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HBB gene mutations population-specific
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The structure of the a-globin gene cluster on

chromosome 16
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From Harteveld& Higgs, Orphanet) Rare Dis, 2010



DELETIONS GIVING RISE TO ALPHA-THALASSEMIA

a’-thalassaemia

a*-thalassaemia

140,000 150,000 160,000 170,000 180,000
C160rf35 S iergnm W aDWal a2 al 8 ayg _lucll

HEZps HBD HBA1ps HBA2 HBA1 HBG

From Harteveld& Higgs, OrphanetJ Rare Dis, 2010



Rare deletions removing both HBA genes
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e aobevelc pe peydia eileipoto > 1Mb (povocopio yioo €va peydio tunua
16p13,3) n a Bohaccaiuio oyetileton pe ovamTLEIOKEC OVOUUMES Kol OLOLVONTIKN
KaBvoetéEpNoN - Yvootd g ATR-16 cuvopopo

From Harteveld& Higgs, OrphanetJ Rare Dis, 2010



» Termination codon mutations of the
HBA2, such as Hb Constant Spring, Hb
Icaria, Hb Seal Rock, Hb Pakséand Hb
KoyaDora, alter the stop codon at position
142 into a coding sequence, which results in
an elongated a-chain and a highly unstable
hemoglobin variant expressed at low level.

» Pathophysiological ~ mechanism:  the
transcription of an unstable mMRNA with a
shortened life span, unstable Hb variant
precipitates

TERMINATION CODON
(elongated globin chains,
including Hb Icaria,
Hb Constant Spring etc)




o-thalassaemia haemoglobinopathies involving
hyperunstable a-globin variant alleles

Hb Heraklion

Inhibit correct v ! p.Pro37del (a1)
b ) Hb Taybe
p.Thr38del (al)

formation of Hb
tetramer when in

alP1 contact S O e el ) " s B Hb Agrinio
Y ) [ # < : @ | p. Leu29Pro (a2)

and/or
Affect interaction = - Hb Adana
of variant a-globin = p.Gly60Asp (a2 & al)
chain with AHSP
SUCh UnStab|e prOteinS may preC|p|tate CaUSIng |nSOIUb|e Traeger-Synodinosetal,1999;Traeger-Synodinosetal,2000;0ron-

Karnietal,2000;Stamoulakatouetal,2004;Dounaetal,2008;Traeger-

inclusion and damage the red cell membrane. Symodinosetal 2010



Moprokéc BAGPec

ZNHEIAKEC METAA. €AAEIUpa

a-Thalassemia ++ +++
B- Thalassemia ++++ +
B0- Thalassemia S +




Emionuiorioyio Aljpoc@aipivomadsimv

7% 10V TOYKOGUOL TANOVGLOV EIva POPELS OLOPOPWOV OLLOGPALPIVOTOOELDV
(~270.000.000)

1,5 % o@opeig B-0oracoaipiog (~ 80-90.000.000)
330.000 véeg meptTOGELS TAGYOVTOV/ETOG

Births with a

— 280.000 : ApemavokvTTapikn vOGOG Per 1,000 ive birthe 9%
— 42.500 : B-Oohaccapio g;;fgzéf
— 13.500 : a-Ocroccotpio oo m

10-18.9

>19 |l

* 90% Aocia, Ivoia, Méon AvatoAn, Appikn

WHO Koatd npocéyyion vroroyiopoi (2008)
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Incidence of thalassemia trait in the Greek population

v' B-thalassaemia trait7.4%
v a-thalassaemia trait 8.5%
(o+: 7.1%, a0: 1.4%)
v'HbS trait ~ 1%
v'Births of homozygotes during 1966-75:
2,850
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Osteoporosis
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Pathogenetic mechanisms of clinical

manifestations
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Ineffective
erythropoiesis

v

Increased
haemolysis

« S ay
s X

— iron

Thrombetic events Platelets activation Endothelial damage
L F‘ulmonar}_f -+ and incre.ased ] Free haemoglobin
hypertension aggregation Nitric axide decreass
¢ Phospatidylserine-exposed
red blood cells &
Cardiac dysfunction Reactive cxygen species T T
m Microparticle generation
+

B

Organ iron overload, iron toxicity

v

Liver dysfunction

Endocrinopathies

1. Globin chain imbalance leads to free-
chain precipitation, cytoskeleton
alterations, intramedullary apoptosis,
and intravascular and extravascular
haemolysis

2. Suppressed hepcidin production leads
to iron overload

3. Endothelial damage and a permissive
microenvironment lead to platelet
aggregation

Kattamis A. et al, Lancet 2022



2XNUaTIKN Ttapaotaon the Oalaocoalkng epuBpomnoinong

OaAacocaipik, EpuBpomnoinon

EpuBpociBikg wpoyovina
rUTTapa pe EyrAciora,
Tpbwpog Bavarog oTov
EpuBpoeiBind " PAS/,
wpoyovid kiTTapa M 5 ,
pe Aiya A kaBéhou EyrAciora- fl GRODOINR
Alyn i kaBéAou HbA xai epuBpomoinon
wepwoodtepn HbEF
AwnodoTikfy epuBpomoinon
MYEAOZ
TTEPIZEPIKO
AIMA
EpuBpoximrapa pe ikavomomTikg MCH
(HbA rai moixiAa mood of HBF) xwpic cyxAniora. Ixedév "ddcia” epuBporiTTapa pe peydia
Zxedév kavovikf emipiwon. tyrAtiora xai oxedév kaBdou HBF,
Aucoog Bdvaroeg otov omAfiva kal To AEZ
"EvBiducoa” cpuBpORUTIGa it TOAD Znpavrin Adivon

xapnAf MCH . EAdxiom A xaBdhou HbA xan
Ixwn A kaBéiou HbF. Mikpd EyxAciora.

TToAU peiwpévn emiPiwon



600 x 10° a-dAucol 2YNOEZH AIMOZ®AIPINHZ
2TO ®YZIOAOI'IKO EPYOPOKYTTAPO

S~
/7

TeTrpapepn pépia HbA : a2 2

600 x 10% p-dGAucol




600 x 104 a-daAucol

300+ x 10° p-aAucol

To QUIOU TNG AVANEVOUEVNG TTOCOTNTAG

ETEPOZYI Oz H-OAAAZZAIMIA

- Mciwon mapaywyn¢ p-aAUowv

S
/7

150+ x 10 teTpauepn pépia HbA

Mikpn nepiooeia eAeUOepwy G-aAUowv TTOU ypRyopd

u@ioTavTtal TTPWTEOAUCN



600 x 10° a-aAuco! OMOZYIOZ p-OAAAIZAIMIA

- 2ZnHavrikn geiwon N aroucia p-aAlowv.

- TMepiooeia eAevBOepwv a-aAlowv mou
oxnuatifouv evdokuTTapIKa 1IAPATA.

- Evepyomoinon y-yovidiwv kai mapaywyn HbF

Opok( :
TToAU 'Aiyeg n kaBoAov p-aAucor Kupaivopevog ?p:e pKanch)lgaﬁ oxed6v kaBdhou HbA
ap1Buog - He Kupaivopevn moootnta HbF
- Kal ToAAd €yKAEIOTa CWHATIA TA Owoid
- mpoKaAoUv aipdAuon



o ZoBapn Avatpia
o0 HnatoonmAnvopeyaio
0 OoTiKkEC duopopdiec

o Ynépxwon d€ppotoc
O ANEUKOKUTTAPWON-EPUOpOKUTTAPWON

Cooley B and Lee P: American Pediatric Society, 1925



KAINIKEZ EKAHAQZEIZ B-MA

Avoiuia 1. ASuvapia cOvOeonc B-aAvcwv
2. Mn anodotikn epuBpomoinon [Mueldg]
3. AlpoAuon [Nepipéperal]
OoTIKEC MaPOOPPWOELC: Avatpia — lotikh avoio —
EpuBpomnowntivn — YnepnAaoio MO

ALOYKWOoN AMATO¢-6nMANVOC: E§wpuehikr epuBpomnoinon

Alpooldnpwaon opyavwyv: Avénon aroppodnonc Fe, Metayyioeig
KaBuotépnon cwpatikng avénong

* H Bapitnta twv KAWVIKWV EKONAWoewV oXeTileTol HE TN YEVETIKA BAABN



KAINIKEY EKAHAQYEIX AIMOXIAHPQYHX

pituitary gland (hypogonadotrophic hypogonadism)
thyroid gland (hypothyroidism)
parathyroid gland (hypoparathyroidism)

heart (cardiomyopathy)

pancreas (diabetes)

liver (cirrhosis, carcinoma)

gonads (hypogonadism)




Thalassaemia classification

Globin chain balance

"Efr

Combination of BThal/B with a-gene
multiplication

Bsient/Bsiienl' Bsilent/Bv' Bsilenl/ﬁo' B'/B" BV/BD'

B/B-. B/R°. B*/P". B'/P". B°/B°
(leemlﬁsimt’ BMIB" leent/Bo Wlth
a-globin gene multiplication)

Genotypes B-thalassaemia prp B/B". BIB°. BIB° B*/P". BE/P",
ope Combination of B™/B™with either
a-thalassaemia or increased fetal
haemoglobin production
a-thalassaemia - afaa - a/-a, -—faa ——/-a, -a/o™a, oPa/aPa, - -/a"Pa ——/-a, a™a/aPa, - /oo, - —/-—
~ Dv" oV b= L C — —— R < T -
©200 . %¢ 3ee % PpdoS, T @ © YT @ IRIE
el %o % o %0 %A o G o ¥Ooe "o RGP
Haematological indexes o ) ) ¢ Q : : < HCS,

Clinical phenotype

Transfusion
requirements

None

Non-transfusion-dependent thalassaemia

Thalassaemia

Minor

Transfusion-dependent thalassaemia

Kattamis A. et al, Lancet 2022



DIAGNOSTIC CRITERIA

_ CLINICAL FEATURES LABORATORY FEATURES

THALASSEMIA = Anemi : wie :;cfo/{,dL
Hepatosplenomegaly : !
MAJOR s Growth failure * HbA2: normal or high
* HbA :usually absent
: . = Hb :<8-10g/dL
THALASSEMIA Milderanema « HbF :>10%
INTERMEDIA = HbA2: 4-9%, if > 10% suggests HbE
= Hepatosplenomegaly HbA : 5-90%
* Hb :<10g/dL
* MCH:<27pg
B THALASSEMIA = Normalto mild anemia = HbF :>2.55%
TRAIT * No organomegaly * HbA2: 4-9%, if >20% suggests HbE
trait

* HbA :>90%



ETtutAoKEC

Table 1

The difference in complications between transfusion-dependent thalassemia and
non—transfusion-dependent thalassemia

Complications TDT NTDT Management

Cardiac dysfunction +++ + Iron chelation + standard care
Arrhythmias + + + Standard care

Viral hepatitis +++ + HBV vaccination, antiviral therapy
Hepatic fibrosis, cirrhosis, and cancer ++ +++  Standard care

Growth retardation ++ + Transfusion + chelation + hormones
Sexual development

Glucose intolerance/diabetes ++ + Standard care

Bone disease ++ + 4+ + Standard care + specific therapy
Extramedullary hematopoietic masses + +++ Hypertransfusion, HU, radiation
Thrombosis + +++ Anticoagulation, transfusion
Pulmonary hypertension + + <4+ Standard care, sildenafil, bosentan
Leg ulcers + + + Topic measures, HU

Abbreviations: HBV, hepatitis B virus; HU, hydroxyurea.

Marcon A. et.al.,Hematol Oncol Clin N Am 2017



ETTITTAOKEC

KapSlakég
ETIUTAOKEG

EvOoKpPLVOAOYIKEG

Ayyelaka

Nedplkég
Slatapaxeg
NeupoPUXLOTPLKEG

Avooomnoinon

MUOOKEAETIKO

Peupatoloykd

OdBaAporoyika

UTIEPKOLALOKN appuBplal KOATIKY) popUapuyng, ap. SucAeltoupyia KolAlag

Slaprtng

Slatapayn yAukoln vnoteiog/ Avtiotaon otnv vooulivn
AAAEC EVOOKPLVLKEG SLaTapayEG

Kevtplkog umoBupeoeldlopnog eviiikeg/ maidia 4.8%/0.5%

LOXALULKA eyKePOAKA eTtelcobia (0,5%), mapodikd toxatpkd (0,23%) kot olwmnnAd
eykedaAika epdpayuata (0,4%).

JwAnvoaplakn SucAettoupyia (TDT)

AcBeveic nAkiag >65 xpovia eixav 2,24 popég peyalutepn miBavotnta va
avarntuéouv avola (95% Cl, 1.17-4.29)

H aAAoavooomnoinon epuBpokuttdpwy €vavtl avtlyovwy tou Rh (52,4%) kat Kell
(25,6%).
TDT/NTDT (15,5% / 12,8%)

apBpondBela mou oxetiletal pe Sedpepurpovn
0ONTITIKN VEKpWON KEDAANG pnplaiov 14,5%,
ooteonopwon /ooteomnevia, e cuppavta 66% kat 16,1%,

Pevpatoesldn apBpitida (Amer College of Rheumatology)

Pevdotavbwpuarta, EnpodOalpia, katappaktng, ekpUAlon wxpag knAidacg,
Slatapay£g onmtikwy mediwv
TDT/NTDT 68.5% /19.4%

10%-39%

6.5%

17.2% /12.5%
43.9%
4.8%/0.5%

1.13%

60%

11.4% (95% Cl,
9,3% -13,9%)

16-30%
14%
66% /16,1%,

4/90

41-85%

Koohi F et al. Ann Hematol. 2019

He LN et al, Biomed Res Int. 2019

De Sanctis V et. al Acta Biomed.
2019

Haghpanah S et al. Blood Coagul
Fibrinolysis. 2012

Ahmadzadeh A, et al. Saudi J Kidney
Dis Transpl. 2011
Chen Yg et al Eur J Intern Med. 2015

Franchini M et al. Blood Transfus.
2019

Noureldine MHA, et al.
Rheumatology (Oxford). 2018

Pliakou Xi et al. Rheumatol Int. 2012

Liaska Aet al.BMC Ophthalmol. 2016



Complications of thalassemia: prevalence

France:

215 non-transplanted patients
studied between 2005-2008
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*in patients >15 yrs

Thuret | et al. Haematologica 2010;95:724-729



Complications of thalassemia: prevalence

Cardiac Liver Endocrine Other
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Patients (%)
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LH, luteinizing hormone; FSH, follicle stimulating hormone; TSH, thyroid stimulating hormone;
LVEF, left ventricular ejection fraction; CHF, congestive heart failure; GH, growth hormone; LFT, liver function tests
Lobo C et al. Hematol 2011;16:265-273



Complications of thalassemia: prevalence

Pl

70 -
M <15 years

60 1 m16-24 years

1> 25 years

. 50 A
L
40

" 30 A

20

10

Hypothyroidism  Hypoparathyroidism Diabetes Hypogonadism

Cunningham MJ et al. Blood 2004;104:34-39



Alpha Thalassemia: Pathogenesis and clinical presentations

Normal adult hemoglobin (Hb) is Two genes on chromosome 16 code for a-globin. Two copies of
+ 96% HbA (aapp = 2 a + 2 B chains) chromosome 16 in each diploid cell makes for four a-globin alleles.
* 2% HbA, a8 v

* 2% HbF aayy (fetal hemoglobin) Deletion mutation of one or more a-globin alleles

v

Jin quantity of a-globin production
A

Author:

Yang (Steven) Liu
Reviewers:

Dex Arnold

Yan Yu

Sean Spence

Man-Chiu Poon*

* MD at time of publication

S R R e
(e (o e e (e

One of the four a-globin

alleles deleted (a-/aa or

ao/-a)

'

Minimal \{/in a-globin
synthesis

i

Remaining three
functional alleles
synthesize adequate a-
globin

.

Asymptomatic, usually
with normal Hb,
hematocrit, and MCV

Silent Carrier
(Discovered with family
history and molecular
testing)

Two of the four a-globin alleles
deleted ( --/aa or -a/-a )

v

{ a-globin production, normal B-
globin production

g say

J HbA, lowers
Hb contentin

No significant
excess B-globin

RBCs or &-globin

Mild anemia Normal Hb
with microcytic, electrophoresis

hypochromic and protein
RBC chromatography

T
a Thalassemia Trait
(Occasional RBCs contain HbH
inclusion bodies on supravital stain
but difficult to find. Now diagnosed
with molecular testing)

Three of the four a-globin alleles
deleted ( --/-a or - a/--)

L

J' L a-globin production, normal
B-globin production

—

4 4 HbA, Excess B-globins
lowers Hb bind to form
contentin RBCs unstable HbH

l (Ba)

Moderate l
anemia with Hb electrophoresis
microcytic, and protein
hypochromic chromatography
RBC show HbH

1

Hemoglobin H (HbH) disease
(Most RBCs contain HbH inclusion
bodies on supravital stain)

—=>{25-

All four a-globin alleles
deleted (--/--)

v

Fetus relies on HbF (aayy) to take
O, from maternal blood

v

No a-globin production, normal y-
globin production

v

Excess y-globins bind to each
other to form Hb Barts (y,)

v

Extremely high oxygen affinity of
Hb Barts (y,) prevents O, release
at the tissues

v

Tissue hypoxia and major organ
failure in fetus

Hydrops Fetalis
(fetus dies in utero as a result of

hypoxia and heart failure)

Legend: Pathophysiology

Mechanism

Sign/Symptom/Lab Finding  Complications

Published November 20, 2012 on www.thecalgaryguide.com @ OO



HEMOGLOBIN BART HYDROPS FETALIS SYNDROME

Harteveld CL, Higgs DR.Orphanet J Rare Dis.2010;5:13.
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Alpoodoartpwvortabela H

An inclusion body positive cell seen in Brilliant Cresyl
Blue stained red cells of a a0-thalassaemia carrier




Alpha and beta thalassemias  Inclusion bady

In HoH disease (a type of a thalassemia), excess B chains

precipitate &s hemoglobin H (B4) inclusion badies i the cell
in § thalassemia major, excess a chains can also precipitate
as inchzmon bodies

Heinz body
Atype of inclusion body containing denatured hemogloin.

Erythroblast a thalassemia

boess gcm.m Classcally assocated with GEDP deficiency, thase can ba
B bemichromes found in the thalassemias as well. Heinz bodes are typically
largar than the inclusion bodies meantioned abave When a
functional splean is present, Heinz bodies lead to tate cells.
£ thalassemia "\ Howell-Jolly body
Buiss o chien A type of inclusion body containing DNA. Like Heinz bodies,

they are usually removed by splensc macrophages. Howell-Jally

bodies can be seen when red celis fall to fully mature or when

"m Chromszame MINI’ 2 functional sploen is absent.

Alpha 16 Deletons

8 1 R maMMMMmmm
et wations a bemichromes  than f chains, the B chains form hemicheomes at a taster

rate; therefora making f thatassemia clinically more severe.

Unpaired
‘a-globin chains form
~ hemichromes

Inclusion
bodies

Hromes
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TDT OR NO-TDT???

Disease Transfusion requirements

Lifelong, regular transfusions

B-Thalassaemia major from infancy

Occasional — regular transfusions
B-Thalassaemia intermedia depending on severity of condition

No requirement in some patients

B-Thalassaemia minor No requirement

Early recognition of NTDT Is essential to prevent placing
children on life-long transfusion therapy



Prevent/Treat
Anemia/lron/therapy/toxicity

‘Prevent lron
overload

@ i
Treat anemia



BOYS, WHITE mace/grmuce v, HEIGHT FERCENT LES ACCORDING YO ADE

GROWTH PATTERN IN THALASSEMIA

1

fof e BB 0] 11 21 31 41

Z1

o B Ot | =1
AGE Wears)

2=

]

=

§=1

]

“Io-—mXI

ChatterjeeR and BajoriaR. Ann NY Acad Sci2010;1202:100-114
Kattamis C. Et al. Arch. Dis. Child 45:502, 1970



[

Duolooyikn Avarmtuén

Plots of height, bone age and weight
of study participants. A. Stature of
male participants vs. calendar age (o)

and bone age (m). B: Stature of female _
participants vs. calendar age (e) and E
bone age (m). Individuals are s

I

connected by dashed lines. C: Weight
of male participants vs. calendar age.
D: Weight of female participants vs.
calendar age.
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VogiatziMG, et al; British Journal of Haematology, 146, 546-556,2009



Plots of height, bone age and weight
of study participants. A. Stature of
male participants vs. calendar age (e)
and bone age (m). B: Stature of female
participants vs. calendar age (e) and
bone age (m). Individuals are
connected by dashed lines. C: Weight
of male participants vs. calendar age.
D: Weight of female participants vs.
calendar age.
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Xra0uotl otnv eEMmin Ko Oepameto TS Qoroccaipiog

1981 :
1955: Metapuooxeuon

MePLOTOOLOKEG 1972: MugAoU 2007 :

Metayyioelg — Anoodripwon Ootwv-Apx. Fovidlakn

ZIMANVEKTOUN EM, YA, EO Al Kut. Oeparneia
1964 : Juyvég 1975 1999 : Ano tou 2020 :
Metayyloelg Huepnoleg OTOMOTOG Mapdyovteg

Movadeg XNALKEG oUoiEg wpipavong
Oepaneiag epuBpofaoctwy



YROGTNPIKTIKI] AVTIUETOTION

»Metayyioelg
- emimedo opooatpivng wpo (9-10 gr/dl), petd <14 gr/dl
- RBC: 10-15 ml/kg b.w. (5ml/kg THb: 1gr)
- TEYVIKEC AevKapoipeonc (QLYOKEVTPNOT), TAVGILO, PIATPAL)
- aviyvevon v (HBV, HCV, HIV, HTLV-I)
» Amoc1onpoon
- ynAkég ovoiec: Desferioxamine IM (1972), Sub 1V (1975)
Deferiprone p.os (1999)
Deferasirox p.os (2002)

» Oepomeio EMTAOKOV

- KAPOLOAOYIKA, OPUOVIKE, 0GTEOTOPM®GT], VLEPGTANVIGUOC,
e1okéc Aownméerig (Y. enterocolitica)

» Y vy ohoyikn vrosTNPIEn



[Towov Ba petayylow?

* (Confirmed genetic diagnosis of thalassaemia major! \
= Laboratory criterial
— Hb < 7 g/dL on 2 occasions, > 2 weeks apart (excluding all
other contributory causes such as infections)

OR
* Laboratory and clinical eriteria, including!
Hb > 7g/dL with
— facial changes
— poor growth
— fractures

\ — extramedullary haemopoiesis /

1. Cappellini MD, et al. Guidelines for the management of TDT. 3rd ed.
Nicosia, Cyprus: Thalassaemia International Federation; 2014.




[Mote Ba Eeklvnow pETAYYLOELC??

Age at first Alloimmunization
transfusion (vears) rate (%)

<1 7.7

> 1 27.91

<3 20.92

>3 47.52

v"Evapén cvotuatikdv petayyicemv yio pueilov Bolaocoopio < 2 ypdvia
v O xivéuvog arloovoooroinone avéavetor 660 kabvotepel 1 Evoapén Tov petayyicemy

1. Machail-Merianou V, et al. Vox Sang. 1987;52:95-8. 2. Spanos T, et al. Vox Sang. 1990;58:50-5.3. Cappellini MD, et al. Guidelines for the management of

TDT.3rd ed. Nicosia, Cyprus: Thalassaemia International Federation; 2014.4. Rebulla P, Modell B.Lancet. 1991;337:277-80.



Metayyioelc o TDT aoBeveic

2uxvotnta Metayyloewv
e KaBe 3-5 eBfdopadec

Entimeda Alpoodatpivng mpo tng LETAYYLONG

¢ >9-10.5g/dL

e >11-12 g/dLyla aoBeveic pe Kapdlakec maBRoeLlg | AANEC LATPLKEC TTABROELC KABWC KoL yLa
EKEIVOUC TTOU OEV ETMITUYXAVOUV ETIOPKN KOTAOTOAN TOU MUEAOU TWV OOTWV OE XOLUNAOTEPO
enineda awpoodatpivng

Entimeda Alpoodatpivne HETA TN KETAYYLON

e >14-15g/dL

e [MopakoAouBeite TEPLOTACLOKA E£TCL WOTE VA EMLTPEYPEL TNV EKTIUNON TOU
puBPOL MTWOoNC TNC aLpoodaLpivng HETAEL TWV HETAYYIOEWV

Cappellini MD, et al. Guidelines for the management of TDT. 3rd ed. Nicosia, Cyprus:
Thalassaemia International Federation; 2014.




Transfusion therapy results in
Iron overload

1 blood unit contains 200 mg
iron

* A60 kg patient with thalassemia
receiving 45 units of blood
annually has transfusional iron
intake of 9 g iron/year

— 0.4 mg iron/kg body wt/day

* In addition, up to 4 mg/day may
be absorbed from the gut
— Upto 1.5 giron/year

\ * Qverload can occur after 10-20
transfusions

200-250 mg iron:

Whole blood: 0.47 mg iron/mL

‘Pure’ red cells: 1.16 mg iron/mL
Porter JB. Br J Haematol 2001;115:239-252



Non — transferrin bound iron (NTBI)

Labile Plasma Iron (LPI)

Redox active
Chelatable

WW— Fri
Iron-bound to transferrin 't'

Haber Weiss reaction

0, + HO, & 0, + OH + HO
Catalyzed by iron in two steps (Fenton reaction)

NTBI

Fe3* +0," = Fe* + 0,
Fe2* + H,0, = Fe3* + OH + HO




lotopLkn €EEALEN XNALKWV EVWOEWV

1970s 2005
Deferoxamine (the first iron Deferasirox approved by FDA.
chelator) introduced. Has had a Shown to control iron overload in
major impact on survival and iron- thalassaemia, SCD, and MDS, and to
elated complications reduce cardiac iron levels in
thalassapmia
1990s | 2000s £
1970s
1 9805 90 91 92 93 94 24 96 97 98 99 0o 01 02 03 04 05 06 o7 08
1999

Deferiprone approved by EMEA.
Shown to control iron overload and reduce

DFO = deferoxamine; EMEA = European cardiac iron levels as monotherapy and in

Medicines A 7 FDA = Food and D - - . - . .
Administration. MDS - myelodveplastie. combination with DFO in B-thalassaemia major

syndromes; S3CD = sickle cell dizease.



Avallable Chelators

Property Deferiprone Deferasirox
Iron binding 1:1 3:1 2:1
Route S.C., I.V. Oral Oral
over 8-12 hours, 3 times daily Once daily
5 days/week)
Half-life 20—30 minutes 3—4 hours 8-16 hours
Excretion Urinary, faecal Urinary Faecal
Usual dose 25-60 75-100 20-40
(mg/kg/day)

Main adverse
effects in PI

Local reactions,
ophthalmologic, auditory,
growth retardation,
allergic

Gastrointestinal
disturbances,
agranulocytosis/
neutropenia, arthralgia,
elevated liver enzymes

Gastrointestinal
disturbances, rash, rise
in creatinine, renal
dysfunction , elevated
liver enzymes,
ophthalmologic, auditory




P-SP420-THAL-01

Néa tpraoikn XnAkn Evoon Glo1pov

Katnyopia: osocpeppibetokivn

2totyelopetpia 2:1 SP-420:Fe (11I)

[oyvpn ymAkn opdon conpov 26-29 % (Mmap vePpoc TAYKPENC KAPOLL) GE
TPOKAIVIKG, LOVTEAD (apovpaiovg, mdfkovg)

Muikpotepn avénon tov KIM- 1og oyéon pe 1o DFX

Xopnynon tov SP-420 e docoroyia 3 popéc v efooudda (Agvutépa,
Tetdptn kot Hopackeun)

Méacoc ypdvog nuicetoc (ong oto mAdcua: ~11-17 wpec



Epvaotnplakn dtepeuvnon alpooltdnpwonc

Pepptirivn opov
20npoc opov, Kopeopoc Tpavodepivng
Aeiktec eAeBepou odnpov (LPI, LIP)

Hnathéq Gianpog (LIC) Iron-overloaded state
_ BLOLI)'LOL Parameter Mild Moderate

LIC, Felgd 3-7 7
— sQuUID msligvs - I

Serum ferritin, ng/mL >100 to <25

— MRI(T,, R,, T,*, SIR) S
KapbLakog 6idnpog %
— MRI (Tz, Tz*); SIR (Tz) Myocardial T2*, ms

Alanine
aminotransferase, U/L

MRI: Magnetic Resonance Imaging
SIR: Signal Intensity Ratio
SQUID: Super Conducting Quantum Interface Device

LPI, uM




ATroucia ouoxX£ETIONG TNG CUYKEVTPWONGS C10 POV
OTO NTTAP KAl TNV Kapdia




OgpamevTIKOL 6TOYOL

4. Decreasing Haemolysis
*Pyruvate kinase activators

2. Improving Ineffective
1.Improving / Erythropoiesis
ReSt_ormg Globin *Blockade TGF superfamily

Chain Imbalance ligands

*Jak2 inhibitors
5 *GLYT1 inhibitors

3. Restoring Iron Homeostasis
*Gene addition *Hepcidin mimetics *Ferroportin inhibitors
*Gene editing Stimulators of hepcidin

Hb F inducers
*Allo-HSCT

X Q‘? Hepcidin 71

Kattamis A. Lancet 2022; in press



Luspatercept

‘Eykpion yio ) Oepaneia g avoupioc oe eviiaikeg acBeveic ue B-TDT
(FDA NoéupBpio 2019, EMA Iovvio 2020)
Xopnyeitar vwooopimg kabe 3 efOOUAOES

Aoon 1-1.25 mg/kg

.’.w'. ‘
== e Single-Dose Vial
0 . nused Portion

(Iuspatercept-aamt)
for Injection

25 mg/vial

For Subcutaneous Use Only
Reconstitute with Sterile Water
§  forinjection, USP, prior to

~ administration.

NDC 59572-711-01 Rx only ; “‘.,‘\ N

Reblozyl ¢ !

}OC 59572:775-01 Reonly

Reblozyl &

(luspatercept-aamt)
for Injection

For Subcutaneous Use Only
Reconstitute with Sterile Water
for Injection, USP, prior to
administration.

One Single-Dose Vial
Discard Unused Portion




NMapayovTteg BeATiWONG avalpiag
-MapayovTtag d1a@OPOTTOIiNONG EPUOPOKUTTAPWYV

Early erythropoiesis
(EPO-dependent)1—

Ineffective erythropoiesis

d

& p
F

¥

-

Late stage erythropoiesis
(luspatercept-responsive)l—

™™

e

__..____.

Luspatercept: restoration of late-stage

‘ Luspatercept ’

» e
e
e

&

erythropoiesis

RBCs are produced in the
bone marrow via maturation
of progenitor cells®

TGF-B superfamily ligands
(e.g. GDFs) are late-stage
regulators of erythropoiesis

Elevated GDFs block RBC
maturation and promotes
immature erythroblast
proliferation, leading to
ineffective erythropoiesis and
EPO-resistant anemial:6-8

Luspatercept acts as a trap
for TGF-B superfamily
ligandst®#8®

Luspatercept diminishes
ineffective RBC production,
increasing circulating RBC
numbers and Hb levels!6:89

1. Suragani et al. Nat Med. 2014;20:408-14. 2. Tsiftsoglou et al. IUMBMB Life. 2009;61:800-30. 3. Singh et al. Adv Regen Med. 2014;2014:426520. 4. Zermati et al. Exp Hematol.
2000;28:885-94. 5. http://www.mds-foundation.org/wp-content/uploads/2014/06/Blood-Marrow-Booklet_English_ebook_5.02.2014.pdf. 6. Suragani et al. Blood. 2014;123:3864-72.

7. Zhou et al. Blood. 2008;112:3434-43. 8. Attie et al. Am J Hematol. 2014;89:766-70. 9. Sako et al. J Biol Chem. 2010;285:21037-48.



Luspatercept

ACE-536: avocvvdvaouéveg mpoteivec cOVINENG

»  TPOTOTOINUEVT] LopeN NG eEmKLTTAPLUG TEPLOYNS Tov avBpmmivov AcCtRIIB
GLVOEOEUEVT] UE TNV TTEpLoyN FC g avBpomivng avocoseaipivng G1

° Ta popo TGF-B uéow e doéouevong tovg amd tov vrodoyea aktiivng |IB
(ActRIIB), eumAékovtor ot d10pOPOTOINCT TOV TEAMK®V LOPPDV TOV TPOOPOUDV
gpvOpokvttapov (SMAD2/3) mov eivonr aveEdptntec amd TV TOPAYOYN
epvbpomomrivng.

~* 09

TGF- ﬁeupertamll)
ligands
Luspatercept
ActRIIB

\

Ineffective erythropoiesis Erythroid maturation

+ Increased proliferation, abnormal » Increased quality, quantity, morphology,
differentiation, inhibited maturation, and and life span of late-stage RBC precursors
increased cell death of RBC precursors and RBCs




Evepyomomrtég Iupovpikng Kiwvaong

* To £&vCUPO TTUPOURBIKNA KIVAON
(PK) : traifel onuavTiko poAo
OTO TEAEUTAIO OTADIO TNG
YAukoAuong ota RBC
(Trapaywyr) eVvEPYEIQQ)

* H ammo Tou oTONATOC AQYn O¢€
uyIn aTtopa, evog Jopiou
evepyotroinTh TG PK yvwaoTo¢
w¢ AG-348 (mitapivat) aucavel
T0 ATP Kal atroTeAECUATIKO KAl
ao@QaAEC O€ aoBeveic e
avetmrapkeia PK

Abdu | Alayash, Hematologica 2021 Jan 1;106(1):9-11

Pyruvate kinase deficiency

glucose

\
v
v

\/
1,3-biphosphoglycerate

!

3-phosphoglycerate

!

2-phosphoglycerate

l

2-phosphoenol pyruvate

Normal RBC metabolism

glucose

v

" soaoglucose 1,3-biphosphoglycerate
° )

2\
o
\ \f glut1

\ ) 3-phosphoglycerate 2,3-DPG
/ A,pand3 l /
' 2-phosphoglycerate

l

2-phosphoenol pyruvate

- @ AG-348 ADP

ADP o | emeemmeeieies ; '
| < pyruvate kinase ! Inactive —————————3Active l pyruvate kinase
l ' ATP <«

ATP <oy tommemsmmmmemnnnns

2-pyruvate

2-pyruvate


https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Alayash+AI&cauthor_id=33386714

Mitapivat in Thalassemia

=
o
o ; —_
e 11} =
. , , , : 118 "1k
Mitapivat (AG-348): pos HIKPOG AAOOTEPIKOC EVEPYOTTOINTAS TNS A B F;[ ........ - e R i R S faianisd
TTUPOUBIKAG KIVAong § | - T
Etripueg pe B-TDT: Augnoe Ta etritreda ATP, ygiwoe Tnv £ 0
avatroteAeopaTiki epuBpotroinon, Ta RBC kai deikTeg epubpwiv § |
Kal aIpoaIoNPWaN gCJD -11{ N 13 13 13 13 g 13 g 3 e
O¢epartreia NTDT aocBevwv: ©  [Mean074 122 133 138 152 139 169 145 127
AU(C,HO'E ™mv a|poo'(pa|pivn o Wk2 Wk4 Wké Wk8 WKk10 Wk12 Wk16 Wk20 Wk24
Meiwoe xoAepuBpivn, LDH, epubpoTtrointivng 50 mg BID 100 mg BID
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All graphs show median {IQR) Kuo K et al; Presented at EHA 25t Annual Conference, 2020




Evioxuon opaaonc ewidivng

= LJPC-401 ouvBeTIKA e1divn SC xopRynong
MEAETN o€ aoBeveic ye MA e kapdiakr o1dripwaon
PTG-300 — Hepcidin Mimetic
[TeTTTidI0 TTOU POoIAdel DOMIKA UE TN QUOIKN EWIdIVN
Mipeitar Tnv mmidpacn NG ewidivng oTo PETABOAIOUO TOU O10rpOoU
To PTG-300 etrayel TV evOOKUTTWAON Kal TNV TTPWTEOAUON TNGCPEPPOTTOPTIVNG

MeAEreg TDT/ NTDT

AvaoToAgic TNG Tmprss6 (lonis-TMPRSS6-LRx)

( avixveuel Tnv EAAEIYN 0181 POoU Kal ITTAOKAPEI TN METAYPAPN TNG EWIdivng, HEow TNG didoTTaong NG hemojuvelin-HJV)

AvaoToAeig @eppoTropTivng (VIT-2763)

BeATiwon TNG YN ATTOTEAECUATIKAC £pUBPOTTOINONG KAl TNG UTTEPPOPTWONG HE OIdNPO
»Meiwon Tou o10r)pou OTOUG VOPUOBAACTEC
»Meiwon ouvBeon aipng kar hemichromes
»EAaATwon ROS kal ammomTwong



[TapayovTec BeATiwoNG avaipiag
-Ydpocguoupia

« NTDT ptrOopEi va o@eAnBouyv atro TNV £TAvEQYOTTOINON
TNC EKPPAONC TNC Y-O@aIpivNG UE ATTOTEAECUA TNV
au¢nuevn rapaywyn HbF

* MeA€tec TTapaTtnpnociCe== UePIKA OoPeAN TDT kal NTDT

w e
N o
_
0

=
PN
w =



OePUTEVTIKIN UVTIUETOTLON

» Alroyeviig Metapdoyevon Apyéyovov Alporomtikov Kvrttdpov

- OVYYEVIKOG 1oTocLUPBATOC 00TNG (~20%)

- O1EVPLVGT 00TV (U1 GLYYEVEIC 0OTEC)

- VEEC TNYEC OLUOTTOLNTIKWV KUTTAPW®V

- AGPUAECTEPO TPWOTOKOAAD, TTPOETOLUACLOG

» I'ovidwoxkn Ocpameia

- Aevtiikol petapopeic (mpochnkn yovidiov B- 1§ y-ceaipivng)
- Em010p0mwon petdiratne Genome editing (CRISPR/Cas9)



EBMT — results in 3856 patients

TDT # 2936
SCD # 920
Years 2000-2017
Male/Female 2064/1750
Median age 7.2 years
(range 0.48- 17.9)
Median Follow 23.8 months
up (range 0.63-264)

Haplo__ Unrelated CB ~___Family CB

\
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Baronciani D et al; ASH 2018
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Baronciani D et al; ASH 2018



EBMT — ammoteAéopara o 3856 aoBeveic ye TDT/SCD

Overall Survival Event Free Survival

gﬁ% 8+
— — — %
—— ———— —~
5 2| - 2000-2004 i
¢ | ---2005-2009 3 ¥ - 2000-2004
: | ---2010-2013 ¢ | - 2005-2009
T %{ - 2014-2017 £ | --2010-2013
s P=0.567 ¢ | - 2014-2017
) g P=0.294
oo 6 12 18 24 30 % o ' T | : : 1
Months after SCT 0 6 12 18 24 30 36

Months after SCT

Age <14 years Age 214 years Age <14yo Age 214 years

0T 0S 91% (90-93) 83% (79-87) P<0.001 SCD OS 95% (93-97) 90% (85-95) p=0.001
EFS 85% (83-86) 77% (72-82) P<0.001 EFS 93% (90-95) 90% (84-96) P=0.064

Baronciani D et al; ASH 2018
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['ovIOIOKN Bepartreia:

LUETABOAN YEVETIKOU UAIKOU O€
KUTTOPA-OTOXOUC, TTPOKEIMEVOU
VA TPOTTOTTOINOEI N EKppaon
TTPWTEIVNC 1 KUTTOPIKN
AEIToupyia yia BEpATTEUTIKOUG I
TTEIPAUATIKOUG OKOTTOUC




['ovIdlOoKN O¢epaTtreia

Xpnoiyotrolei HSCs, Tou cuAAéyovTal
META ATTO KIVNTOTTOINON ME QUENTIKOUG
TTAPAYOVTEC

EX vivo TTpooBnkn N TTecEpyaacia
yovidiou

AuTOAoyn PHETANOOXEUON TWV
TpotroTroINMEVWY HSCs peta atmmo
MUEAOPQVIOTIKA TTPOETOIUACIO

[a T TTPO0BNAKN yovidiou
XPNOIUOTTOIOUV £vav AEVTIIKO pOopEa, TTOU
TTEPIEXEI EVA AEITOUPYIKO YoVidIo -
oPaIpivng Kal Bacikad puBUICTIKA
oToixeia, yia tn dilapoAuvon Twv HSCs

Nooablative (7)
My oSN eSS0onN

Proposed schema of gene therapy for fi-thalassaemia
Expeort Reviews in Moleculnr Medcine © Cambridge University Press 2010

+ Hemoglobin, * 4-day

creatine, liver myoablative =
function, HIV-1/2, Ste.l‘l.l ce!l regimen with _Betl'_cel
T2* MRL liver mobilization busulfan infusion

ron concentration and apheresis + 48 hr washout

« Intravenous
e 1.2-20 x 108
Pretreatment cells/mL

conditioning dispersion

* Mobiliation with
G-CSF and
pleriflexor

+ 12 x 106 CD34+
cells’kg collected

» >1.5 x 106 CD34+
cells/kg or >1.0 x

108 TNC/kg backup

Pretreatment
screening

* 3-6 weeks in

« 15 years

hospital
post-infusion

post-treatment

Post-
treatment
monitoring




['ovIOIOKN O¢partreia

Aev vgioTatal To TTPORANUa
NG d1aBeoIPOTNTAC BOTN

2 XETICETAI HE XAPMNAOTEPO
KivOuvo Aoipwéng, atréppiyng
nooxeupartocg kal GVHD
AvAyKn yia JUEAOTOCIKNA
TTPOETOIUACIA

Etre€epyacia o€ KEVTPIKA
gEpyaoTnpla

BaBuog NG gaivoTuTtrikAg
d10pBwonNg uTtTopEi va givai

EANITTAG Kal OEV UTTAPXOUV
HaKpOoTTPOBeoua dedopEva

Agent

Clinical trials®

Gene insertion (curative intent)

Betibeglogene
autotemcel

(LentiGlobin
BB305)

GLOBE

TNS9.3.55

® HGB-204
@® NCT01745120
® Completed"®

® HGB-205
@ NCT02151526
® Completed®

® HGB-207, Northstar-2
® NCT02906202
@ Active, not recruiting®

@ HGB-212, Northstar-3
@® NCT03207009
@ Active, not recruiting®

® LTF-303
® NCT02633943
@ Enrollment by invitation®

@ TIGET- BTHAL
@ NCT02453477
@ Active, not recruiting®

@ NCT01639690
@ Active, not recruiting®

Design

@® Phase 1/2
® Open-label

® Phase 1/2
® Open-label

® Phase 3
® Open-label

@ Phase 3
® Open-label

® Prospective
long-term follow up

® Phase 1/2
® Open-label

® Phase 1
® Open-label

n°, population, age

on=19
@ TDT
@® 12-35 years

oen=7

@ TDT or severe SCD with
no HLA-matched donor

® 5-35 years

@on=23
@ TDT with non-p°p°,

no HLA-matched donor
@ =50 years

on=18

@ TDT with p°f°, no
HLA-matched donor

@ =50 years

on=94
@TDT or SCD enrolled in
phase 1-3 studies

en=10
@ TDT
® 3-64 years

on=10

@® TDT with no HLA-
matched donor

@ =18 years

Key efficacy measures

@ HbAT87Q =2 g/dI®

® Transfusion independenceCI
@ Transfusion requirement

@ Hb

® Transfusion independence
@ Hb, HbAT87Q
® Transfusion requirement

@ Transfusion independence®
® Transfusion requirement

@ Transfusion indcpendenccdf
reduction
@ Transfusion requirement

@ Transfusion
requirement?

@ HbAT87Q"

@ Licd, MIC?

® Transfusion requirement?
® Transfusion independence
@ Hb

® HR-QolL

® Transfusion requirement

Musallam KM, Bou-Fakhredin R, Cappellini MD, et al.. Am J Hematol 2021; 96: 1518-31



[oviblokn Oeparela

A Patients Who Stopped Transfusions Table 2. Summary of Outcomes in the 22 Study Patients.*
Hemoglobm- I:evel at Last Patient Last Study HbATS7Q Her::;:)hin still Receiving Time since Last
Study Visit (g/dl) No. Genotype Visit at Last Visit at Last Visit Transfusions Transfusiony

1102 10.5 mo afier
1104 101 infusion g/dl mo
1108 1 1102 BY8° 36 5.4 10.5 No 35.2
: 1103 BYB° 24 8.7 9.8 Yes NA
1109 12.5 1104 BE/B° 30 48 10.1 No 316
1111 13.7 1106 BYB° 30 8.2 2.0 No 14.1
1117 111 1107 B°/B° 30 41 8.6 Yes NA
g 1118 82 1108 BY B+ 24 2.6 12.1 No 306
-= 1109 BY8* 24 5.7 12.5 No 27.8
-E_, 1119 9.7 1110 B/B° 24 43 3.8 Yes NA
g 120 9.3 1111 BE/BY 24 8.0 137 No 265
1201 11.3 1113 BYa° 21 2.6 11.3 Yes NA
1202 12.9 1115 B°/B° 13 7.2 9.0 Yes NA
1206 117 1117 BE/Bo 15 6.3 11.1 No 12.5
1118 B8Y8° 12 3.4 8.2 No 113
1106 9.0 1119 B*B* 18 5.6 9.7 No 15.8
1123 10.2 1120 BE/BY 18 3.6 93 No 15.8
1203 33 1121 BB 15 11 10.6 Yes NA
1122 BYB° 15 0.4 10.3 Yes NA
1123 BYB° 12 6.8 10.2 No 135
Months since Drug Product Infusion 1201 BE/B° 36 8.2 113 No 419
1202 BE/B° 36 10.0 12.9 No 38.7
Y1ig peréteg edong 1,2 Tov LentiGlobin, pe didueon mapakorovdnon 26 unvov: 1203 B*IB* 21 6.6 83 No 204
> 15 ano TOVG 22 (68%) SléKO\VOW ]JS’E(I’Y'Y{GSlQ 1206 BE;‘_BU 18 2.4 11.7 No 20.3

v Tovotvmo non BO/BO: 12 amd 13 ctapdtnoay petayyicelg
v Tovotumo B0/B0 7 opolvydteg IVSL-110: 3 and 9 ctapdmooy uetayyicec.

Thompson AA, Walters MC, Kwiatkowski J, et al. Gene Therapy in Patients with Transfusion-Dependent beta-Thalassemia. N Engl J Med 2018; 378(16): 1479-93.
Yannaki E, Locatelli F, Kwiatkowski JL, et al. Betibeglogene autotemcel gene therapy for the treatment of transfusion-dependent B-thalassemia: updated long-term efficacy and safety results. Hemasphere 2021; 5(S2): 86-7



['ovIdlaKkn OgparTreia

 Or1 Aevriioi evowpatwvovtal o€ OA0 To yovidiwpa Kal uttdpxel mOavog Kivouvog ueTaAAagoyEveonc MEOW TNG
adpavoTroinong evOg OYKOKATAOTAATIKOU YOVIDIOU ) TG EVEPYOTTOINONG €VOG OYKOYOVIBIoU
* [epimmrwoeic OMA kal HueAOOUCTTIAQOTIKOU OUVOPOUOU OTn MEAETN YOVIOIOKAG Oepatreiog o€  OPETTAVOKUTTAPIKNA
avaipia (LentiGlobin)
» E€TMTTAOKN TNG VOOOU

» OUCOXETION JE TO BEPATTEUTIKO OXAMA TTPOETOINACIAG

Hsieh MM, Bonner M, Pierciey FJ, et al. Blood Adv 2020; 4(9): 2058-63



Principles of Gene Therapy and Gene Editing

Gene therapy involves adding an extra copy Gene editing alters the gene expression
of a healthy gene into a cell to functionally by disrupting, deleting,
replace the faulty gene or correcting the faulty gene
DNA encoding
“normal” Proteins produced X

gene
/ﬁd’ by “normal” gene WNK Disrupt
X

Tgs .

tt1
Nucleus m EK Delete

Viral vector mm
carrying gene
for insertion ‘ ‘ ‘
XD ﬂK Correct or insert
Human cell

To be effective, the additional gene ideally needs to be Gene editing results in a permanent
expressed over the entire lifetime of the patient change to the transformed cells

Kattamis A. et al, Lancet 2022



['oVIOIOKN TPOTTOTTOINCN

«  Exvivo aAAayr Tn¢ yovidiakn g Ekppaong o HSCs

* 2TOYEUoUV TO yovidlo BCL11a: KwOIKOTIOIE Evav JETAYPAPIKO TTAPAYOVTA, TTOU KATAOTEAAEI TNV
TTapaywyn Tou yovidiou TnG eNPRPUIKAG aipoo@aipivng (HbF)

«  Kartdapynon tng mepioxNs evioxutn tou BCL11a, odnyei o€ peiwpevn Ekppacn Tou BCL11a yovidiou
Kal ETTAVEPYOTTOINON TOU yovidiou TTou TTapayel HbF

Adult stage Fetal stage

&

R

N
J

g

/N

~L >

p-globin gene chuister HbF reactivation
Chromasome 11 4_;\, —p
T '1('. 1IA *

oAl T +— -
Chromosome 2 BCL11A enhancer disruption wglobin gene clusier
via CRISPR/Cas9 chromasome 16

Basak A, Sankaran VG. Regulation of the fetal hemoglobin silencing factor BCL11A. Ann N Y Acad Sci 2016; 1368(1): 25-30.
Smith EC, Luc S, Croney DM, et al. Strict in vivo specificity of the Bcll1a erythroid enhancer. Blood 2016; 128(19): 2338-42



['oVIOIOKN TPOTTOTTOINCN

«  Kuttapiko trpoidv CTX001: atroteAeital atmd autohoya CD34+ HSCs TpoTrotroinuéva e

TNV 1EXVIKNA (CRISPR)-Cas9

« 10 aoBeveic (NAikiag 18-32 eTwv) he TDT mTapépeIvav EAEUBEPOI JETAYYIOEWV UE

TauToxpovn augnon TNG Hb kai Tng HbF.
TogIkOTNTA avaAoyn TNG MUEAOAPAVIOTIKNC TTPOETOINACIAC
AZloAOynon TN acPAAglac TnG HEBOdOUC

v' aoTABEIO TOU YOVIOIWPATOC

v’ eKTETANEVN avadIATagn TWV XPWHOCWHATWY

v gvepyoTroinan Tng odou p53

Figure. Mean Hb fractionation and total Hb in patients with TDT (N=10)

B HHF B HbA W HbA2 HbOther*
CTX0M

It m
18
14+
o 124
=
a 104
£ 8
=
i
4+
> -
Q
Base n-.' 1
Months aﬂorcrxm
]
N= 10 : 10 -] 10 3 T 5 5 2 1 1 1
Hb, hamopioban, Mha, BouR hmaogioten: FEF, fotal Remogioban, TODT. transSuson-dapandant §-talasss e

Moy HBF (') o irdicatod within the Bght Diue Bars and mede total HB (pdl) is shown abowve sach bar
Bt of pafents (M) with dets svelsts of ssch S poand s roted
i achatn @wd i warkante

Locatelli F, Ailinca-Luchian A, Bobruff Y, et al. CTX001 for transfusion-dependent p-thalassemia: safety and efficacy results from the ongoing climb thal-111 study of autologous crispr-cas9-modified cd34+

hematopoietic stem and progenitor cells. Hemasphere 2021; 5(Supplement 2): 335
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Gene Therapy in Patients with Transfusion-Dependent
B-Thalassemia

A.A. Thompson, M.C. Walters, J. Kwiatkowski, J.E.J. Rasko, J.-A. Ribeil, S. Hongeng, E. Magrin, G.J. Schiller,
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BB305 lentiviral vector

eMV [Rus}—*—{gag | {cPPT|{RRE|{ entipa <]—<]—<]ﬂ- Globin LCR AU3 [RipA

P, | Anti-sickling properties
Negre O, et al. Human Gene Therapy 2016;27:148-165 DiStiﬂgUiSh from Hb A by HPLC
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Kaplan—Meier curves* of overall survival according to

=
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™
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= Born > 2000 T
= Born 1990—1999 [ S —
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S I s Born 1980—1989
L™
[
S | —imimim Born 1970—1979
8- Born<1970
b= ] | [ ] | ] | ] | |
0 10 20 30 40 50
Time (yr)
v'1044 acbeveic

v'Median time observation 28.4 yrs
v'65% 1tV acevdv avoudvetal vo
emProcovv pEypt v nuxio tov 50
ETQV

decade of birth. *Logrank test: P-value < 0.0001. *Test

for trend:
P-value < 0.0001

Ladis V. etal, Eur J Hem 2011
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TRANSFUSTON PRACTICE

Healthcare costs and outcomes of managing p-thalassemia

major over 50 years in the United Kingdom Pty of
Diana Weidlich,' Panos Kefalas,” and Julian E Guest"” 050 | ““*%M\
v 63% tov acBevdv avauivetat vo,

0 10 20 30 40 50

emProcovv uyptl v nAkia tov S0 Fatent e e

/4
ETOWV Probability
/ 0 /4 ’ I 040 037
21 % avapéveton va etval yopic 035
0,30 H
o) TABLE 4. Management of complications due to iron overload 0.25 -
Complication Management of the condition Ty| 020
Hypogeonadism e Hormonal therapy .15 -
e Management by an endocrinologist 010 4
Hypothyroidism e Oral replacement of thyroxine ' 005 poa
e Management by an endocrinologist 0.05 4 0or 001 oor oo
Hypoparathyroidism e Hormonal therapy 000
e Management by an endocrinologist . o ne s s o A 5 A el 20
Diabetes  Diet » % ?W-,n‘*‘ ?ﬁm“o Qﬁmﬂ'«" o Q.‘;‘Lg.\"*a 'H*&L@h e 55@»‘1’“ R
e Oral hypoglycemic drugs 'o‘_‘ﬁﬁ\ _ c;uﬁ‘ » o I_ccuﬂ‘ G o e o
Insuli A A R ey g e et o
e [nsulin i o il ﬂ\:«. Q\,x Q‘\:L .
e Management by an endocrinologist e ’ P e e 0
Cardiac complications e Varies w:f-ﬁ‘ auf_' g U‘:‘M}h c,#‘dﬂh xtu.qn‘r
 Management by a cardiologist e e s
Osteoporosis e Prophylactic vitamin D and calcium tablets bp;tﬁ‘
e Bisphosphonate therapy e

e Management by a rheumatologist
Weidlich D. et al, Transfusion 2016
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Alpoodatlplvomobelwyv

Male Female Total
2000~ 2010~ %o 2000~ 2010~ % 2000~ 2010~ T
2010 2015 2010 2015 2010 2015
™ 1179 067 —18 1301 1132 2099
T1 326 203 — 10 427 366
HH 87 109 25 91 104
SCA 76 67 —12 129 107 —17 205 177 — 14
S/p-thal 381 366 —4 490 483 — 1 875 855 —2

Patients with missing data on sex or disease subtype are not included

TM thalassenua major, 77 thalassemua intermedia, HH hemoglobinopathy “H”, SCA sickle cell anerma, 5/5-thal

double heterozygous HbS and [5-thal

v'4.506 ac0eveic

v'43 kévipa
Oepameiog

v npoypoppo
TpOANYNG oo 1974
v'150 £MC 200
YEVVNGELG
OVOLLEVOVTOV
YPOVO
v'2000-2015:
YEVVNGELC

Ka0e

319

Voskaridou E. et al, Annals of Haematol. 2018
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Age distribution of registered cases
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