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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

– Iron

• From long duration oral to single-dose IV iron
administration
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Agenda

• Diagnosis

• From research to new therapeutic options

• Gene therapy: where are we?

• Share of experiences, innovation
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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 Engl J Med 2017; 376:83-85January 5, 2017DOI: 
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.
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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

 Efforts to explain « unexplained » anemia: possibility of MDS?

Panel of 98 genes/ exons focused on haematologic malignancies
ABL e2-e10

BCOR e2-e15

CALR e9

CSF1R e22

CUX1 e1-e21

…

5CHIP – Clonal haematopoiesis of Intermediate Potential



Diagnosis

• Hereditary haemolytic anaemia
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Membrane
Cytosqueletal

defects

Enzymopathies

Haemoglobinopathies
Acetylcholinesterase
Adenosine deaminase
Adenylate kinase
Aldolase
-Glutamylcysteine synthetase
Glucose phosphate isomerase
Glucose-6-phosphate 
dehydrogenase
Gluthathione reductase
Glutathione synthetase
Hexokinase
Phosphofructokinase
Phosphoglycerate kinase
Pyrimidine-5’-nucleotidase
Pyruvate kinase
Triosephosphate isomerase



Diagnosis

• Hereditary haemolytic anaemia

– Phenotype (Clinical, laboratory tests, …)

– Genotype: focus on one gene or even one exon
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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 Br J 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.

8

https://www.ncbi.nlm.nih.gov/pubmed/27292444
https://www.ncbi.nlm.nih.gov/pubmed/27427187


Diagnosis

• Unexplained or 

doubtful diagnosis

haemolytic 

anaemia?

 A panel 

of 28 genes 

or more
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Agenda

• Diagnosis

• From research to new therapeutic options

• Gene therapy: where are we?

• Share of innovation
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From research to new therapeutic options
Sickle cell disease

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

Green NS - Poster 1310 – Dec 3 14

RBC 
dehydration

Free Heme
Free Hb

Adhesive
interactions

Inflammation

Activation
coagulation

Hydroxyurea

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, …



From research to new therapeutic options
Sickle cell disease

Kuo KHM- Paper 317 – Dec 4 15

RBC 
dehydration

Free Heme
Free Hb

Adhesive
interactions

Inflammation

Activation
coagulation

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



From research to new therapeutic options
Sickle cell disease

• Hypothesis: 

target the same biochemical pathway 

as for HU but
– Not neutropenic, mutagenic, 

or teratogenic, and no 

impact on embryogenesis

• Animal models

• Ongoing trial 

on healthy volunteers

Paper N° 268 Mc Arthur JG (Imara Inc) 16

IMR-687



From research to new therapeutic options
Sickle cell disease

• New treatments for SCD, why?

– 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

• …
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From research to new therapeutic options
Sickle cell disease

• New targets

18

Anti-sickling
agent



From research to new therapeutic options
Sickle cell disease

• Anti-sickling drug

Telen MJ - Blood 2016 127:810-819 19



From research to new therapeutic options
Sickle cell disease

• Anti-sickling drug

Telen MJ - Blood 2016 127:810-819 20



From research to new therapeutic options
Sickle cell disease

• Anti-sickling drug

Gillette PN - Poster 101 Dec 3 21

Botanical drug; Mechanism ?
Phase 1B dose escalation
Primary Outcome Measures: 
Safety, tolerability, and dose limiting 
toxicities of escalating doses 

FU: 6 weeks, frequency and severity 
of adverse events, laboratory 
assessments as compared to baseline

26 patients: stable SCD, 
no HU (6 M), no transfusion (90 days)
Results: no significant change in 
haemolysis
Clinical benefit: pain, fatigue, sleep, 
ulcer healing
…



From research to new therapeutic options
Sickle cell disease

• New targets

De Franceschi L.  - SCI 49 – Dec 4 22

Anti-sickling
agent

Agents 
interfering with
RBCs-vascular

adhesion events

Reversal of adhesion
mediated VO events

Blockade of adhesive
mechanisms

Modulation inflammatory
pathways

Anti-PLTs
Anti-coagulant



From research to new therapeutic options
Sickle cell disease

• Reversal of adhesion mediated VO events

Telen MJ - Blood 2016 127:810-819 23



From research to new therapeutic options
Sickle cell disease

• Reversal of adhesion mediated VO events

Telen MJ - Blood 2016 127:810-819 24

SelG1/SEG101 (Crizanlizumab)
Phase II SUSTAIN Study
Primary Outcome Measures: 
Safety and effect on frequency of 
sickle cell-related pain crises

Double-blind, randomized, placebo-
controlled, multicenter.

198 patients

Results: 47 % reduction (1 y.; 5 mg/kg)
10% or more adverse events 
(arthralgia, diarrhea, pruritus, 
vomiting, and chest pain)
Ataga KI Plenary session 4 déc 
Paper N° 0001
N Engl J Med. 2016 Dec 3.



From research to new therapeutic options
Sickle cell disease

• Reversal of adhesion mediated VO events

Telen MJ - Blood 2016 127:810-819 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

• 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

De Franceschi L.  - SCI 49 – Dec 4
26



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

De Franceschi L.  - SCI 49 – Dec 4
27



2017 Clinical trials update
New treatments of β‐thalassemia

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

• Luspatercept (ACE-536)

• Phase 2 clinical trial

• Efficacy endpoints

– Hb ≥ 1.0; 1.5 g/dL

– Transfusion reduction: ≥ 20%; ≥ 50%

• Other endpoints
– Safety

– Liver iron (MRI)

– Health-related QoL

Piga A. Luspatercept Phase 2 clinical trial 29



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

• Luspatercept (ACE-536)

• Phase 2 clinical trial – adults (TD/NTD)

• Base study 3 M (n= 64)

• Extension study 5 years (n= 51)

• Results (n= 64)
– Safe, well tolerated (Bone pain 30%; 

myalgia 17%)

- NTD patients : sustained Hb ,  liver iron,  QoL

- TD patients: sustained  transfusions,  liver iron

 Phase 3 study ongoing (NCT 02604433)

Piga A. Luspatercept Phase 2 clinical trial 30



Agenda

• Diagnosis

• From research to new therapeutic options

• Gene therapy: where are we?

• Share of innovation
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Gene therapy for b-thalassaemia: 
from the bench to beside

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



Open b-thal gene therapy trials

Transgene
LV vector

Country Sponsor Start time Results

βA-T870-globin
BB305

France Bluebird Bio Jul 2013 3βE/β°- 1 β+/β+ -
transfusion independent

βA-T870-globin
BB305

USA, Thailand, 
Australia

Bluebird Bio Aug 2013 18 Pts treated
8 β°/β° non transfusion 
indep., 60% decreased 
transf. Vol.

β-globin
TNS9.3.55

USA MSKCC Jul 2012 4 patients treated
Decrease in transf.
Requirement = 1

β-globin
GLOBE

Italy Telethon
Foundation

May 2015
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β-globin GLOBE gene therapy
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2005: Development β-globin LVs

2008:        

2010: Correction of Thal. Patients’ 
cells

2012: Mapping splice sites; 
exploring new HSC source in 

thal. Patients

2014: 
Protocol, 

Ethical 
Committee



β-globin GLOBE gene therapy

• 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
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Strategies for gene therapy for SCD

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

Plenary session - Blobel GA
Forced chromatin looping raises fetal 
hemoglobin in adult sickle cells to higher levels 
than pharmacologic inducers
Blood 2016 128:1139-1143

Pre-clinical:
Humanized SCD mice (9% γ-globin
Rhesus Macaques



Open SCD gene therapy trials
Modified from Negre O. et al Hum. Gene Ther 2016

Transgene
LV vector

Country Sponsor Start time Results

βA-T870-globin
BB305

France Bluebird Bio Jul 2013 Ongoing: 5-37 years
1 patient treated
47% βT87Q-globin
Clinical benefit

βA-T870-globin
BB305

USA Bluebird Bio Aug 2014 7 Pts treated
0.1 – 1.2 HbATB/Q g/dL

βAS3-globin
βAS3-FB

USA UCLA Jul 2014 Open (adults):
2 patient treated

Υ-globin
sG-bG

USA Children’s 
Hospital 
Med. Center
Cincinnati

Jul 2014 Open (adults):
Recruting
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• Diagnosis

• From research to new therapeutic options

• Gene therapy: where are we?

• Share of experiences, innovation
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Global perspective of SCD
Neonatal screening
Blood 2010 115:3447-3452

Frempong O. - Plenary session Dec 39



Lower-ressources areas
Access to diagnosis: POCT for SCD

Hoppe CC Dec 5 40



Lower-ressources areas -Access to treatments
Drone delivery systems for blood products

Rinaudo K. Dec 5 41



ASH – Red blood cells disorders
Take home messages

• Diagnosis and treatments 

– From the bench to the patient’s bed

– From research to QoL

• Share of knowledge and technological 
innovations to explore answers to challenges 
in lower-ressources areas
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BEST of ASH…
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