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Take home message?

* Education program:

Single-dose intravenous iron for iron deficiency: a new
paradigm Michael Auerbach and Thomas Deloughery
— Vit B12
* From IM to oral administration
— lron

* From long duration oral to single-dose IV iron
administration
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Diagnosis

Editorial

— When One Diagnosis Is Not Enough
 Kym M. Boycott, M.D., Ph.D., and A. Micheil Innes, M.D.
* N EnglJ) Med 2017; 376:83-85January 5, 2017DOl:
10.1056/NEJMe1614384
— An accurate diagnosis is essential for effective medical
management; in the case of rare genetic disease, it
also guides genetic counseling. Nevertheless, clinical
assessments and conventional genetic testing lead to
a diagnosis in less than half of patients.



http://www.nejm.org/toc/nejm/376/1/

Diagnosis

* Education program:
New challenges in evaluating anemia in older persons
in the era of molecular testing David P Steensma

v’ Efforts to explain « unexplained » anemia: possibility of MDS?
Panel of 98 genes/ exons focused on haematologic malignancies

ABL e2-e10
A cyl B ; ;
BCOR e2-el15 Mutation interpretation in cytopenic patients
CALR e9 without extensive dysplasia, excess blasts,
e or an MDS-defining karyotype
CSF1R e22
* Single mutation * Multiple mutations
CUX1 el-e21 + Low variant allele frequency (<10%) * Higher variant allele frequency (>20%)
* Minimal or no cytopenia * Cytopenia, especially if progressive
* Mutation in common “CHIP”-associated * Mutation in genes more commonly
genes (e.g. TET2, DNMT3A) associated with MDS (e.g. U2AF1, TP53)

R T
Diagnostic threshold?
Favors CHIP Favors MDS

CHIP — Clonal haematopoiesis of Intermediate Potential



Diagnosis

* Hereditary haemolytic anaemia

Membrane
Cytosqueletal / \
Acetylcholinesterase
: : ., defects . :
Haemoglobinopathies v Adenosine deaminase
; Adenylate kinase
Aldolase

y-Glutamylcysteine synthetase
Glucose phosphate isomerase
Glucose-6-phosphate
Enzymopathies dehydrogenase

Gluthathione reductase
Glutathione synthetase
Hexokinase
Phosphofructokinase
Phosphoglycerate kinase
Pyrimidine-5’-nucleotidase
Pyruvate kinase

Qosephosphate isomerase /
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Diagnosis

* Hereditary haemolytic anaemia
— Phenotype (Clinical, laboratory tests, ...)
— Genotype: focus on one gene or even one exon

uuuuuuuu
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http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiXmbLem5TRAhVL7BQKHe2mCmwQjRwIBw&url=http://www.slideshare.net/suryasaha/icar-ca-bin-delhi-bioinformatics&psig=AFQjCNEFS0QVdb2sxTwxHkZ2I8X78NbXZw&ust=1482922679026945

Diagnosis

* Gene panel - « Mendeliome »

— Paper No: 2433 - « Using a next generation sequencing panel to
discover the obscure causes of hereditary hemolytic
anemia » A. M. Agarwal BrJ Haematol. 2016 Sep;174(5):806-14.

— Detection of new pathogenic mutations in patients with congenital haemolytic anaemia
using next-generation sequencing. Int J Lab Hematol. 2016 Dec;38(6):629-638.
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https://www.ncbi.nlm.nih.gov/pubmed/27292444
https://www.ncbi.nlm.nih.gov/pubmed/27427187

* Unexplained or
doubtful diagnosis
haemolytic
anaemia?

» A panel

of 28 genes

or more

Diagnosis

Table II. Genes included in the panel.

Gene OMIM
symbaol (Gene name Transcript gene Disorder Inh
ADA Adenocsine deaminase NM_000022 608938  ADA deficiency AR
AR Adenylate kinase 1 NM_000476 105000  AFK] deficiency AR
ALDOA Aldolase 4 NM_000034 103850 AIDOA deficiency AR
ANK1 AnlyTin 1 WM_000037 607008  Spherocytosis ADJAR
CYB3R3 Cytochrome b3 reductase 3 (DIA1) NM_000358 615213  Methaemoglobinaemia type 1 AR
Methaemoglobinaemia type 2
EPE41 Erythrocyte membrane protein band 4.1 NW_004437 130500  Elliptocytosis AR
EPE42 Erythrocyte membrane protein band 4.2 NM_00011% 177070  Spherocytosis AR
GEFD Glucose-G-phosphate dehydrogenase WM_001042351 303900 GEPD deficiency XL
GCLC Glutamate-cysteine ligase, catalytic subunit NM_001498 606857 GCLC deficiency, Hyperbilirubinaemia, AR
Haemalytic Anaemiz
GFT Glucose phosphate isomerase NM_000175 172400  Acute/chronic haemolytic anaemia AR
=SR Ghrtathione reductase NM_00d637 138300 GSE deficiency AR
G55 Glutathione synthetase WNM_000178 601002 G35 deficency AR
HK1 Hexckinase 1 WNM_000188 142600 Haemolytic anaemia AR
NT5C34 5 -nucleotidase, cytosclic 1IT4 NM_01648% 606224 NT3C3A deficiency, Haemolytic anzemia AR
PEEL Phosphofructokinase, liver NM_D02&a2e 171880 AR
PFEM Phosphofructokinase, muscle WNM_00028% 610681 PFEM deficiency, Glycogen storage disease AR
PGK1 Phosphoglycerate kinase 1 NM_000291 311800 PGE1 deficiency XL
TEZ O Piero-type mechanosensitive ion channel NM_001142864 611184 Xerocytosis [hereditary) AR
component 1
FELR Pyruvate kinase (liver and RBC) NM_0002298 605712 PKLR deficiency, Haemolytic anaemia AR
3LC441 Splute carrier farmily 4, anion exchanger, MNI_000342 109270  Spherocytosis, Elood group vanation, AD/AR
member 1, band 3 Anaemiz, Stomatocytosis, Acanthocytosis
Kernicterus (acute), Ovalocytosis
SLCOIBI  Splute carrier orgamic amion transporter family,  NM_006446 604843  Hyperbilirubinzemia (rotor type), Rotor AR
member 1E1 syndrome
SLCOIE3  Solute carrier orgamic anion transporter family, NM_019844 603495 Hyperbilirubinasemia {rotor type), Rotor AR
member 1EB3 syndrome
SPTAI Spectrin zlpha NM_003126 182860  Elliptocytosis, Spherocytosis, AD/AR
Pyropoikilocytosis, Elliptopoikilocytosis
SPTB Spectrin beta NM_000347 182870  Elliptocytosis, Spherocytaosis ADJAR
TFI1 Triosephosphate isomerase 1 NM_000365 1590430 TPI1 deficiency AR
UGTIAL UDP glycosyltransferase 1 family, polypeptide WM _000463 191740  Crigler-Najjar syndrome 1 & 2, AR
Al Hyperbilirubinaemia (unconjugated),
Gilbert syndrome
UCTIAé  UDP glycosyliransferase 1 family, polypeptide MM_001072 606431  UGT1A6 deficiency AR
AB
UGTIA7  UDP glycosyltransferase 1 family, polypeptide NN_019077 606432 UGT1AT deficiency AR

AT

Inh, inhentance; AR, autosomal recessive; AD, autosomal dominant; X1, X-linked.
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From research to new therapeutic options
Sickle cell disease

Brain
Thrombosis

or hemorrhage
causing parc?ysis,
sensory deticits,
or death

Lung

Acute chest syndrome
Pulmonary hypertension
Pneumonia

Kidney
Hematuria
Renal failure

Bones and joints
Hand-foot syndrome
Osteonecrosis

Gallstones

.,

]

Liver-gallbladder
Hepatomegaly

Eye

Hemorrhage
Retinal detachment
Blindness
Retinopathy

Heart
Heart failure

Spleen
Splenic atrophy
(autosplenectomy)

Penis
Priapism

Skin

Stasis ulcers of
hands, ankles,
and feet

O

Hemolysis

Adhesive interactions <= e

C

AN

RBC sickling

7ay

HbBS gelation

Dehydration

Inflammatory stimuli:

« WBC activation

» Endothelial cell activation
* Platelet activation

W

* Proinflammatory
cytokine preduction

* Expression and activation
of cell adhesion molecules
on endothelial cells,
platelets, and leukocyles

Activation of coagulation

Blood 2016 127:810-819
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From research to new therapeutic options
Sickle cell disease

RBC HSCT
dehydration
Free Heme _
Free Hb y Hydroxyurea
Adhesive
interactions RBC

transfusion

Inflammation

Activation
coagulation



From research to new therapeutic options
Sickle cell disease

RBC
dehydration
Free Heme _ \
Free Hb | S

Hydroxyurea

Adhesive /// -

Interactions e L—a :

HU ¥ NO :_: @

— n \.\ . 1 A

\ :I AROS
Inflammation e b De F5
RET st
[ s (halxa'J Activation ‘I g
Activation

coagulation
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From research to new therapeutic options

RBC
dehydration

Free Heme
Free Hb

Adhesive
interactions

Inflammation

Activation
coagulation

Sickle cell disease

It works for everyone who takes it every day...
Hydroxyurea Adherence for Personal Best in
Sickle Cell Treatment (HABIT clinical trial)
Dedicated information, home visit, SMS, ...

Hydroxyurea

ST C T
/ N——"—— b ascular tone
HU v No‘nl:—z 1] Reduction of |
i ’i g Crvonie
\ ¢ pee Hemolysi
/ HbS/HDbF I jo .f"‘,"""”*\
" &P .
X
et

Green NS - Poster 1310 — Dec 3 14



From research to new therapeutic options

RBC
dehydration

Free Heme
Free Hb

Adhesive
interactions

Inflammation

Activation
coagulation

Sickle cell disease

Paper N° 317 Kuo KHM Comprehensive
structured transition program with dedicated
navigator reduced lost follow-up and improved
medication adherence ... Transition navigator

Transfer Transition

§ Fatljants that n'lle‘t El 61
criteria for transition ~ | L |
==

Lost to follow-up 9 3
between age 12 and 18 L~ | L~ |
Died prior to transition — ] — [

Lost to follow-up between 5 1

pediatric and adult center L— | L |
. : 4 , A

Transferred or transitioned ag 57

to adult center

Figure 1: Patient flow diagram through the transfer/transition process

Kuo KHM- Paper 317 — Dec 4 15



From research to new therapeutic options
Sickle cell disease

* Hypothesis: hemne
Nitric oxide synthase
h biochemical path e
target the same biochemical pathway L No‘_
as for HU but |
— Not neutropenic, mutagenic, s°'"b'egt’:gé')y' sl te .IMR-687
or teratogenic, and no /\ \(.
_ _ PDE9 |— BAY 73-6691
impact on embryogenesis QIF cGMP > GMP
degradation
* Animal models 1
PKG |— KT5823
* Ongoing trial 1
on healthy volunteers RBa Mg Wi

T v -globin ¢ Cell adhesion

!

¢ Sickling



From research to new therapeutic options
Sickle cell disease

* New treatments for SCD, why? g

— Shorten the course of acute vaso-occlusive events

— Prevention of adverse events related to
vasculopathy

— Improvement of quality of life
* Pain
* Length of hospital stay

17



From research to new therapeutic options
Sickle cell disease

* New targets

O

Hemolysis
o 7o\
Anti-sickling S
agent N
Inflammatory stimuli:
HbS gelation = WBC activation

» Endothelial cell activation
Platelet activation

-
* Proinflammatory
cylokine production

_ Expression and activation
Dehydration of cell adhesion molecules
on endothelial cells,
platelets, and leukocyles

Activation of coagulation

18



From research to new therapeutic options
Sickle cell disease

Anti-sickling drug

Hemoglobin-modifying and anti-sickling agents

Dose-Escalation Study of SCO-101 in Sickle Cell Disease

Safety Study of MP4CO in Adult Sickle Cell Patients

Study of SANGUINATE™ Yersus Hydroxyurea in Sickle Cell Disease (SCD)

Patients

Study of SANCGUINATE™ In the Treatment of Sickle Cell Disease Patients
With Vaso-Occlusive Crisis

A Study of the Efficacy and 5afety of ICA-17043 (With or Without
Hydroxyurea) in Patients With Sickle Cell Anemia.

A Stratified Sickle Event Randoemized Trial (ASSERT)

A 5tudy Evaluating the Long-Term 5afety of ICA-17043 in Sickle Cell
Disease Patients With or Without Hydroxyurea Therapy

A Single Dose Study of the 5afety, BElood Levels and Biological Effects of
Aas-103 Compared with Placebo in Subjects With 5table Sickle Cell
Disease

Evaluation of Different Diose Regimens of Aes-103 Given for 2B Days to
Subjects With Stable Sickle Cell Disease

NCTO2380079
Phase 1

NCTO1356485
Phase 1

NCTO1E48325
Phase 1
NCTOZ411708
Phase 2

NCTOOD40677
Phase 2

NCTOO1 02791

Phasze 3

NCTOD254541
Phase 3
NCTO1597401
Phase 1

NCTO1987308
Phase 2

SCD-100 Ongoing
MP4CO Complete
Sanguinate Complete
Sanguinate Cingoing
Senicapoc (ICA-17043) Complete

Senicapoc (ICA-17043) Terminated (lack

of efficacy)

Senicapoc (ICA-17043) Terminated
Aes-103 Complete

Aes-103 Terminated

Telen MJ - Blood 2016 127:810-819

Invenux; SUMNY-

Diownstate Med Ctr

Sangart
Prolong
Pharmaceuticals

Prolong

Pharmaceuticals

lcagen

lcagen

lcagen

Baxalta U5

Baxalta U5
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From research to new therapeutic options
Sickle cell disease

Anti-sickling drug

Hemoglobin-modifying and anti-sickling agents

Dose-Escalation Study of SCO-101 in Sickle Cell Disease NCTO2380079 SCD-100 Ongoing Invenux; SUMNY-
Fhase | Drownsztate Med Cir

Safety Study of MP4CO in Adult Sickle Cell Patients NCTO1356485 MP4CO Complete Sangart
Phase 1

Study of SANGUINATE™ Yersus Hydroxyurea in Sickle Cell Disease (SCD) NCTO1E48925
Patients Phase 1

Sanguinate Complete Prolong
Pharmaceuticals

Study of SANCGUINATE™ In the Treatment of Sickle Cell Disease Patients NCTOZ411708
With Vaso-Occlusive Crisis Phase 2

Sanguinate Cingoing Prolong
Pharmaceuticals

A Study of the Efficacy and 5afety of ICA-17043 (With or Without NCTOOD40677
Hydroxyurea) in Patients With Sickle Cell Anemia. Phase 2

Senicapoc (ICA-17043) Complete lcagen

A Stratified Sickle Event Randoemized Trial (ASSERT) 0010279 Senicapoc (ICA-17043) Terminated (lack lcagen
Phase 3 of efficacy)

A 5tudy Evaluating the Long-Term 5afety of ICA-17043 in Sickle Cell NCTO0254541 Senicapoc (ICA-17043) Terminated lcagen
Disease Patients With or Without Hydroxyurea Therapy Phase 3

A Single Dose Study of the 5afety, BElood Levels and Biological Effects of NCTO1597401 Aes-103 Complete Baxalta U5
Aas-103 Compared with Placebo in Subjects With 5table Sickle Cell Phase 1
Disease

Evaluation of Different Diose Regimens of Aes-103 Given for 2B Days to NCTO1387308 Aes-103 Terminated Baxalta U5

Subjects With Stable Sickle Cell Disease

Phase 2

Telen MJ - Blood 2016 127:810-819
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From research to new therapeutic options
Sickle cell disease

* Anti-sickling drug @

nemogionin] BOtaANical drug; Mechanism ?
ne:er:c| Phase 1B dose escalation Ongoing ivenux: SUNY-
Primary Outcome Measures: ponmsate Med
= safety, tolerability, and dose limiting e e e
Study of SA tOX|C|t|eS Of escalat'ng dOSGS Sanguinate Complete Prolong
Patients Pharmaceuticals
Study of 54 . Sanguinate Cingoing Prolong
wnv=soof FU:I 6 weeks, frequency and severity Pharmaceutizals
A Study of 1 Of adverse eventS, |ab0rat0ry Senicapoc (CA-170 Complete cagen
Hydroxyurea) .
T assessments as compared to baseline
A Stratified Senicapoc (ICA-170 Terminated (lack cagen
of efficacy
A Study Eva 26 patients: Stable SCD’ Senicapoc (ICA-170 Terminated cagen
Disease Pat .
no HU (6 M), no transfusion (90 days) -
A Single Do . . . Aes-103 Complete Baxalta U5
=103 cont. Results: no significant change in
o haemolysis
Evaluation .. . . . Aes-103 Terminated Baxalta US
suiects wirn| Clinical benefit: pain, fatigue, sleep,
ulcer healing
r 101 Dec 3



From research to new therapeutic options

Sickle cell disease

* New targets

Anti-sickling
agent

=

Adhesive interactions = F
=

.....

Agents
interfering with
RBCs-vascular
adhesion events

l

Reversal of adhesion
mediated VO events

A B Cc
Hemolysis
RBC sickling : : ii
ﬁ nflammatory stimuli:
HbS gelation = WBC activation

» Endothelial cell activation

Blockade of adhesive
mechanisms

* Plalelet activalion
* Proinflammatory
cylokine production
_ * Exprassion and activation
Dehydration of cell adhesion molecules

on endothelial cells,
platelets, and leukocyles

Modulation inflammatory

pathways

Activation of coagulation

De Franceschi L. - SCl 49 — Dec 4

Anti-PLTs
Anti-coagulant
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From research to new therapeutic options
Sickle cell disease

e Reversal of adhesion mediated VO events

Recently completed and ongoing studies targeting adhesion

Study title Climical trials Intervention Status Primary sponsor
#/Phase

Selectin inhibibors

Study of GMI-1070 for the Treatment of Sickle Cell Pain Crisis

o11159E33
Phasa 2 (rivipansel)

Complete GlycoMimetics

Efficacy and 5afety of Rivipansel (GMI-1070) in the Treatment of Vaso-Occlusive Crisis in NCTO2187003 CGMI-T1070 Ongoing Pfizer
Hospitalized Subjects With Sickle Cell Disease -

Study to Aszess Safety and Impact of 5elG1 With or Without Hydroxyurea Therapy in Ongoing Selexys
Sickle Cell Disease Patients With Fain Crizes Fhasa 2

Sevuparin Infusion for the Management of Acute VOC in Subjects With 5CD NCTO2515838 ] Sevuparin Ongoing Dilaforette
B blockers Plasma proteins

> =5 aylh,
——pr FBN = B8 0411 (VLA4)
?

5tudy of Propranclol as Anti-Adhesive Therapy i

Propranclol and Rad Cell Adhesion in Mon-asthr iami
_.”_.’Q CDa4 ), CD44

Other inhibitors of adhesion

e £ L2 (LFAY)
Phase Il Randomized Study of Poloxamer 188 fic \ eutics.
Disease ——> 3 adfl! (VLA4)
Evaluation of Purified Poloxamer 188 in Vaso-O4 . reutics

(EFIC)
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From research to new therapeutic options
Sickle cell disease

e Reversal of adhesion mediated VO events

Fecently completed and ongoing studies targeting adhesion

Study title SelGl/SEG 101 (ananhzumab) cal trials Intervention Status Primary sponsor
Pha
Phase Il SUSTAIN Study .
Selectin inhibito .
TR Primary Outcome Measures:
Study of GMI-1070 f 1 33 CMI-1070 Comple GlycoMimetics
Safety and effect on frequency of rivipanss
ercacy and Ssfey of - Sickle cell-related pain crises 2187003 GMI-1070 Ongaing
ospitalized Subjects W) na rivipanse
Study to Aszess Safed . . 189536 o Ongoing
siekle cail is=zse il DOUble-blind, randomized, placebo- has
Sevuparin Infusion fo Contro”ed' multicenter_ 2 38 Sevuparin Ongoing Dilaforette
13
B blockers
Study of Propranclo 198 patlents 1 rano mple Duke Uni
Propranclol and Rad Results: 47 % redUCtlon (1 y., 5 mg/kg) 123-;2"' rana Ongoing Uniw m
other mbitore oo 10%6 OF More adverse events
mase nenaomized (@rthralgia, diarrhea, pruritus, 0004408 188 | Complete | Mast Therapeutic
vomiting, and chest pain) I -
Evaluation of Purified 1 E14 r 188 Ongoing Mast Therapeutics
-819 24




From research to new therapeutic options

Sickle cell disease

 Reversal of adhesion mediated VO

Fecently completed and ongoing studies targeting adhesion

Study title

Selectin inhibitors

Study of GMI-1070 for the Treatment of Sickle Cell Pain Crisis

Efficacy and Safety of Rivipansel (GMI-1070) in the Treatment of Vaso-Occlusive Crisis in
Hospitalized Subjects With Sickle Cell Disease

Study to Aszess Safety and Impact of 5eIG1 With or Without Hydroxyurea Therapy in
Sickle Cell Disease Patients With Pain Crises

Sevuparin Infusion for the Management of Acute VOC in Subjects With 5CD

B blockers

Study of Propranclol as Anti-Adhesive Therapy in Sickle Cell Disease {SCD)
Fropranclol and Red Cell Adhesion in Mon-asthmatic Children with Sickle Cell Disease

Other imhibitors of adhesion

Phaze Il Randomized 5tudy of Poloxamer 188 for Vaso-Occlusive Crisis of Sickle Cell
Disease

Evaluation of Purified Poloxamer 188 in Vaso-Occlusive Crisis of Sickle Cell Disease
(EPIC)

NCTO1 737614

Clinical trials
#/Phase

MCTO1 115833
Phase 2

MCTO2187003
Phase 3

NCTO1895361
Phase 2

MCTO2515E38
Phase 2

MCTOIO77321
Phase 2
MCTO201 2777
Phase 1

Uo004408
Phase 3

Telen MJ - Blood 2016 127:810-819

Intervention

GMI-1070
(rivipanzel)

GMI-1070
(rivipanzel)

SelGl

Sevuparin

Propranolol

Propranolol

Poloxamer 1

Poloxamer

1BE

events

Status Primary sponsor

Complete GlycoMimetics

Ongoing Pfizer
Ongoing Salexys
Ongoing Dilaforette
Complete Duke Univ.
Ongoing Univ. of Miami

Complate Mast Therapeutics.

CytRx

Ongoing last Therapeutics

25



From research to new therapeutic options
Sickle cell disease

* Based on the knowledge of mechanisms
involved in SCD adverse events

— New treatments will be available

e Future = probably combination of drugs
— HU + new drugs
— Combination of drugs without HU

* One of the major outcome of clinical trials:

improvement of patients’ QoL = ;5 5 3
] f!!“m |

4 ears



From research to new therapeutic options

B-thalassaemia major/intermedia

Impaired «:f globin ratio Figure 2. Pathophysiological mecha-
nisms and clinical complications in non-
transfusion dependent thalassemias.

Red cell pathology

|
v v
Ineffective erythropoiesis Hemolysis ——p
| A
Iron overload < Anemia —¢

| Tissue oxygenation

"""""""""" v ¢

Erythroid marrow expansion

Diabetes mellitus Leg ulcers Bone deformities Hepatosplenomegaly

Growth deficiency Thrombotic events Osteoporosis Extramedullary
Hypothyroidism Pulmonary hematopoietic
Hypoparathyroidism hypertension pseudotumors
Hypogonadism

Hepatic cancer

Renal disease

De Franceschi L. - SCI 49 — Dec 4
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2017 Clinical trials update
New treatments of B-thalassemia

Table 2. Currently Planned, Ongoing, or Recently Completed Clinical Trials of Novel Therapeutics in
[-Thalassemia

Drug Mechanism Route Phase ClinicalTrials.gov Status Institution/Develo
Ruxalitinib JAK inhibition Oral 2 MCTO2049450 Cpen Maovartis Pharmaceutic
(IMC424)
Soatercept Ligand trap Subcutaneous 2 MCTO1749540 Active not Acceleron Pharma,
[ACE-011) recruiting Celgene Corporation
TGF-B participants
superfarmnily
Luspatercept  Ligand trap Subcutaneous 2 MCTO1749540 Active not Acceleron Pharma,
(ACE-338) recruiting Celgene Corporation
TGF-B participants
superfamily
2, MCTOZ268409 Active not
extension recruiting
study participants
3 MCTO2604433 Open

American Journal of Hematology
Volume 91, Issue 11, pages 1135-1145, 20 OCT 2016 DOI: 10.1002/ajh.24530
http://onlinelibrary.wiley.com/doi/10.1002/ajh.24530/full#ajh24530-fig-0001



http://onlinelibrary.wiley.com/doi/10.1002/ajh.v91.11/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/ajh.24530/full#ajh24530-fig-0001

From research to new therapeutic options
B-thalassaemia major/intermedia

a Erythroid progenitors
Luspatercept (ACE-536) — w
o . \ &% - %) Gori1  Red blgells
Phase 2 clinical trial 1 AN —— oy
. . f . ex Iecég::ﬂ(;ells
Efficacy endpoints T””;”'a/ . e——
— THb>1.0; 1.5 g/dL L o
-thalassemia otarcept
— Transfusion reduction: > 20%; > 50% T g;,;é;;
. ~ £ o GDF11 %
Other endpoints e @@%ﬁ—iﬂ?ﬁf%Qg

—_ Safety THyonia/—y
— Liver iron (MRI) e

— Health-related QoL i——

Erythropoiesis

Piga A. Luspatercept Phase 2 clinical trial 29



From research to new therapeutic options
B-thalassaemia major/intermedia

Luspatercept (ACE-536) " i el T
. e . @@ ( ;”a aDryy  Red blood cells
Phase 2 clinical trial — adults (TD/NTD) ?S:f,l_,»@
Base study 3 M (n= 64) P )
. f ‘ Inefficient erythropoiesis
Extension study 5 years (n= 51) s
prinelassem i%é};%‘g Red blogells
b
, © o o GDF1 %Q@ N
Results (n= 64) %H@L%‘@z"
— Safe, well tolerated (Bone pain 30%; THyonia epreizijg/ef -
myalgia 17%) Anjmia

- NTD patients : sustained Hb T, d liver iron, T QoL
TD patients: sustained { transfusions, { liver iron

B-thalassemia

Erythropoiesis

Phase 3 study ongoing (NCT 02604433)

Piga A. Luspatercept Phase 2 clinical trial 30
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Gene therapy for B-thalassaemia:
from the bench to beside

Hematology 2010, Education program book Dec 4-7, 2010: 445-

Table 1. Com

isons of different 8- or y-globin vectors studied successfully in mouse and human models of B-thalassemia

Da32p-Y

mLARPAY
e~

BG-I

T10

HS40-11

ﬁ.’hT’ﬂ?G
globin

y-globin

y-globin

B-globin

fi-glabin

y-glokin

frglobin

HS2-H53-
Hs4

HS2-HS3-
HE4

Extended
HS2-H53~
HS4
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intermedia mice and rescue of
lethality in thalassemia major mouse
madel (Ref 25, 28)

Comrection of anemia in thalassemia
intermedia mice (Ref 27). High level
exprassion of an antisickling {7
globin in human erythroid cells
derived from cord blood progenitors
and integration of vector near
potential oncogenes (Ref 48)
Correction of anemia in thalassemia
intermedia mice (Ref 28)

Correction of anemia in thalassemia
intermedia mice
(Ref 30)

Correction of hurnan thatassemia
major phenotype in vitro and in
irmmune deficient mice. (Ref 32)
Redueed position effects and uniform
expression (Ref 34),

Identification of minimal regions of
cHS4 necessary for optimal
insulation (Raf 33)

Corraction of anemia in thalassemis
Iintermedia mice with lower vector
copies (Ref 31}

Partial comrection of mouse i-
thalassemia intermedia with high
transduction levels. (Ref 18 )
Correction of B-thalassemia major by
gane transfer in murine {Ref 29) and
human thalassernia hematopoietic
progenitors (Ref 42).

LV vector has high titers and f-globin
expression comparable to that seen
by other groups despite lack of H54.

ctors  Trans- E Key Findings Key problems and
gene enhance possible solutions
B-globin  HS2-HS3- Correction of anemia in thalassemia  Variable human B-glabin

aexpression in thalassemia
major mice-Indicates need
far chromatin insulators
Multiple copies ara
required for correction,
gene expression
surrounding the
integration sites were not
analyzed

Variable phenotypic
Improverment in
thalassemia intermadia
mice due to chromosomal
position effects

Improved v-globin
expression and reduced
position effacts

Low viral titers with full-
length eHS4 insulator,
Identification of regions of
cHS4 that impart optimal
Insulation and have
minimal effect on vector
titers.

y-globin expression
insufficient for correction
of thalassemia major
High vector copies are
required for correction of
thalassemia major mouse
medal,

Status of clinical trials denoted by asterisks: *US trial planned using this vector or with minor modifications; *clinical trial engoing in France; ***clinical trial planned in Europe



Open B-thal gene therapy trials

Transgene Country
LV vector

BAT870_g|obin France Bluebird Bio  Jul 2013 3BE/B°- 1 B*/B* -
BB305 transfusion independent

BA-T870_g|obin USA, Thailand,  Bluebird Bio Aug 2013 18 Pts treated

BB305 Australia 8 B°/B° non transfusion
indep., 60% decreased
transf. Vol.

B-globin USA MSKCC Jul 2012 4 patients treated

TNS9.3.55 Decrease in transf.

Requirement =1

B-globin Italy Telethon May 2015
GLOBE Foundation
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B-globin GLOBE gene therapy

2005: Development B-globin LVs

2010: Correction of Thal. Patients’
cells

2012: Mapping splice sites;
exploring new HSC source in
thal. Patients

Committee
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B-globin GLOBE gene therapy

e 7 patients presented
— 4 <18 years
— 26 to 460 days post gene therapy
— All alive and well
— Early haematological engrafment
— Primary endpoits of safety achieved

— 3 patients evaluable after 6-12 months post GT
» 3/3 significant transfusion reduction and improved QoL
* Discontinuation of chelation therapy

— 4 pediatric patients with preliminary efficacy



Strategies for gene therapy for SCD

Gene
Correction
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HbF
Induction

Gene ’ -
Addition BCL11A Enhancer

1311

M—-B0—0-0-

Pre-clin.ical: _ . Plenary session - Blobel GA
Humanized SCD mice (9% y-globin Forced chromatin looping raises fetal
Rhesus Macaques hemoglobin in adult sickle cells to higher levels

than pharmacologic inducers

Blood 2016 128:1139-1143
Megan D. Hoban et al. Blood 2016;127:839-848



Open SCD gene therapy trials

Modified from Negre O. et al Hum. Gene Ther 2016

Transgene Country
LV vector

BAT870_g|obin France Bluebird Bio  Jul 2013 Ongoing: 5-37 years

BB305 1 patient treated
47% BT87Q-globin
Clinical benefit

BA-T870_g|obin USA Bluebird Bio Aug 2014 7 Pts treated
BB305 0.1-1.2 HbATB/Qg/dL
BAS3-globin USA UCLA Jul 2014 Open (adults):
BAS3-FB 2 patient treated
Y-globin USA Children’s Jul 2014 Open (adults):
sG-bG Hospital Recruting

Med. Center

. . . 37
Cincinnati



Agenda .2,

Diagnosis

From research to new therapeutic options
Gene therapy: where are we?

Share of experiences, innovation



Global perspective of SCD
Neonatal screening
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MNovel diagnostic testing methods

AMPS

Paper-based
Sickle test

Sickle SCAN

HemeChip

Density based
1est o
separate Hb in
different
density fluids

Microfluidic
assessment

Lateral flow
assay

Micro-
elecrophoresis
assay

Lower-ressources areas

Identifies Hb
5 and Hb A

Identifies Hb
S5 and A and
Cand
company

has a
separate test
that can
identify Hb F

Distinguishes
Hb A,
Hb5,Hb C

Distinguishes
Hb F,

5,C A, and
D

Inexpensive, done
&t
the point of care

Inexpensive, done
at

the point of care,
reliable

diagnosis of
HbSS disease,
easily performed
by

non-skilled
personnel

Reliably
identifies HbA,,
HbS, and HbC,
easily performed
by non-skilled
personnel, easily
interpreted, rapid
test

at the point of
care

Reliable, able to
distinguish most
types

of sickle cell
disease including
compound
heterozygotes

Interpretation is more
difficult, Less reliable
results, difficult to
distinguish HbSC
disease

Requires a scanner for
final results, can be
difficult to distinguish
HBbAS (trait) from
HBbS3C, test could be
altered in different
humidities

More expensive than
the ather point of care
tests above. Does not
identify hemoglobin
F. Limit of detection
of Hb Als 2%

Requires a skilled
interpretation, web-
based image
processing application
for automated results

Hoppe CC Dec 5
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Access to diagnosis: POCT for SCD
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Lower-ressources areas -Access to treatments
Drone delivery systems for blood products

The Future of Healthcare
is Out for Delivery

v

Zipline automates deliveries of medicine B

2 H_ubprcpar:sp-dnwnd

4 Zip notifies recipient and
dispatches a Zip drops off package

Rinaudo K. Dec 5
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ASH — Red blood cells disorders
Take home messages

* Diagnosis and treatments
— From the bench to the patient’s bed
— From research to QoL

e Share of knowledge and technological
innovations to explore answers to challenges
in lower-ressources areas



BEST of ASH...
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