hystory?

What emerges is the observation that the age
at which MDS is diagnosed is a surrogate for
the biological pathway(s) driving the
malignancy, with DNA repair and telomere
biology genes dominating in adult age ranges

and DDX41 in older patients.

These investigators had limited ability to predict
those with germ line predisposition based on
demographic data, clinical presentation, or
family history, demonstrating that it is not

obvious a priori who will have germ line risk

GATA2

FANCG

o Q o DDX41
CSF3R
ICUS/CCUS O
SBDS | RPS26 | PTPN11
Q O @
DDX41
ELANE | DDx41 DDX41 | DDX41
O O O O
Myeloid ]
M a“gngndes GATAZ | FAncA | FANCA | FANCA
Q@ | o | o | o
NFT1 RUNXT
O O
Age
20-29 30-39 40-49 50-59 60-69 70-79 >80

at presentation

Godley LA. Blood. 2023 Aug 17;142(7):616-617.




Surveillance of a predisposition syndrome

In patients with inherited BMF syndromes, annual bone marrow surveillance is usually conducted to detect leukemic
evolution, with complete blood counts (CBCs) performed in between; changes in CBC might suggest AML progression,
prompting an earlier bone marrow examination. However, this strategy is not applicable in some predisposing diseases
such as ERCC6L2 disease, Shwachman-Diamond syndrome or XP as CBC abnormalities appear mild despite the

presence of TP53-mediated clonal evolution or marrow dysplasia.

HM surveillance
Gene(s) test Frequency®

BMF syndromes and predisposition to myeloid neoplasms
FA FANCA, FANCB, FANCC, FANCDI, and others CBC w/diff & retic 3-4 months®
BMA/Bx Annual S h h
Somatic gene Annual wa c m a n d
SDS and SDS-like disord SDS: SBDS and EFL] CBpCane/ld'ff &retic 3-4 th: E RCC6 L2 D. d Xero erma
an -like disorders 2 an w/diff & retic  3-4 months
SDS-like: DNAJC21 and SRP54 BMA/Bx Annual Ia m o n .
syndrome pigmentosum
panel
TBDs including dyskeratosis congenita CTCI, DKCI, RTEL1, TERC, TERT, TINF2, and others CBC w/diff & retic 6-12 months® syn d ro m e
BMA/Bx 1-3 years
Somatic gene 1-3 years
St ital t i ELANE, CLPB, G6PC3, HAX1, CXCR4, CSF3R, and CB‘?ne/ld'ff &retic 3-4 th -4 - >
evere congenital neutropenia % , 4 A 3 , an w/diff & retic 3-4 months
S R TP53-mediated leukemic evolution
Somatic gene Annual
panel
DBA RPS19, RPL5, RPS24, RPS26, RPLII, RPL35A, and CBC w/diff & retic 4-6 months
others BMA/Bx As clinically indicate
Emerging predispositions to hematologic malignancies
USP9; ciated i ition to i USPIX CBC w/diff & retic Annual
leukemia
TYK2-associated predisposition to lymphoid TYK2 CBC w/diff & retic Annual
leukemia
GAB2-associated predisposition to lymphoid GAB2 CBC w/diff & retic Annual
malignancy
SH2B3-associated predisposition to JMML SH2B3 CBC w/diff & retic  As clinically
indicated® C | I
MBD4-associated predisposition to myeloid MBD4 CBC w/diff & retic 6-12 months® O n a
malignancy and other tumors BMA/Bx Annual
ERCC6L2-associated predisposition to ERCC6L2 CBC w/diff & retic 3-4 months ® ~ b u rd e n
lymphoid/myeloid malignancy BMA/Bx Annual L f f t TP 5 3 t t
il A 0SS OT Tunction mutations
panel
GATAIl-associated predisposition to myeloid GATAIls-generating variants CBC w/diff & retic 3-4 months
malignancy BMA/Bx Annual
MECOM-associated predisposition to myeloid MECOM CBC w/diff & retic 6-12 months
malignancy BMA/Bx 1-3 years =
ERG-associated predisposition to myeloid y  ERG CBC wydiff & retic 3-4 months Asym pto m atl G — B M F —_— M DS —_— AM L
BMA/Bx Annual

Abbreviations: BMA/Bx, BM aspirate and biopsy with morphology and cytogenetic analysis; CBC w/diff & retic, complete blood count with differential ar
reticulocvte count: JMML. iuvenile mvelomonocvtic leukemia: XPC. xeroderma piamentosum aroup C.

Maese LD, et al. Clin Cancer Res. 2024 Oct 1;30(19):4286-4295.



Decision making in predisposition: pre-emptive HSCT

90% Penetrance 50% Penetrance
Traditional Approach ) Traditional Approach

mm it dlidg it
S R

90% develo AML 100% receive HSCT e
P . (10% unnecessarily) 50/ develop AML 100% recelve HSCT
N : (50% unnecessarily)

i"’l"* i‘ﬂ i
gty .

10%

do not develop 50% survive after

AML  50% survive after : leukemia treatment/HSCT
+ leukemia treatment/HSCT

) oo i"’i‘** A, itit. it oY
# ,sm 1 Tﬁ KA 'm "nz*h

55% Survival 85% Survival 75% Survival 85% Survival

f Develop AML i At risk for AML § Do not develop AML  Develop AML i At risk for AML 4 Do not develop AML

Hamilton KV, et al. Blood. 2023 Jun 29;141(26):3143-3152.



Pre-emptive HSCT

Syndrome-specific factors Patient specific-factors HSCT-related factors
* Disease penetrance e Personal preference * Age of recipient
* Age of overt leukemia onset * Psychological status * Donor type and availability

* Risk for therapy-associated toxicities ¢ Family and other support mechanisms < Risk for short and longer-term toxicities

Alex Hall. Relativity. 2013



GATA2 Deficiency Syndrome

Genetic basis: loss of function germline mutations

distal  proximal
Exon 1 Exon 1 Exon 4 o Exon 5

‘ \ (" ; - N 2 - :
o . | \ | \ ﬂ  Intron4 | |
GATAZ structure | ! . ‘ I ‘ I U : '. ‘ I

GATA2 protein isoform 1

B GATA2 variants vs. hematological phenotype
GATA?2 protein isoform 2

| 1.7% 1125, 56% .
y " / 7.9% “ 40% 40% B High-risk MDS
~ 80/ ~19% g i 28.1% Low-risk MDS
0 ~60% truncating « variants within + 9.5 kb . N=114 36% N=89 N=15 _
synonomous tatl ot  regulatory site ~30% missense Cytopenia
mutations (r;wruwei\ﬂ:?:szggor . A mutations within ZF2 62.3% 47.2% 20% Asymptomatic
Gene deletions Null Missense Intron 4
Adapted from Koyunlar, de Pater; Front Genome Editing 2020 Kotmayer L, et al 2025 Jul 15?15(%:0_\

Homan et al., Human mutation 2021;42:1399-1421 Kozyra et al., Leukemia 2020 EWOG-MDS




GATA2 Deficiency: Hematological and Non-Hematological Phenotype

Hematological phenotype . Autism/ADHD 19%
Bone marrow failure Congenital deafness 9%
chronic neutropenia Hypothyroidism
Immunodeficiency . > | Pulmonary alveolar proteinosis
v Band NKlymphoid cells = | Interstitial lung disease
v monocytes g o . NTM, bact., viral, fungal infections
o9
MDS/AML (ALL) < [ | Kidney, VUR 12%
106 g Warts
§ 90 < ' Miscarriage
g 8 |
2 70 . Hydrocele, Hypospadia
2 601 :
o ig: . Thrombosis
Q i
z %
R fg- " Lymphedema 23%
0. —_ — Immunodeficiency 39%
0 20 40 60 Autoimmunity

Age in years

PHV/EBV cancer

Donadieu et al. Haematologica 2018

Wilodarski et al., Blood 2016 Sahoo et al. Best Pract Res Clin Haematol 33 (2020) 101197 EWOG-MDS



Prevalance and Genetics in GATA2 Deficiency

Consecutively diagnosed cohort (n=426) Monosomy 7 in RCC and MDS-EB

Prevalance RCC 4 %

MDS-EB 15 % * 37% have underlying GATA2 deficiency
- (6]

 Median age at diagnosis of monosomy 7
GATA2™MYt: 12.5 years
wt .
Cytogenetic abnormalities in GATA2Mut GATA2Y . 4.2 years

Trisomy 8 der(1;7) Normal 6%

10% 199% Clonal evolution in monosomy 7

der(1;7)
7%
+RUNX1;

-7 +SETBP1 *ASXLL (g prpN1s

Monosomy 7/
82%

Monosomy 7
46%

Pastor et al.; Leukemia 2018
Wlodarski et al.; Blood 2016

RCC (N=61) MDS-EB (N=33) Kozyra et al.; Blood 2021

* 1 random abberation included EWOG-MDS, unpublished 2022

/-o_\

EWOG-MDS



GATA2 Deficiency: progression

EFS Bacterial
Viral

MDS/AML
100- f : —

(%)

10 20 30 50 70 years
The GATA2 March

HR-MDS in very young children (below the age of 3 years) is very rare and the rapidly increasing from scholar age to adulthood.

Roncareggi et al., Journal of Clinical Immunology, 2023



Age-dependent phenotypic evolution of pediatric MDS arising from GATA2 deficiency

D Preschool School E Preschool .

S children children Adolescents 20 children School children Adolescents
s

80 0
£
2 8
® 60 2
2 2
s 5 10+
s 7 :
b= £
g. 20 Z
o
=
o

0 1 Age, 0 T T 1 Age
0 19 vYears 0 6 12 19 Years

p<0.0001 (for MDS distribution across age groups)

N=31
Early-stage MDS

B Advanced MDS

Distribution of age
at MDS diagnosis

All MDS N=12 N=64 N=91
A #p<0.0001 (intron 4 variants) D
*p=0.07 (null variants) 100 = .
| = 1
B e e
N=g  # # § ‘_,.I...I.U.I._.I._| =
(3.9%) 8 80~ _-“___“_L__LL—LL;—
N=6 =
N=84 (46.1%) s )
(41%) Variant types: T 60— i
o
H ~u £ §
Other: .g 40 - ;l
N=113 N=5 Mi - §
(55.1%) (38.5%) | Itsse:se g " = Null variants
ntron - o
g 20 A —L- Other variants p=0.0001
N=2 O ! (missense, intron 4)
o 0 I’ T T 1
Symptomatic Asymptomatic 0 6 12 19 75 Age,
_ (N=205) (N=13) Yeirs
Median age 5 4 575) 48 (3-59)

(range), years

Kotmayer L, et al 2025 Jul 15;15(1):121.



SAMD9/9L Syndrome: Hematological Phenotype

Unlike classical BMF and MDS predisposing conditions where the risk for BMF/MDS development can increase with age,

SAMD9/9L syndromes are unique in that the associated risk is highest in children but low in adults.

Cardiopulmonary L Neurologic S

Cardiac: Genital: Primary adrenal insufficiency Rash Functional: Anatomic:
. VSD/ASD/PDA/PFO Cryptorchidism Gonadal insufficiency Panniculitis Ataxia Cerebellar hypoplasia
H e m a t O l O I C a l h e n Ot e Pulmonary valve/art. stenosis Micropenis 4‘.5 XY females Leukocytoclastic vasculitis Nv&'_tagmui Brafn atrophy / demyelination
g p y p Bicuspid, tricuspid & mitral Hypospadias Disorder Uf SFX development Alopecia Peripheral neuropathy White matter volume loss
valve deficiency Disorder of sex development Hypothyroidism . Pigment anomalies Retinal d_ysfunction White mattu?r.hypen'ntensfties
Coarctation of aorta Genital ambiguity with 46,XY HVPDH’WP‘_EFE_'YC?"’“E Café-au-lait-spots Dysarthria Loss of Purkinje and granule neurons
Dilated cardiomyopathy Urinary : Panhypopituitarism gyysmetrl'a ) ::pnplastifc corpus calll;:asmf;n
o ies: icati sautonomia sence of septum pellucidum
B o n e m a rrow fa I lu re cht}::i;;?z:g‘;l::e beat 25::: j:spgllt;i;;un SAMD9 : SAMDIL Temperature instability Multifocal polymicrogyria
Paroxysmal SVT Horseshoe kidney Hyperr.eﬂexia Hy.drocephalus ) )
M WPW syndrome Vesicoureteral reflux Endocrine NEUTUngiC 5pas.tlc|ty Spllnal c.ord anornal\es: m.enmgucele,
th ro m b O Cyto pe n I a Pulmonary: Renal tubular acidosis :E‘_”'EO SDP'": b";:dlﬁ;(: S\J’""ﬁomh’ﬁl_ﬂ
Interstitial lung inflammation Hypercalciuria . . eizures andy Walker malformation
M Reduced lung capacity p:;,pteinuria Genitourinary @ skin ADHD Ara.chnoid cysts ] .
p a n Cyto p e n I a Bronchopulmonary dysplasia Nephrotic syndrome Speech delay Perivascular calcifications
Bronchiectasis Focal segmental glomerulo- Cardiopulmonary v Learning difficulty Basal ganglia calcifications
Pulmonary hypertension sclerosis 24 . Intellectual disability
hypocellula r bone ma rrOW Gastrointestinal 'Y Systemic Autism spectrum disorder

. . Psychomotor retardation
inflammation ve

Gastrointestinal m IUGR/SGA 53
. . . I ik .
Dysphagia Failure to thrive (FTT) 19 Musculoskeletal Immunology / Infections
MDS (monosomy 7, del 7q) D ypopersta o Head & Neck |
Reflux disease Prematurity . . - Immunodeficiency:
Enteropathy (enteritis, colitis) Developmental delay Common manifestations: B cell aplasia / Iy:'lyphopem'a
Chronic diarrhea Fetal growth restriction & . d
NK cell lymph
Recurrent intussusception IUGR/SGA (mostly SAMD3) Hemato IOgv Systemic Hy:;ga ny::nZg?jl?J:f\emia
Decreased brush border enzymes Systemic inflammation & 1 .
mmunolo; Infections
Mucosal erosions and bleeding recurrent fevers (SAMDSL) gy /
(Liver disease?) Recurrent pregnancy loss )
L AMD9/SAMDOI|< Infections: Pathogens:

. R (most severe in SAMDS)  Bacteria:
8@ MoreinSAMDY9 @ Morein SAMDIL @ SAMD9 = SAMDIL Recurrent otitis media ~ Gram positive: Staphylococcus,

Sinusitis Streptococcus, Enterococcus species,
Head & Neck Musculoskeletal Pneumonia Clostridium difficile

CBC and findings: . P .
and marrow ._g_" INgs: Micro- & Macrocephaly Meningitis Gram negative: Pseudomonas
Thrombocytopenia ) ) Skeletal: _ ) . . . X
. ) . Microstomia Urinary tract infections  aeruginosa, Escherichia coli,
Anemia, neutropenia, lymphopenia . . _ Brachydactyly
Macrocytosis Micrognathia (small lower jaw) Camptodactyl Gastroenteritis Klebsiella pneumoniae,
Hypertelorism P Y Enterocolitis Stenotrophomonas maltophilia
Hypocellular bone marrow Low set ears Arachnedactyly P liti Serrati .
Low-grade MDS (commen) y Thoracic scoliosis roctocol |t!s. rratia species
. . Hearing loss . Osteomyelitis Viruses:
- RCC: refractory cytopenia of childhood High palate Joint contractures ital —
- RCMD: refractory cytopenia with multilineage dysplasia Clgft I;:p and palate Pes cavus deformity Eunger::fa My fvStel_m'Z' CMV, EBV, VZ rat g
N ermatitis ocalized: common respiratory an
MDS with excess blasts and AML (rare) Broad nasal bridge Muscular: Skin abscesses gastrointestinal viruses
Bird like face : Generalized sepsis Fungi:
Karyotypes: . i el
Monosomy 7, transient monosomy 7, del(7q), der(1;7) Strabismus Muscular bypotonia Candida species, aspergillus species
. Y S i a ! Retinal scarring /dysfunction Pneumaocystis jirovecii
Uniparental isodisomy 7q (UPD7q) Lacrimal gland hypoplasia




SAMD9/9L Syndrome: Non-Hematological Phenotype

Non-hematologic presentations: ~50% of patients:

Ataxia, cerebellar hypotrophy
Nystagmus, white matter loss
Microcephaly, hydrocephalus
Polyneuropathy, develop. delay

SAMD9 SAMDSL
Endocrine  Neurologic

Genitourinary

X ;
- . Skin
Hypoplastic thymus, achalasia : & Cardiopulmonary %%
i - . .
N Ih » E 8 Gastrointestinal zf& Systemic
renalhypoplasia -, EE IUGR/SGA - inflammation
VUR i © T e L AIFS
sV o
| Enteropathy _% § Systemic T Immunology/
Disorder of sex development | S in o I Infections
Cryptorchidism | g: x
Micropenis, hypospadia ! S
; < Hematology Musculoskeletal
(Vp)]

Intrauterine GF, failure to thrive Head & Neck

Viral and bacterial infections SAMD9/SAMDO:

® MoreinSAMD9 @ Morein SAMDIL @ SAMD9 = SAMDIL

Sahoo et al, Nat Med. 2021 October ; 27(10): 1806-1817 Sahoo et al, Best Pract Res Clin Haematol 33 (2020) 101197 EWOG-MDS




SAMD9 and Hematopoiesis plasticity in children

www.nature.com/nm / October 2021 Vol.27 No. 10

naturemedicine

Hematopoiesis plasticity in children

Sahoo et al. Nat Med. 2021 October; 27(10): 1806-1817

Germline SAMD9 and SAMD9YL Predisposition:
High Rates of Somatic Gene Rescue

* SAMDS/8L GENE RESCUE FACTORY

0Pn7q

Wildtype chr. 7 [for UPD7q)
Germline SAMDS/8L mut.
Somatic SAMDS/9L mut.

Conclusions: SAMD9/9L syndromes are caused by germline mutations in SAMD9 and SAMDYL genes,
leading to multi-system abnormalities including bone marrow failure, immunodeficiency, and risk for MDS
development. Somatic genetic rescue in hematopoietic cells eliminates or suppresses the germline allele.
The mechanisms are monosomy 7 which can lead to MDS or disappear, and the adaptive somatic events
such as somatic SAMDY/9L mutations, or uniparental disomy 7q (UPD7q) both of which can be associated
with hematologic remission.

Sahoo et al. DOI: 10.xxxx/blood.2024xxxxxx



SAMD9/9L Syndrome: Somatic Genetic Rescue

Native hematopoiesis

only Karyotype progression
n=3
Clonal hematopoiesis (ASXL1 . . .
. n=2 3 ( ) A Somatic Genetic Rescue in
: ) i : rr:l_omadditional lesions identified SAMDY/9L syndromes is highley
Germline SAMDS/9L n=26
s e prevalent (61%)
O WYY ‘ Cancer gene mutations: / \
- Pre-leukemic . SETBP1, ASXL1, EZH2 ... . .
T 7 clone an Maladaptive SGR Benign SGR
[ [T § 255 5 LEUKEMIA
(E— o — g ) f
SOMATIC St " o 'h='1"é T — Disease Genes Type of rescue events (Clinical impact of rescue events Frequency
[ [ | ‘D w5
GENETIC 2 B Discppearing SMDYOL  SAMDS,  Momsomy7 Negatve MDS/AM il
RESCUE §. _{‘ 29 _7 clone syndromes SAMDYL Deletion ChrTg Negative (MDS/AML)
y n=2* Second site truncating/missense mutation  Likely positive (incomplete rescue potential)
Somatic second-site g
SAMDS/9L Mutation b & 1B Posiive {complete rescue potential
a_— ‘—2-_’ A y X y % INCOMPLETE
ﬁ\ ' ) o || ) ‘ ) ' RESCUE POTENTIAL
” == ‘ (& _— >
2 EEReE ) n=16
8 e
2 UPD7q
COMPLETE
RESCUE POTENTIAL
GEEneET n=7
[

Sahoo et al. Nat Med. 2021 October; 27(10): 1806-1817



ERCC6L2 germline condition

 ERCC6L2 disease causes bone marrow failure with a very high-risk of clonal evolution

requiring timely stem cell transplantation before progression.

* Few casesare reported in the literature ERCC6L2 disease - Features in blood and bone marrow o
Overt hematological
(wide age at onset, regional ©) malignancy

Progression phase

distribution mainly in Finland)

Increasing cellularity,

o\ erythroid predominance, ; < ; g&" 3
(1) —— dysplasia, possible : lfq‘g«*ﬁl‘ ‘% w

Hypocellular bone

* Signs of a progressive disease are: | marow |

reticulin fibrosis — P

* increasing TP53 variant allele frequency @W.
[ Mild to severe hypocellularity 4 . J'C). ‘
* dysplasia in megakaryocytes and/or - 1Y
predominance, and atypia in i ;
. . megakaryocytes and/or : J't ® MDS w]th TP33
erythroid lineage b o / ?sf“ﬁhve“"w"nl’éifo)sis. e
)/ | leder ! of erythroid root
* erythroid predominance in bone marrow | (
PB - mild to moderate : o™ B
cytopenias, most often .
thrombocytopenia — & (,
, @ °
@ 0 ® L ¢ .

Accumulation of 7P53 mutations

Hakkarainen M, et al. Blood. 2023 Mar 23



ERCC6L2 germline variants are associated to BM biallelic TP53 mutations

ERCC6L2 Syndrome

Clinical Phenotypes and Evolution

Genetics

Cohort: Disease at presentation:

Asymptomatic
(siblings)
10%

e 52 patients from 35 families

® 9 countries, 11 centers

® 1165 person years

Constitutional features: BMF 61%
® Microcephaly (3/52)
¢ Neuropsychiatric (4/53)

L(®), ith ALL, lat
e Solid tumors (2/52) N Tropee

progressed to MDS/AML

BMF MDS/AML*
N =32 N=15
Age at |n|t|.al diagnosis, 12 2-57) 29 (12-65)
years, median (range)
Hypocellular marrow 96% 36%
TP53 mutations, 83% 100%
percent of cases
TP53 median VAF 12% 38%
Overall survival (3 yrs) 95% 19%
Survival after HSCT (3 yrs) 88% 28%

CBC does not predict MDS onset
(need for marrow surveillance and TP53 genetics)

All patients have biallelic mutations
34% consanguineous families

52 patients:

T p.Ser658Asn

7%, > b.Asp272Asn
omozygous
Frameshift p:llef175ThrfsTer36
93% / truncating — anlsh.founder
[ . (23 patients)
Protein LoF  —> Stop gained
biallelic

> Splice site

Exon deletion

TP53 evolution: ERCC6L2 and beyond

Shwachman
ERCCé6L2 5 Xeroderma
Diamond :
syndrome pigmentosum
syndrome

TP53-mediated leukemic evolution

Clonal
Loss of function TP53 mutations| burden

Asymptomatic —» BMF — MDS — AML




ERCC6L2 and TP53 mutations: rescue gone rogue

] ¥
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S ERCC6L2™ o

i Gatal ¥ HSPC G1 arrest 4
T |
| - - HSPC apoptosis 4
1 Replication DNA

: stress 4 damage ‘

! —_—

1 Maintenance of
: N\ Activation genomic stability

Nucleus

Runx11
Gatal?t

Replication T

stress 4
ﬂ%

Nucleus
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HSPC G1 arrest ¥

» HSPC apoptosis ¥

Genomic instability

DNA
damage
-————

Inactivation

P e e e e = ——

Erythrocytes |
Platelets ¥
Neutrophils ¥

4

Bone marrow
failure

Erythrocytes %
Platelets 4
Neutrophils 1

Improved
hematopoiesis

Leukemia

T Genome instability
development

STRESS

-

ERCCéL2™t HSPC
undergoing G1 arrest
and/or apoptosis

Schimmer RR. Blood. 2026 Apr 9;147(15):1663-1679
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ERCC6L2 can progress to an almost incurable disease

) Diagnosis at
Initial condition n (%) D 100e HSCT
~I~IMDS or AML
Sibling with biallelic ERCC6L2 mutation without diagnosis of —"‘%g pa—
BMF, MDS or AML 5 (10) 800 " censored
~+~ BMF-censored
BMF 32 (62) =
MDS 9 (17) T;" P Log-Rank p=0.07
2
MDS/AML* 2 (a) 2
E 40.0
AML S
3(6) s
Other hematological malignancy (ALL) 1(2)
200
HSCT performed in BMF 9/32(28.1%)
HSCT performed in MDS or AML 11/15(73.3%) .
Unfavorable outcome (death)in patients who 1/9 (11.1%) of TRM 0 1 2 B 4 5
underwent HSCT as BMF {umber at risk (numb d) Time post-HSCT (years)
i i BMF 9(0) 6(2) 4(4) 4(4) 4 44)
Unfavorable outcome (death)in patients who 6/11 (54.5%) of TRM (n=2) and ... i e e
underwent HSCT as MDS or AML disease progression (n = 4) = P W " o

v

v

HSCT

HSCT

Asymptomatic genetic
predisposition

AML

Worse outcome

Hakkarainen M, et al. Blood. 2023 Mar 23



RUNX1 germline condition

Predisposition of germline RUNX1 carriers

A = AML = NHL m CLL
= MDS » HCL B-ALL
T-ALL CML AUL * Germ line RUNX1 variants most frequently predispose to myelodysplastic
RUNX1 syndrome (MDS)/acute myeloid leukemia (AML) and are present in ~12% of
100 -
. families with hereditary MDS and Lymphoid malignancy is seen at lower
s -
‘?; 75 frequency, most commonly childhood T-cell ALL and rarely lymphoma and B-
(]
S 50 - cell ALL.
=
£ 25 * 43% cummulative incidence of hematological malignancy by the age
0 of 50 years.
,\(ﬁ@ S * Notwithstanding the time needed to accumulate longitudinal data, current

N '\:b '\’b‘ N’ N
N an % ™ 5]

_ knowledge suggests that progression to malignancy is less likely to occur in
Age at malignancy onset

the absence of additional somatic variants, and the detection of a somatic

variant provides another biomarker that can be monitored for changes.

Brown AL, et al. Blood. 2020 Jul 2;136(1):24-35. Homan CC, et al Blood. 2023 Mar 30;141(13):1533-1543.



RUNX1 germline condition

RUNX1 Increased mutagenic processes in germline RUNX1 carriers

e S 5 &
L v, ¥ & [
o® \\‘q.é(\;,
00002 w o -
]

Brown AL, et al. Blood. 2020 Jul 2;136(1):24-35.

Somatic mutation of the second RUNX1 allele is frequently associated with
malignancy (including duplication of the germline mutation through trisomy
21 or uniparental disomy).

Other recurrent somatically mutated genes include PHF6, BCOR, WT1, and
TET2

Premalignant somatic variants have been observed and occur frequently in
germ-lineRUNX1 carriers, most commonly in BCOR,TET2, DNMT3A, KRAS, and
SRSF2, occurring as early-onset clonal hematopoiesis of indeterminate

potential (CHIP) in carriers as young as 16 years.

Homan CC, et al Blood. 2023 Mar 30;141(13):1533-1543.



RUNX1 germline condition

Chromosome abnormalities :> Somatic mutations and
(somatic mutations) chromosome abnormalities

Lymphoid 30.7% (4/13)
Myeloid 61.5% (8/13) Myeloid 100% (19/19)
MPAL 7.7% (1/13)

Malignancies

A Age-associated clonal hematopoiesis (CH)\

| | | | | | | | |
1-10 11-20 21-30 3140 41-50  51-60  61-70  71-80  81-90

Decade of life at hematologic malignancy (HM) diagnosis

Cantor AB, Shimamura A. Blood Adv. 2026 May 12;10(9):3198-3199.



HSCT in pediatric pts with RUNX1: EBMT PDWP/ EWOG M

* Outcome depends on the stage of disease with significantly better outcome before the development of

hematological malignancy.

 RUX1 deficiency is not associated with a high risk of GvHD or an excess of toxicity.

Disease stage predicts disease free survival

1.0

0.8

0.6

0.4

0.2

0.0 7

5-yrs DFS
RCC 1.00, N=8, E=0
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0.79[0.51-1.00], N=13, E=2

AML/ MPAL / T-ALL
0.45[0.17-0.73], N=14, E=7
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TRM 0 1 1
Relapse 0 1 (i
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Clinical Course following HSCT for RUNX1 deficiency
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Pathway of a patients with germline predisposition to MDS toward a healthy state

Alive free
from disease

Diagnosis of
a germline
predisposition

Frequent
medical
examinations

Implications
for the family

of index case l

Disease-Associated
Systemic Complications

pHCT: pre-emptive hematopoietic cell transplantation, tHCT: therapeutic hematopoietic cell transplantation.



Con CI usions Escher. Relativity. 1953

* Pediatric predispositions to MDS/AML define specific conditions
in which the age of onset of an overt hematological phenotype

is a crucial point to be considered.

* Decision on timing of HSCT is influenced by a labyrinth of
considerations accounting for the diversity of patients (and
family background) and heterogeneity of predispositions

precluding a prescribed approach.

* A strong ethical framework is necessary to support at-risk

individuals and clinicians in making these difficult decisions
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