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real-world study from Italy which reported that patients 
with SCD are unrecognized and undertreated.9 Our data 
are aligned with previous estimations.14 The Global Burden 
of Disease study estimates that, for the year 2019, figures 
for Italy were 6,497 (95% CI: 5,432-7,602) for thalassemia  
(compared with 7,169 TDT/NTDT patients in this survey) and 
2,675 (95% CI: 2,354-3,015) for SCD (compared with 2,348 
SCD patients in this survey).3,15 Our data reflect a pre-Covid 
period, so changes in patient distribution and mortality 
trends may be observed in more recent years and will be 
identified in future surveys. 
The age distribution of patients is approaching that of the 
general population in the first five decades of life, reflecting 
advances in care and prolongation of survival. However, a 
diagnosis of TDT (especially in males) and, to a lesser ex-
tent, SCD leads to reduced life expectancy. The increased 
mortality of hemoglobinopathies compared to the general 
population should be a target for treatment optimization 
through conventional and novel therapies. Individualized 

approaches may be needed for patients with TDT, NTDT, 
and SCD based on current patient profiles and history of 
treatment and disease manifestations. 
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Figure 2. Kaplan-Meier survival curves for the survival cohort with comparisons by hemoglobinopathy type and sex. (A) Survival 
comparisons for transfusion-dependent thalassemia (TDT), non-transfusion-dependent thalassemia (NTDT), and sickle cell dis-
ease (SCD). (B) Survival in TDT females and males. (C) Survival in NTDT females and males. (D) Survival in SCD females and males.
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CI: 46.4-50.5%; females: 51.5%, 95% CI: 49.5-53.6) (r2 test, 
P=0.14) (Figure 1C). There was higher patient clustering under 
50 years of age for both males and females compared to 
the general population (Figure 1C). We observed aging of 
thalassemia due to a decrease in new births in the last 20 
years, driven by the prevention program which started in 
the 1980s.11,12 A similar effect of the prevention program has 
been achieved in SCD for patients of local origin,13 although 
this is not reflected in age distribution due to recent mi-

gration fluxes. Approximately 80% of the SCD population 
under 30 years of age is of non-Caucasian origin.13

The survival cohort consisted of 4,207 patients (2,574 TDT, 
818 NTDT, 815 SCD). Kaplan-Meier survival curves for the 
entire survival cohort and by hemoglobinopathy type and 
sex are shown in Figure 2. TDT patients showed short-
er survival compared to both NTDT (P<0.0001) and SCD 
(P<0.0001) while survival was comparable between NTDT 
and SCD (P=0.064). In TDT, females had better survival rates 

Figure 1. Hemoglobinopathies in Italy according to the national survey in 2019. (A) Geographical distribution of facilities included 
in the survey (N=131); black points indicate the location of the 8 reference centers included in the survival cohort analyses. The 
administrative units shown are the 20 regions (administrative level 1) of Italy. (B) Distribution of patients per 100,000 inhabitants 
by region in Italy. (C) Distribution of patients by age and sex for transfusion-dependent thalassemia (TDT), non-transfusion-de-
pendent thalassemia (NTDT), and sickle cell disease (SCD) patients, with light gray bars reflecting age distribution of the general 
Italian population in 2019.
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STUDIO PILOTA OSP. MAURIZIANO

SCREENING PRENATALE

SI
96%

NO
4%

12

260

• 260 (96%) madri hanno aderito allo screening 
prenatale

• 12 (4%) NON hanno aderito

I. Stigliano. University of Turin, personal data. 2022
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STEP 02

• Oral FANS

• Mild opioid

Codeine + paracetamol

• Medium potency 

(Oral Tramadol)

STEP 03

• Medium potency 

opioids (tramadol) IV

• FANS IV (ketorolac)

STEP 04

• Morphine IV (bolus & 

Continuous infusion)

• FANS IV

STEP 05

• Morphine IV (bolus & 

Continuous infusion)

• FANS IV

• Ketamine

• Deep Sedation

TRAT TAMENTO
DEL DOLORE

• Oral Paracetamol

• Oral FANS (Ibuprofen)

• Nonpharmacological

STEP 01



1 INFEZIONI Batteriemia - Sepsi - Polmonite - Osteomielite

3 DANNO 
D’ORGANO

Stroke- Sindrome toracica acuta (ACS) -
Infarto splenico

4 ANEMIA ACUTA Sequestro splenico - Iperemolisi

2 Dolore Acuto - VOC Dattilite - Priapismo - Dolore osseo

Complicazioni
Acute
Più comuni

Ware 2017 et al, NEJM 2018 – mod.



Preventative Treatment 

Mechanism of action

Confirmed Efficacy in Adults:

Safety and Efficacy in Children

Underutilization in High-Resource 
Countries: 

IDROSSIUREA



TERAPIA TRASFUSIONALE

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

TOP – UP transfusion
Easy to perform
Avoid Hyper viscosity (Hb > 10)

Automated Eritroexchange (EEX)
Not always available
Gold standard



CRIZANLIZUMAB
MoAb anti P-selectin
Not available in Italy 

and Europe

ETAVOPIVAT
MITAPIVAT
Pyruvate Kinase 

Activators
(Phase 2-3 trials)

VOXELOTOR
Inhibition of HbS 
polymerization

Approved in Italy 
(CCN)

L-Glutamine

EMERGING DRUGS – AVAILABLE IN OTHER 
COUNTRIES

Amino acid
Not available/approved 

in Europe



THE FUTURE IS OPEN
Table 1 | Emerging treatment approaches for sickle cell disease

Therapy  
(previous name)

Mechanism Advantages Limitations Refs

FDA approved

ƃ-Glutamine Increases NADH levels 
and, as a result, cellular 
antioxidant activity

Oral formulation available; reduced the 
frequency of acute complications

2JCUG|+++�VTKCN�TGUWNVU�PQV�[GV�RWDNKUJGF 273

2JCUG|+++�UVWF[

Rivipansel 
(GMI-1070)

Pan-selectin inhibitor Can reduce the duration of pain crises, shorten 
hospital stays and decrease the amount of 
opioid pain medication

Currently available only in intravenous 
formulation; phase III trial results not 
[GV|CXCKNCDNG

254

Hydroxycarbamide Increases expression 
of HbF

Reduces frequency of acute pain events, 
CEWVG|EJGUV�U[PFTQOG�CPF�VTCPUHWUKQPU�
KP|KPHCPVU�CPF�CFWNVU

Disproportionate perceptions 
QH|ECTEKPQIGPKEKV[��VGTCVQIGPKEKV[�
CPF|TGFWEGF�HGTVKNKV[

144, 
151

Prasugrel Platelet inhibitor Hypothesized to reduce the duration 
of vaso-occlusive crises; seems to be 
well tolerated at both therapeutical and 
supratherapeutical doses

2JCUG|+++�UVWF[�TGUWNVU�PQV�UKIPKHKECPV 152, 
274

Vepoloxamer 
(MST-188)

Enhances microvascular 
blood flow

Hypothesized to reduce the duration and 
severity of acute pain crises

2JCUG|+++�UVWF[�TGUWNVU�UJQYGF�PQ�GHHGEV� 275

ƃ-Arginine NOS substrate Significantly reduced the severity of 
XCUQ�QEENWUKXG�ETKUGU�KP�2JCUG|++�UVWFKGU

2JCUG|+++�VTKCN�TGUWNVU�PQV�[GV�CXCKNCDNG 276, 
277

N-Acetylcysteine Antioxidant Oral administration 2JCUG|+++�UVWF[�TGUWNVU�UJQYGF�PQ�GHHGEV 278

Magnesium sulfate Multimodal Vasodilator, anti-inflammatory and pain 
reliever activities

2JCUG|+++�UVWF[�TGUWNVU�UJQYGF�PQ�GHHGEV 279

Transfusions for 
silent cerebral 
infarcts

Erythrocyte transfusion Significantly reduced the incidence of 
ischaemic stroke recurrence in children

Cumbersome to move into general 
practice

213

Transfusions for 
stroke prevention

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

Follow-up study showed that it was 
PQV|UCHG�VQ�UVQR�TGIWNCT�VTCPUHWUKQPU�CHVGT�
��|OQPVJU

208, 
209

Transfusions 
changing to 
hydroxycarbamide

Increases expression 
of HbF

Efficacious for primary stroke prophylaxis Not clearly superior to chronic transfusion 
for secondary stroke prophylaxis

211, 
280

GBT440‡ HbS polymerization 
inhibitor

Well tolerated; proof of concept with improved 
oxygen delivery to tissues and marked 
reduction in circulating sickle erythrocytes

Phase III trial results not yet available 281

2JCUG|++�UVWF[

Crizanlizumab 
(SelG1)

P-selectin inhibitor Reduced the incidence of acute complications 
by 45–63%

Monthly intravenous infusions required 149

Inhaled NO Pulmonary vasodilator Provides NO to correct decreased 
bioavailability

2JCUG|++�VTKCN�UJQYGF�PQ�GHHGEV�QP�VJG�
duration or severity of vaso-occlusive 
RCKP|ETKUGU

282

Sildenafil PDE5A inhibitor FDA-approved for pulmonary hypertension 
and erectile dysfunction

2JCUG|++�VTKCN�VGTOKPCVGF�GCTN[�QYKPI�VQ�
increased frequency of acute pain events

283

Sanguinate‡ Improves tissue oxygen 
levels

Hypothesized to prevent vaso-occlusive crises 
and leg ulcers

Limited data 284

Sevuparin (DF02)‡ Enhances microvascular 
blood flow

Might decrease erythrocyte adhesion and 
favour normal blood flow and reduce the risk of 
vaso-occlusion

Limited data 285

2JCUG|+�UVWF[

Pomalidomide Increases expression 
of HbF

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

Limited data 286

IMR-687‡ PDE9A inhibitor Preclinical data indicate decreased sickling, 
neutrophil adhesiveness and vaso-occlusion

Limited data 287

SCD-101 HbS polymerization 
inhibitor

Natural product Limited data 288

Gene insertion Lentiviral vectors Insertion of genes encoding anti-sickling 
engineered β-globins

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

248

PR IMER

16 | ARTICLE NUMBER 18010 | VOLUME 4 www.nature.com/nrdp
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CRIZANLIZUMAB ETAVOPIVAT - MITAPIVAT

VOXELOTOR



TERAPIA GENICA
GENE EDITING- CRISPR CAS9
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HbF
o riduce morbidità e mortalità

BCL11A
o sopprime HbF alla nascita

Ex vivo editing
o di BCL11A per ridurne l’espressione

Aumento HbF
o Riduzione VOC e fabbisogno 

trasfusionale
Stage 1

Screening

Central
manufacturing
facility

Stage2

CD34+HSPCs collected (G-CSF&
plerixafor for TDT;
plerixafor for SCD)

CRISPR-Cas9
editing

Enrichment

Cells returned
ready for use

Cells frozen;
release testing

Stage 3A/ Stage3B

Conditioning
chemotherapy
(busulfan)

Exa-cel
infusion

Stage4A/ Stage4B

Follow-upto
Month 24 after
exa-cel infusion

Neutrophil
engraftment and

discharge

Open-label rollover
trial

Additional follow-up
CLIMB-131

Protocollo Exa-Cell ® - - Vertex

Courtesy of Vertex Pharmaceuticals



exa-cel, exagamglogene autotemcel; HF12, Pƌopoƌƚion of paƌƚicipanƚƐ fƌee fƌom inpaƚienƚ hoƐpiƚaliǌaƚion foƌ Ɛeǀeƌe VOCƐ foƌ шϭϮ monƚhƐ͖ SCD, sickle cell disease; VF12, Proportion of participants free of severe VOCs foƌ шϭϮ monƚhƐ; VOC, vaso-occlusive crises.

• 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 

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

• 15 of 16 participants remained VOC-free 
through follow-up

ʹ One participant had a VOC in the setting of a 
parvovirus infection 22.8 months after exa-cel 
infusion

ʹ Participant fully recovered and has been VOC-free 
since 

11

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; bDeath from respiratory failure due to COVID-19 infection; cPre-trial severe VOCs annualized over 2 years. 

Full Analysis Set
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Total Follow-up

Time from exa-cel to last adjudicated RBC transfusion

60-day washout period after last RBC transfusion

Time from end of washout period to data cut or end of trial; number
is the duration free from VOCs, starting 60 days after the last RBC transfusion 
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Primary Efficacy Set

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