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YIApYoUV OLLWC KAL TILO OTTAVLEC
QVOLULEC ...

e ATTAQOTIKN avaluio

* Mapoéuvtikn vuktepvn atpoodatptvoupia (PNH)
* Avatuia Fanconi

e Diamond Blackfan Anemia
* GATA?2 deficiency
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Alapoplkn dlayvwon
TTOLVKUTTOPOTIEVLOLC

2UYYEVN KoL eTtikTnTa ouvOpoua amAaociac puelov (AA, PNH,
MDS,....)

Qappaka, aktivoBoAia,

Notpwdn aitia (ParvoB19, HIV, hepatitis, CMV, EBV, malaria,
leptospirosis.....)

Avtodvooa voonuota (ZEA, RA,....)

Alpodayokuttaplkd cuvdpopo (secondary HLH= macrophage
activation syndrome,...), kUnon, utEPOTANVLOUOG, ...

Awatpodika aitia (EAAewpn B12, dulAiko, xaAkoU, VEUPLKA
avopeéia....)

AlnBnon pueAov amo AlaTtoAOYLKN A UN KakonBela,
nueloivwon.....



Drugs and Chemicals Associated With Acquired Aplastic Anemia®

Drugs and Chemicals

Examples

Allopurinol
Antibiotics

Anticonvulsants

Antidiabetes drugs

Antihistamines

Antiprotozoals

Antithyroid drugs

Benzene

Carbimazole

Carbonic anhydrase inhibitors
Cytotoxic drugs used in cancer chemotherapy
Estrogens

Gold

Insecticides

Lithium

Methyldopa

Nonsteroidal anti-inflammatory drugs
D-penicillamine

Potassium perchlorate

Quinidine

Sedatives

Chloramphenicol, streptomycin, tetracycline, methicillin, mebendazole, sulfonamides,
trimethoprim/sulfamethoxazole, flucytosine

Hydantoins, carbamazepine, phenacemide

Tolbutamide, chlorpropamide

Cimetidine, ranitidine, chlorpheniramine

Quinacrine, chloroquine

Methimazole, methylthiouracil, propylthiouracil

Acetazolamide, methazolamide

Phenylbutazone, indomethacin, ibuprofen, sulindac, aspirin

Chlorpromazine, prochlorperazine, piperacetazine, chlordiazepoxide, meprobamate, methyprylon




European Journal of Cancer 80 (2017) 1—4

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.ejcancer.com

Immune-related bone marrow failure following anti-PD]1 Q) o
therapy

Jean-Marie Michot *"**, Jacques Vargaftig ", Charlotte Leduc °,
Gilles Quere ¢, Barbara Burroni ¢, Julien Lazarovici *, -
Stéphane Champiat ', Vincent Ribrag *, Olivier Lambotte "
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Grading of severity of Aplastic Anemia: (Camitta criteria)
Marrow cellularity < 30%

Severe Aplastic Anemia: Peripheral Blood: two of three values:
ANC < 500
PLT < 20.000
Reticulocytes < 1% or <20.000 (absolute)

Very Severe Aplastic Anemia: As above but ANC < 200

Nonsevere (moderate) Aplastic Anemia Marrow cellularity < 30%
ANC > 500
RBC or PLT transfusion dependent
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Age Distribution - By Gender
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SIMPLIFIED PATHOPHYSIOLOGY OF ACQUIRED APLASTIC ANEMIA

ONSET RECOVERY LATE DISEASE
inciting
event
l clinical Treatment: Evolution

presentation | | pge stimulation
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Young NS and Maciejeski JP, N Engl J Med 2007; 336:1665-1672



H ammAaoTikn avatpia amoteAEL ouToAVOC0O VOO oL

* AVTOTIOKPLON OTNV 0LVOOOKOTOOTAATIKN Bepameia

e Auénueva entimeda IFN-y amo kukAodopouvta
evepyorotnpeva Tkuttapa {T-bet}, ta kUTTOpPO TTOU
dleyeipouv ta T Aepdokuttopa SV Umopouv va
amopakpuvBouv emapkwc (dtatapaxec otnv perforin,
Sdtatapaxec ota puBuotika T cells kat Th1l7 kuttopa)

e AlatapaxeC ota TEAOEPN (TTLO KOVTA TEAOMEPN,
uetaAAaéelc ota TERT kat TERC)



TLEEpoU e onueEpa yLa TN taBoduololoyia
TNC ATTAOLOTLKNC OVOLLULLOLC

e T kUTTOpa-smaywpevn kataotpodny HSC (IFN-y)

e TeAopepPN

* MetaAAdéeLg



MeTaAAQEELC OTNV ATTAOLOTLKN
avatplo

e A. MetaAlaéelc ou iBava dnAwvouv “Sladuyn” ano
TO avoooTmolnTko cvotnua (PIG-A, 6pLOH- functional
loss of HLA and somatic HLA mutations, BCOR/BCORL1
mutations)

e B. MetaAAdéelc mou oyetilovtal pe MAZ/OMA (ASXL1,
BCOR/BCORL1, TP53, RUNX1, TET?2,

e [. MetaAAatelc o yovidla age-related clonal
hematopoiesis (TET2, DNMT3A, ASXL1],...)

e A. STAT3 somatic mutations: ocuvdeon pe LGL clones
* E. GATA-2 mutations



The NEW ENGLAND July 2, 2015
JOURNAL of MEDICINE N Engl ] Med 2015; 373:35-47

ORIGINAL ARTICLE

Somatic Mutations and Clonal Hematopoiesis in
Aplastic Anemia

Tetsuichi Yoshizato, M.D., Bogdan Dumitriu, M.D., Kohei Hosokawa, M.D., Ph.D., Hideki Makishima, M.D., Ph.D., Kenichi Yoshida, M.D., Ph.D.,
Danielle Townsley, M.D., Aiko Sato-Otsubo, Ph.D., Yusuke Sato, M.D., Delong Liu, Ph.D., Hiromichi Suzuki, M.D., Colin O. Wu, Ph.D., Yuichi Shiraishi,
Ph.D., Michael J. Clemente, M.S., Keisuke Kataoka, M.D., Ph.D., Yusuke Shiozawa, M.D., Yusuke Okuno, M.D., Ph.D., Kenichi Chiba, Ph.D., Hiroko
Tanaka, B.A., Yasunobu Nagata, M.D., Ph.D., Takamasa Katagiri, Ph.D., Ayana Kon, M.D., Masashi Sanada, M.D., Ph.D., Phillip Scheinberg, M.D.,
Satoru Miyano, Ph.D., Jaroslaw P. Maciejewski, M.D., Ph.D., Shinji Nakao, M.D., Ph.D., Neal S. Young, M.D., and Seishi Ogawa, M.D., Ph.D.
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KUTTOPOYEVETIKEC AVWLLAALEC OTNV OTTAQLOTLKN
avaLplo
* Me Tic veecg TeXVIKEC ~ 20% Ttwv aoBevwyv e AA €XOUV ETIKTNTEC

KUTTOPOYEVETIKEC AVWUOALEC

* Mo cuyvec eival -7/del(7q), tplowpia 8, del(13q), tplowpia 6,
Tplowpia 15, tplowpia 21.

e OLaoBeveic pe -7/del(7qg) €xouv XelpoOTEPN MIPOYVWON

e OLaoBevelc pe tplowpia 8, kat del(13q) exouv kaAUtepn
avtamokpLon otnv IST kol KAAUTEPN TPOYVWOn



The NEW ENGLAND
JOURNAL of MEDICINE

APRIL7,2005 VOL.352 NO.14

Mutations in TERT, the Gene for Telomerase Reverse Transcriptase,
in Aplastic Anemia

Hiroki Yamaguchi, M.D., Rodrigo T. Calado, M.D., Ph.D., Hinh Ly, Ph.D., Sachiko Kajigaya, Ph.D
Gabriela M. Baerlocher, M.D., Stephen J. Chanock, M.D., Peter M. Lansdorp, M.D., Ph.D., and Neal S. Young, M.D

T — e —————

* To 1/3 twv aoBevwv PE ATTAAOTLKI avolLpLio €xouv
TILO KOVTO TEAOUEPN

* MBava ta evanopeivavia HSC Aoyw €vtovou
OTPEC Kol TToAAamAacLlaopoU va XAVouV £ToL Ta
TEAOUEPN TOUC

* MOALC To 3-5% Twv aoBevwv auTwv £XouV
uetaAdaéelc ota yovidia TERT kat TERC



* To pAKOG TwV TEAOUEPWV KOTA TN dayvwon
OoXETL(ETAL PE TN KAWVLKN €EEALEN KOLL TN OUVOALKN)
emBlwon

* MBava ta kutTopa otnv AA LE TILO KOVTQ
TEAOUEPN Elval TTLO eVAAWTA o€ eTtLAEOV BAABEC
tou DNA ko tpodlaBetouv yla tnv epdavion otn
ouvexela myeloid-specific petaAAagewv

* Mo kovta tehopepn —> pikpotepn OS,
ueyaAutepoc kivbuvoc ekpornic oe MAZ/OMA.



Proposed Mechanism in Acquired APLastio Anemia

1 T follicular

1 Age-related
B cells (ABCs)

Fas-mediated apoptosis
HSC destruction
Th17

@»

Treg
‘Breg



[Tolec BepATIEVTIKEC ETLAOVEC
EYOUUE ONUEPQA YLOL TNV OTTAQLOTLKN
avatplo

* AAAoyevnc MEeTapOoXEUON
e ATG + CsA
* ATG + CsA + Eltrombopag



THE AMERICAN JOURNAL OfMEDlCINE.

Official Journal of the Alliance for Academic Internal Medicine

Fanconi anemia presenting unexpectedly in an adult
kindred with no dysmorphic features

Johnson M. Liu, M.D.

National Heart, Lung, and Blood Institute Bethesda, Maryland, USA
Arleen D. Auerbach, Ph.D.

The Rockefeller University New York, New York, USA

Neal S. Young, M.D.

National Heart, Lung, and Blood Institute Bethesda, Maryland, USA

A 30-year-old Greek anesthesi-
ologist was well until November 30-year old male with initial diagnosis of MAA,

Two sisters with asymptomatic cytopenias, but
1985 when he devel()ped fever with positive DEB testing for chromosomal instability

and nonproductive cough. He Brother normal
presented at the Clinical Center
of the National Institutes of
Health with viral pneumonitis
and pancytopenia. Physical ex-
amination showed normal stat-
ure anqiio dysmorphic features.

Liu JM et al, American J Med 1991,91:555



Treatment Algorithm for patients with Aplastic Anemia

Idiopathic aplastic anemia
needed to be treated

HLA-identical sibling donor HSCT from MUD No sibling donor
and age < 40 10/10 or 8/8 feasible or age 40 or more
in 2-3 months and
/ age < 20 years /
HSCT hATG + CSA

i

Refractory/relapse

10/10 (8/8 matched UD)
Young (<30 years)

\

I
I
I
|
I
Marrow/Cy + ATG/CSA MTX I
I
I
I
|
|
I

First year
/ \
YES: Unrelated
matched BMT NO:
Eltrombopag
Repeated IST
Alternative

(mismatch BMT)

EBMT 2019
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TLewvatln PNH

* Emiktntn aupuoAuTiKr avalpio Tou €XEL TN XOPOKTNPLOTLKN
TpLada

e Evdoayyelakn atpoAvon
* OpouPwoELC

e Kuttapormeviec

* oAU omavio voonua (5 véec meputtwoelg /ekatoppplo)

e XpoOvlo voonua



Paroxysmal Nocturnal Hemoglobinuria

e Emiktntn aipoAutikl avatiuio n omoiat €ivoal to amotéAsopa TG KAWVIKAG
EKTITUENC EVOG TPOYOVLKOU KUTTAPOU To omoio PEPeL pa emiktnTn HeTAAAaén
oto PIGA yovidio to omnoio Bpioketot 6to X XpWHOOWHLAL.

* Ta RBC otn PNH eivatl evaicOnta otn AUtk 6pAcn Tou CUUTTANPWHLOTOC OOV
amoteAeopa tng EAewng tou CD55 kat tou CD59 armo tnv emupAveL TOUC.

e H awpoodalpvoupiat TTOU UTIAPXEL OTO voonpa €lval TO QMOTEAECUA TNG
gevboayyelakng atpolvonc twv RBCs ta omola eival gvaicbnta otn AUTKN

dpAcn TOU CUUITANPWHOTOC




[l TNV Lotopla....

e 1866: O Dr William Gull mepleypale pe AemtopepeLeC
NMPWTOC TO VOoonua

e 1882: 0 Paul Strubing avayvwploe tnv atpoodalpivn ota
oUpa KAL TNV OVOUOOE «TIAPOEV LK aLpoodalplvoupila»

e 1911: O Marchiafava mepleypae 29 xpovia PETA UL
neptmtwon pe PNH

 1931: O Micheli bnuooclevoe MepPLOCOTEPEC AETITOUEPELEC
yloL TO voonua Kot to ovopaoe “Marciafava-Micheli
QLLUOAUTLKN avolpia pe atpoodatpvoupla”

e 1944: O Sir John Dacie Bewpet otL n PNH amoteAel KAwWVLKO
VOON O TWV OPXEYOVWVY QLLUOTIOLNTLKWY KUTTAPWV



Age Distribution of Patients with PNH

Duke University
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Katataén tnc PNH

Rate of intravascular Benefit from
Category hemolysis® Bone marrow Flow cytometry analysis eculizumab
Classic Florid (markedly abnormal Hypocellular with areas of  Large (50-100%) population Yes
LDH often with episodic erythroid hyperplasia and ~ of GPI-APdeficient PMNs®
macroscopic hemoglobinuria) normal or near-normal
morphology*
PNH in the setting Mild (often with minimal Evidence of a concomitant ~ Moderate (25-50%) Typically no, but some

of another bone
marrow failure
syndrome®

Subclinical

abnormalities of biochemical
markers of hemolysis)

No clinical or biochemical
evidence of intravascular
hemolysis

bone marrow failure
syndrome?

Evidence of a concomitant
bone marrow failure
syndrome®

population of GPI-AP-
deficient PMNs®

Small (<25%) population
of GPI-APdeficient PMNs®

patients in this
subcategory have
clinically significant
hemolysis and may
benefit

No




Paroxysmal Nocturnal

Hemoglobinuria
* Aev elval MOPOEVUOLLLKN
—Yrnapxet xpovia atpoAuon otn PNH mou amnoteled
KOLL TO TILO XOLPOLKTNPLOTLKO EVpnpo. O6nyeL o€
dlatapayxec aro dtadopa cuoTnUaT
* A€V ElvOll LOVO VUXTEPLVI
—Kata tn dtapkeLa TG vuxtag N LELWOT TOU
pUBLOU TNG AVATIVONG EXEL OAV ATIOTEAECUOL

TTTWOT Tou pH, pE amoteAsopa auénpevn
EVEPYOTIOLNGON TOU CUUTTANPWHOATOC

* H Alpoodatlplvouplo OV elvoll TOGO CUYVN.

=To 74% twv acBevwv epdavidoviol apyka xwpLg
atpoodatpivoupia

1. Hill et al. Haematolgica 2010; 95(4):567-73. 2. Rachidi S et al. EJIM 2010;21:260-7. 3. Parker C et al. for the International PNH Interest Group. Blood 2005;106:3699-709.



[TaBodpuololoylo PNH

* PIG-A yovidlo
* JUUTTANPWUOL
e T KUTTOPA



GPI-LINKED versus INTEGRAL MEMBRANE PROTEINS

Qutside Cell

Phospholipid
bilayer




/\ettouvpyla tou PIG-A yovidlou

* BplokeTol 0TO X-XpWHOOW LA

e Artapattnto ylo tn ocuvBeon Twv GPI-
opadwv (glycosyl-phosphatidyl-inositol)-
MPWTOo otadlo TNC ocuvBeonc

* MeTtaAlaéelc exouv TiEpYPODEL KOl OE
UyLN ATOMQ, XWPLC KALWVLIKN €lkovo PNH.

*OAec oL ocepec  odeEpouv TNV  WOLa
netaAoén, > H petaAAén PIGA cuuBaivet
o€ eva apxeyovo kuttapo (early HSC)



PIG-A mutations

e Mleplocotepec amo 180 petaAlaéelc  €xouv
nepypadel otoug aoBeveic pe PNH, oe OAn 1n
KwoLKoTtoloUpevn Tteploxn tou PIGA yovibiov.

Large deletion

del 735 bp del exons 3-4-S5
= = = = =
- 3
Null mutations - -
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. Hpoocgoa:a EYEL T[EpLXpOL el etkova PNH
o€ aoBevn UE ueroc?\ acn oto PIGT
vovidlo (xpwp.20

*To PIGA yovidLlo lval anapaitnto y
th ouvBeon twv GPl opadwv, evw To
PIGT elval amapaltnto yla T
MPOOKOAANGON TWV NON OXNUATIOUEVWY
GPl opadwv otic OLapOpEC TIPWTELVEC



GPl-ocuvbedepEVEC TIPWTE

CD55
CD58*
CD59
PrPC
AChE
JMH Ag
Dombroch
HG Ag

CD55
CD58*
CD59
CD109

PrPC Platelets

GP500
Gova/b

CD55
CD59
CD16
CD48

CD66cCD87
CD109
LAPNB1 PrPC
p50-80 GPI-80
ADP-RT

CD58*
CD14
CD24
CD66b

CD157

NA1/NA2

.’.

(VEQ

CD24 CD55
CD58*CD59
Hematopoietic Sl s B
CDw108
Stem Cell
//,/’/, T cells CD55 CD58*
CD59 CD48
& CDw52
—_— - f/ | COw108
S : ADP-RT
CD90 CD109
CD59, CD90, CD109 e
O
Aﬁ! )\ NK cells
£ CD55
CD58*
CD59
Monocytes =
(D14  CD55 CD58* ﬁﬂfsz
CD59 CD48 CDw52 CB,?‘
CD87 CD109  CD157 L
Group8 PrPC GPI-80
CDh16*




2UUTTANp WAL

YUotnua Tou cupnAnpwpatog C: cuvolo (>50) StaAvtwv Kat
HEUBPAVIKWV MIPWTEIVWV

JUHUMETEXOLV: a) 0TNV GUOLKN AVOOLAKN OTIAVTNON TTPOoTAoLaC TOU
Eeviotn Evavtl Ttne eLoBoAnc naboyovwy pkpoopyaviopwy (Epdutn

3. Activate inflammatory response by triggering
release of histamine from mast cells.

af 4. Lyse bacteria by
forming a MAC.

LYSIS OPSONIZATION ACTIVATION OF IN}
RESPONSE
MAC Complement Masj. KON
@ ° ° o y
receptor /02 895 Cn, o A
Bacteria ‘ : cell N 6sd) ¢ W W

* »/-; \'\ '\;\L X9q\.79_,| com pl_c\ '
{ oo ,

AMMATORY CLEARANCE OF

IMMUNE COMPLEXES

Compjement
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‘v i ~ | -/4 { / = ®
- ™ / . B L4 PN
Lo Y / { / Degranulation | @ =3 &l
,_/ C M — I'-_ "\ “'_"\' ‘.'i‘,-" ‘)‘A / ",'
} ‘" Extravasation ) !J N

\ 0
= L) Tissue ) |
|, @5 ( ) .\ [ e B &,
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Target cell Phagocyte

4. Enhance clearance of
antigen-antibody complexes.

Phagocyte

2. Tag pathogens to enhance
recognition & destruction by
phagocytes (opsonization).




aloe - C1 complex

Antibody (IgG)
Q‘/ C2b and C4b ]
|74 fragments
Classical Q
T pathway C3 convertase S
......................................................................................... o]
l Alternative . @
pathway lD\‘ C3 hydrolysis CBD
- =
e e C3band C3a 8
fragments 7
/ 2
& C3b cleaves C5 ™
Q ——

,/ \ into C5a and C5b
@

C5b, C6, C7, C8 and C9

= together form the
swells s

and cylindrical membrane
bursts " attack complex

Complement triggers the following immune functions:i
1. Membrane attack — by rupturing the cell wall of bacteria. (Classical Complement Pathway)
2. Phagocytosis — by opsonizing antigens. C3b has most important opsonizing activity. (Alternative Complement Pathway)
3. Inflammation — by attracting macrophages and neutrophils. (Lectin pathway)



https://en.wikipedia.org/wiki/Complement_membrane_attack_complex
https://en.wikipedia.org/wiki/Cell_wall
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Classical_Complement_Pathway
https://en.wikipedia.org/wiki/Phagocytosis
https://en.wikipedia.org/wiki/Opsonin
https://en.wikipedia.org/wiki/Alternative_complement_pathway
https://en.wikipedia.org/wiki/Inflammation
https://en.wikipedia.org/wiki/Macrophage
https://en.wikipedia.org/wiki/Neutrophil
https://en.wikipedia.org/wiki/Lectin_pathway

Duotoroyika RBC

Physiological
Alternative C3 tick-over
pathway
' C5 convertase
Classical ‘
pathway =
> C3b +( 3 MAC
(=]
> C6 (87 C8 C9
Lectin 3 S >
pathway
Amphfucatuon
- MIRL
MIRI. ki
DAF |
‘ I DAF
Normal RBC

* DAF=CD55
* MIRL=CD59




ApQon TOU 2ZUUTTANPWULATOC

* CD55 (DAF): Decay accelerating factor

AVOOTEANEL TO OXNUATLOMO KL TN
otaBepomolnon tnc C3 convertase

e CD59: (MIRL): Membrane inhibitor of
reactive lysis

Epumooiletl tn ovuvoeon tou C9 e 1o

ouprAoko , C5b-C8, kal ETOL avOOTEAAETAL N
dnuoupyia tou MAC (membrane attack

complex)



* MAC: AmtoteAeital amo po opada
MPWTEIVWV. 2XYNUATI(ETAL LETA TNV
EVEPYOTIOLNON TNC KAQOOLKNC KAl
eVOAAOKTLKNC 000U TOU
OUUTANPWHATOC. ANULOUPYEL TTOPOUC
otn Autdlakn duthootolpada Twv

KUTTOPWV-OTOXWV LLE ATIOTEAECOL TN
AUGON TOUC.



Duaooroyika RBC

Physiological

Alternative C3 tick-over

pathway

w‘
-
2

C5 convertase

Classical ‘
athwa =
= > C3b +[ % MAC
Lecti 8 ce C7 C8 C9
ectin 3
pathway _>% > >

Amphflcataon

loop
MIRL
MIRI. ki
DAF é
C h
Normal RBC

* DAF=CD55
* MIRL=CD59




EvOoayyelakn atpoAvon PNH RBC

Physiological

Alternative C3 tick-over B

pathway

CS convertase
Classical
pathway : P ‘
— _ C3bp—ap' MAC
N \> c6e C7 C8 (9
Lectin s
% e ¥ w
pathway > S
Amplification
loop
T MAC-mediated
intravascular

ERYRE hemolysis

Lysed RBC




ALpoAvon-Bpouwon-amAoocia

* H evboayyeiakn aiuoAvon PECW TOU
OUUTANPWHATOC, HOLL LE TNV TAON VLo
UpouBwoelc, kabwc kal tn cuvodo armdacia tou
HueAoU amnoteAouv “hallmark” tou voonuatoc

* Evboayyelakn awohvon=>  Auvénuevn
OUVKEVTPWON eAeVBepnC Hgb oto mAdaopa—>
eAMewpn NO

® HéMeuwn NO guBlvetal: ayyeloouomaon, omacuoc olcodayou,
OTUTLKI SUOAELTOUPYLQ, KOWALAKO GAYOG, kataBoAr), Bpoupwon, Kat
nbova CUCOWPEUON QLUOTIETAALWY



EvOoayyeLlakn atoAuon
* Auénueva
SlktuoepuBpokuTTapQ
* Auénuevn xoAepuBpivn
* Alpoodalplvoupia
* Auénuevn LDH
* XapnAn amntoodatpivn



Mnxoviopoc Opouf3
PNH

WONC OTN

[Ipodavwg o punxaviopog tng Bpoppwaong otn

PNH elval TOAUTIAPOLY OVTLKOC
* H evepyormolnon Tou QUUTAR

PWHLATOC 0ONYEL

o€ alpoAuan, kat arnelevbepwaon eAeuBepng

aLLoodaLplvne HE aroTEAED

L0t eVEpyoTIotnon

aLporeTaAlwy Kot eAewpn N

O

e TN CUVEXELO TTOPATNPELTOL EV.(SOGF]MO(KF']
BAAPN kal evepyortotnon WBCs. 'OAa auta
OUUPBAOAAOUV OTN (S,r]éiLOU,pV'LO( Extracellular

Vesicles (kuttapka

pavopoTa T omola

areAeuBepwvovtal ano dladopa KUTTAPQ),

Ko TiilBava otn Bpoppwon



KAwikéc ekbnAwoeilg PNH

A\OYyw TNC EVéoayyeLaKNC aLpOAVONC: u ] il I
Avaluia, atpoodoatplvoupia, KOmwon, ofeia/xpovia
VEPPLKN AVETTATIKELO, UTTOTPOTILA{OVOEC

OUPOAOLUWEELC, KOLALOKO AAyOC, AAyoC paxng,
kKepaAaAyla, oTtACUOC OLoOPAYOU, OTUTLKN
duoAettoupyla, xohoAlBloon

Mo onavia:
XoAlboxoduokivnola, oéeia maykpeatitida, LoxoLuio
Kot e€eEAKwoeLC 12-6akTUAOU Kall TT. EVIEPOU



KAwikéc ekbnAwoeilg PNH

N\oyw OpopBwonc:

OpopBwon kolhtokwv pAeBwv: Budd-Chiari,
OpopBwon ormANVLKNC, LECEVTIEPLOU, VEDPLKWV
bAeBwv

MuAaia uTtEptaon, Kpoot olcodpayou
OpopBwon eykedpoAikwv pAeBwv: kepalaAyia,
OLLLLOPPAYLKO EMPPOAKTO

OpouBwon odBaAULKNC, ATTWAELO OPAONC
DVT, mveupovikn epuBoAn

2TIavLaL:
Aptnplokec OpopPwoelc, AEE, epdppaypa puokopdiou



OpoupPwon otnv PNH — KAk ewova

Ev tw Babet dAeBkn OpouPwon kKatw akpwyv, Mvevpoviki epLBoAn
2uxvn o€ a.cuvNOeLc O€oeLc:
OpouBwon twv nratikwv pAepwv (cvvdpopo Budd-Chiari): 7,5-
25%

*0 €Aeyyoc yia PNH ocuotrivetal og 6Aouc touc acBeveic Budd-Chiari
syndrome

OpouBwoelc peoevtepiwyv ayyeiwv
OpouBwon oPfeAtlaiwv KOATIWY eykedAAOU
O OV O\

D

1. Brodsky A, Mazzocchi O, Sanchez F, Khursigara G, Malhotra S, Volpacchio M. Exp Hematol Oncol. 2012 Sep 6;1(1):26

2. Hill A, Kelly RJ & Hillmen P, 2013. Blood, 20 Jun, 121(25), pp. 4985-96
3. Lodhi OUH, Sohail S, Hassan D. Cureus. 2020 Jun 24;12(6):e8806



OpouPwaon depuaATIKWV PAEPWV

Hospital Day 1 Hospital Day 3 Hospital Day 3 B

o g N E"y

D : o “‘_‘.‘ §- .
N Hospital Day 3 Hospital Day 4 Hospital Day 9 Skin Biopsy

>

Avtpac 66 etwv Le LoToptko INA amo entastiac ywpic va AauBavel aywyn mapouvoiaoe nupeto, kataBoAn, apBoaldyieg
kat Sepuatika éavinuata (A). Moapd tnv apyikn Sepaneia ue avtiBlotikn aywyn, to eéavinuo emektadnke o oAokAnpn
Vv mAdtn kat tou¢ yAoutouc (B). To Sepuatiko eéavinua amododnke oe GpouBwaon LE XOPOAKTNPLOTIKEG VEKPWTIKEC
aMowwoeic oto kévtpo (C). Tnv 3" nuépa voonAeiog €ywve évapén aywync UE nrapivn UE TAXEIX QVTANIOKPLON OTN
Uepaneio (D). H SpouBwon twv Sepuatikwv AsBwv entBeBaiwidnke kot ue Boyia (E). O aodeviic éAaBe emionc to

eUBoAlo Evavtt tou unviyyttidbokokkou yla va Eektvioel aywyn ue eculizumab (Zhao H & Shattil S, Blood. 2013 Nov
7:122(19)



Opoupwon deppatikwv pAeBwv

Figurel Figure 2

Figures 1 and 2. Erythematous-violaceous plaques with a necrotic center and an
erythematous halo, mostly located on the neck and trunk.

Residual hyperpigmented macules on the
trunk after treatment

Skin biopsy was performed and revealed thrombosis of the
superficial and deep dermal vessels with foci of necrosis of the
overlying epithelium

Alves, J., Barreiros, H., Matos, D., & Coelho, R. (2012)
Thrombosis of the superficial and deep dermal vessels Dermatology Online Journal, 18(11):13



OpoupPwaon otnv PNH

Dermatologica Sinica 35 (2017) 138

Lip necrosis in a patient with paroxysmal nocturnal hemoglobinuria: Can it be triggered by
COVID-19?

eculizumab and low-molecular-weight heparin therapy

Before treatment of thick-crusted lip the necrotic plaque on the lip resolved in 10 days

hemorrhagic necrosis

J Cosmet Dermatol. 2020;19:3168-3170




OpouBwon otnv NMNA

e Av Kol n aptnplokn BpopBwon Bewpeital omavia
ETULITAOKN,

e pelEtec avedeléav nwc o Kivbuvoc auTtoc Lowc
UTTOEKTLULATOLL

e 1/3 Twv MePUMTWOEWV apopd APTNPLOKEC BETELC,
OTIWC OL EYKEPAALKEC apTnplec, Ta otedaviaia
ayveila Kat oL aptnplec tou audPIPANCTPOELOOUC win e,

2013)



“PNH is the most vicious acquired
thrombophilic state known in medicine”
(Luzzatto et al, BJH 2011, ERN seminar 2022)



KAwikec ekONAwoelc PNH

Aoyw amAaoiac pueAou:

Avoupuio, Aolpwéele, atpoppayia,
nueAhoduomnAaoTiko cUvOpPOouO
OoTtika aAyn

2TIAvLaL:

Ektporn) oe OMA

EvtouTtolg, 0 LUEAOC UIMOPEL VAL ELVOL UTTEPKUTTOPLKOC
LLE uTtepmAaioior puBpPAC CELPAC 1 UTTOKUTTOPLKOC, KoL
LLE TTOLKIAOU BaBpuov neviec oto mePLPEPLKO ailpa



ZnMeia Ko Zupntwpota o aocBeveic pe NMNA

41% Avodayial

47% Mveupovikn Yniéptaon 2

66% Avonvowa!

57% KolwAtako AAyog !

64% Xpovia Nedppikn) Noco

47% Ztutikn AucAettoupyia ?

26% Alpoodatpvoupia’

40% Opoupwon?®

89% Avaupia®

41% twv 0.00evwv apouactdlouvv 96% Konwon — Ennpeacudg Mowdtnra fwiig
UTTOTPOTILA{OUCECG AOLUWEELG
(avwTtépw avamveuoTikoU, MVEUUOVWV):

2" atio Oavatou

1. Meyers G et al. Blood. 2007;110(11):Abstract 3683.3. 2. Hill A et al. Br. J. Hematol. 2010, 149(3): 414-425. 3. Hillmen P et al. Am. J. Hematol. 2010; 85:553—-559. 4. International PNH Interest Group. Blood.
2005,;106(12):3699-3709. 5. Hillmen P et al. N Engl J Med. 1995,;333:1253-8. 6. Nishimura J et al. Medicine. 2004,;83(3):193-207



[LaTL TTPETTEL VAL YIVEL DLAYVWON TNC
PNH?

e Eival amodedelypevo otL n mpwipn dtayvwaon eiva
arapaitnTn ylol tTh CwaoTh QVTLLETWTILON KoL
Bepamneio twv aacBevwyv pe PNH, kaBwc kat peltwvel
TOV Kivduvo Ao TLC ETTLITAOKEC TOU VOO LOLTOC.



Molwouc aoBeveic e€etalovpe yio PNH?

* Coombs-apvnTikn ALLOAUTLKN avaLuio

* Alpoodatpvoupia

e ATAOQLOTLKN avaLuio

* MAZ- duomAaocia piag oelpag-avOeKTIKA avaluia
KUPLWG o€ UMOTIAQLOTLKO MAZ

e Kuttapormevieg mou dev pmopel va tebel dtayvwon
* OpouPBwoelc cuvnBwc og aaouvnBeLg BEoeLg

* Ye OpopPormevia N ovdetepomevia pe
LOLKPOKUTTAPWON KoL OTOLXELO OLLOAUONC

* Y& OAouc Touc aoBeveic pe kolthlakn BpopBwon n
o€ eyKEDAALKEC PAEBEC



ErmutA€ov epyaotnpLlaka EUPROTA TTOU
ouvnyopouv otn étayvwon PNH

e Auénuevn LDH

e XapnAn antoodatpivn

* Auénuevn eppecn xoAepuBpivn
* Aloodatpvoupia

* AlpooLdnpvoupia

* Auénuéeva AEK

* YriepmAaoila epuBpac oelpAC 0TO LUEAO



Mwc¢ yivetan n dutayvwon tnc PNH onpepa

e [l tn owotn dlayvwaon Ba MPETEL va YIVETOL EAEYXOC
le kuttapopetpia ponc ota RBC kat ota WBC

* M€ TNV KUTTAPOLETPLO PONC YIVETOL avAAUCH OTA
epuBpa, oto povokuTTopA Kol ot oudeTEPOPLAQL.

 [lvetal avaAvon yla cuyKeEKPLUUEVES GPI-
oUVOEOEUEVEC TIPWTELVEC OTNV EMLPAVELA TOUC.

* CD59 kauw CD55 ota RBCs
* CD24, CD66b, kot CD16 ota oudetepodplia

* CD14, CD48, CD55, kaw CD157 ota
pLovokuttopa



Aloyvwotika teot yla tnv PNH

CD59 kat CD55 ota RBCs: Xpnotwpo yua va Yivel
NEOCOLOPLONOC TOU PBaduov tnc €AAewpnc twv GPI-
ouvdedepevwy npwteivwv (PNH type |, type I, type lll).
Meovéktnua: |, evocOnoia

CD59, CD24, CD16, R aAAec GPIl-ouvOedENEVEC MTPWTELVEC
ota ouvdetepodiha:  [MAeovéktnua: H  €NAewpn
TouAdxiotov SU0 amoteAeil evaioOnto Katl WOKO SeiKTn
yia th dwayvwon tn¢ PNH. Meslovéktnua: Mmnopetl va
gelval dSUokoAo va yivel otnv SAA mou 0 apPLOUOC TWV
ouvdetepodilwyv eivar oAU XapnAoc




FLAER

 To FLAER (fluorescently labeled inactive toxin
aerolysin) ouvbgetol ota oudetepodiha/povokuTTapa
nepLhePLKOV atpatoc mou £xouv GPl-cuvdedepevec
TMPWTELVEC OTNV ETILHAVELD TOUC.

e To FLAER ocuvOeetal eldika otnv otnv GPI Unouovc'choc
og avtiBeon e Ta QVTLOWHATO TIOU QVIXVEUOUV aV
UTTAPYXOULV N OXL OL TIpWTElVEC QUTEC.

* [MAgovektnua: H eEAAewdn ovvdeonc tou FLAER ota
ovbeTePOPLAA Elval APKETO yLa va BeoeL Tn dtayvwon.

e Mewovéktnua: Aev pumopel va xpnotpomnolnBel yua tnv
avaAvon twv RBCs n twv atpomnetaAiwv. Mnopet va
elval SuokoAo va yivel otnv SAA




FLAER

Today (flow cytometry — based tests)
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FLAER

* Ta kKUTTOPO ota omoia to FLAER 6gv pmopel va
ouvdeBel amotelouv ta PNH kUTtTtapa - KAWVoUC

* To FLAER 6¢&v umopet va xpnotpomnownBet ota RBCs
ylati 6ev ekppalouv ta MPWTEOAUTIKA Evivpa Ta
oTtola armaltouvTal yLa va yivel n avtidbpaon Kol va
unopeoel va ouvoeBel to FLAER



RBC testing

STYrPEIN
11.9% 71.3%

TYPE |

- g Ao o e O D . O g J

10

CDS9-FE

Exppaon tou CD59 ota RBCs aoBevr) e PNH mou
delyvouv:

Type I: normal RBC

Type Il: pepkn EAAewdn

Type llI: NARpNn¢ EAAeWn otic GPl-ouvdedepEvEC
NPWTEIVEC



‘EAeyxoc ovdetepopiAwy pE
FLAER

“!—E
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= z{Type lll PNH
= -| 54.8%
1.6_: | : ' ‘ A N
: Type Il PNH
e.1%
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FLAER-ALEXA

PNH granulocyte population of 60,9% comprising of
54,8% Type Ill and 6,1% Type Il cells.



OEPATTIEVTIKEC ETILAOVEC
otnv PNH

* YITOOTNPLKTIKA LETPA (LETAYYLOELS, AVTUTNKTLKA...)
* Metapooxevon

e Eculizumab (Soliris)

e Ravulizumab (Ultomiris)

* Pegcetacoplan (Empaveli)

e KAWLKEC pEAETEC.....



Avatpuio kot PNH

* MoAAot napdvovrsgou HBaAAouv otnv epdavion
avalpiog otouc acBeveilc pe PNH

e EvdoayyeLlakn atpoluon
* MIn tkowvomoLnTikn epuBpormoinon
 J1Onporevia AOyw TN atpoodatpvoupiog

e EEwayyelakn alptoAvon peta ano Beparneia pe
Eculizumab

* Metayyioelg: kata npotipnon pe Asukadatpepeva RBC
yla artoduyn aAloavoaoornoinong, aktvoBoAnpeva RBC
av riiBavoloyeital HETAULOOXEVON



Avatpuio kot PNH

>Ldnporevia: apkeTeG Gpopeg av o acbevng dev
Aappavel karota aAAn Bepareio UMopouUE va
dwooupue oidnpo per os.

Npoooxn!!!! H xopriynon 0L6n6p U —> avgnon ota
AEK —> ta vea aura epuBpa uvarov va

0&NyroOUV GE EK VEOU EVEPYOTIOLNCN TOU
CUUTANPWHOTOC —> allloAuon

o auTo To AOYo amodevyetal N evooPAeLa
xopnynon olbripou Kat MPOoTLUATOL 6LONPOC per os.

Karmolot cuatrivouv va xopnyeitat o 0L6npoq Lol pe
KOPTLKOELON yLaL 000 TO duvaTo amoduyn aLtuoAuong



YITOOTNPLKTLKA LETPA.....

* AVOOOKOTOOTOAN: OTLC TIEPUTTWOELC EKELVEC TIOU
LUTTAPXEL Bapla amAaocia puelou
(ATG/CsA/eltrombopag)

e AVTLTNKTLKA —> o€ moAAoUC acBeveic Oev elval
QTTOTEAECHLATLKA YA T tpoAnydn vEwv
BpouPBwoswv

* Koptikoeldni/avdpoyova —> audifoia
QTIOTEAECUOTOL UE APKETEC TIOLPEVEPYELEC



OEPATTIEVTIKEC ETILAOVEC
otnv PNH

* YITOOTNPLKTIKA LETPA (LETAYYLOELS, AVTUTNKTLKA...)
* Metapooyxeuon

e Eculizumab (Soliris)

e Ravulizumab (Ultomiris)

* Pegcetacoplan (Empaveli)

e KAWLKEC pEAETEC.....



Metapooyxevon kat PNH

e BMT —> amoteAel tn povn Beparmeia taong

* Me tnv €ykplon tou Eculizumab kat pe ta
aroteAeEopata tou O&v elvall TOoo evOappuvTIKA
XPNOoloTIoLELTOL TIAEOV OE ELOLKEC LOVO
TEPUTTWOELC.

* Ta amoteAeopoto TNG LETAUOOXEVONC adopoUV
Alyouc povo aocBeveic —> Italian BM
transplantation group 26 acBeveic pe peon nAwia
KOTA TN HETapooxevon 32 €tn (22-60 xpovwv),
ebeLéav otL untapyel 42% TRM, 8% graft failure, kau
10-etnc erPlwon 57% ywa 0Aoug Touc aoBevelg

* 2& aoBeveic pe kAaoowkn PNH (atpoAvon povo) n
emiBlwon peta BMT ¢ptavel to 80%



OL aoBeveic mou eixav kamola BpopBwaon Kol otn cuvexela EAaBav
LLETALOOXEU DN £XOUV XELPOTEPN eMLBlwon o€ oxéon Ue autoug TTou
dev EAafav petapodoyevon

KaAUtepa amoteAéopata otn KAQGOLKE HOVO Ue atpuoAuon PNH

Sur

L Non grafted”

HSCT

20

I I I
0 5 10 15 20 25

Time since thrombosis, years

Adapted from Peffault de Latour R, et al. Haematologica 2012;97(11):1666-1673.



MeTtapooxevon kat PNH

* To International Bone Marrow Transplant Registry
(IBMTR) avadepel 2-e1n emiPiwon otoug aoBeveig
auTtou¢ oto 56%.

* ‘Exouv xpnowomnotnOei kaw nonmyeloablative
conditioning Beparmeutika nprOKoMa kaBwg Ko
AMAOTOUTOONUEG LETOLLOOXEVOELG —> ™ OL ULOoOL
aoBeveig ebaivouv amo MUTAOKEG TNG LETAUOCXEUONG
EVW TO 06U Kal Xpovio GVHD armoteAel tn 1o ouyvn
ETILITAOKN YloL TOUC aioBeveic avtouc

* Ornou eivau duvarr aAln Beparnevtikr ertthoyn —>
armoduyn HETAOOXELONG onpepa (?)

* To KOOTOG TNG METOHOOXEUONG €ival TO (610 UE Ttepinou 4
Hovo unveg Beparneia pe Eculizumab —> BMT —> cost
effective omovu eivat Suvato va yivel



human germline framework regions

<

Fculizumab ™

human kappa light chain

complementarity determining regions
constant region i igi

(murine ori; gin)

> human IgG4 heavy chain

human IgG2 heavy chain
£ bt constant regions 2 and 3

* To Eculizumab eivat eva a =™
LOVOKAWVLKO OVTIOWHO EVAVTL TOU L KAOOMATOC
TOU CUMITANPWHOTOC TToU eUtodilel Tn TEALKN
EVEPYOTIOLNON TOU GUUTTANPWHOTOC.

* To Eculizumab epmobilel tn dtaocmnoon tou C5 amo
tn C5 convertase Kol EMOUEVWCE OVAOTEAAEL TN
TEALKN EVEPYOTIOLNGN TOU CUUMANPpWHATOC adoU
dev oxnuatiCovtal to C5a kat C5b.



2nc yeviac anti-C5 complement
mkHbl Ors

avulizumab (Ultomiris): FDA approved for PNH
(12/2018) kat otnv Eupwnn €ykplon 7/2019



Ravulizumab: Reengineerea Frrom tculizumab
for pH-Dependent Elimination of C5

. . Modifications to Promote Release of C5

in the Endosome’:3

®* Replacement of Tyr-27 and Ser-57 in variable
_ heavy-chain complementary-determining regions
Constant Region . and (CDRs) 1 and 2 with His residues was designed to
ge CDR3 enhance pH-dependent dissociation from C5 in

Humal&

framework

regions acidified endosomes
_ o ns (CDRs; *  Affinity for C5 at the endosomal pH 6 is reduced
Human Kappa light- murine origin)
chain Constant region

Human gt Modifications to Enhance FcRn Binding'3
Constant Regions
2and3 *  Met-428 replaced with Leu and Asn-434 replaced with Ser in

the heavy-chain CH3 domain to enhance pH-dependent
binding to FCRn

*  Affinity for FcRn at endosomal pH is increased

=\428L
=N434S

Reprinted by permission from the Copyright Clearance Center: Springer Nature.
Nature Biology Rother R, et al. 2007;25:1256-1264. © 2007 Springer Nature.



Constitutional

P ia/BMF
thrombocytopenia — ancytopenia/
eh MPL
@ T po\/, Dyskeratosis

congenita
Other CT genes : (DC)
CYCS  NBEAL2

GP1BA SALL4

Other DC genes :
GP1BB RBMBSA ACD
MYH9  MASTL/ACBDS NOP10
HOXA11 3 WRAPS3
! NHP2
SAMD9L

POT1

Immunodeficiency

. DNAJC21

___Fanconi anemia (FA)

e FANCC ) FANCA
RPS27 4
s SRP72 RPL35A) &= .
- RPL11D REE2 '~ FANCG
| ELANE T
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vl o S| a8 e e
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Congenital @ \ s FANCS/BRCA1
ANCI FANCV/REV7
neutropenia FANCT/UBEZT  FANCN/PALB2
(CN) Diamond-Blackfan anemia (DBA) it e

Erythroblastopenia




[TLo ouyva IBMFS

e Fanconi Anemia

* Telomere biology disorders

Diamond Blackfan Anemia

GATA?2 deficiency syndrome
* Shwachman-Diamond Syndrome

e Severe congenital neutropenia

. 277



Inherited bone marrow failure syndromes
IBMFS

* OuLaoOgveig pe IBMFS prmopei va mopouoLaotouv Hovo
ne BMF xwplg otlyparta rouv vo Bupi¢ouv To voonua, f
ILE TUTTLKOL OTLYHOLTOL TOVU VOO LOTOC XwPLC Opwc BMF.

e Kal 0TLC>\5l'JO TEPUTTWOELG N dlayvwon kabuotepel pexpl
TNV evnAlkiwon, kot ouvnOwc pmopet va tebel n
Sdlayvwon Aoyw auénuevng tog:Kc')tntaq KOUTAL TN
Oepareia N KATA TN LETANLOOXELON, N AOYW TNG TIPWLUNG
eudaviong kokonBeLag

 OMot oL acBeveic pe AA, MDS, AML, kat XxpOVLEG
KUTOQPOTIEVLEC HEXPL TNV NALKLa TwV 40 eTwv, TToU OeV
urtopouv va e€nynBouv Ba mpemel va eAEyyovTal yLo Thv
rniBavotnta IBMFS



* KaBe eva amo ta IBMFS cuvnBwg mapouoladetol Ue eva
TUTILKO OUVOUOIOUO OO TIEVIEG MOl e EVPAHOTA OTTO TN
bUOLKN €EETOLON KOLL TO LOTOPLKO.

* T.X. evag acBevng pe pakpokuttapworn kot Bpoppornevia,
TIOU UE TIPOOEKTLKNA KAWVLKN €E€TAON EUPAVIEL KOVTO
aVTixelpa Kat o€ urtepnxoypadnuo metahoeldn vedpo eival
UTTOTITOC Yo avatpia Fanconi (FA).

* Evog aoBevng pe pakpokuttapwon kot Bpopporevia padl
LE TIVEUOVLKI (vwon Kot SuoTtpodLka vULa Elval UTIOTITO
yLa telomere biology disorder (TBD).

* 2& 0Moug toug aoBeveig Ba mpéneL va yivetal avagrtnon
yLOL OLKOYEVELAKO LOTOPLKO UE TIAPOHOLEG KUTOPOTIEVIEG, AA,
MDS/AML, ) kAwika otiypata IBMFSs.

* MEUOVWUEVEG TIEPLITTWOELG TIEVLWV UTTOPEL VO odeilovTal
og PNH n og eA\ewdn Brrapvwy 1y ixvootoeiwv, oAa av
Sev UTLAPXEL AVTATIOKPLON Ot Beparneia , Oa npemnelL va
yivel EAeyxoc ywa IBMFS.



Macrocytosis

Thrombocytopenia Anemia Neutropenia
TBD FA DBA SDS GATA2 deficiency
Screening test Decreased lymphocyte telomere Spontaneous and DEB/MMC- Elevated red cell adenosine Decreased pancreatic Increased FLT3 ligand
lengths induced chromosome breaks deaminase isoamylase and/or
and radial configurations trypsinogen
Peripheral blood Normal-size platelets, elevated Normal-size platelets, elevated Reticulocytopenia, elevated B- and T-cell defects, elevated Monocytopenia B and NK cell
hemoglobin F hemoglobin F hemoglobin F hemoglobin F, neutrophil deficits, CD4:CD8 ratio <1
chemotaxis defects
Pre-MDS/AML bone Hypocellular, evolving Hypocellular, erythroid dysplasia, Normocellular, then hypocellular  Hypocellular, myeloid Hypocellular, megakaryocytic
marrow findings 1S unilineage to trilineage cytogenetics: +1q, +3g* with age; decreased erythroid dysplasia, cytogenetics: atypia, fibrosis
dysplasia precursors del(20)(q 11), i(7)(q10)
MDS/AML subtype NA RCMD, RAEB, RARS, MDS-NOS NA Varied RCC or RAEB (children); RC
RAEB, CMML (adults)
MDS/AML cytogenetics NA Unbalanced +1q, —7/-7q, +3q* NA Abnormal chromosome 7 Monosomy 7, trisomy 8, trisor
MDS/AML acquired NA RUNXT* by large genomic NA TP53 ASXL1

genetic features

events

Neutropenia

Screening test GATA2 deficiency SCN
Increased FLT3 ligand None
Peripheral blood
Monocytopenia B and NK cell
Pre-MDS/AML bone deficits, CD4:CD8 ratio <1
marrow findings
Hypocellular, megakaryocytic Promyelocyte
MDS/AML subtype atypia, fibrosis maturation arrest
MDS/AML cytogeneﬁcs RCC or RAEB (children); RCMD, Varied
MDS/AML acquired RAEB, CMML (adults)
genetic features Monosomy 7, trisomy 8, trisomy 21 Varied

ASXL1

CSF3R, RUNX1



Fanconi Anemia

* Tal TILO KOLVA XOPAKTNPLOTLKA £(VOL TO KOVTO QVACTNHO, OKEAETIKEG
avwuaAieg kepkidac-peyalou daktulo, café au lait knALdeC

* Havawia (ouvnBwg pakpokuttapwon), kat n Bpoppormevia
QTOTEAOUV TLC TILO CUXVEG AVWHOALEC oTO TtepLdEPLKO alpa.

* O pUeAOG eival cuvnBwg UTTOKUTTOPLKOG pe SuoTtAacia atny
gpuBpa 1 kal o€ AAEG OELPEG. KUTTAPOYEVETIKEG AVWHOALEG EXOUV
neplypadel onwc +1q, +3q, koL —-7q

* TouAdayiotov 22 Sladopetika yovidla £xouv meplypadel mou
g UMAEKovTOL oTo povoratt FA/BRCA mou gival urtevBuvo ya tnv
eTildOLOpBwon twv BAaBwv otn SutAn €Aka tou DNA (usually
autosomal recessive, FANCB is X-linked recessive, FANCR is
autosomal dominant)

* Awayvwon: EAeyX0G yLa QUENUEVN XPWHOOWHLKN euBpouototnTa
HETQ OO ET[L5pOLOI’h Ltoxovwv rapoyovtwy (mitomycin C (MMC) ry
diepoxybutane (DE ;loe eUPOKUTTOPO ATIO TO TIEPLPEPLKO aipa






Mepinov 25% pe 40% twv aacBevwyv OV €XOUV TUTILKAL OTLYLOTOL LLE
artoteAeoua va kabuotepel n dtayvwon

2TouC aloBeveic xwplc xapaKkTNPELOTKA N TtpwTn OLAyvwon UMopEL va
adopad OMA, MAZ, n kakonBewa (squamous cell cancer (SCC) of the head
and neck)

Mpemnel va unoPpralopoaote TNV FA og acBeveic otoug omoloug
eudaviletal oe pkpn nAwkia SCC, MDS, AML, n AA itpv Tnv €vapén tng
XxNueLoBeparetac, ylati ol aoBeveic e FA dgv punopouv va Aapfouv tnv
(Olo XMO, Aoyw oAU pHeyAAng ToELKOTNTOC AOYW TNG AVIKAVOTNTOC TOUG
va emibopBwvouv tig BAaBec oto DNA

Entlonc aoBeveic pe Suoavaloya peyaln toéikotnta oe XMO N
aktlvoPoAla mpemeL va eAeyxBouv yla FA



Telomere biology diseases (TBD,
Dyskeratosis congenita,....)

* To 11L0 CUXVO VOO O TWV TEAOUEPWY Elval N
Dyskeratosis congenital tou mapouciadetal pe

;sapaktnptcnm tpLada pe duotpodlka vuxla,
£UKOTTIAOKLOL OTOHATOC Kol SLaTAPAXEC OTO 6epua

(tparxV)

* 2uvnOwg kabuotepel n dlayvwon —>peXPL KaL OF
VEOUC EVNALKEG

* Mo ouxvréeucbavwn N HOKPOKUTTAPWOT UE/XWPIG
avalpio, OpouBormevia Kol UTTOKUTTAPLKO LUEAO

* AA\Q XOpaKTNPLOTIKA EVPHHATA T[prp.OL yKpila
HoAALG, KIpPWON, TIVEUHOVLKY vwor), epduonpa
KoL au{n pevo kivouvo yia SCC kedpa r]q KOLL
TpaxnAou padl pe anAaocio pueAou






e Ta TBD pmopouv va dtayvwoTtoUVv akopa Kat av evac 60tng Oev
LLTTOPEL VoL SWOEL APKETA KUTTAPO LETA ATIO KlvnTomoinon 1 HeTa
Qo MOPOTETAUEVN TOEKOTNTA peTd XMO yia MDS/AML

* To LAKOC TOV TEAOUEPWYV KATW Ao TNV 1n ekatootiaio Oeon dev
elval amopaitnto yio va tebel n duayvwon. Yriapyxouv acBeveic pe
TBD mou 1o HnKo¢ Twv TeAopepwv Bpioketal petaéV 1-10nc %
Beonc.

* Movo oto ~ 70% TwV NMEPUTTWOEWV N KAWLKN dtayvwaon TBD depel
Kol pa petaAAoén oe karmowo yvwaoto yovidlo (DKC1, TERT, TERC,
NAF1, NOP10, etc...). Ytapyouv apketd yovidia rtov mibava va
oxetiCovtal pe TBD ta omoia Opwcg dev ta EEpoupe akoua.



Diamond Blackfan Anemia (DBA)

* O khaoowkog pawvoturog otnv Avatpia Diamond-Blackfan
NePLAAUBAVEL TO KOVTO OVAOTNUA, OKEAETIKEG AVWHAALEG OTO
HLEYAAO OAKTUAO, KOl OUYYEVELG KapcSLaKeq VW HOALEG.

. MeraMa«EELq oto yovidlo RPS19 movu eival to T[pu)'EO KOlL TTLO

OUXVO TTOU EXEL T[EpLXROL(I)EL otn DBA, aAAd petoAAageLg Exouv
nepypadei kaL oe aAAa rou)\axtctov 20 yovidia. OAeg oL
HLETAAAALELC 06nyoUV 0€ avaoToAn TNG wplpavong tou pre-
MmRNA.

* To 50% twv acBevwv £xouv 1 ouyyevh avawpoAia, EVw TO
25% €X0ouV TIEPLOCOTEPEC OO L VWAL

* 21O TEPLPEPLKO QLA UTIAPXEL LOKPOKUTTAPLKE ovoLLpLiar podl
HE TIOAU YapnAa SlktuogpuBpokuTtopa, EVW 0 LUENOG Elval
VOPUOKUTTAPLKOG LE OTtouaial ToV npoGpouwv Hopdwv TG

epuBpac oelpac.



Spontaneous hematologic remission may occur in approximately 25%
of patients.

Patients with DBA also have an increased risk of malignancy, most
common gastrointestinal cancers, osteogenic sarcoma, and MDS.

Elevated serum adenosine deaminase levels are both sensitive (84%)
and specific (95%) for DBA, but prior RBC transfusion may affect testing
results.

Genetic testing can be performed by single-gene sequencing and large
rearrangement testing, beginning with RP519, which accounts for 25%
of identified pathogenic variants, or via a multigene sequencing panel

with large rearrangement analysis that includes all of the known genes
implicated in DBA (GATA1, RPL5, 11, 15, 18 etc...)
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B

H éAAewdn oto GATA2 pmopet va pipeital tdlormtadn AA

Ot aoBeveig pe GATA2 £xouv peyahutepn kuttapoBpibela,
neploocotepa kat atuma MKK, kat Stadpopeg oto
nepLPePLKO alpa

H anovoia povokuttapwyv, NK kat B Aepdpokuttapwy, ta
auvénuéva CD57+ T kutt ga kal n avootpodr Adyou
CD4:CD8 pmopouv va to 06 armo tnv AA.

MpodlaBetel yia OMA




GATA?2 deficiency-associated bone marrow disorder differs from idiopathic aplastic anemia

Karthik A. Ganapathi, Danielle M. Townsley, Amy P. Hsu, Diane C. Arthur, Christa S. Zerbe, Jennifer Cuellar-Rodriguez, Dennis D. Hickstein, Sergio D. Rosenzweig,
Raul C. Braylan, Neal S. Young, Steven M. Holland, and Katherine R. Calvo

Blood 2015 125:56-70; doi: https://doi.org/10.1182/blood-2014-06-580340
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Clinical, pathologic, and radiographic features of GATA2 deficiency.

WD

®  YMOmMAQOTLKOG LUEADCG,
Avomaotika MKK,
ENAeln PLOVOKUTTAPWY,
Aolpwén amod
HUKoBaktnpidta (oxt
dupatiwong), olwdeg
epLONUa, Eudpokta
Xwpic evbokapditida,
KovOuAwparta, .....

Michael A. Spinner et al. Blood 2014;123:809-821



Comparison of peripheral blood and bone marrow morphologic and immunohistochemical features

between GATA2 and AA patients.
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Swhachman-Diamond Syndrome
(SDS)

* SDS is classically characterized by childhood onset of
exocrine pancreatic dysfunction and BMF. Additional
features include growth failure, metaphyseal dysostosis
and osteopenia, hepatomegaly, and recurrent infections
disproportionate to the level of neutropenia. The
reported median age of diagnosis is 0.6 years; however,
teenage and adult diagnoses are reported.

* The most common CBC abnormality is neutropenia,
which may be variable or persistent and can be seen in
combination with anemia and thrombocytopenia.

 Bone marrow biopsy demonstrates hypocellularity for
age with dysgranulopoietic features.



* Screening for deficiency of trypsinogen and pancreatic isoamylase
may reveal the characteristic pancreatic deficit.

* Testing of the SBDS gene, identifies the causative biallelic
pathogenic variants in 90% of patients with a clinical SDS
diagnosis. This results in ribosomopathy, caused by defective
maturation of the large ribosomal subunit.

* Recently, biallelic or homozygous germline pathogenic variants in
EFL1 and DNAJC21 have been identified in patients with SDS-like
syndromes, suggesting that these genes should be considered in
the workup of patients with a clinical diagnosis of SDS in whom
pathogenic variants in SBDS are absent.



