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(R)evolution in the knowledge and
management of Sickle Cell Disease
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Introduction: autosomal recessive disorder
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Most prevalent hemoglobinopathy worldwide

Births with
sickle cell anaemia
per 100,000 births
(2015)
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m 1-25
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H 1,001-1,659
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Kato et al., Nature Reviews 2018

b
Belgium:
one of the most frequently inherited diseases:
1/2,329 newborns Ketelslegers et al., BJH 2015
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Symptoms occur from the age of 6 months

Total globin synthesis (%)

18

Postconceptual age (weeks) Birth Postnatal age (weeks)

Yolk sac Site of erythropoiesis

Liver Bone marrow
(7 % .
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Fatal in childhood > chronic in adulthood

(Neurocognitive dysfunction) (Retinopathy )
O Acute
Meningitis Post-hyphema glaucoma complications
Stroke Retinal infarction O Chronic

complications

(Pulmonary hypertension )

(lndirect hyperbilirubinaemia)
( Sickle hepatopathy)

Albuminuria
Isosthenuria

(
Acute chest syndrome
\Acute pain event

" .
Cardiomegaly
L Diastolic heart failure

Substantial kidney injury

[

NN

(Papillary necrosis

N

Delayed puberty |
Erectile dysfunction |

| Priapism yl/

(Avascular necrosis

L of pregnancy

Anaemia
L Leukocytosis

Septicaemia

( Functional asplenia )

: "“\ Splenic infarction

Splenic sequestration
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Complications
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Bone marrow infarction
Osteomyelitis

Kato et al., Nature Reviews 2018
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Pathophysiology is multifactorial and complex

Vasoocclusion and
acute chest syndrome

Endotheli_aj cells
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Platelet activation
Interactions with adhesive platelets,
Haptoglobin neutrophils, and sickle erythrocytes lumen
CD163 T
ATP, ADP Fenton reaction
Ho ; Hemopexin Activation of platelets, neutrophils and endothelium
4 ( @ @ Hemoxygenase-1 (VCAM, ICAM, selectins)
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TLR4 ligands
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\ @ PIGF (HMGB1, LPS) Inflammasome response
Dioxygenation ET-1 (IL-1B, IL-6, CRP, SAA)
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Endothelial dysfunction
Platelet activation -&---=---=-----

Arginase 1

L-Arg — Orn

- -

eNO Pulmonary hypertension £ ?%%
—t | 9 — » 9 —_ ___— | %

Osunkwo et al., Ther Adv Hematol 2020



Heterogeneous spectrum of phenotypes

Viscosity-Vaso-occlusion
Erythrocyte Sickiing

Hemoglobin level

VVaso-occlusive pain crisis

Acute chest syndrome

Serum LDH Osteonecrosis

Reticulocyte count
Plasma Hb andiarginase

Pulmenary/ HIN, Priapism, Leg ulcers
Stroke?

Hemolysis-Endotheliall Dysfunction
Proliferative Vascuiopaiiy
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Disease-modifying therapies
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Current standard-of-care: hydroxyurea or chronic
(exchange) transfusions
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New disease-modifying therapies on the way

Adhesion

Crizanlizumab

Adhesion
Rivipanse

J Sickle Cell P Neutrophil

Platelet @ kT

Oxidative stress

L-glutamine

# Oxidative Injury -
Platelet activation

'|' E-Selectin 4 Prasugrel

® 1

Voxelotor - Inflammation

Regadenoson

Osunkwo et al., Ther Adv Hematol 2020



L-glutamine: antioxidant

multicenter, randomized, placebo-controlled, double-blind, phase 3 trial: oral L-glutamine
(0.3 mg/kg; 2x/day)

5

156/230 patients (5 - 58 years); HbSS / HbSB°thal; 8 4] mensity rateraio, 075 Placebo
2/3 on concomitant HU E
% 3
: : T 2 ,
fewer pain crises; fewer hospitalizations 2 -Glutamine
5 2
£
S
low-grade nausea, non-cardiac chest pain, fatigue, g 1
musculoskeletal pain
’ 0 10 20 30 40 50 f ég
Week N

Niihara et al., NEJM 2018



Voxelotor: stabilizator of oxygenated HbS state

multicenter, randomized, placebo-controlled, double-blind, phase 3 trial: oral voxelotor
(1500 mg or 900 mg daily vs placebo) for 72 weeks

274 patients (12 - 65 years); all genotypes; 2/3 on concomitant HU
@ 72 weeks: increased hemoglobin; decreased bilirubin and reticulocytes

no difference in adverse events between groups; most not related
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Voxelotor: stabilizator of oxygenated HbS state

20— — Voxelotor1500mg  —&— Voxelotor 900mg  —e— Placebo

AUTHORISED

This medicine is authorised for use
in the European Union.

Adjusted meanchange in
haemoglobin concentration from baseline {g/dL)

R N B 1 1 T T T T T T 1
0 4 B8 12 16 20 24 28 32 36 40 44 48 L2 L6 60 64 68 72 g

Weeks W/

Howard et al., Lancet Haematol 2021



Crizanlizumab: humanized, anti-P-selectin

monoclonal antibody

randomized, placebo-controlled, double-blind, phase 2 trial: IV crizanlizumab (5 mg/kg or
2.5 mg/kg monthly)

90 Placebo

100 —— Crizanlizumab 5 mg/kg
80 T‘L:

198 patients (16 - 65 years); all genc
40% on concomitant HU AUTHORISED

This medicine is authorised for use

v
in the European Union. ‘I_l—l_l_l_‘
more patients VOC-free and fewer pain crises ﬂ

irrespective of prior severity, genotype, HU use o—_
0 1 2 3 4 5 6 7 8 9 10 11 12 13
Time (months)

Number of subjects at risk

. . 25 17 12 10 9 8 7 6 4 3 3 3 1 0

rates of adverse events similar between groups 24 13 8 6 3 1 1 1 1 1 1 1 1 0
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Curative therapies
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Transplantation: MSD
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Haplo-identical stem cell transplantation + PTCY

n=17 (14 haplo; 3 MSD)
median age 30 years (15 - 46)

OS 100% (median FU 24 mths)
no GVHD

viral reactivation: n=4 (24%)

graft failure (43%) is main problem

Bolaefios-Meade et al., Blood 2012

Donor BM harvest

Filgrastim 10 ng/kg/d
DONOR 94*%94 A A
Rx
Cy 14.5 mg/kg/day 2002y MMF 15 mg/kg po fid

Tacrolimus or Sirolimus

0
S———

BMT ;5mg?kg_2 } }

Day -9 -8 I -6 -5 -4 -3 2 -1 0 10 20 30 407 365

et Fludarabine 30 mg/m2/day leclophOSPhamide
globuit (K1G) 0 mkgray

Marrow infusion
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Haplo-identical stem cell transplantation + TT + PTCY

n=15 (a“ HbSS) Donor BM harvest
] — Filgrai.tim A 0 M%kg/d* A A
median age 20 years (12 - 26) o
Cy 14.5 mg/kg/day 203%'(33, Wﬁd
0S 100% (median FU 13 mths) o %ngig 2+ v . F ¥ eemeoSoms,
Day -9 -8 -7 -? -? —? -; —? -1 0 10 20 30 40~ 365
. —_ (0]
aGVHD II-IV: n=3 (ZOA)) Af;T_f Fludarabine 30 mg/m2/day lcy%lgphoiph:mide
nti-thymocyte mg/kg/da
cGVHD moderate: n=1 (7%) globuin (A7) T mIreEA
‘I Marrow infusion
: e 0
viral reactivation: n=9 (60%) TR

graft failure: 7% (n=1 @ D+31)
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Haplo-identical stem cell transplantation + a3/CD19

T-cell depletion

38 pts transplanted for advanced stage SCD-related complications

* bone marrow from an MSD : n=13

* peripheral blood stem cells from a haploidentical donor: n=25

conditioning regimen: thiotepa (2x5mg/kg), fludarabine (4x40mg/m?),

treosulfan (3x14g/m?) and ATG (3x15mg/kg)

GVHD prophylaxis: CSA or Tacrolimus and MMF
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Haplo-identical stem cell transplantation + a3/CD19

T-cell depletion

T-haplo (n=25) MSD (n=13)
median age (range) 13 yrs (3-31) 11 yrs (5-36)
median FU 22 months 19 months
OS n (%) 22/25 (88%) 13/13 (100%)
aGVHD I-1l 7/25 (28%) 3/13 (23%)
aGVHD IlI-1V 0% 0%

cGVHD mild-to-moderate

viral reactivation

mortality

n=4 (16%)

n=13 (52%)
n=3 (12%)

CMV pneumonitis (n=1)
MAS (n=1)
graft failure D+200 (n=1)

n=2 (15%)

n=6 (46%)
0%
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Haplo-identical stem cell transplantation + a3/CD19

T-cell depletion

Haplo-HSCT MSD
v \

ATG Thiotepa 2 x S mg/kg ATG

Conditioning (Fresenius) Fludarabine 4 x 40 mg/m2 (Fresenius)
3x 15mg/kg Treosulfan 3 x 14 g/m2 3 x 10 mg/kg
Supportive therapy Identical
a,p/CD19 Bone

sStem cell source depleted __Marrow

Tacrolimus/MMF I chimerism Tacrolimus/MMF
lmmﬂwm > 6 months s u'!ugfgd , < 6 months

Assessmentof GvHD: Biopsy driven with pathological reference
review and panel based decision (liver, skin, gut)

Follow-up 2 years
Starting with omission of immunosuppressive therapy
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Gene therapy

Lentivirus packaging
mRNA electroporation

gene ed|t|ng 7/ Gene modification
/
/
I/
I
I
I
|
I
* harvest suboptimal @
: HSC
* plerixafor (enriched CD34+ cells)
>

Lidonnici et al. Blood Cells,
Molecules and Diseases 2018

gene correction ©@@© -
gene addition ®e @

7

£
Ex-vivo expansion of
corrected HSCs
\
\
\
.(. @®
®e #
Ne ®
Autograft after
myeloablative

chemotherapy or /
biological / °
conditioning /

Toxic conditioning regimen
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Gene addition: lentivirus with anti-sickling B-globin

variant, T87Q

48% of Hb is HbAT®7

28% of Hb is HbAT8"C

HbA™®"? concentration (g L™
N
S
|

— SCD-1
— o ' T87Q
20 9% of Hb is HbA  ecDo
— SCD-3
O I I I I I I | I I I
0 6 12 18 24 30 36 42 48 54 60 Uz f@
Months after LentiGlobin infusion - |LEUVEN |¥

Ribeil et al. N Eng J Med 2017
Magrin et al. Nature Medicine 2022



Gene addition: lentivirus with anti-sickling B-globin

variant, T87Q

C Hemoglobin Fractions
B All Vaso-Occlusive Event:
Nontrans- M HbAT¥’Q m HbF M HbA, ™ HbS M HbA (transfused) Se] ::o SRS —_—
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No. of Patients 22 35 30 23 25 19 14 12 12 6 2 Median Annualized Rate for All Vaso-Occlusive Events (range)
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Gene editing: CRISPR-Cas9 at erythroid-specific

enhancer region of BCL11A

CTX001
B HbF B HbS EHbA B HbAZ [ Hb, other ' infusion
CTX001 infusion Screening
144 : - o 0 e seeee
| 12.0
E 12_ i 103 L ] L ] e o0
E 104 i Before;sScrerening On-study/ Follow-up period after
2 | s pre-CTX001  CTX001 infusion
o 8- : 7.2 mo 16.6 mo
X |
T 6 |
= | 19 erays
o | 1
= 4] A _ @@
f i 50693 1o
T 7 i 2.0 mo after
0 | CTX001 infusion
B
Months after CTX001 Infusion ,f’ Uz fé’”
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Frangoul et al., N Eng J Med 2021



Gene editing: CRISPR-Cas9 at HBG1 and/or HBG2

A Hemoglobin Fractionation and Percentage of F Cells
W HbF W HbS EH
Participant 1

Total Hemoglobin (g/dl)

& 1 2 3 4 5 6 7 8 9 10 12 15 18
Months since OTQ923 Infusion

bA

-100

~75

-50

HbA2 M Other hemoglobin
Participant 2

—e— F cells

13-
12
11=
10+
94
8-
7

Participant 3

~100

~75

~50

b 13 45 6
&
‘_}}0?’ Months since OTQ923 Infusion

F Cells (%)

Sharma et al., N Eng J Med 2023
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Take home messages

* Pathophysiology of sickle cell disease includes much more
than hemolysis and vaso-occlusion alone

* New disease-modifying therapies are being studied, none
are (yet) available in Belgium

 Changes in the field of HSCT and advances in the success of

gene therapy hold promise for a cure
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