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The challenges of HHMs

|dentification of individuals being at high risk for HMM

Relatively rare or underappreciatdéhriched in specific subgroups

A GATAZn 72% of teenagers with MDS and monosomy 7
A TP53mutations in 50% of low hypodiplofl_L

Variations regarding disease phenotype

A High expressivity/Low penetrance



The challenges of HHMs

Clinically relevant when it comes to the selection of a donor

A Slow or failed engraftment
A EBV related PTLD (posttransplant lymphoproliferative digease
A Donor derivedeukemia

May influence the therapeutic approach
Limited knowledge of the additional somatic events
Absence of standard diagnostic routine

Paucity of clinical guidelines



WHO 2016 classification

Myeloid neoplasm classification

Myeloid neoplasms with germ line predisposition without a preexisting
disorder or organ dysfunction
AML with germ line CEBFPA mutation
Myeloid neoplasms with gem line DDX41 mutation®
Myeloid neoplasms with germ line predisposition and preexisting platelet
disorders
Myeloid neoplasms with gem line RUNXT mutation®
Myeloid neoplasms with gem line ANKRD26 mutation®
Myeloid neoplasms with gemm line ETVE mutation®
Myeloid neoplasms with germ line predisposition and other organ dysfunction
Myeloid neoplasms with gem line GATAZ mutation
Myeloid neoplasms associated with BM failure syndromes
Myeloid neoplasms associated with telomere biology disorders
JMML associated with neurofibromatosis, Noonan syndrome or
Noonan syndrome-like disorders

Myeloid neoplasms associated with Down syndrome*
Arber D et al. Blood 2016



ELN guidelines 2017

Myeloid neoplasms with germline predisposition without a pre-existing disorder or organ dysfunction
Acute myeloid leukemia with germline CEBFA mutation
Myeloid neoplasms with germline DDX4 1 mutation®

Myeloid neoplasms with germline predisposition and pre-existing platelet disorders
Myeloid neoplasms with germline RUNXT mutation®
Myeloid neoplasms with germline ANKRD 26 mutation®
Myeloid neoplasms with germline ETVE mutation®

Myeloid neoplasms with germline predisposition and other organ dysfunction
Myeloid neoplasms with germline GATAZ mutation
Myeloid neoplasms associated with bone marrow failure syndromes
Myeloid neoplasms associated with telomere biology disorders
Myeloid neoplasms associated with Noonan syndrome
Myeloid neoplasms associated with Down syndrome?

Guide for molecular genetic diagnostics®

Myelodysplastic predisposition/acute leukemia predisposition syndromes

CEBPA, DDX41, RUNX1, ANKRD26, ETVE, GATA2, SRPT2, 14q32.2 genomic duplication (ATG2B/GSKIP)
Cancer predisposition syndmmes“

Li Fraumeni syndrome (TP33)

Germline BRCA1/ERCAZ mutations
Bone marrow failure syndromes

Dryskeratosis congenita (TERC, TERT)

Fanconi anemia

Dohner H et al. Blood 2017



Even more complex than it seems...

Class

Patient Population

Specific Syndromes

FPDYVAML (RUNXT)

Gemline ANKRD 26 mutation
Gemline DDX4 1T mutation
Gemline ETVE mutation

MDS - ;
: . Familial AML with mutated CEBPA
R i't'"L- Familial AML with GATAZ mutation
14q32.2 genomic duplication (ATG2B/GSKIP)
Gemiline PAXS mutation (ALL only)
Gemline SH2E83 mutation (ALL onky)
Trizomy 8 mosaicism
A Dyskeratosis congenita
Bone Marrow Failure Syndromes MDS _ i
Fanconi anemia
AML
Genetic Syndromes ALL Ataxia Telangiectasia (ATM)
Bloom syndrome (BLM)

Down syndrome (Trizomy 21)
LeopardiNoonan syndrome (PTPN1T)
Meurcfibromatosis | (NFT)

Hijmegen Breakage syndrome (NEST)
Wiskott Aldrich syndrome (WAS)

Familial MPNs

PV, ET, PMF, CML

14g32.2 genomic duplication (ATG28/GSKIP)
REBPE mutations

Familial CLL
Familial Lymphoma Predisposition

Familial Lymphomas e Gemline MKLT mutation
Gemiline MLL mutation
Gemiline ASXL 1 mutation
Li-Fraumeni syndrome {TFP53)
ot Predisgasiion Synkanes Al Hereditary breast & ovarian cancer (BRCA 1/2)

Lynch syndrome
Cowden syndrome (PTEN)

Familial MM/LFL

MM, MGUS, LPL

Familial MM/LPL
CodleyLA

. Blood 201¢



Are they really new???

Acta Medica Scandinavica. Vol. CXXVII, fase. I—II, 1947,

From the University Institute for Human Genetics, Copenhagen,
(Director: Tage Kemp, M.D.) and
The University Institute of Pathological Anatomy, Copenhagen.
(Director: Professor J. Engelbreth-Holm, M. D.)

Familial Leukemia.
A Preliminary Report.
By
AAGE VIDEBZEK.
(Submitted for publication August 6, 1946.)

Reference: Biermer et al. Ein Fal Yarukamie Virch. Arch20:552 1861.



The local experience

Patientswith a HM and a&uggestive
personal and/or family history

)

HistoryPhysicaéxam
Evaluatiorby aclinicalgeneticist
Obtaingermlinetissue

Patientwith potentialgermlineHMMS
mutationsin clonal cells

]

Informphysician
Inform patient

!

Obtain germline tissue
Skin fibroblastsI-celler,
buccalswabs, blood if in remission?,
other (hair, nailg

4

Verificationof the germlinemutation

4

Isthere suspiciorfor aspecificentity?
1y} ¥
4 A 4
Single gene or panbhsed Proceedwith wide genomic
genetic testing evaluation(WES/WGS)/
in silicopanel
Is a pathogenic inherited Is a pathogenic inherited
variant identified? variant identifie@
¥ )
¥ 1
4 _ 3
Recommendationt® the
physician Decisiorguided
Genetikcounselingo the by the personal and the
patient familyhistory

Recommendation® the physician
Genetikcounselindo the patient




Casereport 1
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Casereport 1

Index patient (Blood)

28 | RUNX1_exD1 213.5 1.046
20 | AUNXT_exD2 172.2 1.009
30 | BUNX1_ex03 353.0 1.013
31 | RUNX1 _ex04b | 2405 0.960
32| RUNXT_ex05 423.6 0.967
33 [ RUNKX1 exDB 438.6 0.963
34 | RUNX1_ex07 386.0 0.930
a5 | NONKT_ex0B 1563 0001
36 | RUNX1 ex09 301.5 0.486
37 | RUNX1_ex10 323.6 0.482
Grandfather (Fibroblasts)

28 | RUNX1_ex01 2136 0.964
20 | RUNX1_ex02 1724 1.030
30 | RUNX1_ex03 354 1 0.983
31 | BUNX1_ex04b | 2407 0.036
32 | RUNX1_ex05 4235 1.044
33 | RUNX1_ex06 4385 0.960
34 | RUNX1 ex07 386.1 0.988
35 [ RUNX1_ex08 1555 0.966
36 | RUNX1 ex09 301.5 0.450
37 [ RUNX1_ex10 3237 0.465
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Case report 2
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AML/MDS TC
Engvall et al. In preparatio



Case report 2

28 | RUNX1_ex01 213.5 0.546
55 | RUNXI_ex02 1722 0522
30 |RUNX1 ex03 | 353.0 1.102 I] O
31 | RUNX1_ex04b | 2405 1.001
37 | BUNKI_ex05 936 1.029 TC
33 | RUNX1_ex06 438.6 0.G72
34 | RUNX1_ex07 386.0 1.011
35 | RUNK]_ex08 1553 T115
36 | RUNX1 ex09 3015 0.977
37 | RUNKX1_ex10 323.6 1.044
251 Ad'gsl Ratio] 0.98
28 | RUNX1_ex01 2135 0.546
5 59 | RUNX1_ex0? 1720 0.522
. 30 | RUNX1_ex03 353.0 1.102
215 31 | RUNX1_ex04b | 2405 1.001
s 35 [ RUNXI_ex05 i936 1.029
E 1 it g = = O 33 | RUNX1_ex06 4386 0.072
34 | RUNX1_ex07 386.0 1.011
sl 8 o la 35 | RUNX1 ex08 1553 7115
TC 36 | RUNX1 ex09 3015 0.077
0 - < 37 | RUNX1_ex10 3236 1.044
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Engvall et al. In preparatio



Case report 2
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Case report 2

[ O

TC

50
Whole blood T-cells Interpretation
\/:\3 \/:\3

BCOR ¢.3645delG p.1216fs*44  64%(3478) <1% (2157) Pathogenic
PHF6  c.947A>T p.N316l 51% (5446) <1% (8402) VUS

e o

AML/MDS TC
Engvall et al. In preparatio



Case report 3

Should we care only about the risk for

AML/MDS?
I
A ——O
11:1 11:3 o2

Pulmonary alveolar
proteinosis
Skin lesions

O,

111 1l:2

GATAZ2-mutation Lymph oma



Case report 4
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Are all FPD/MM equal?

TC
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Many issues to be addressed

Who to test (phenotype, age, other?)

Which analysis (targeted or broad analyses)
Which genomic aberrations (SNVs,CNVs, both?)
How to follow the patient?

How to counsel the family?

Ethical considerations.....



Many issues to be addressed



Hematological malignancies within GMS

HEMATOLOGY
REFERENCE GROUP

Techinal group
Incl registries

Myeloid malignancies

Lymphoid malignancies
Acquired/Hereditary AL <

Baliakas Panagiotis, Barbany Gisela, Belander Stralin Karin, Bjorck Eric, Cammenga Joérg, Engvall Marid,imtistgoRva;1oglund Martin, Jadersten
Martin, Larazevic Vladimir, Lehmann Séren, Nordgren Ann, Oster Fernstrom Annette, Tesi Bianca,-Rtan Ann

Cavelier Lucia, Fioretd$ioasRosenquisRichard



Who to test for HHMs

Young individuals (<50) with MNs (AML/MDS)
Independently of a positive family history

Young individuals (<50) with |loh@stingcytopenias
AFamily history?



P i s

Zhang J et al N=588 (leukemia) WGS/WES 26/588 (4.4%)* 226 VUS in the 60 genes
NEJM 2015 <20years 565 genes 4348 non silent mutation in
60 cancer genes the 476 genes
476 other 40% with positive family
history (FD or SD relative)
ChurpekJet 17 f ami |l i es Panel 5/17 (29%) 67% of asympromatic
al 264 genes RUNXZ1 carriers >50: clonal
Blood 2015 hem (VAF: 2071%)
Keel S eal 98 AA (<18n=53 Panel BMFS 5/99 AA (5%) AA: 2/5*2
Haematologi 18-40: n=45Y 2 DC, 2 MPL, 1 TP53 MDS 12/15: *3
ca 135 MDS (<181=46, 15/113 (13.6%)
2016 18-46: n=64) 5 GATA2, 4 DC, 3 TP33,
SDS, 1 RUNX1, | FA

Bluteauet al 179 pts with inherited WES 86/179 (48%) 52% neg
Blood2017 BMF suspicion nGRA

37% >18
Schwartz] et 77 children WES (n=54) 6/77 (8%) 8 VUS SAMD9/SAMDYL
al TSCA (n=23) 2 NF12 NRAS/PTPN11,
Nat Com 17 1 RUNX1, 1 GATA2
Dinardo et al BMF/MDS/AA <50, n=8 (A Panel (28 genes) A: 3/8, FA, DC, RUNX1
CLML 2016 RUNXI1/GATA2/CEBPA+, B: 2/17, RUNX1

n=17 (B) C: 2/13, TP53

HM+ MM or +FH, n=13 (C D:2/11, RUNX1, DDX41

HM+ +HFH, n=11

*1: The lowest prevalence of germline mutations despite the inclusion of hypodyploid ALL
*2: positive family history : 40%, Physical anomalies: 11%
*3; positive family history : 52%, Physical anomalies: 24%



Who to test for HHMs

Patients with MN and positive family history

ATwo individuals with MNs in a thregeeneration pedigree at
least one diagnosed50

AOne individual with MN plus at least one individual with a
condition indicative of a clinical syndrome predisposing to
MNs In a threegeneration pedigree

AOne individual with MN plus two individuals with solid
tumors , one diagnosed <50 in a thrgeneration pedigree



What to ask the patient?

Do you'does anyone In your family have chronic low biood counts, Including low red biood cells (anemia), low
nlatelets, (Mrombocylopenia o TP, iow white blood cels {leukonenia, monocytopenia, ymphopenia)? A, B,C.FHJLK
Has anyone requined a Fanshusion for a low bload count?

Ol YOWG02E Ayane In your family Dieed of Drulse easly?

Hf yes, have hey required ransfusions for bieeding?

D0 YO'ODES anyone I your Emily Nave o have had wans [Qenitl, hands, feet, or 3y oiher she)?
Hf yes, where and for how many years?

D0 yow'does anyone In your tamily get Infecions easlly or severe or unusual types of Infieciions?
If yes. how many Infecions and what type? (2., pneumonia, meningis) and at what agels)? FJ K
Dl ey require hospitallzation or antiiotics?

Doet anyone In the family iave sweling of one M arger than Me Oihers [als0 known 35 ymphedema)?
Hf yes, what limb and is there a known reason why that limb is swollen?

D0 yow'does anyone In your tamily have deafness? FLd
Hf yes, at what age did If occur and Is Mere 3 kNoWN reason for why Mat person cannot hear? e

Do yow'does anyone In your family have abnonmal nalls (e.g. misshapen or missing not due 1o Injury ° H, J. K
Oid you/G0es anyone In your family get grey hair In thelr 20s or eanier? Whom and at what age? H, J
HaWe YU OF anyone In your famiy had sKin cancer or abnomal coiorason of e sn, especialy amundMe [, ) x y
neck region? -
Hawe youwanyone In your family had a specific siin problem called eczama? C
D0 You or anyone In your family have lung disease, Including pumonary flbrosls, |PF, or earfy onset H.J
emphysema’ "
Do you or anyone In your family hawve a lung dsease called pulmonany avediar protelnoss® F
D0 YOU'GDES anyone In your family have a Iver disease caled Cmosis?

A, B8 C

F

H,d
If yes, at what age and is there 3 Known reason why yowthey have cirhosls (for example, heavy alcohol use)?
Hawe you or ather family members had other types of cancer, such as head and neck cancar?

Hiawe you o other Tamily members Nad Ofer iYpes Of Cancer, SUCH 35 CETvcal OF andl Cangcel cancer;

Hawe you or other Tamily members had other types of cancer, such as early onsat breas? cances, 5arcoma, or
brain or colon cancers?

.,
M,

I T

LM
L

=
= M~

Churpek et al. Blood 2016



Who to test for HHMs

Patients with MNs with a germlinautation detected
during the diagnostic work up of the MN

I nearheterozygous (40960%) or neahomozygoug90%)



Identifying the "germline” in the clone

360 patients with tumor-only sequancing

v

Vananis in HHM-associated genes?

v

74 of 360 (21%) patients with 88
pathogenic or likely pathogenic vanants
n HHM-associated genes

V

Garm line Tissue Available?

Sarm line tissue available Serm fine tisswe not available

v v

44 patients with 52 pathogenic or 30 patients with 36 pathogenic or
likely pathogenic vanants likely pathogenic vanants

|
v

Tumor vanant allele frequency > 0.47

VAF = 0.4 VAF < 0.4
25 of 52 (48%) pathogenic or likely 27 of 52 (52%) pathogenic or likely
pathogenic variants pathogenic vanants
Germ line? ¢ Germ hina? ¢
6 of 25 (24%) germ line vanants 0 of 27 germ line vanants

Drazer MW et al. Blood advances 20



Who to test for HHMs

Familyrelatives of an index patient diagnosed with
HMM



Which is the optimal methodology?

Targeted analysis

Yes = +functional studies (if possible)
Family history
and/or
signs/symptoms
WES/WGS approaches
No » Panels

Known pathogenic

variant

Targeted analysis




How | treat HHMs?

Due to the young age: Intention to cure
Should we offer AlldHSCT to all young patients with HHM'

The clonal genetic background may determine the
therapeutic approach

Survellance of other organs in case of a syndromic condi

Codley/Shimamura. Blood 2017



Key to understanding the development of the HHM:
In depth characterization of the clone

All HHMs will be analysed with both traditional and
novel methodologies

If no somatic variant is detected: performance of WE



Follow-up of "healthy” carriers

Blood counts stable

normal or mild/moderate cytopenias

Bone marrow:
No significant dysplasia

Mo clonal cytogenetic abnormality

CBC every 3-6 months
Consider marrow exam every year

v

Bone marrow:
Mo significant dysplasia
Single low-risk clone

OR

Single clone of unclear significance

'

CBC in one month
Marrow exam in 3-12 months

Reduce frequency if stable

Blood counts:
severely low
OR

e CE s AT symptomatic cytopenias

OR OR
Bone marrow: Bone marrow:
Increasing dysplasia MDS
High risk clone AML

CBC in 2-4 weeks™
Marrow exam in 1-3 months™*

e

Y

HSCT** HSCT**

Codley/Shimamura. Blood 2017



Follow-up of "healthy” carriers

Baseline (when???)
ABone marrow biopsy

A Cytogenetics
ANGS

Followup

ABlood status every 6 months
ANGS 2 years (blood)
ABiobanking of samples including serum/plasma

Survelilance of atirgans thatmay be affected in case of
a syndromic condition



Follow-up of "healthy” carriers

Change of the blood status
ARepeat BMB/Cytogenetics/NGS

Detection of a novel somatic variant without any
change of the blood status

ARepeat NGS in®@ months family history, type of
mutation, VAF, number of mutations, dynamics
overtime)

ABlood status every 3 months
ABMB if >1 mutations or if VAF>20%



Disease evolution in familiar AML/MDS

AClonally skewetiematopoiesidrequently preceds
developmentof AML/MDS

ASpecific ”"partners” in
AGATA2ASXL1-7, +8
ARUNX1CDC25@BCOR, ASXldel(5q)

ACan the emergence of a high risk genetic feature
justify an early intervention?



Still many unanswered questions

AWhen should we be able to verify/exclude a HHM
diagnosis?

AShould we perform skin biopsy to all patients?

AWhat about families with high suspicion of HHM
where no pathogenic variant could be identified?

AWhen is the optimal timing for genetic counseling?
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Questions?
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First publication

RUNXIcERpA
GATA2

ANKRDZ26

SRP72
ETV6
DDX41
ATG2B
SAMD9
SAMDOL



