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La sottoscritta, in qualita di Relatrice

dichiara che nell’esercizio della Sua funzione e per I'evento in oggetto, NON E in
alcun modo portatore di interessi commerciali propri o di terzi; e che gli eventuali
rapporti avuti negli ultimi due anni con soggetti portatori di interessi commerciali
non sono tali da permettere a tali soggetti di influenzare le mie funzioni al fine di
trarne vantaggio.
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EMOGLOBINOPATIA

Alterazione ematologica, talvolta associata ad anemia,
dovuta ad un difetto genetico di una o piu globine,
costituenti il tetramero dell’'emoglobina

Circa il 7% della popolazione mondiale e portatore di
anomalie ereditarie dell’emoglobina, rendendole le piu
comuni malattie monogeniche “life-threating”

3 gruppi

e varianti strutturali del’'emoglobina

e talassemie: difetti di sintesi delle catene globiniche

e difetto della normale accensione della produzione di
emoglobine da fetali ad adulte, chiamato «persistenza

ereditaria di emoglobina fetale (HPFH)» Emery and Rimoin, 2007
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Le Hb umane

Hb struttura % adulto
A azp2 97-98
42 a2d2 2-3
F alY?2 <1
Gowerl ¢2¢e2 0
Gower?2 a2¢e2 0]
Portland a2y 0
et 22 2 2 NS [ R T ) —

(W VicaaloDIiast @ Macrooyto | - Normocyte
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*| geni per le catene globiniche sono situati sui cromosomi 11 e 16

*I geni della FAMIGLIA B (catene £y 8 ) sono linearmente situati sul cromosoma 11 P

*I geni della FAMIGLIA a. (catene  a) sono linearmente situati sul cromosoma 16 J'
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Common beta and alpha thalassemia
mutations in different regions of the world
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Colah R et al. Global burden, distribution and prevention of b-thalassemias and

hemoglobin E disorders
Expert Rev. Hematol. 3(1), 103-117 (2010)
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Nature Reviews | Genetics

Distribuzione geografica simile alla B —thalassemia maggiormente diffusa in SE asiatico

ed in Africa

o*: 3.7Kb del: Africa, Mediterraneo, Bangladesh, India, Pakistan, Malesia

at: 4.2Kb del: Sud Est Asia
o Mediterraneo (Cipro, Grecia, Turchia, Sud
Cambogia,Filippine, Vietnam)

Italia); Asia (Cina, Tailandia,



Alpha and Beta Thalassemia

Variant Chromosome 16 Signs and symptoms
Alpha thalassemia silent carrier One of four gene deletions Asymptomatic
Alpha thalassemia trait Two of four gene deletions Asymptomatic
Hemoglobin Constant Spring Reduced output of alpha globin Silent or mildly symptomatic
Alpha thalassemia intermedia Three of four gene deletions Moderate to severe hemolytic anemia, modest degree
with significant hemoglobin H of ineffective erythropoiesis, splenomeaaly, variable
(hemoglobin H disease) bone changes*
Alpha thalassemia major with Four of four gene deletions Causes nonimmune hydrops fetalis, usually fatal® HERBERT L. MUNCIE, JR., MD, and JAMES S.
significant hemoglobin Bart's CAMPBELL, MD
Am Fam Physician. 2009;80(4):339-344, 371
Variant Chromasome 11 Signs and Symptoms
Beta thalassemia trait One gene defect Asymptomatic
Beta thalassemia intermedia - Two genes defective (mild tomoderate  Variable degrees of severity of symptoms of
decrease in beta globin synthesis) thalassemia major
Beta thalassemia major Two genes defective (severe decrease in - Abdominal swelling, growth retardation,
beta globin synthesis) irritability, jaundice, pallor, skeletal abnormalities,

splenomegaly; requires lifelong blood transfusions®

Beta-thalassemia with associated Hb variants:
HbC/Beta-thalassemia ¢ HbE/Beta-thalassemia
HbS/Beta-thalassemia

Galanello and Origa Orphanet Journal of Rare Diseases 2010, 5:11
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EPIDEMIOLOGY OF THALASSEMIA

B thalassemia is most
common in Mediterranean,
African and Southeast Asian
countries

a thalassemia occurs most often
in African and Southeast Asian
countries

The annual births of thalassemic disorders is estimated to be nearly 70,000
The highest prevalence occurs where malaria was, or still is, endemic

Muncie et al. Am Fam Physician 2009;80:339-344;Review
Williams TN and Wheatherall DJ. Cold Spring Harb Perspect Med 2012;2:a011692.Review
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EVOLVING GLOBAL BURDEN DUE TO
MIGRATION

Annals of Hienan Biology, March-April 2005: 32(2): 117-122 e e g

=3
The global problem of genertic disease
D 1. WEATHERALL
Weatherall Institure of Molecular Medicine, University of Oxford, UK
Abstract
Inherited hacmoglobin disorders will undoubredly cause an increasing health burden in many devel-
oping countries. Although much is known abour their molecular pathology and the mechanizms for
their phenotypic diversity, many important questions remain, not lmr the role of the environment
in modifying the clinical course. Methods for these are now well established
and inexpensive and it is vital that they are applicd w define the ic of the probi that
will be poscd by these condidons in the furure. Similaddy, they form the basis for widespread screen-
ing and counselling programmes directed ar developing prenatal disgnosis expertise where this is
not available. Answers to some relatively simple questions about r_hc role of the environment
could also make o mn;nr difference to the of the h 15 cd d There 5 o
major case for the d of 1 ks o apply such technology as has bccn dewvel-
) oped for the conorol and prevendon of the important hacmoglobin disorders, particulardy in
5? Asian countries.

[ c and i thalassemia

| Public health reviews

Global epidemiology of haemoglobin disorders and derived

service indicators
Bermadatts Madel® & Matthew Darlison®

Public Health Reviews

Inherited haemoglobin disorders: an increasing
global health problem

Abstract To demonstrate a mahod for using gen=fic spineminloaical dats fo assess the nseds for eguitable and cost-effective senices herall' & 8. Clegq®
for the treatment and prevention of hasmoalobin disorders. We obfained data on demographics and prevalence of pene variants
tesponsble for haemoiobin disafdars from online databeses, reference resaurces, and published articies. A global epidamiiogical
delahase for haemoglobin disorders by country ws established, ncling e practicl senice indlicalors t express the nees for o E RS e
careficator ] and prevertion (icatrs 25, v ikl nhe o s o ok It NS s HBATAA e o

Heemoglobin disorders present a sigrificant health problem in 71% of 220 countriss, and thess T1% of countries inchude 89%
of al births waridwide. Over 330 000 affected infants are bom annually (3% sickle cell disorders, 17% talassasmias). Hasmogiobin
disardars acoount for 2bout 3.4% of deaths in chidren less then 5 years of ags. Globall, around 7% of pregnart warmen camy p of
«a 260 thalassaemia, or haemoglobin S, €, D Puniab or £, and over 1% of couples are & risk. Carriers and al-risk couples should be
iriormed of their risk anc the ogiions for reducing i, Screening for haemoginkin disorders shoukd form part of Basic health senvices
In most couniries.

Bulietin o the Worid Health Organzation 2008,36:480-48T.

are dying thiough lack of appropeiate medical care. This problem will undoubsedly inoease over the nest 20 years

because, & the readt of a reduction in childhoed mortality due to infection and malratition, more bebies with

reemoglobin discrders will survive 1o present for vestment. Akhough WHO and variows volntary agercies have
e T A T B nttonad & boa Skt

T ¢ o ¥ -
be induded in setting heslth care priotities for the future. Bt takes consider able time o estabiich a‘]‘)mlise in
FEs rth e oy =) proey el
counirles wil need to be ransmiged to thase muntries in which they ocour at a high frequency,

i p o ideiokay; Anenis, Sl s G

o Thalasserni i eriology; Mal Mlsod; Genetic techriques; Chikd: Costof
iliness; Forecasting | souce: AdeSH).
Mots clés Himng dmiclogi Anéme ol

Tu?lnhleuénéﬂm.le Enfant; Caft maladln. Brivision {sourre; IVSERMY,

Falabrzs dave gl P ep fha; Anemia de cdlulss faldformesmonall-
el i ek : i ; e S

rims genéticas, Nifio; Costo de I enfermedad; Frediccidn {fuente: SIREME),

Builetin of the Wand Heshh Organization, 2001, 79 704-712.

Emoglobinopatie: supporto trasfusionale e nuovi approcci terapeutici | Roma, 1° febbraio 2024



. Osservazione nella popolazione di un maggior numero di difetti gia noti e
comparsa di nuovi e maggiore frequenza di composti emoglobinici

« Incremento di soggetti con emoglobinopatie in zone non tradizionalmente
coinvolte

« Necessita di percorsi diagnostici che prevedano il momento del
“counselling”, supporto alla diagnosi pre-natale e post-natale da parte di
Centri specialistici e diagnostica in laboratori specializzati e dedicati
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Diagnostica dil e Il livello

delle Emoglobinopatie
Buone Pratiche SITE

%m SOCIETA’ ITALIANA TALASSEMIE
e A ] ED EMOGLOBINOPATIE

wwsite-aka.ong

PERCORSO DIAGNOSTICO PER L’ IDENTIFICAZIONE DEL PORTATORE DI

—r
e

EMOGLOBINOPATIA

Informazioni pre-tast
Informativa sul test a i limiti del
percorsa diagnostico di | livello

Raccolti direttarmenls dal pazienta
o ricevute dal clinica

Fornita dal laboratorno

Medianta HPLC
Elattraforasi capillare

| dus meatedi risultancs
parzialmente sovrapponibili nedla
valutaziona dell'HbF, dall'HbA &
dalle varant pid frequernt

Ralativamente a G.R., Hb, HL, MCV, MCH, Reticolociti {in presenza di

warianti)

Sideramia, transferrina, ferritina, 1S

Elefiroforesi capillare

Aptoglobina, bilirubina, P50, metHb

In gravidanza eventuali esami ai

Ginco ol Laboratorod i | Periner possono sssera prevst

livalls conlemporaneamente ad esami si
conferma molecolare

Par quanto riguarda lN'asselio Hb LA v PR 4

va riportato il valore dell’'HbA2
oitra a quello dell'HbF & deile

evantuali altre frazioni HB

dell'assatto qualitativa ma non va
riportato il valore quantitativo
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PRINCIPALI VARIABILI PREANALITICHE INDIVIDUALI CHE POSSONO MODIFICARE IL VALORE

DELL'HbAZ2

Cause di aumento

Cause di diminuzione

Ipertirodismo

Anemia megaloblastica

Terapia retrovirale per HIV

Alcube Hb varianti instabili

Geni alfa sovranbnumerati (es. acoo/ow)
Componente glicata della beta Variante
eventualmente presente (a)
Epatopatia/alcool

Osteoartropatia ipertrofica

Mutazioni del gene KLF 1

Anemia siedeoblastica

Gamma (e)
Delta-Beta Talassemie

Hb Lepore (f)
HbD (a) e C (f)

Anemia sideropenica grave

Presemza di Delta Talassemia (b)
Presenza di Varianti delle catene Delta (c)
Presenza di Varianti delle catene Alfa (d)
Alcune forme di HpFH da difetto del promotore dei geni

Alfa Talassemie: marginale in Alfa+ o Alfa0 mentre &
marcata nell'Emoglobinosi H

(@) MNel caso di quantificazione con sistemi HPLC
(b) Il wvalore dellHb A2 potrebbe essers normale

(c) Il valore reale dell'Hb A2 equivale a circa il doppio rispetto a quella dosata e definita tale dalla strumentazine. Nel caso

in cui I'Hb AZx é rilevata, I'Hb A2 reale & data dalla somma delle due frazioni.
(d) In tale circostanza il valore dell'Hb A2 va sommato al valore dellHb A2x.

(e) E cit che si verica nella cosidetta "delta-beta talassemia sarda” con la mutazione -196C>T del promotore del gene Ay.

(fi Rilevabile soclo nel case di guantificazione con CE.

CONDIZIONI NELLE QUALI SI PUO RISCONTRARE UN AUMENTO DELLA HBF NON
RICONDUCIBILE A DIFETTI GAMMA GLOBINICI

Anemie congenite o acquisite da
primitiva insufficienza midollare con
o senza displasia

Neoplasie

Condizioni associate a
specifici trattamenti
terapeutici

Altre condizioni

Anemia aplastica congenita o acquisita

Anemia megaloblastica da carenza
vilaminica

Anemia di Diamond-Blackfan
Alcune forme di anemia normoblastica
Anemie sideroblastiche congenite

Anemie sideroblastiche acquisite

Emoglobinuria parossistica notturna

Epatocarcinoma

Leucemie acute mieloidi

Mielofibrosi primitiva

Leucemia
mielomonocitica cronica
giovanile

Chemioterapie per
leucemie

Terapia con idrossiurea,
butirrati ed agenti
stimolanti dell'eritropoiesi

Gammopatia
monoclonale di incerto
significato

Gravidanza

Insufficienza renale
cronica

Ipertirodismo

Trisomia 13
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Ematologia

Emocromo

Esame emocromo-citometrico
Leucociti (WBC)
Eritrociti (RBC)
Emoglobina (Hk)
Ematocrito (Ht)
Volume eritrocitario medio (MCV)
Hb media eritrocitaria (MCH)
Conc. Hb media eritrocitaria (MCHC)
Distribuz. volume eritrocitario (RDW)
Piastrine (PLT)
Volume medio piastrinico (MPV)

Formula leucocitaria
Neutrofili %

Linfociti %
Monociti %
Eosinofili %
Basofili %
Neutrofil
Linfociti
Monociti
Eosinofili
Bascofili

Ematologia

Emocromo

Esame emocromo-citometrico
Leucociti (WBC)
Eritrociti (RBC)
Emoglobina (Hh)
Ematocrito (Hf)
Yolume eritrocitario medio (MCV)
b media eritrocitaria (MCH)
Conc. Hb media eritrocitaria (MCHC)
Distribuz. volume eritrocitario (RDW)
Fiastrine (PLT)
Yolume medio piastrinico (MPY)

589
457
13,00
72
816
225

12,9
257
8,40

54,90
3510
5,90
2,10
0,20
3,23
2,07
0,35
0,12
0,01

x1000/pL
milioni/pL
g/dL

%

fl

Pg
afdl

CV (%)
%1000/l

%1000/l
%1000/l
%1000/l
%1000/l
%1000/l

11000/uL
milionifL
gldl

%

fl

Pa

gldL

CV (%)
11000/uL
f

[4.00
[4,10

-11,00]
-5,10]

[12,30 - 15,30]

[36,0
(50,0
[275
[32.0
[11,5

-450]
-96,0]
-332]
-355]
-16,0]

[150 - 400]

[6.00

-12,00]

[40,00 - 75,00]
[20,00 - 45,00]

[1.00

[1.00 -
[0,00 -
(2,00 -
[1,50 -
[0.20 -
[0.04 -
[0,00 -

-10,00]
6,00]
1,00]
8,00]
4,00]
1,00]
0,35]
0,20]

14,00~ 1,00]
[4.40-5.10]
[12.30-15.30]
[3.0-45]
[80.0- 96,0]
[75-132]
(120- %]
[115-16.0]
[150 - 400]
[6,00- 12.00]

Assetio Emoglobinico  |Hb A+Hb A2 +Hh F +Hb § ()
Dosaggio HbF (*) 16 % {v.n.Inf. 1.0%|(*) Dosaggio e

Dosaggio HbAz (*) 3.2 % [v.n. Inf. 3.2% |assefto ottenut
DosaggioHb S (%) 39.6 % mediante HPLC
Morfologia eritrocitaria

ZnPP (*)[vn2040  |(**) ymolZnPPimole eme
Reticolocit % [v.n.0.8-2% |Dosaggio mediante

Testdi sickling POSITIVO ematofluorimetro.

Ricerca inclusi eritrocitari % Valori elevati di ZnPP

Test di Termolabilita sono indicativi di carenza
Dosaggio metHb % |vn.Inf 3% |marziale efo infossicazione
Pink Test(T lisi al glicerolo % [v.n.Inf25% |da piombo.

modificato)

Indagini per Emoglobinopatie

Assetto Emoglobinico  |Hb A + (Hb A2 + Hb X) ()
Dosaggio HbF (*) % |v.n.Inf. 1.0% |(*) Dosaggioe
Dosaggio HbA: (*) non dosabile % |v.n.Inf. 3.2% |assefto ottenuti
Dosaggio Hb X (*) +Hb A2=25.4 % mediante HPLC

CONCLUSIONE: Il soggetto esaminato & risultato portatore allo stato eterozigote
della Variante Emoglobinica HbE ( Beta 26 Glu> Lys )
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ESEMPI DI VARIANTI EMOGLOBINICHE CHE COELUISCONO CON O VICINO A HBA2 IN HPLC

Hb Abruzzo Hb Kenya

Hb Akron Hb Korle Bu*

Hb Boras Hb Lepore Baltimore

Hb Bethesda* Hb Lepore Boston

Hb Chandigarth Hb Lepore Hollandia

Hb Deer Lodge Hb Loves Park™

Hb D Iran® Hb M Saskatoon

Hb Denver” Hb Muravera

Hb D-Ouled Rabah Hb Nebraska

Hb E Hb Ocho Rios

Hb Ethiopia” Hb Osu Christiansborg”

Hb Fort Worth Hb Paddington

Hb G Copenhagen Hb Rocky Mountain

Hb G Coushatia® Hb San Bruno”®

Hb G Ferrara Hb Santa Juana®

Hb G Galveston Hb Sid (the aged adduct of Hb due to glutathione)
Hb G Honolulu* Hb Spanish Town

Hb G Taipei Hb Toulon

Hb Hoshida Hb Tubingen

Hb Hamadan Hb Zuri

HPLC, high-performance liquid chromatography.

*Queste varianti emoglobiniche sono talvolta etichettate come Hb A2 e talvolta non evidenziate a seconda dello strumento e
lievi variazioni nei tempi di conservazione. Anche guando la variante non coeluisce esattamente con Hb A2, pudé comungue
Lr:‘:iszarrireeria;;azmz’surazione dell'Hb A2 e quindi in questa situazione dovrebbe essere utilizzato un metodo diverso per

ESEMPI DI VARIANTI EMOGLOBINICHE CHE MIGRANO CON O VICINO A HBA2 IN

ELETTROFORESI CAPILLARE
Hb Chad
Hb E-Saskatoon
Hb O-Arab
Hb C Harlem*
*Separazione insufficiente per una quantificazione accurata
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oltre 700 varianti Hb sono state identificate, ma solo 3
sono presenti ad alta frequenza in popolazioni differenti

HbS Africa sub Sahariana
Mediterraneo
Medio-oriente

India

HbC . Africa occidentale
1 Mediterraneo

HbE India
1 Sud-Est Asia
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Beta tal.° Cd 6
Beta tal.® del -619 bp

Hb S Beta tal.° Cd 8-9
Hb C Beta tal.* -28
Hb E Beta tal.* -30
Hb D Punjab
Alfa tal. --Fil
Alfa tal. --SEA

Hb O Arabia
Hb G Philadelphia

Hb D Ouled Rabah Beta tal.* -92

Hb D Iran Beta tal.* IVSII-654
Hb J Habana Beta tal.* IVSI-5
Hb J Meerut Alfa tal. -4.2kb

Hb G Copenhagen
Hb A, X (B,)

Emoglobinopatie piu frequenti e clinicamente
rilevanti soprattutto allo stato omozigote o in
associazione a trait Talassemici o con altre
varianti

Emoglobinopatie piu rare, clinicamente meno rilevanti
anche allo stato omozigote o in associazione a trait
Talassemici ma che necessitano comunque una
caratterizzazione per differenziarle da quelle
clinicamente rilevanti
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Classical methods utilised for
Hemoglobinopathies characterization

For Beta gene (HBB) characterization:

* Sequencing with sanger method (different set of primers)

* Reverse Dot Blot : different kits for Thalassaemia and most frequent variants
e MLPA for cluster deletions

e Sickling test to conferm the presence of HbS seen in HPLC

For Alfa genes (HBA1, HbA2) characterization:

* Sequencing with sanger method (different set of primers that differenziate the
two genes or variants presents on 3.7Kb deletion fusion gene)

* Reverse Dot Blot : different kits for Thalassaemia and most frequent variants

* MLPA for cluster deletions

For Delta gene (HBD) and Gamma genes (HBG1, HBG2) characterization:

e Sequencing with sanger method :primers that differenziate the two gamma genes
or the promoter region in case of the HPFH.

* Reverse Dot Blot : only a few deletions present on cluster BETA

* MLPA for cluster deletions (big as HPFH or little as Corfu deletion)
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: : Flow chart for screening and/or characterization
Patient History
of hemoglobin defects aimed at prevention or
First Level Examinations clinical treatment
¥
First-level Conclusions v" Panel dedicated to Globin Genes
— - : Functional testing in the presence v" Panel extended to non-globin
Definitive Presumptive | — or suspicion of Hb variants genes mainly or potentially
: involved in the phenotypic
I ¥ expression of globin  defect
L » Second Level Examination [ *| NGS Diagnosis |« carriers
v v
Normal condition or Conventional Molecular
possible confirmation by Approach \
non-molecular methods.
Further diagnostic DNA SEQUENCING (Sanger): — : :
investigations are not v" o genes \__ v Validation and interpretation of results
deemed necessary by v Bgene 1+ Genotype-phenotype correlation
clinical observation of the i 6 gene v" Genetic counseling
patient or the purposes of Y genes
the required tests MLPA: cluster o.
MLPA: cluster p
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DIAGNOSTICA
MOLECOLARE PRENATALE

E la scelta prevalente delle coppie a rischio (fatta soprattutto nel 1° trimestre, ma
anche in 2° trimestre con ricerca delle mutazioni parentali su DNA estratto da villi
coriali o da amniociti)

Previa somministrazione di specifico consenso informato con dettagliati i rischi di
occorrenza della patologia, il quadro clinico atteso in base ai difetti molecolari e i
rischi di abortivita connessi alla metodiche proposte

Alle coppie con precedente figlio affetto offerta la possibilita di caratterizzazione
HLA fetale in caso di feto sano o portatore
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Transfusion requirement is commonly used to distinguish
phenotypes

Non-transfusion-dependent thalassemias (NTDT
B-Thalassemia intermedia

Mild/moderate hemoglobin E/f-thalassemia
a-Thalassemia intermedia (hemoglobin H disease)

Transfusions Occasional transfusions More frequent transfusions Lifelong reqular transfusions
seldom required required (e.g. surgery, required (g.q. poor growth required for survival
pregnancy, infection) and development; specific
morbidities)

Transfusion requirement

R-Thalassemia major
Severe hemoglobin E/8-thalassemia
a-Thalassemia trait/minor Hemoglobin H constant spring
R-Thalassemia trait/minor a-Thalassemia major (hemoglobin Bart’s hydrops fetalis)

Musallam Km et al .Haematologica. 2013 Jun;98(6):833-44
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Excess free bc'\)% Formation of heme
a-globin chains }) ' -

. A 3 \ and hemichromes
E,{’)) y Denaturation
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¥ / v / ¥ Iron-meadiated toxicity
e G . WY
Hemolysis '"9"“"“‘ ﬂﬁ.ﬁ?gg
vshee B 1gG and C3 Removal of
P /"“\ N\ NN :

damaged red cells
} J '
Increased —. | <o o \\
erythropoietin Reduced fiast '. Anemia Splenomegalv }
synthesis -
Vo rdemdende L oxygenation

/ Erythrond \'\,‘

/ /"J Increased Iron
( deformmes, e . marrow > |
-\C{Ts_teopeitf// ?fpans'o_'_‘,,./ // iron absorption \\\Oi\lerloa_c-l"/ )
Olivieri et al. N Engl J Med. 1999 Jul 8;341(2):99-109
I
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B-Thalassemia Major {reqularly transfused) Non-Transfusion-Dependent Thalassemias (NTDT)

silent cerebral ischemia

hypothyroidism
hypoparathyroidism

pulmonary hypertension

cardiac siderosis S 4 S
e . right-sided heart failure

left-sided heart failure
hepatice fallure

viral hepatitis
diabetus mellitus

hepatice fibrosis, cirrhosis
and cancer

splenomegaly
extramedullary hematopuoietic

“~__pseudotumors O\
“~_gall stones

hypogonadism il 46

osteoporosis _Osteoporosis

~

venousthrombosis

leqg ulcers

g —
—— B

Clinical Criteria TDT More Likely NTDT More Likely
Age at presentation <2 years >2 years
Degree of anemia at presentation Severe Mild to severe
Clinical anemia affecting daily living Yes No
Splenomegaly at presentation Severe Mild to severe
Jaundice No Mild
Skeletal deformities Yes Negative to mild
Growth retardation Moderate to Severe Negative to moderate

Transfusion requirements

Lifelong, dependence for survival

None, occasional, or frequent
but temporary

Hb levels 6-7 gm/dL 8-10 gm/dL
Nucleated RBCs Numerous Negative to few
Reticulocytes >10% <10%

Musallam Km et al .Haematologica. 2013 Jun;98(6):833-44
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REGULAR DFO

BMT RMN T2* DFP DFX
TRANSFUSION THERAPY
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Vichinsky EP et al. Pediatrics Vol 116 N6 Dec 2005
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....Causes of morbidity and mortality...

Halawi R et al. Am J Hematol
2017;92:414-416

Thyroid All patients Patients born
Papillary o . tymethomes (N-1073) after 1970
Carcinoma “ i Lo (N=720}
t N 5 N %
Transiusk?n/ESg\llenectomy 133 60.2 39 50.8
oMV 15 6.8 9 14.8
HTW/1 15 6.8 4 6.6
Iron 4 1.8
' Overload 7 4.1
HCC - . ::“‘ { 9 4.1 2 33
Hepatitis C & g ;g ; ;i
Overstimulation = 1.8 1 1.6
-Ineffective Erythropoiesis % i 4
Rcc - G Suppressed
] \ ’ hepcidin
Kidney lron =
H Overload
I [
I ? :he::tnion
Blood Hematologic s -

N S —
transfusions '[‘ malignancies
?

Leuko- ? !
reduction I }

Bone marrow
stress
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TERAPIA STANDARD

Impaired «:B8 globin ratio

Red cell pathology

|
TERAPIA - ¥

Ineffective erythropoiesis Hemolysls ————p m
TRASFUSIONALE ' ‘

T
¢ .
' v
Iron overload < : Anentia ——————¢
T

' + Tissue oxygenation

Erythroid marrow expansion

TERAPIA
CHELANTE H”’”“T"

P 7 g

ilable state

-

Diabetes mellitus : eg ors Bone deformities
Growth deficiency ic Osteoporosis

spienomegaly

ullary
oietic

hypertension pseudotumors

Hypogonac
Hepatic cancs

Renal disease

Musallam KM, et al. Haematologica. 2013;98:833-4
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Evolution of iron chelators

1960s
DFO came into
clinical use

2012
FESO701
Phase Il results’

|

\
1

to
1980s

1977 2011
Subcutaneous DFP approved
DFO

by FDA

CFEC. deferoxamine; OFF, deferiprone; DF X, deferasinox: EMEA.
Euwrcpesn Medicines Agency; FDA, US Food and Drug 1. Meufeld EJ &f &l Blood 2012;118:3263—3283. Multcenter, open-
Administration laioel, randormized, Phase |1 study; n=72
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Chelators and coordination with
iron

DFOC DEX DFP
Hexadentate (1:1) Tridentate (2:1) Bidentate (3:1)
High MW Low MW Low MW
CO0 |
3 X M
3 N7 |}
El'."'a- ) | .l“c' f— PR T N C I|
F* L g - . f
%4 B S . 1 o M 4 O
Df’f“‘wﬂ ol 9 Sy P 'h._|F_,.'
a O, | - A Dfrf g,
~ g / !
X9 ¢ M NN
. H— '~J =
L 4 ‘::l"-
S
A, molecular weight Mick H ef ai. Cur Med Chem 20031022 10651078, Reviaw
I
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Active ingredient

DFO

DFP

DFX"

DFX®

Admi nistration

Uswal dose and
frequency

Excretion

Adverse effects

Adwantages,/
dizadvanioges

Licensed use

Parenteral

30-50 mg/kg/doy over
8h of infusion for 5
or ¥ days/week

Urinary, fecal

Reodions ot sile of
infusion
Bone anomalies

Auditory ophthalmologic

Long-standing
exparience
parenteral

Treatment of chronic
iron overload
resulting from
transhu sion-de pendent

CIMsE TG

Ciral oblek or solution

75-100 mg/kg/doy in
three fimes divided
doses daily

Mainly urinary

Gastrointestinal

Arthralgio

Increasa in liver
BNZyMEs
neutropenia/
ogranulocyiosis

Robust evidence on
improvi ng cardiac
siderosis/ weekly
monitoring of CBC

Treatment of iron
owerfood in
thalassemia major
where DFO is
confraindicated or
inodequate

DFO, deferosamine; DFP, deferiprone; DFX, defemsirox.

“Somea octive ingredient bast weith diffarent pal:k serum concentrotion and bicovelability: CBC, com pleb blood count TM, thalossemio M jor .

Oral, tablets dispersible in
liquid

10-40 mg,/kg/doy once
daily

Fecal

Grastrointestinal disturbances

Rash

Renal insufficiancy

Increase in liver enzymes

Oncedaily desing, oral /
high cost

US: treatment of
transfusional iron
overload in paotients
? years or older. Evrope:
treatment of transhusional
iron overload & years and
clder, and when DFO s
contraindicated or
inodeguate, in potients
2-5 years

Ciral, filmcoated tablets

7-28mg/kg/day once
daily

Fecal
Rosh

Increase in liver enzymes

Renal insufficiency

Onece-daily dosing, oral /
high cost

US: treatment of
transtusional iron
overlood in patients
2 years or older. Europe:
treatment of transfusional
iron overload & years and
older, and when DFO is
contraindicated
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DFX compresse rivestite con film

 EFFETTO CIBO RIDOTTO ( non obbligo di assumere farmaco a stomaco vuoto o 30
minuti prima del pasto, maggiore flessibilita e comodita)

* MIGLIOR PALATABLITA’: (possono essere deglutite intere, o frantumate e mescolate
a yougurth o purea di mele ; non piu necessaria dispersione in acqua che conferiva
gusto riferito calcareo e consistenza limacciosa che comportava problemi gastrici)

e MIGLIORE PROFILO DI TOLLERABILITA’ GI: esclusione di lattosio e sodio lauril
solfato che hanno consentito di ridurre effetti Gl

* INFERIORE VARIABILITA’ INTER-SOGGETTO IN TERMINI DI ESPOSIZIONE: con la
nuova formulazione si puo’ raggiungere una relazione dose-esposizione piu
prevedibile nella pratica clinica sia per la migliorata compliance sia per il sicuro
assorbimento della dose totale giornaliera prescritta

 MAGGIORE BIODISPONIBILITA’ (> 36% )—> DOSE RIDOTTA DEL 30%
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Pediatr. Blood Cancer 2011:56:420—424

Improved Efficacy and Tolerability of Oral Deferasirox by Twice-Daily Dosing for
Patients With Transfusion-Dependent pB-Thalassemia

Hsiu-Hao Chang, mp,"? Meng-Yao Lu, mp,"' Yu-Mei Liao, mp,” Pei-Chin Lin, mp,” Yung-Li Yang, mp,"
Dong-Tsamn Lin, mp,""* Shyh-Shin Chiou, mp,*” Shiann-Tarng Jou, mp, PhD,’

2,4

Kai-Hsin Lin, mp," and

Tai-Tsung Chang, mp,*7*

Background. Deferasirox is an oral iron-chelating agent taken
once-daily by patients with transfusion-dependent iron overload.
However, some patients are unresponsive or unable to tolerate
once-daily deferasirox. The current study evaluated whether twice-
dailydeferasirox treatmentshowed increased efficacy or tolerability in
unresponsive or intolerant patients. Procedure. Patients from two
Taiwanese hospitals with transfusion-dependent B-thalassemia,
including those who showed increasing serum ferritin levels for six
consecutivemonths, with at leastone level =2, 500 ng/dl, whiletreated
with =30 mg/ke/dayofonce-dailydeferasirox (unresponsive) ordevel-
opeddeferasirox-related adverse events (AEs) atthedosage required to
maintain the iron burden balance (intolerant) and were treated twice-
daily with the same total daily dose of deferasirox since 2008, were
enrolled in the study and evaluated retrospectively by medical record

review. Results. Eighteen patients were included for analysis. A stat-
istically significant median decrease in serum ferritin levels was
detected inthe 11 unresponsive patients after 6 months of continuous
twice-daily deferasirox treatment. Five out of the seven intolerant
patients experienced either no deferasirox-related AEs or less severe
ALs. The 12 patients from both groups (11 unresponsive, 1 intolerant)
who received continuous twice-daily deferasirox for 6 months showed
a mild but significant median increase in serum creatinine levels.
Conclusions. Twice-daily deferasirox dosing is effective in iron che-
lation and improves tolerability in transfusion-dependent B-thalasse-
mia patients who are unresponsive to or intolerant of once-daily
deferasirox. Future studies with greater patient numbers will be
required to confirm the results reported herein. Pediatr Blood
Cancer 2011;56:420-424 @ 2010 Wiley-Liss, Inc.

reported [6]. Dividing the once-daily deferasirox dose into two

smaller daily doses should have

pharmacokinetic _advantages

because peak concentrations will be lower and may be associated

with decreased intolerance, and trough concentrations should be
higher and increase the period during which drug concentrations

are at efficacious levels. These pharmacokinetic benefits were dis-
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INDICAZIONI TERAPEUTICHE DEFERASIROX

 Trattamento del sovraccarico cronico di ferro dovuto a
frequenti emotrasfusioni (> 7 ml/Kg/mese di GR) in pz
affetti da TM di eta >6 aa

* Trattamento del sovraccarico cronico di ferro dovuto a
emotrasfusioni quando la terapia con DFO e
controindicata o inadeguata nei seguenti pz:

a) PZ pediatrici con TM con sovraccarico di ferro dovuto a
requenti emotrasfusioni (> 7 ml/Kg/mese di GR) di eta
compresatra2eb5aa

b) in pz adulti e pediatrici di eta> 2 aa con TM con
sovraccarico cronico di ferro dovuto a emotrasfusioni
non frequenti (< 7 ml/Kg/mese di GR)

c) In pz adulti e pediatrici di eta > 2 aa con altre anemie

 Trattamento del sovraccarico cronico di ferro quando la
terapia con DFO e controindicata o inadeguata in
paziente di eta> 10 aa affetti da sindromi talassemiche
non trasfusione dipendenti (NTDT)
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DOSI RACCOMANDATE PER LE TDT

Compresse
rivestite con
film/granulato

Compresse dispersibili

Trasfusioni

Ferritina sierica

Dose iniziale

14 mg/kg/die

20 mg/kg/die

Dopo 20 unita
(circa 100 ml/kg)
di GRC

oppure = 1,000
Hg/l

Dosi iniziali
alternative

21 mg/kg/die

30 mg/kag/die

>14 ml/kg/ mese
di GRC (circa

>4 unita/mese per
un adulto)

7 mg/kg/die

10 mg/kg/die

<7 ml/kg/ mese di
GRC (circa

<=2 unita/mese per
un adulto)

Per i pazienti
adeguatamente
trattati con
deferoxamina

Un terzo della
dose di
deferoxamina

Meta della dose di
deferoxamina

Monitoraggio

Mensile

Intervallo di
riferimento

500-1,000 pg/l

Intervalli di Aumento
aggiustamento 3.5-7T mg/kg/die 5-10 mg/kg/die >2,500 pg/l
della dose (ogni Fino a 28 mg/kg/die  Fino a 40 mg/kg/die
3-6 mesi)
Riduzione
3.5-7T mg/kg/die 5-10 mg/kg/die < 2,500 pg/l

Nei pazienti trattati
con dosi
> 21ma/kg/die

- Quando il valore di riferimento € raggiunto

Nei pazienti trattati
con dosi
>30 ma/kg/die

500-1,000 pg/l

Dose massima

28 mag/kg/die

40mg/kg/die

Considerare
I'interruzione

<500 ug/l
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TERAPIE ALTERNATE O SEQUENZIALI

1) DFO e DFX : un report retrospettivo con tp
sequenziale del 2010—> DFX 20-30 mg/Kg per 4 giorni+
DFO 20-40 mg/Kg per 3 giorni (24 mesi)

- Riduzione ferritina (nessun dato di LIC e T2* cuore)
- No AE

2) DFP E DFX SEQUENZIALE : DFP 75 mg/kg/die per 4
giorni e DFX 30 mg/Kg/die per 3 giorni = riduzione
ferritina

3) DFP E DFX ALTERNATA: DFP 75 mg/kg/die- DFX 25
mg/kg/die—> riduzione ferritina e LIC
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- BETTER ACCESSIBILITY TO VARIOUS IRON POOLS

- BETTER CONTROL ON NTBI

- BETTER TOLERABILITY

- IMPROVED COMPLIANCE

-REDUCED MYOCARDIAL IRON AND IMPROVED CARDIAC DYSFUNCTION
IN IRON OVERLOAD CARDIOMIOPATHY

|

COMBINED THERAPY WITH MORE
THAN ONE CHELATOR

@) —
<> <>

|

-REDUCED SERUM FERRITIN
-DECREASED LIC
-BENEFICAL EFFECTS ON
LIVER AND HEART
HEMOSIDEROSIS

-REDUCED SERUMFERRITN,
LIVER IRON AND MYOCARDIAL
SIDEROSIS

--ENHANCED CARDIAC FUNCTION
--REVERSAL ENDOCRINE
DISORDER

--REDUCED CARDIAC MORTALITY

-BEST EFFICIENCY IN REDUCING

CARDIAC IRON OVERLOAD
-REDUCED LIC

Frmoalohinonatice: <trinnoria fracfrreimnnale & rnriovwvi annrocec! fteranaritfircri | Rorma 1° febhraim 20024



Dosi raccomandate per NTDT

Compresse Compresse Concentrazione Ferritina
rivestite con dispersibili del ferro epatico sierica
film/granulato (LIC)*
Dose iniziale 7 mg/kg/die 10 mg/kg/die =5 mg Fel/g peso o >800 pg/l
Secco
Monitoraggio Mensile
Intervalli di Aumento =7 mg Felg peso 0 >2.000 pg/l
aggiustamento secco
della dose : N
(ogni 3-6 mesi) 3,5 - 7 mg/kg/die 5-10 mg/kg/die
Riduzione <7 mg Fe/g peso o <2.000 pg/l
Secco
3,5 - 7 mo/kg/die 5-10 mg/kg/die
Dose massima 14 mg/kg/die 20 mg/kg/die
7 mg/kg/die 10 mg/kg/die
Per adulti non valutata e <2.000 pg/l
Per pazienti pediatrici
Interruzione <3 mg Fel/g/peso o} <300 ug/l
Secco
Ritrattamento Non raccomandato
—
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DEFERIPRONE e

Ferrochelante bidentato

(3 molecole di farmaco legano un atomo di Fe)
PM: 139
75 -100 mg/kg/die (tre somministrazioni)

Compresse 500 -1000 mg
Sciroppo 100 mg/ml

Deferiprone

Cibo riduce velocita ma non capacita di
assorbimento

Ferro chelato escreto quasi esclusivamente per

Via urinaria 1999 é stato approvato con l'indicazione “ in casi
o ) ) eccezionali, per pazienti affetti da thalassemia
Emivita plasmatica media 3 - 4 hr major per i quali la terapia con DFO sia
controindicata o che presentino grave tossicita

Picco plasmatico 45’-60’ con detta terapia”.

LEMEA nel 2004 ha allargato l'indicazione il
deferiprone e indicato per il trattamento del
sovraccarico di ferro nei pazienti affetti da
talassemia e per i quali la terapia a base di
deferoxamina e controindicata o inadeguata”.
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DEFERIPRONE E CUORE

* Borgna-Pignatti 2006
* Galanello 2006

* Pennell 2006

* Smith 2011

* Maggio 2012

* Filosa 2013

* Kuo 2014

DFP TREATMENT IS ASSOCIATED WITH SIGNIFICANT INCREASE IN
CARDIAC PROTECTION COMPARED WITH DFO
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TERAPIA ALTERNATA O

SEQUENZIALE TERAPIA COMBINATA
* DFP+DFX
ik * DFO + DFP
*DFP - DFO l
l +Un aumento additivo o sinergico nell‘escrezione del ferro comparata ad

ognuno degl altr chelanti dato da solo,

TERAPIA ALTERNATA-> RIDUZIONE
SIGNIFICATIVA FERRITINA E LIC EPATICA

- NESSUNA DIFFERENZA AE e v || Deferiprone puo, entrando nelle cellule, rapidamente rimuovere dagli
SOPRAVVIVENZA otgani il erro che viene rapidamente escreto con (aiuto dell
desferroxaming

' una terapia di EMERGENZA & TEMPORANEA per trattare un GRAVE
sovraccarico di ferro soprattutto a livello cardiaco
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Alternative possibili

Side effects during monotherapies
with LIC <7 mg/g d.w., myocardial - Alternating chelation regimens
T2* 2 20 ms, and serum ferritin

<2500 ng/mL Rejection, intolerance to or severe
side effects with DFF;
Simultaneous combination of DFX

pius DFC
Uuc 2 7 mglg dw. andfor ’
myocardial T2* <20 ms and/or First choice: Simultansous
serum ferritin 22500 ng/mL in ‘ combination of DFO plus DFP —
WhkR  mnsodienpy. B T Rejection, intolerance to or severe

side effects with DFO:
Simultaneous combination of DFX
plus DFP

adequately effective l

Rejection without severe
intolerance tc or severe side
gffects with DFO plus DFP

L 4 )"

Myocardial T2% <20 ms with or
without UIC 2 7 mg/g dw and UC 2 7 mg/g d.w. and/or serum

serum ferritin 22500 ng/mL ferritin 22500 ng/mL

4 b !

First choice: Simultaneous Second choice: Simultaneous Simultaneous combination of DFX

combination of DFX pius DFP combination of DFX plus DFO plus DFP
or

Simultaneous combination of DFX
plus DFO

(bazaed on patient preference and
adherence to therapy)

Safety and efficacy of the new combination iron chelation regimens in patients with transfusion-dependent thalassemia and
severe iron overload
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Impaired o:B globin ratio

SPLENECTOMIA

Red cell pathology

|
v v

Ineffective erythropoiesis Hemolysis ———» m
| ;

¢ v
lron overload <% A Anamia —¢

4 Yissueoxygenation

v

Erythroid marrow expansion

Bone deformities He tenomegaly
tic events Osteoporosis
Pulmonary

hypertension pseudotumors

Renal disease
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Transfusion Splenectomy Iron overload ®

| e

Pathological RBC Endothelial injury Platelet abnormalities

t Thrombin generation Expression of adhesion Thrombocytosis

(phosphatidyl serine exposure) molecules and tissue factar Chronic activation

! Rigidity, deformability and t Adhesion and aggregetion

aggregetion
| Antithrombin IlI ! Circulating Endocrine and hepatic 4|
| Protein C microparticles dysfunction
| Protein S \ l

v

71 Atherosclerosis <«
THROMBOSIS «—

Musallam KM et al. Haematologica 2013;98(6)
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OPTIMAL CARE STUDY

Parameter Group OR 95% Cl P-value
NRBC count 2 300 x 10° L™ Group LI .00 Referent < 0.001
Group 11 535 231-12.35
. GROUP 1 PATIENTS HAD SIGNIFICANTLY HIGHER NRBC, | -
PLT, PTH, AND WERE MOSTLY NON TRANSFUSED
Liroup | i 1 LANATsTIE ]
PHT Group I .00 Referent 0.020
Group |1 .00 0.99-16.13
Group | 130 |.60-33.33
Transfusion naivety Group 111 L.00 Referent 0.001
Group 11 167 .82-3.38
Group | 364 1.82-7.30

NRBC, nucleated red blood cell PHT. pulmonary hypertension; OR. adjusted odds ratio; CL, confidence mterval.

Taher At et al. ] Thromb and haemost 2010;8:2152-2158
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Impaired «:B globin ratio

IDROSSIUREA

Red cell pathology

|
v L 4
Ineffective erythropoiesis Hemolysis —————p
| .

v +
lron overioad < Anemia ﬁ

| Tissue oxygenation

-

Erythroid marrow expansion

Gall stones

............. -

v
Hypercoag

lable state

c

2patic canc

enal dise
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INNOVATIVE THERAPIES

A D
Impaired a:B globin
/ ratio \

“HSCT
« Gene therapy *Alpha ch_aln
* HbF induction synthesis

Erythroid cell pathology reduction
. " Ineffective .

O‘ | ‘ erythropoiesis Hemolysis *

e e / \ /
Iron overload - Minihepcidins

= Hepcidin analogs

+JAK2 inhibitors « TMPRSS inhibitors
« Stotatercept
» Luspatercept

« PK-R activators

New therapeutic targets in b-thalassemias: (A,D) impaired a:b-globin ratio, (B) ineffective erythropoiesis, and (C) iron metabolism and hemolysis. TMPRSS6, transmembrane protease serine 6
Cappellini MD. Hematology Am Soc Hematol Educ Program 2017; 2017:278
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Cffirars and cafarv Af viivalitinih in vamuilavivu fvranct: u:ed patients With

A
= idy
— En . - o
= - -
=
C— 15 =
== .
PN . imane
— = - . -
2 — s
=) o T T & —
o . . - [ LN tinib
Day Week Week Week Week Week Week Weeaek Week Week mg x 2 volte/di
1 1 2 a 4 & 12 18 24 a0 se:daba?2b mg
n 30 30 30 29 29 29 29 27 27 24 te/di
B
g 20 - i
e S
2 = .20 6 e 30 rispetto al
[T
o &
E = =40 J M 25
= Mean -26.8B3%
g 9 Min  -64.27%
g‘_—" Max B.50%
-80 4
20ne patient who had an overall increass in spéean wolume at wesk 30 showsd an initial decrease of 15452 at an RMN o TC
wask 12, Of note, the dosing of this patient was stopped 17 days prics to the end of treatment assessment at week 30
due to AEs of anemia and upper respiratory tract infection. Og['ll ViSita pC'St

baseline
.Mean % change of transfusion rate: -5.9 (95% Cl: -14.7, 2.83).

ki L . Median pre-transfusion Hb levels: ® pre-Tx = 8.4 g/dl; * end of

Safetv study = 8.9 g/dl (week 24-30)
.Mean Spleen Volume reduction from BL : ¢ at week 12 (N = 26):
-19.7% ¢ at week 30 (N = 25): -26.8% Taher AT. Blood 2018
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* |n addition to a noticeable reduction in spleen volume over time with
ruxolitinib treatment, a trend for improvement in transfused red cells
and a slight improvement in pretransfusion hemoglobin was noted
with ruxolitinib treatment.

e A majority of patients continued with the treatment beyond the core
study.

e Ruxolitinib was well tolerated in the study population with modest
incidences of grade 3 or 4 and serious AEs, with no new safety findings.

e Given the sustained decrease in spleen volume, ruxolitinib treatment
may serve as an alternative option in patients with TDT who are
potential candidates for splenectomy.
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Luspatercept is a first-in-classe
erythroid maturation agent: a
recombinant fusion protein
consisting of a modified form of the
extracellular domain of the human
ActRIIB linked to the human lgG1 Fc
' domain’

Luspatercept binds to select TGF-B
superfamily ligands®...

.. inhibiting ActRIIB activation and
decreasing Smad2/3 signaling?

[
Decreasing Smad2/3 signaling

enhances erythroid maturation in
late-stage erythropoiesis?

1.

LUSPATERCEPT

Increased aberrant TGF-B superfamily signaling via the Smad2/3 pathway is a component of
ineffective erythropoiesis and impaired erythroid maturation®*

Luspatercept

ActRIIB

Nucleus

2 Complex

_ ' Complex

\ 4
Erythroid maturation

ACtRIIB, activin receptar type IIB; 12G1 Fc, immunoglobulin G1 fragment crystallizable; P, phosphorylation; Smad, small mathers agafnst decapentaplegic; TGF-B, transforming growth factor B

Attie KM et al. Am J Hematol 2014;89:766-770. 2. Sum@i RN et al. Nat Med 2014;20:408-414. 3. Suragani RN et al. Blood 2014;123:3864-3872. 4. EQ%LIJH[IAW et al. Blood 2018;132:163
Included with permissions Blank U et al, 2015, Blood.
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BELIEVE TRIAL: a randomized, double-blind,
placebo-controlled, phase 3 study

B-thalassemia?
patients

> 18 years of age, Luspatercept®
requiring regular e 1.0 mg/kg SC every 21 days + BSC
RBC trfmsfusmns 2 (n = 224) on Post-
(defined as: E _ > £ __ Open-label  treatment
e smesicpner | 8N Meybetmmedwtrasmgis 35 | e folovs
to randomization & =2

transfusion-free

period during that L/) (

time) (N = 336)

N
with no > 35-day ) ,/\\\\\%) /N\\\

+ » »
12-week 12-week Double-blind phase Crossover from
historical screening (48 weeks) placebo to luspatercept
transfusions period permitted

Primary endpoint
= = 33% reduction in RBC transfusicjn burden (plus reduction of = 2 RBC units) from baseline during weeks 13-24

Key secondary endpoints

= = 33% reduction (plus reduction of = 2 RBC units) in RBC transfusion burden from baseline during weeks 37-48
50% reduction (plus reduction of = 2 RBC units) in RBC transfusion burden from baseline during weeks 13-24

50% reduction (plus reduction of = 2 RBC units) in RBC transfusion burden from baseline during weeks 37-48

= Mean change from baseline in RBC transfusion burden during weeks 13-24

V]

v

Additional endpoints

= = 33% and = 50% reduction (plus reduction of = 2 RBC units) from baseline in RBC transfusion burden during any 12-week interval
= 33% and = 50% reduction from baseline in RBC transfusion burden during any 24-week interval

- Duration of tongest continuous erythroid response and time to first erythroid response (during any 12-week study interval)

= RBC-TI and duration of RBC-TI during any 8-week or 12-week study interval

= Mean reduction from baseline in transfusion burden over any Z4-week study interval

= Mean change from baseline in pretransfusion Hb level (in defined 12-week study intervals)

= Serum ferritin level during weeks 37-48 or the 12-week period before discontinuation

= LIC and myocardial iron deposition at week 48

= Safety analyses
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Efficacy: primary endpoint

100
g 90-
RE 80-
)
NS0
2 o
3 .
53
29 4- |
€5
g-g 30 - 21.4%
EEE N (n=48)
5
10 -
0
Luspatercept
(n=224)

P<0.001
(OR'5.79, 95% C1 2.24-14.97)

4.5%
(n=3)

Placebo
(n=112)
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EFFICACY: reduction in RBC transfusion burden
from baseline

2 33% reduction in RBC transfusion burden from baseline 2 50% reduction in RBC transfusion burden from baseline
M Luspatercept (n = 224) Placebo (n = 112)
P < 0.001
P < 0.001
80 4 70.5% 304
(n=158) { 40.2%

A P < 0.001 W (h=9)
g 60 4
] i [ P <0.001
§ 1 P<0.001 ke g 0
2 P < 0.001 (n=82) C P=0.002
o 401 29.5% g P =0.030

(n=33) $ Y | 16.5%
0] 21.4% 19.6% z ! (n=37)
(h=48) (n- 44) o ' 10.3%
20 4 (:._6"]367} (n=23) 6.3%
10 { i 38% 2.7% "1 0.9% Ll 0.9%
(n=5) (n=4) (h=3) (n=2) (h=1) (r=1)
0 +— IS . : L. 0 +— . - : s L — L o
Weeks 13-24 Weeks 37-48 Any 12-week interval Any 24-week interval Weeks 13-24 Weels 37-48 Any 12-week interval Any 24-week interval
(Primary (1st key (2nd key secondary (3rd key
endpaint) secondary endpoint) endpoint) secondary endpoint)

A statistically significant LS mean difference in mean change in transfusion burden frem baseline during weeks 13-24 was observed for luspatercept versus placebo:
-1.35 units/12 weeks (95% Cl, -1.77 to -0.93; P < 0.001)

For patients achieving = 33% and = 50% reduction in transfusion burden, a reduction from baseline of 6.55 RBC units and 8.27 units, respectively, per patient per 24
weeks was estimated
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TEAEs (any grade) with > 5% higher incidence in the
luspatercept arm (including crossover) than in the placebo arm

S| Luspatercept arm (including crossover) (n = 315)* ™ Placebo arm (n = 109)
357 37
30
24.8
we 21.9 21.6
X 20.0
n 207 17.1
g 13.8
& B ; 11.9 11.9
o o
10 - 8.3
5 1
51 N
N\
0
0 .
e s & AN Q> L & 'tr
N A o N o N
65.:5’ \Q{z}q’ (\GQ'O (P\}% %Q'b ' );;5\ Q@,O @&\ qu'}} QzQ N \(59
Qg, v{» P qu, ) Qé (JOQ Qx\‘a g & &
5 ) > K
N 3 AS
R A
oh

Bone pain was reported more frequently during the first 24 study weeks versus the last 24 weeks in both arms, was generally of short
duration, low grade, and managed using analgesic medications

Clinically confirmed thrombotic TEAES were reported in 8 (3.6%) luspatercept and 1 (0.9%) placebo patients

Additional grade = 3 TEAEs (with “any grade” occurrence < 5%) reported in = 3% of patients in the luspatercept arm: anemia (n =7
[3.1%])
Treatment discontinuation due to TEAEs was reported in 12 (5.4%) luspatercept patients and 1 (0.9%) placebo patient
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Fhe NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

A Phase 3 Trial of Luspatercept in Patients
with Transfusion-Dependent B-Thalassemia

M.D. Cappellini, V. Viprakasit, A.T. Tal P. Georgiex

I aher, K.H.M. Kuo, T. Coates,
E. Voskaridou, H.-K. Liew, |. P

azgal-Kobrowsl oL Farni, S. Perrotta, A. Khelif,

o dinak, M. Bejaoui, P.]. Ho,
~C. Bee, 5-M. Lirm, MY Lu, A-Tantiworawit, P. Ganeva
Shah, E.)J. Neufeld,/A-Thompson, A. Laadem

C I - S R i _|"\-. 5'1!‘_;'-.-.':\1-'.
. Zouw, J. Zhang, D. Mite T. Zing a L M.L. Sherman,
O, Her e, |. Portesr By rthe BELIEVE Investigators™®

N Engl J Med 2020, 382: 1219-31

LUSPATERCEPT REGISTRATION

Luspatercept has been approved by the US Food and Drug
Administration in 2019 and by the European Medicines Agency in
2020 to treat anemia in adult patients with beta thalassemia who

require regular blood cell transfusions.
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Phase Il RCT trial of luspatercept in adults with
NTDT: the BEYOND trial

DBTP
s Luspatercept SC “o PTFP!
s ! t £ If treatment is
g i mg’l_(g SR 2 OLPS discontinued before
_ b (n = 100) = _ unblinding or EOS " _
Screening — X o Patients on 0 — Continue
E 3 tuspatercept = PTFP!
:
] Dlaraha SC OIW -
e |, ey TR 1
0=8) 7
If IP is discontinued before the study unblinding
DBTP OLP
— ¢ > ¢ = > ¢ %
4 weeks Minimum 48 weeks for each patient* ~ 15 months! ~ 3 years after last dose

Primary efficacy endpoint

Proportion of patients with mean hemoglobin increase of at least 1.0 g/dL from baseline over a continuous 12-week interval (weeks 13—-24) in
the absence of RBC transfusions

Key secondary efficacy endpoints

Mean change from baseline in NTDT-PRO T/W domain score over a continuous 12-week interval (weeks 13—-24)

Mean change from baseline in hemoglobin level over a continuous 12-week interval (weeks 13—-24)

Proportion of patients with a mean hemoglobin increase of at least 1.0 g/dL from baseline over a continuous 12-week interval (weeks 37—-48)

Taher AT, et al. Lancet Haematol 2022
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Primary endpoint

m Luspatercept Placebo
b - 0.0001 P < 0.0001
<0.
I P < 0.0001
100 82.9
77.1 (34/41)
74/96) o1
go{ ! (40/55)
é?, 60 -
v
€
2
& 40 +
o
20
0 0 0
0 - 0/49 0/29 0/20
Overall Baseline Baseline
mean Hb < 8.5 g/dL mean Hb = 8.5 g/dL
* The study met its primary endpoint
— 74 (77.1%) of patients in the luspatercept arm vs 0 placebo patients achieved a mean Hb increase of = 1.0 g/dL from baseline2
over a continuous 12-week interval during weeks 13-24 in the absence of RBC transfusions

Mean Hb change from baseline during weeks 13-24

4.0 — Bl Luspatercept (M= 96) I Placebo (N = 49)
3.5
3.0 —
2.5 —
2.0-
1.5-—
1.0-
0.5 —|
o

-0.5 —

Mean Hb change from baseline (g/dL)

-1.0—

-1.5 —

=20 Patients Taher AT et
al. EHA 2021;

= During weeks 13-24, 50 (52.1%) patients in the luspatercept arm achieved a mean Hb increase of = 1.5 g/dL from Oral S101

baseline
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NTDT-PRO T/W domain score improvement
and Hb decrease

The correlation analysis showed that as hemoglobin levels increased, NTDT-PRO T/W
domain scores decreased, suggesting improvement in patient-reported tiredness and
weakness (R = -0.29; P < 0.0001) O Luspatercept O Placebo

H_

@
o R=-0-29
P <2-2x10718

LR
H L
B8RS el fage°t

Change from baseline in NTDT-PRO T\W domain scor

L4
Lo g
° 2 8&?0 o8° a:‘;};'“d--"— 8
08 atla o
2 i ”;gazgogégggosgjgg 3§§%93 Y @
= o Fat gHn? o8 F fad.p8 o
) "2 §g go 2gale % o
4 4 f: oi E: f°°aoo Sa“ j""sg (] ] 0
: L] = Oc # 2
i 8 g
oy ¥ 8 o o Bnaoo E 1] 2
| RALTH B g ™
1
8 | : i
- -1 i
T T T T T T T I
2 1 0 1 2 3 4 2

Change from baseline in Hb level (g/dL)

Taher AT, et al. Lancet Haematol 2022
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Long-term erythroid response data from patients
with non-transfusion-dependent beta-thalassemia
receiving luspatercept in the BEYOND trial

. . . Luspatercept Placebo
No. of doses received per patient? Treatment duration.” weeks (n = 96) (n = 49)
Mean (SD) 137.1 (43.0) 71.9 (41.8)
Luspatercept (n = 96) [ Median (range) 150.1 (15.0-185.4) | 61.1 (3.0-138.0)]
Mean (SD): 38.9 (15.1) 100, B8, 938 90,6 s s
Median (range): 42.0 (3.0-61.0) 80 7.4
§ 60 -
2
Placebo (n = 49) g 42,9
% %
Mean (SD): 22.5 (13.2) %
20 4
Median (range): 20.0 (1.0-46.0)
0 A
=24 2 48 272 296 =120 = 144
No. of patients Duration of treatment (weeks)
Data cut: September 22, 2021. 2Defined as the total number of Luspatercept, n 92 90 87 83 72 55
doses the patient received, a non-zero dose; "Defined as
(treatment end date - date of first dose + 1)/7; where Placebo, n 44 35 21 16 11 0
treatment end date = min ([date of last dose + 20], death date).
SD, standard deviation. Taher AT, et al. EHA 2023 [Abstract #5273]

Ali T. Taher, et al. EHA 2023
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Erythroid response

 With a longer follow up:

— More than 90% of patients treated with luspatercept experienced an erythroid
response

— Mean total duration of the hemoglobin increase was considerably longer

Patients with NTDT regceiving Io‘n g-term, dtacu
(September 22;2021), (September 14, 2020)!
luspatercept treatment—— ; to
. . J Luspatercept Placebo Luspatercept Placebo
experience increases in their Hb level e 5 (n = 49)
Patients with mean Hb increase > 1.0 g/dL during any 90 (938) 11 (22.4) 88 (917) 11 (224)
12-week interval, n (%)
Total duration of mean Hb increase 2 1.0 g/dL, days
Mean (SD) 873.1 (363.4) 203.3 (170.8) 611.7 (243.3) 176.5 (132.9)

Erythroid response was defined as mean Hb change from baseline of = 1.0 g/dL over rolling 12-week intervals.

1. Taher AT, et al. Lancet Haematol 2022;9:2733-e744.
Taher AT, et al. EHA 2023 [Abstract #5273]
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Fowchart 1- TIVING DOSAGEIO LUSPATERCEPTITRASEUSIONE Flowchart 2- TIMING VALUTAZIONE RISPOSTA AL LUSPATERCEPT

VALORE DI Hb DOPQ 21 GIORNI DALLA DOSE DI LUSPATERCEPT '

VALUTAZIONE RISPOSTA AL LUSPATERCEPT |

| Hbeisgli i
o115/l Hb << Hb retaget Ridzionecarico trasfsionae
¢ >Hb pretarget! dopo 6 wk (=2 cicl)?

- .
|~ Continuara | R |
| somministrazione L § J ‘ No

—»‘ Aumentare dose |
ritardo dose fino ad Hb <11,0 g/dl) ‘ somministro dose | somministro dose ‘ l

Riduzione carico trasfusionale
\ dopo w3 il
P l l ’ Continuare somministrazione dose &
a ; o o O et § No — | programmare valutazione di risposta
finvio tn?sﬁmmne fino of valare fivio Ir?sfusmne fino ol volere esequo tosfusone | somwinsyazone | entro ta setiimana 48"
di Hb pre-target® i Hb pre-target*
*Hb pre-target: il votare medho deff pre-rosfusionale defle 24 sttimane precedentiFinizia della teraplo * risposto poca signifcativo dopo aumento di dose /0 con genotipa BO/B0.

Journal of r.==-- —
Clirtical MWodicirne Ml:!\_P!}l

X pairrionT
Treating Thalassemia Patients with Luspatercept: An Expert
Opinion Based on Current Evidence

Filomena Longo &0 Irene Motta 200, Valeria Pinto 00, Andrea Piolatto 2700, Paolo Ricchi =400

Immacelata Tartaglione 700 and Raffacila Oriza "5 Clin Med. 2023, 12, 2584. https://doi.org/10.3390/jcm12072584
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PKR activation represents a unique mechanism of action with the potential to address a

broad range of hemolytic anemias

GLYCOLYSIS Gliisass
v Mutant PKR Wild-type PKR
Normal red cell pyruvate kinase deficiency other hemolytic anemias
FBP
- PEP PEP PEP
_130pG l(zh ml(:h l(l:r
23 ]
DPG e Pyruvate Pyruvate Pyruvate
3-PG :
Cellular demand Cellular demand D Cellular demand _
Mitapivat v v v
. PEP ATP production Inadequate production Increased demand
v/\OT@ Fol ] meets demand of ATP of ATP

k ADP PKR mutations decrease PK In other hemolytic anemias,

‘ ,- stability, ATP generation and there is an increase in ATP

' ; RBC membrane integrity and demand and impaired ATP
increase RBC destruction, production, leading to damage

ATP
leading to chronic and premature death of RBCs,
hemolytic anemia hemolysis, and anemia
Pyruvate

Date of preparation: October 2021 [MIT-ALL-DD68|

ADP = adenosine diphosphate; ATP = adenosine In'ﬁahosﬁhale: DPG = diphos) Elycerat&' FBP = fructose bisphosphate; m = mutant;
PEP = phosphoenolpyruvate; PG= phosphoglycerate; PK = pyruvate kinase; PKH = RBC-specific PK; RBC = red blood cell; wt = wild-type.

Emoglobinopatie: supporto trasfusionale e nuovi approcci terapeutici | Roma, 1° febbraio 2024



Hypothesis: mitapivat mechanism in thalassemia via activation

of wild-type PKR

[ A 1

. - : _ :\, [ Hemolysis ‘ i

Imbalanced » Globin precipitates ] ) Oxidative | ° 4 |

| o to B-globin ratio ) and aggregates ¥ AN damage ..'.-:rsh,. ; :

| A v Ineffective ' ;

’ \ e : ﬂ [ erythropoiesis :

: . Enhanced glycolysis | ‘ ~

| Mitapivat | » eyl g 1 Y | @ |

E L Dysregulated iron 1 :

I metabolism '

r ' |

Mitapivat increased PKR activity and ATP levels : ’ N\ :

ex vivo in RBCs from patients with B-thalassemia’ { { Iron overload :

Mitapivat ameliorated ineffective erythropoiesis, | 4 :

iron overload, and anemia in the Hbb"3* mouse model B S R S ¢

of B-thalassemia?

X ",

ATP = adenosine triphosphate; PK = pyruvate kinase; PKR = PK in RBCs; RBC = red blood cell.
1. Rab MAE et al. ASH Congress 2019, Abstract 3506; 2. Matte A et al. J Clin Invest 2021;144206
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This phase 2, open-label, multicenter study investigated the efficacy

and safety of mitapivat in non-transfusion-dependent a- and B-thalassemia?

Mitapivat
100 mg BID orally

Mitapivat
50 mg BID orally N =20

24-week core period

10-year extension period
6 weeks 18 weeks
Baseline

Foinliel for ‘ Primary endpoint®

2 IS O IR | + Hb response, defined as increase of
+ B-thalassemia + a-globin gene mutations, l 2 1.0 g/dL from baseline at any time between

HbE B-thalassemia, or a-thalassemia (HbH disease) ~ Weeks 4-12, inclusive
* Ho <100 g/dL X ! Secondary and exploratory endpoints
A SR e + Sustained Hb response; delayed Hb response; markers

of hemolysis and erythropoiesis; safety

aEudraCT 2018-002217-35, ClinicalTrials.gov: NCT03692052; b< 5 RBC units transfused in the preceding 24 weeks and none in the 8 weeks prior to
study drug; cWith the originally planned sample size of 17 patients, the study would have 80% power to reject a < 30% response rate at a 1-sided 0.05
type 1 error rate. BID = twice daily; dL = deciliter; Hb = hemoglobin; HbE = hemoglobin E; HbH = hemoglobin H; RBC = red blood cell.
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Mitapivat met the primary endpoint of a Hb response in 80% of patients

Hb response

80.0% 100%
100 (p<0.00013)*

AQ)

Hb response:
2 1.0 g/dL increase in Hb concentration
from BL at 2 1 assessments between
| Weeks 4-12 (inclusive)

75 =

.I\‘:

50 —

25 =

Percent (90% CI) responders

Al a B

NB: Primary endpoint; Hb response, defined as a 1.0 g/dL increase in Hb concentration from baseline at 1 or more assessments
between Week 4 and Week 12 (inclusive). al-sided p-value based on Clopper-Pearson method. BL = baseline; Cl = confidence interval;
Hb = hemoglobin
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Secondary endpoints: sustained Hb response and consistent increases

in mean Hb

Sustained Hb response Mean Hb change

100% 2.6 -
100 =

1.3 gldL 1.3 g/dL
1.2 gldL

20 ¢

\l
(&)
|

Percent (90% CI)
sustained responders
N (2]
()] o
| L

Mean (SD) change in Hb
from baseline, g/dL

o
|

Al a B ' All a B

Sustained Hb response:
A primary endpoint response during Weeks 4—12
and a 2 1.0 g/dL increase in Hb concentration at
> 2 assessments between Weeks 12 and 24

Mean Hb change:
Mean change from BL in Hb concentrations over
a 12-week interval from Weeks 12 and 24

BL = baseline; Cl = confidence interval; Hb = hemoglobin; SD = standard deviation
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Improvements in Hb were rapid and maintained over the duration

of the core treatment period

3.0 1 Mean Hb change by study visit
c
254
(@) ]
& 1 2.0 T
53
2Bq5- & &
@ S } oo T o @
= 10______ Deril [Fen, SSEses., SESesl et lnsiee) A e e B e e By e, e e e e e e tee e s e
o 1
E 05 e
0 1 | I 1 1 T \L 1 I 1 1 1 1 1 ] 1 1 1 1 1 1 1 1
2 34 56 N &8/18311213 1415 16 17 18 1920 21 22 23 24
Week

N 20 19 i} 17 10 19 19 7 18

= Mean (SD) time to first Hb increase of 2 1 g/dL among responders was 4.5 (3.2) weeks
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Treatment with mitapivat improved markers of hemolysis and

erythropoiesis in both a- and B-thalassemia

a-thalassemia

B-thalassemia

Total bilirubin LDH

100 800+ . : :
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3
5 R Y~
E = : :
3 El 5 :
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H 9 /
= - é
. . v . i
BL 2 4 6 8 2 16 20 24
Week
5 §00- :
5001
e
3 400
El 3 ;
3 g = 300{ g
) " a : 1
F ol :
= : 200 ;
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Week Week

EPO (ILL)

EPO (IU/L)

Erythropoietin?
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Safety summary

Initial insomnia (n = 10), diarrhea (n = 3), dyspepsia
(n = 3), abdominal distension (n = 3), nausea (n = 3)

Treatment-related TEAEs 13 (65.0)

Initial insomnia (n = 1), arthralgia (n = 1),
Grade 2 3 TEAEs 5(25.0) renal impairment (n = 1), anemia (n = 1),
vertigo positional (n = 1)

Grade 2 3 treatment-related

TEAEs 1(5.0) Initial insomnia (grade 3)
Serious TEAEs 1(5.0) Renal impairment (grade 3)
TEAEs leading to study drug:
Dase raduction 3 (15.0) Abdominal distension and dyspepsia (both grade 2),

initial insomnia (grade 3), renal impairment (grade 3)
Interruption 1(5.0) Vertigo positional (grade 3)

Renal impairment (grade 3)

Discontinuation 15.0) Patient discontinued after the Week 4 visit

Patients with multiple adverse events within a PT are counted only once in that PT; for patients with multiple occurrences of an adverse event, the adverse event with the worst CTCAE grade is
included in the summary; MedDRA version 23.0 and CTCAE version 4.03 were used. aTEAEs = 20% listed for ‘any TEAEs’; 2 20% listed for ‘treatment-related TEAESs’; all TEAEs listed for other
sections. CTCAE = Common Terminology Criteria for Adverse Events; MedDRA = Medical Dictionary for Medical Regulatory Activities; PT = preferred term; TEAE = treatment-emergent adverse
event.
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Phase 3 randomized, placebo-controlled, trials of mitapivat in thalassemia

(JENERGIZE

3
= l [ : g Ggs s o
o) Mitapivat o Key inclusion criteria
- 100mgBID i ) 0 e el _ _
N ! Q & « p-thalassemia + o-globin mutations, HbE
o E e " ‘Change: w L p-thalassemia, or a-thalassemia (HbH disease)
N o ™ g ‘g] + Non-transfusion-dependent; <5 units prior 24
© = X weeks before randomization
= o a2l |- Hbs100gdL
© BID , ~ \ ; /
h |
£
[®) o . - = , T )
= O C3 Key inclusion criteria
ﬁ % o m - 218 years
v = Ed = g ;; » B-thalassemia £ a-globin mutations, HbE
N E S E £ ado p-thalassemia, or a-thalassemia (HbH disease)
.8 a 48-week core period 8_ ";<' a « Transfusion-dependent; 6-20 units prior 24
= 0O 9 = weeks before randomization )
g BID

BID = twice daily; Hb = hemoglobin; HE = hemaglobin E: HoH = hemoglobin H. !
aiy, EMRgIoNm, [k, = nemoglobin =, %~ iemagiotin Date of preparation: November 2020 [MIT-ALL-0035]
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Metabolismo del ferro ed epcidina

Erythropoietic
stimulation

(hemorrhage, b e
shisbotomy, EPO) e Epcidina

-
suppression @ b l

@ N e
2\ ,'#\’.“‘

Ferroportina

Papanikolaou, et al, Hepcidin in iron overload disorders, Blood. 2005;105:4103-4105)
Pasricha et al. Transfusion suppresses erythropoiesis and increases hepcidin in adult patients with B-thalassemia major: a longitudinal study. Blood. 2013;122:124-33.
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Studi pre-clinici hanno dimostrato che aumentando l’'espressione di
epcidina (HAMP) si riduce il sovraccarico marziale

Extraceliular lron

F‘uoro-n

Casu C. Hematology 2014
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Matriptase -2 (TMPRSS6) Antagonist TMPRSS6 is a
transmembrane

serine protease
mainly produced by
hepatocytes that
negatively
regulates hepcidin
expression

TMPRSS6
inhibition to
induce hepcidin
transcription and
syntesis

Smad1/5/8
pathway

Hepcidin

Regulation of hepcidin transcription by extracellular iron

Nai A et al. Deletion of TMPRSS6 attenuates the phenotype in a mouse
model of beta-thalassemia. Blood. 2012;119:5021-5029.
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MINI-EPCIDINE

v' Miniepcidine sono piccoli peptidi che mimano
I"attivita di epcidina

v Derivate dalla sequenza AA terminale e modificate
per 'attivita in vivo

v" Miniepcidine riducono il sovraccarico marziale in
modelli animali di emocromatosi HFE e HAMP
correlata

Minihepcidins are rationally designed small peptides that mimic hepcidin activity in mice and may be
useful for the treatment of iron overload Preza GC, Ruchala P, Pinon R, Ramos E, Qiao B, Peralta MA,
Sharma S, Waring A, Ganz T, Nemeth E. Journal of Clinical Investigation

Minihepcidins prevent iron overload in a hepcidin-deficient mouse model of severe
hemochromatosis Ramos E, Ruchala P, Goodnough JB, Kautz L, Preza GC, Nemeth E, Ganz T. Blood
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