Aggiomamento su diagnosi e terapia delle
emoglobinopatie

La drepanocitosi oggi

Dr Vincenzo VOI

SSD Centro Microcitemie e malattie rare ematologiche.

Dipartimento di Scienze Cliniche e Biologiche. Universita di
Torino.

AOU San Luigi Gonzaga. Orbassano (TO)



Obiettivi

delle varie forme di drepanocitosi
(Sickle Cell Disease, SCD)

Quali sono le ragioni per cui oggi si
parla di prevenzione in SCD

Quali sono le per cui oggi e
in discussione la prevenzione

Quali sono le



Entita del fenomeno

Incidenza
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Prevalenza SCD in Piemonte (2023)

Prevalenza SCD in Europa / Italia (2023)

Seriel HbA (%) HbS(%) HbC(%) HbF(%) HbA,(%) Clinical Prevalence
126 Course (%)*
Normal 95-98% 0 0 <1% <3.5%
Trait conditions
2 Sickle trait HbAS 55-65%  30-40% 0 <1% <3-5%  Benign 1-8%
Haemoglobin C trait 05-65% 0 30-40% <1% <3.5% Benign 1-3%
B-thalassaemia trait 90-95% 0 0 1-3% >3-5% Benign 1-2%
Disease conditions
Sickle cell anaemia 0 80-95% 0 0-15%  <3.5% Severe 50-60%
Sickle-C disease 0 5O-55%  40-45% <3% <3.5% Moderate 25-30%
S/B° thalassaemia 0 80-90% 0 5-15% =3.5% Severe 1-3%
S/P* thalassaemiat 10-25%  70-80% 0 <3% >3-5%  Mild 5-10%
S/Other (Hb variant) 0 50-60% 0 Variable <3.5%  Variable 1-2%

Trait conditions refer to beta globin heterozygous states, while disease conditions refer to compound heterozygous
or homozygous states. Concomitant alpha-thalassaemia can coexist with all of these conditions and affects the ratio
of HbA to HbS or HbC, as shown by the range of values for each haemoglobin listing. Sickle cell genotypes are shown
with the typical haemoglobins present on electrophoresis, clinical course, and prevalence. The sickle/other disease
conditions typically have 50-60% HbS with 20-45% of a variant haemoglobin such as HbD, HbE, or HbO
Thalassaemic trait and disease also feature microcytosis with low mean corpuscular volume *Prevalence refers to

Arab®

persons living in the USA, Caribbean, UK, and Europe; the haemoglobin trait percentages refer to the general
population and the disease percentages refer to sickle cell patient cohorts. t5/B* thalassaemia in the USA, Caribbean,
UK, and northern Europe typically has 10-25% HbA, but more mild and severe forms of B thalassaemia have been
identified, particularly in southern Europe. Accurate prevalence figures from high burden regions such as sub-
Saharan Africa are not available. HbA=. HbS=sickle haemoglobin. HbC=haemoglobin C. HbD=haemoglobin D.
HbE=haemoglobin E. HbF=fetal haemoglobin. HbO

Con tecnologia Bing

© GeoNames, TomTom

=haemoglobin OArab.

Arah

Table 1: Common forms of sickle cell disease and related haemoglobinopathies by genotype

Ware. Lancet, 2017 - V. Voi. Personal Data, 2017
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Riconoscere il fenomeno

Diagnosi



Fisiopatologia

= Eritropolesi

= Equilibrio di sintesi di catene a/non a. [B+y]




Fisiopatologia
= Drepanocitosi eterozigote

HbS < 50%



*

HbS + (HbX) > 50%




Fisiopatologia e Clinica

Che cosa preveniamo?
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Cosa preveniamo?

Quadro clinico generale



INFEZIONI Batteriemia - Sepsi - Polmonite -
Osteomielite

Dolore Acuto - VOC Dattilite - Priapismo - Dolore osseo

Complicazioni
Acute

Piu comuni DANNO Stroke- Sindrome toracica acuta (ACS) -
D'ORGANO Infarto splenico

ANEMIA ACUTA Sequestro splenico - Iperemolisi

Ware 2017 et al, NEJIM 2018 — mod.



Complicanze croniche

Rene

Ipostenuria, iperfiltrazione, glomerulosclerosi, albuminuria,
insufficienza renale cronica

Cuore - Poimoni Patologia restrittiva, ostruttiva. Ipertensione

polmonare, cardiomiopatia restrittiva

SNC Stroke, Emorragia, Lesioni Silenti, ritardo

cognitivo

Fegto - Milza
Colestasi, insufficienza epatica,
ipersplenismo

App. Visivo - uditivo
Retinopatia, cataratta, ipoacusia
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.:m
.—’

0\

Infarti ossei, crolli vertebrali, osteoporosi, osteopenia

o——0

App. riproduttivo Impotenza, infertilita, aborti ripeuti




Che presente hanno?

Attualita clinica



Gestione

Profilassi antibiotica

Bambini: quotidiana nei bambini fino ai 15 anni + antibiotico
tempestivo se febbre elevata

Adulti: antibiotico tempestivo se febbre elevata

Terapia specifica
|drossiurea
Terapia trasfusionale

Follow up regolare
Ogni 1 -4 mesi I
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Terapia Trasfusionale

TOP - UP transfusion

Easy to perform
Avoid Hyper viscosity (Hb > 10)

Manual Eritroexchange (MEEX)

Easy to do
Minimum skill required
Not applicable if Hb is low (Hb < 8)

Automated Eritroexchange (EEX)

Not always available
Gold standard
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Realta attuale e prospettive di vita
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Che futuro ci aspetta?

Prospettive e innovazione
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Table 1 Ememina treatment aggroaches for sickle cell disease

Therapy
(previous name)

FDA approved

-Glutamine

Phase lll study

Rivipansel
(GMI-1070)

Hydroxycarbamide

Prasugrel

Vepoloxamer
(MST-188)

L-Arginine

N-Acetylcysteine

Magnesium sulfate

Transfusions for
silent cerebral
infarcts

Transfusions for
stroke prevention

Transfusions
changing to
hydroxycarbamide

GBT440*

Phase Il study

Crizanlizumab
(SelG1)

Inhaled NO

Sildenafil

Sanguinate*

Increases NADH levels
and, as aresult, cellular
antioxidant activity

Pan-selectin inhibitor

Increases expression
of HbF

Platelet inhibitor

Enhances microvascular
blood flow
NOS substrate

Antioxidant
Multimodal

Erythrocyte transfusion
Erythrocyte transfusion

Increases expression
of HbF

HbS polymerization
inhibitor
P-selectin inhibitor

Pulmonary vasodilator

PDE5A inhibitor

Improves tissue oxygen
levels

Oral formulation available; reduced the
frequency of acute complications

Can reduce the duration of pain crises, shorten

hospital stays and decrease the amount of
opioid pain medication

Reduces frequency of acute pain events,

Limitations

Phase Il trial results not yet published

Currently available only in intravenous
formulation; phase Il trial results not
yet available

Disproportionate perceptions

acute chest syndrome and
ininfants and adults

Hypothesized to reduce the duration

of vaso-occlusive crises; seems to be
well tolerated at both therapeutical and
supratherapeutical doses

Hypothesized to reduce the duration and
severity of acute pain crises

Significantly reduced the severity of
vaso-occlusive crises in Phase Il studies

Oral administration

Vasodilator, anti-inflammatory and pain
reliever activities

Significantly reduced the incidence of
ischaemic stroke recurrence in children

Significantly reduced the incidence of first
stroke in children with high cerebral artery
blood flow

Efficacious for primary stroke prophylaxis

Well tolerated; proof of concept with improved

oxygen delivery to tissues and marked
reduction in circulating sickle erythrocytes

Reduced the incidence of acute

of carci A
and reduced fertility

Phase Ill study results not significant

Phase Ill study results showed no effect*
Phase Il trial results not yet available

Phase Il study results showed no effect

Phase Il study results showed no effect

Cumbersome to move into general
practice

Follow-up study showed that it was
not safe to stop regular transfusions after
30 months

Not clearly superior to chronic transfusion
for secondary stroke prophylaxis

Phase Il trial results not yet available

Monthly i 1s infusions required

by 45-63%
Provides NO to correct decreased
bioavailability

FDA-approved for pulmonary hypertension
and erectile dysfunction

Hypothesized to prevent vaso-occlusive crises

and leg ulcers

Might decrease erythrocyte adhesion and

favour normal blood flow and reduce the risk of

Gene insertion

inhibitor

Lentiviral vectors

Well tol d; increases HbF and total Hb
levels; anti-inflammatory effects

Preclinical data indicate decreased sickling,
neutrophil adhesiveness and vaso-occlusion

Sevuparin (DF02)*  Enhances microvascular

blood flow

vaso-occlusion

Phase | study
P i i Inc ion

of HbF
IMR-687* PDE9A inhibitor
SCD-101 HbS polymerization Natural product

Insertion of genes encoding anti-sickling
engineered B-globins

Phase Il trial showed no effect on the
duration or severity of vaso-occlusive
pain crises

Phase Il trial terminated early owing to
increased frequency of acute pain events
Limited data

Limited data

Limited data
Limited data
Limited data

Unknown long-term risks; unclear whether
curative or only ameliorative

Refs

273

254

144,
151

152,
274

275
276,
277
278
279

213
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280

281
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282

283

284

285

286

287

288

248

16 | ARTICLE NUMBER 18010 | VOLUME 4

www.nature.com/nrdp



Farmaci emergenti

ETAVOPIVAT
MITAPIVAT

Pyruvate Kinase
Activators
(Phase 2-3 trials)

(o~ )

é

b

o

VOXELOTOR

Inhibition of HbS
polymerization
Approved in Italy (CCN)

L-Glutamine

Amino acid
Not
available/approved
in Europe



Strategia terapeutica con
finalita curative della malattia,
insieme alla terapia genica

H SCT = B MT Sr? i€§ rr:\ Itrewreanl?cgudt iisCSoqnuiS?Iie in

tutto il mondo

Strategia consolidata




Table 79.1 Indications for HSCT in SCD patients

Age <16 years

HLA identical

sibling donor

One or more of the  Stroke or central nervous system Recommendation 4. For patients with SCD with an indication for

following event lasting >24 h : : .

complications: Sickle lung disease HSCT who lack an MSD, the ASH guideline panel suggests using
Sickle nephropathy transplants from alternative donors in the context of a clinical trial (con-
RSIopAIlay ditional recommendation, very low certainty in the evidence about
Osteonecrosis
Red-cell alloimmunization effects GBOOO)
Acute chest Syn.d rome Kanter et al Blood Adv 2021
Recurrent priapism
Recurrent vaso-occlusive painful
episodes

EBMT Failure to benefit or unable or > Presenza di danno d’orga ale)

unwilling to continue supportive
care therapy including hydroxyurea
Impaired neuropsychological
function with abnormal cerebral
MRI and angiography

Abnormal transcranial Doppler

» Disponibilita di un donatore HLA identico

o Angelucci et al Haematologica 2014
velocities Walters N EnglJ Med 1996
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Overall survival

EFS 91.4% (95% Cl, 89.6%-93.3%)

0S 92.9% (95% Cl, 91.1%-94.6%)

gr -1V

aGVHD 14.8% (95% Cl, 12.6%-17.1%)
cGVHD 14.3% (95% ClI, 12%-16.9%)

— BM 839
- =PB 73
----CB 88

2 4 6 8 10

Time from transplant (years)
number of at-risk patients
673 546 446 383 322 262 215 177 152 120
49 41 33 28 24 14 10 9 7 5
81 70 60 47 37 29 27 24 17 13

Table 1. Patients and transplant characteristics (n = 1000)

Variables Total (n = 1000)

Follow-up, months, median (range)
Age, years, median (range)
Year of transplantation, median (range)

54.5 (0.3-324.6)
9.4 (0.26-54.37)
2007 (1986-2013)

Sex, n (%)
Male 498 (49.8)
Female 502 (50.2)
Source of HSC, n (%)

BM 839 (83.9)

PBSC 73 (7.3)

CB 88 (8.8)

GVHD prophylaxis, n (%)

CsA 188 (19.9)

CsA+MTX 533 (56.5)

CsA+MMF 3 (7.7)

FK506 +other 110 (11.7)

Other 9 (4.1)

In vivo TCD, n (%)

None 173 (17.7)

ATG 692 (70.6)

OKT3 2(0.2)

Campath 113 (11.5)

Conditioning, n (%)

MAC 873 (87.4)
Bu+Cy 21 (82.6)
Bu+Flu=*other 9 (9.0)
Flu=other 3 (3.8)
TBl*other 6 (3.0)
Other or missing 4 (1.6)

RIC 125 (12.5)
Bu+Cy 3(2.4)
Bu+Flu=+other 2 (17.6)
Flu=other 2 (49.6)
TBI=other 0 (16.0)
Other or missing 8 (14.4)

Gluckman et al Blood 2017



Sicurezza e efficacia Fattori prognostici

10 ot m e e Eta precoce
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Terapla genica
Gene editing- CRISPR Cas9

www.nobelprize.org

Streptococcus’ natural immune system
against viruses: CRISPR/Cas?
When viruses infect a bacterium, they send their harmful DNA into it. If the I _,3{ ;&

bacterium survives the infection, in inserts a piece of the virus DNA in its

genome, like a memory of the virus. This DNA is then used to protect the
bacterium from new infections

STREPTOCOCCUS
BACTERIUM
& REPEATED
SEQUENCE
VIRAL DNA VIRAL DNA A""
S T S J
\

L————————— CRISPR DNA

CRISPR section of the genome. Between each viral

1 The bacterium inserts a piece of the virus DNA in the
DNA is a repeated sequence.

CRISPR DNA is copied to
make a long RNA molecule.

CRISPR DNA —WMNDWMDMMWmm@
o T

CRISPR RNA —,

RNase Il

v L
!
. ' ~ ' GENETIC 5CISSORS

CRISPR RNA

vy
/ 3
H T 3 TracrRNA fits with the repeated section of CRISPR
+ ! 3 RNA like piece of a puzzle. When tracrRNA attaches
to CRISPR RNA, the scissor protein Cas9 also links to
the complex. The long molecule is then cleaved into
S, fracrRNA smaller pieces by a protein called RNase IIl.

The finished genetic scissors contain code =
from a single virus. If the bacterium is
reinfected by the same virus, the genetic

scissors will immediately recognise and
disarm the virus by cleaving it. /—\

VIRUS DNA

@Johan Jarnestad/The Royal Swedish Academy of Sciences

The CRISPR/Cas? genetic
scissors

When researchers are going to edit a genome using
the genetic scissors, they artificially construct a guide
RNA, which matches the DNA code where the cut is to
be made. The scissor protein, Cas9, forms a complex
with the guide RNA, which takes the scissors to the place
in the genome where the cut will be made.

GUIDE RNA

Researchers can allow the cell itself to repair the cut
in the DNA. In most cases, this leads to the gene’s
function being turned off.

|
|
|

R
ERROR-PRONE REPAIR

®©Johan Jarnestad/The Royal Swedish Academy of Sciences

GENOME

B

If the researchers want to insert, repair or edit a
gene, they can specially design a small DNA
template for this. The cell will use the template
when it repairs the cut in the genome, so the code in
the genome is changed.

TEMPLATE
FOR REPAIR

~ b,

PR

INSERTED DNA




Protocollo Exa-Cell ® - - Vertex

Adult stage Fetal stage
@ B,

HbF

riduce morbiditd e mortalita
BCLIA

sopprime HbF alla nascita

B-globin gene cluster HbF reactivation

2 2.2 Chromosome 11 —— @scuin ¥ _
Ex vivo editing (.;254%}5
di BCLIA per ridurne I'espressione @acuinn
Aumento HbF
- o . . = R1 R2 R3 R4 ¢ al a2
Riduzione VOC e fabbisogno trasfusionale BCLIAF—H 77 e HH i 1—i
Chromosome 2 BCL11A enhancer disruption a-globin gene cluster
via CRISPR/Cas9 chromosome 16
Open-label rollover
Stage1 Stage 2 Stage 3A/ Stage 3B Stage 4A/ Stage 4B trial
Screening CD34+HSPCs collected (G-CSF & Cellsreturned conditiening Exa-cel FOH%W_ upfto selelienel feller=up
plerixafor for TDT; ready for use chemotherapy e Month 24 after CLIMB-131
plerixafor for SCb) (busulfan) exa-celinfusion
) =] Neutrophil f: &
engraftment and
ﬂ ‘ o ﬂ - @ ‘ discharge ‘ w - w

CRISPR-Cas9
editing

Central
manufacturing
facility

Cells frozen;

Enrichment '
release testing

Courtesy of Vertex Pharmaceuticals



SCD: Participants Who Achieved Freedom from VOC (VF12) Maintained VOC-Free From 13.1
Months to 36.5 Months

Participant #

Total Follow-up

Historical Severe VOCs*¢

Full Analysis Set

1° 39.1 7

22 30.3 8.5

32 26.3 4

42 24.2 2.5

52 23.0 5.5 .. e

6° 22.3 9.5 L L

72 21.6 4 ... s

8 19.8 6 . 166

92 19.3 3 s 83 e 49

102 19.1 2 . e

112 18.8 2.5 e 13

122 17.9 2.5 L

132 17.4 4.5 L

142 17.2 8.5 L A

152 17.0 4 A4 184 . .

16° 17.0 2.5 s 13 Primary Efficacy Set

172 16.0 2 | X 0

18 11.6 2.5 s 92

19 11.4 2 [ D - A

20 11.1 3 [

21 10.7 2 s 82

22 10.4 2.5 [ D )

23 10.2 5.5 I el

24 10.0 2 s 73

25 10.0 2 I 2

26 9.3 4 [

27 9.3 2.5 [

28 9.0 35 EEEN A 65

29 9.0 4 [

30b 8.9 3 Il 50 Time from exa-cel to last adjudicated RBC transfusion

31 8.8 35 I 57 60-day washout period after last RBC transfusion

32 5.3 18.5 s Time from end of washout period to data cut or end of trial; number

33 3.7 4 . o1 is the duration free from VOCs, starting 60 days after the last RBC transfusion

34 3.2 2  — Adjudicated severe VOC

35 2.0 3.5 |
[ [ [ [ |
0 10 20 30 40

Months Post-Infusion

Each row in the figure represents an individual participants. All VOCs were adjudicated by the Independent Adjudication Committee.
aparticipants evaluable for the primary endpoint; ®PDeath from respiratory failure due to COVID-19 infection; Pre-trial severe VOCs annualized over 2 years.

* For participants achieving VF12, duration of
VOC-free was 13.1 to 36.5 months
(mean 18.7 months)

- Participants stopped transfusions after a
mean of 22.5 days

* One participant did not achieve VF12 but
achieved HF12

Participant had multiple complex comorbidities,
including a history of chronic pain

* 15 of 16 participants remained VOC-free
through follow-up
Dne participant had a VOC in the setting of a

parvovirus infection 22.8 months after exa-cel
infusion

Participant fully recovered and has been VOC-free
since

Courtesy of Vertex Pharmaceuticals




FDA NEWS RELEASE

FDA Approves First Gene Therapies to Treat
Patients with Sickle Cell Disease

fohae XPost inlckede Wemal S Prim

For Immediate Release:  December 08, 2023
g W

A one-time transformational gene therapy with the potential to decrease or stop vaso- K of people (29 out of 31 people) did not have a severe VOC
occlusive events (VOESs) ?3 5./ for at least 12 months in a row after receiving CASGEVY
(S [ ]

The efficacy of LYFGENIA was studied in 36 individuals. 32 individuals were evaluated for the number of
vaso-occlusive events (VOEs) they experienced between 6-18 months after treatment.
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@ETEF rdRdals) 6735 T . oMoNTHS So far, the average length of time wltl-'fou‘r a severe VOC
was 22.2 months (measured as a median* amount). One
person experienced a severe VOC at month 22.8 and
required hospitalization

Casgevy ¥This was measured as a median amount, which is the middle value of a

(exagamglogene autotemcel) group of numbers; half of the numbers are less than the median and

suspension for IV infusion hClIf are h igher’.




Non-elderly lifetime SCD-attributable costs

(95% CI)
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Il
dilemma

Cosa conta nella vita?

Qualita

- Patologia ad
alta
incidenza di
complicanze

* Prospettive
di vita ridotta

« Chidecide?

Valore

« Soddisfazioni

» Possibilita di
cure
definitive
sempre piu
efficaci

« Quanto vale?
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