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LV-based gene addition 

therapies
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Clinical trials for β-

hemoglobinopathies (LV)
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LV-based gene addition 

therapies
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Biological and Clinical Efficacy of 

Lentiglobin for Sickle Cell Disease

J. Kanter et al. 2022 NEJM

Median FU 17 months
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Changes in the Rate of vaso-

occlusive events before and after 

LentiGlobin infusion

J. Kanter et al. 2022 NEJM
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Sickle cell disease

Gene addition

Phase I/II + Phase III Gene trials

• No information available on the follow-up of patients with vascular problems / stroke and 

priapism: stop of progression

• Heterozygote after gene therapy is not a true carrier

• Some concerns on safety issues due the diseased bone marrow
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Silencing HbS synthesis is crucial 

for the efficacy of gene therapy

• The natural history of SCD
indicates that the risk of
sickling is reduced when the
amount of HbS per cell is
<40%

• The experience of allogeneic
HSC transplantation indicates
that SCD is corrected when the
proportion of S-cells in the
circulation is <30-40%

• The target of gene therapy is
therefore to reduce the
proportion of HbS to <40% of
total Hb in >60-70% of the
circulating erythrocytes

Vector encoding 

an anti-sickling 

globin 

Moderate 

efficacy

Vector coding the anti-

sickling AS3 globin + anti-

HbS miR

High efficacy

2 βS genes

1 βA transgene

2 βS genes

1 βA transgene 

+ 1 anti-βS miR

Low risk of sickling

HbA

S Hb

S

HbS

HbAS3

High risk of sickling
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GLOBE-AS3 with miRNA anti-HbS

Transcription and splicing of 

the bifunctional mRNA

Exon3 Exon1Exon2βAS3

miR7m

a

bAS3bAS3

a

Therapeutic

HbAS3

Exon3 Exon1Exon2

Endogenous βS-globin mRNA

a

bSbS

a
HbS

Patented approach: 
PCT/EP2021/075887

βAS3-LV

(DREPAGLOBE) 
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Nuclease mediated strategy for  

γ-globin reactivation

genetically 

modified HSCs

HSCs

HSCs RBCs

genetically 

modified HSCs

HSCs

Patient

g-globin reactivation

KO of the g-globin repressor BCL11A

Canver, Nature, 2015

HDR

NHE

J

Quiescent HSCs

Pros: efficient in HSCs 

no need for corrective dDNA

Cons: DSB-induced toxicity



Baseline Demographics and Clinical 

Characteristics of the 31 Patients With  SCD Infused 

With Exa-cel

Data cut-off February 2022
SCD, sickle cell disease; VOC, vaso-occlusive crisis.
a Annualized rate during the 2 years before signing of the informed consent form or the latest rescreening.

Exa-cel (SCD)  

n = 31

Sex, n (%)

Male 16 (51.6)

Female 15 (48.4)

Genotype, n (%)

βS/βS 29 (93.5)

βS/β0 2 (6.5)

Age at baseline, years, mean (min, max) 22.5 (12, 34)

Historical VOC episodes per year,a  mean (min, max) 3.9 (2.0, 9.5)



HbF (%) HbA (%) HbE (%) HbA2 (%) Hb other (%)aHbS (%)

Data cut-off February 2022
BL, baseline; Hb, hemoglobin; HbA, adult hemoglobin; HbA2, hemoglobin alpha 2; HbE, hemoglobin E; HbF, fetal hemoglobin; HbS, sickle hemoglobin; SCD, sickle cell disease.
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Bars show mean Hb (g/dL). Labels indicate mean proportion of HbS and HbF as a percentage of total Hb. Mean total Hb concentrations are shown directly above bars.
a Hb adducts and other variants.

Months After Exa-cel Infusion

Patients With SCD Had Clinically Meaningful Increases in HbF (>20%)

that

Occurred Early and Were Sustained Over Time



All Patients With SCD Treated With Exa-cel Were VOC-Free

• Time (months) since exa-cel
infusion is indicated by the dark bar

• 31 of 31 patients were VOC-free 
after exa-cel infusion (duration  
from 2.0 to 32.3 months)
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Data cut-off February 2022
Each row in the figure on the right represents an individual patient.
aPre-study severe VOCs annualized over 2 years; bPatients are evaluated for elimination of VOCs starting 60 days after their last transfusion.

Time (months) not experiencing VOCs

Time (months)of post-transplantRBC transfusion support 60 days post last RBC transfusionb

RBC, red blood cell; SCD, sickle cell disease; VOC, vaso-occlusive crisis.
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DSB-induced toxicity: 

the main drawback of nuclease-based 

approaches  
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Base editing
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Hereditary persistence of fetal hemoglobin (HPFH)

HbF

HbF accounting for 10 to 40% of total Hb

αα

g g



• Lentivirus vector approach is safe and efficient approach in the correction
of inherited disorders, but further effort is necessary to improve the
access of the patients and substantially decrease the cost

• HDR-based gene correction, as opposed to gene addition, may not only
restore the function but also the physiological expression of the gene.
However, HDR has a low efficiency in hematopoietic stem cells and
presents important side effects . Further improvements are needed in
HSC

• Base editing is very efficient in hematopoietic stem cells, with lower
detection of off-target or immune response

• Costs: non-viral delivery costs might be lower than LV

Genome editing vs LV gene addition 

therapy of hematopoietic disorders
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