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Overview

e introduction

e clinical picture, pathophysiology, diagnosis and
management

e FA, TBD, DBA, GATA2
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IBMF syndromes are...

a diverse group of life-threatening disorders
characterized by BMF (> 1 lineage)

usually associated with at least 1 extra-hematopoietic
abnormality (+/- family history)

associated with increased risk of cancer
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IBMF syndromes: why worry about?

e They are not as rare as previously believed:
— congenital anomalies may be absent/subtle; not always fam Hx
— may present as aplastic anemia/MDS or malignancy

e |mplications for treatment
— conventional treatments have excess toxicities
— donor selection for HSCT

e |mplications for family planning

e Implications for follow-up : cancer risk

e
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IBMF syndromes: why worry about?

e FA
e DC
e 5SDS
e DBA

CDA
SCN
CAMT
GATA2

Subtype Chromosome location Gene product Exons
Recently recognized BMF
subtypes
Autosomal recessive 9q22.32 ERCCéL2 27
3q2/.1 TPO/THPO 7
1p32.1 MYSM1 23
15g21.1 DUT 9
19q13.32 EXOC3L2 10
1/p13.1 TP53 12
Autosomal dominant 7921.3 SAMD?* 3
7g21.2 SAMDSL* &
12g913.13 SP1 7
W
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Dokal et al., Blood 2022
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IBMF syndromes: clinical picture

Malignant
IBMFS Hematology Hematology Oncology

FA
:> Aplastic Anaemia — S((:])uamous Cell
arcinomas
DC
SDS Neutropenia - NO_establlsh_ed
solid tumor risk
Osteosarcoma

DBA j Red Cell Aplasia Colorectal Cancer

1AV pue SAN

Mono, NK, B
> NN Rare EBV

Aplastic Anaemia

No established
solid tumor risk
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Deng et al., Current Opinion in Pediatrics 2023




IBMF syndromes: more than BMF alone

\Bone marrow failure

FA DC SDS DBA CDA CAMT SCN New"

(Inheritance pattern AR, XLR  XLRE, AR AR AD AR AR AD AR )
AD AD XLR AD AD AR AD
Somatic abnormalities Yes Yes Yes Yes Rare Yes Rare Yes

AA (90%) AA(B0%) AA(20%) RCA Dysery Meg  Neut Yes /

Short telomeres Yes Yest Yes No No No ?
Cancer Yes Yes Yes Yes No Yes Yes Yes
Chromosome instability Yes Yes Yes ? ? No ? Yes*
Genes identified 22 16 4 21 5 4 7 25+
'r’ f‘f*§
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Dokal et al., Blood 2022



IBMF syndromes:
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Endosome

CAMT
TPO receptor
oss-of-function

easm

dysfunctio
MIRAGE

Sakaguchi et al., Int J Hematol 2022

pathophysiology

FA
DNA repair
deficiency

Telomere
shortening
DC
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Diagnosis: IBMF vs acquired AA
e Disease evolution: progressive versus acute

e Personal history
- age at diagnosis (previous labs?)
- associated extra-hematological symptoms
- physical examination

e Familial history: hematological AND extra-hematological
Cave de novo (DBA, GATA2, some TBD) and AR
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Genetic '[

sequencing |
results :

Mutation
Pathogenic
VUS
Benign

No mutation

Gutierrez-Rodrigues et al., Hematol
Am Soc Hematol Educ Program 2023

Clinical
phenotype

Other organs
involved

in BMF patient

Specialised
assay results

DEB
Telomere length
eADA
Pancreatic function

Considerations

Family history
Cytopenia

Malignancy

# ) Blood count
/ severity

| Mild/Moderate

Severe

PNH clone /
6PLOH

Presence or
absence




Diagnosis: specialized assays

FA ’ TBD ' | DBA

* Telomere shortening + eADA? eGSH?

« Chromosomal
« Absence of erythroid

breakage+++

~

.

aosp a
o A A A ' F ]
0 10 x k| 4 S0
Age (yean)

| sbs ' SCN |
= Serum trypsinogenand  + Granulocyte maturation - TPO%
arrest at the level of « Absence of

pancreatic isoamylase
= Pancreatic lipomatosis promyelocytes in BM

S

megakaryocytes in BM
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General principles of management

e Regular follow-up in specialized clinic: monitoring for
(extra-)hematological complications, immunological
defects, and cancer

e Avoidance of (unnecessary) irradiation

e Avoidance of smoking, advice on skin care and avoidance
of sunbathing, restriction of alcohol consumption

e Close monitoring of drug toxicity (including liver toxicity)

;’i’ LEUVEN

UZ /N
Hansd



Management of BMF

e RBC transfusion to keep Hb > 8 g/dI
e PLT transfusion to keep PLT > 10.000/ul
e Broadspectrum AB +/- G-CSF in febrile neutropenia

e HSCT in severe cases of BMF (Fluda-based RIC)

e Future: gene therapy? Targeting disease-specific HSC
defect?
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Fanconi anemia: cytopenia(s) + ...

[At least 1 finding 60% ]
e skin 40%
e short stature 40%
e upper limb 35%
e skeletal 25%
e gonads (male) 25%
® eyes 20%
* renal 20%
e developmental delay 10%

Shimamura et al. Blood Reviews 2010



Fanconi anemia: diagnosis
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e congenital abnormalities
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Fanconi anemia: cancer risk

FA
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Shimamura et al. Blood Reviews 2010

leukemia (AML > ALL)

solid tumor (squamous cell
head/neck)

female genital tract

liver tumor (adenoma and
hepatoma)
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Fanconi anemia: diagnhostic test
Diepoxybutane or Mitomycine
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Fanconi anemia: pathophysiology

Nucleolus

rDNA: rRNA | "ONA replication

R-loops
resolution | ~NA transcription

v

rRNA processing

9@

405 405

Ribosome biogenesis

Nucleus

Inter strand crosslink

* Nucleolytic
processing

-

DNA
translesion
fill in

‘ DNA
resolution
repair

DNA repair

Cytoplasm

Damaged
mitochondria
increased ROS

l Mitophagy

LC3

Cellular metabolism

Dokal et al. Blood 2022
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Fanconi anemia: treatment
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Telomere Biology Disorders

Ribosome
biogenesis

Telomeres
Telomere
maintenance

rRNA

L < A processing
TERC® a4 185 B 5.85 B 28S AAA
maturation and Vg,
. stability 9v-.. — . : rRNA
: A — modification
Shelterin Telomerase AN Z P & Rl\e
complex  trafficking N K P
G JiTEa ety v '
e, .
AGGT™
d - e .‘ !5:;’ St Al - Ué snRNA
é,Cc’ ATCCC AAT e i - UUUUU - modification
CP‘P& » pre-mRNA ¥

Z y Telomere < : mRNA
\ short telomere length Telomere capping complex RNA v splicing
normal telomere length rephcat|on

Dokal et al. Blood 2022 I’ LEUVEN
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Classical Dyskeratosis congenita

Dokal, Hematol Am Soc Hematol Educ Program 2011

Shimamura et al. Blood Reviews 2010

% of
Clinical feature/abnormality patients*
Major/common features
Abnormal skin pigmentation 89
Nail dystrophy 88
BM failure 85.5
Leucoplakia 78
Other recognized somatic features
Epiphora 30.5
Learning difficulties/developmental delay/ 25.4
mental retardation
Pulmonary disease 20.3
Short stature 19.5
Extensive dental caries/loss 16.9
Esophageal stricture 16.9
Premature hair loss/greying/sparse eyelashes 16.1
Hyperhiderosis 15.3
Malignancy 9.8
Intrauterine growth retardation 7.6
Liver disease/peptic ulceration/enteropathy 7.3
Ataxia/cerebellar hypoplasia 6.8
Hypogonadism/undescended testes 5.9
Microcephaly 5.9
Urethral stricture/phimosis 5.1
Osteoporosis/aseptic necrosis/scoliosis 5.1
Deafness 0.8
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Late-onset Adult or Cryptic TBDs

Oral <%
leukoplakia

&

Premature
hair graying

dWy

Bone marrow || Lung fibrosis || Liver fibrosis

failure Nail dystrophy|] pigmentation
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Rolles et al. Transfus Med Hemother 2024
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TBD: diagnostic test TL < 1st Percentile

A 14 ===== Johns Hopkins n=192
—— Vancouver n=444
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g2 . 10th

D - ws 15t

I 1 1 I 1 1 1 1 I 1
0O 10 20 30 40 50 60 70 80 90 100

Age (years)

Alder et al. PNAS 2018
Rolles et al. Transfus Med Hemother 2024

Possible results of telomere length measurement

Classic DKC, : 50%ile
Hoyeraal- :
Hreidarsson, X 3 H
Revesz syndrome, S 10%ile
Coats plus

Telomere length

1%ile
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Management of TBD

« Androgens increase telomerase activity (estrogen
sensitive promotor)

o Allo-HSCT with RIC and avoidance of radiation (cave
pulmonary fibrosis, familial disorder, only BMF)

e
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Blackfan-Diamond Anemia: cytopenia + ...

Triphalangeal |® =
Duplex or bifid | /'
Hypoplastic

present in +/- 40% of patients
21% has > 1 abnormality

Da Costa et al. Blood 2020

Cephalic malformations

Congenital glaucoma
Strabismus
Congenital cataract

Cleft palate

High arched palate |

Micrognathia

Camille Claudel
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Short neck

Webbed neck
Sprengel deformity
Klippel -Feil deformity



Diagnostic criteria

Normochromic, often macrocytic anemia developing in the first year of life
Profound reticulocytopenia

Normocellular bone marrow with selective deficiency of erythroid precursors
Normal or slightly reduced leukocyte count

Normal or slightly increased platelet count

Major supporting criteria

Gene mutation described in “classical”’ DBA

Positive family history

Minor supporting criteria

Elevated erythrocyte adenosine deaminase activity
Congenital anomalies described in “classical’” DBA

Elevated HbF

No evidence of another inherited bone marrow failure syndrome




Blackfan-Diamond and cancer risk

DBA

1.00
I

0.75
)

 |eukemia (AML)

e osteosarcoma

Probability
0.50
l

0.25
)

0.00
I

0O 10 20 30 40 50 60 7O 80
Years of Age
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Blackfan-Diamond: pathophysiology

Diamond Blackfan Anemia
Ribosomal proteins

RPs mutated in 60S:

RPL5, RPL11, RPL15, RPL26,
RPL35A

RPs mutated in 40S:
RPS7, RPS10, RPS17,
RPS19, RPS24, RPS26

Function: Involved in
ribosome biogenesis, protein
synthesis, and translation of
specific mMRNAs
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Management of Blackfan-Diamond

e corticosteroids @ 2 mg/kg/day
— 80% response; improvement in first month
— 40% cortico-dependent
— 25% spontaneous remission

 RBC transfusions (! iron overload)
* Hematopoietic stem cell transplantation
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GATA2 deficiency

e mMonoMAC

e DCML

e neutropenia

e Emberger Syndrome
e Familial MDS/AML
e Pediatric MDS

Spinner et al. Blood 2014

Lower extremities:

Head & neck:

Embolic stroke

Sensorineural hearing loss

HSV ulcers

Hypothyroidism

Pulmonary alveolar
proteinosis

Ventilatory and diffusion
defects

Culture-negative
endocarditis

Solid organ tumors

Y.

A""t—_ pisseminated NTM

-y

l\cnyl;;'/):;.l::s infection
Severe C. difficile infection
Pelvis:

Chronic Miscarriage

arthralgias

B
s

Genital dysplasia

Genital warts

Bony infarcts
Panniculitis/

Erythema nodosum

Deep venous thrombosis

Lymphedema




GATA2 deficiency

Onset of iliness
100-

MEDIAN
o 90 AGE
& 80-
3 70- PERIPHERAL Normal DCML DCML  DCML +/-MDS MDS
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€ 50-
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.g 30 CLINICAL Healthy HPV Mycobacteria  Refractory infection
o 20 URTlI  Pulmonary Solid malignancy
10- Auto-immunity Abnormal cytogenetics
3 Lymphedema
0 200 40 60
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Take home message

e High suspicion of IBMFS is necessary in patients of all
ages with unusual cytopenias.

e Proper management includes an accurate diagnosis,
surveillance for malignancies and potential therapies
according to disease severity.

e (Cascade testing of at-risk relatives is required.

e
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Dyskeratosis
congenita

Shwachman 2
Diamond syndrome

Diamond A
Blackfan anemia

y

" DKC1,
PARN and

others
DKC1, TIN2,
TERC, TERT
and others

S

Ribosomal RNA

.

*”5 SBDS )
S  DNAJC21, &
EFL1

Ribosome

maturation @&

f’“,c‘& Telomere processing
4 % maintenance
(N
by Nucleolus
Fanconi '
anemia
\ FANCA, FANCC, Nucleus E
FANCG, ERCC6L2
= nd others Replication o ®
o N e R
DN pair . . ng
CDAN1, GATAZ2, /
: ERCC6L2, RBMBA SEC23B, KIF23,
Ove;lapplng and others < ELANE, HAX1, and
syndromes e

Cytoplasm

Protein transport

RPS19, RPLS,
RPS26, RPL11
and others

Familial
MDS/AML

Amegakaryocytic 4/ \

thrombocytopenia

Congenital 4/

dyserythropoietic
anemia

Translation
AAAA

Fanconi
anemia

ROS metabolism

FANCA, FANCC,
ERCC6L2 and

others

and binding
$ Mitochondria ° Overlapping
syndromes
Cell surface
receptor
Severe Congenital .
congenital amegakaryocytic

neutropenia

thrombocytopenia

Dokal et al., Blood 2022
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