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Luspatercept approval

Luspatercept has been approved by the US Food and Drug 
Administration (FDA) in 2019 and by the European Medicines 

Agency (EMA) in 2020 and by the AIFA in 2021 to treat anemia 
in adult patients with beta-thalassemia who require regular red 

blood cell transfusions
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Luspatercept and Sotatercept (erythroid maturation agents) 
trials

Musallam KM et al. Am J Hematol 2021; Submitted; Piga A et al. Blood 2019;133:1279-89; Cappellini MD et al. N Engl J Med 2020;382:1219-1231; 
Cappellini MD et al. Haematologica 2019;104:477-484. 

Agent Clinical Trials* Design n‡, population, age Key efficacy measures
Erythroid maturation agents

Luspatercept
(ACE-536)

● NCT01749540
● Completed†

● Phase 2
● Open-label

● n = 64
● TDT, NTDT with Hb <10 g/dL
● ≥18 yr

● TDT: Transfusion reduction (≥20%)§
● NTDT: Hb increase ≥1.5 g/dL§, Hb
● Biomarkers of erythropoiesis, hemolysis, iron 
metabolism, bone metabolism

● NCT02268409
● Completed

● Phase 2 
extension

● n = 51
● TDT, NTDT included in 
phase 2

● TDT: Transfusion reduction (any, ≥20%, ≥50%), Hb
● NTDT: Hb increase ≥1.5 g/dL, Hb
● Reticulocytes, EPO, nRBC, sTfR, SF, TIBC, TSAT, NTBI
● HR-QoL

● BELIEVE
● NCT02604433
● Active, not recruiting†

● Phase 3
● Randomized, 
placebo-controlled, 
double-blind

● n = 336
● TDT
● ≥18 yr

● Transfusion reduction (≥33%§, ≥50%)
● Transfusion requirement
● Transfusion independence 
● SF, LIC, MIC, ICT use
● BMD
● HR-QoL, healthcare resource utilization

● NCT04143724
● Not yet recruiting 

● Phase 2
● Open-label

● n = 46
● TDT
● 6 months-18 yr

● Transfusion reduction
● Hb

● BEYOND
● NCT03342404
● Active, not recruiting

● Phase 2
● Randomized, 
placebo-controlled, 
double-blind

● n = 145
● NTDT with Hb ≤10 g/dL
● ≥18 yr

● Hb increase (any, ≥1 g/dL§, ≥1.5 g/dL)
● Transfusion requirement
● PRO, HR-QoL, 6MWT
● SF, LIC, ICT use

Sotatercept (ACE-011)
● NCT01571635
● Active, not recruiting†

● Phase 2
● Open-label

● n = 46
●TDT, NTDT
● ≥18 yr

● Transfusion reduction (any, ≥20%)
● Hb

*Status per clinicaltrials.gov on 09 April 2021; †Available interim or final results; ‡Actual or estimated, per clinicaltrials.gov on 09 April 2021; §Primary endpoint.



Luspatercept: key findings from the phase 2 trial

Piga A et al. Blood 2019;133:1279-1289.





BELIEVE: a randomized, double-blind, placebo-controlled, 
phase 3 study of luspatercept in adults with TDT

Cappellini MD et al. N Engl J Med 2020;382:1219-1231.



Primary endpoint:
• ≥ 33% reduction from baseline in RBC transfusion burden (with a reduction of ≥ 2 RBC units) during Weeks 13–24

Key secondary endpoints:
• ≥ 33% reduction from baseline in RBC transfusion burden during Weeks 37–48
• ≥ 50% reduction from baseline in RBC transfusion burden during Weeks 13–24
• ≥ 50% reduction from baseline in RBC transfusion burden during Weeks 37–48
• Mean change from baseline in RBC transfusion burden during Weeks 13–24

Additional endpoint:
• ≥ 33% or ≥ 50% reduction from baseline in RBC transfusion burden during any 12 or 24 weeks on study

BELIEVE trial endpoints

Cappellini MD et al. N Engl J Med 2020;382:1219-1231.





Achievement of ≥ 33% reduction in RBC transfusion burden during 
Weeks 13-24 (according to genotype)

BELIEVE trial
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A greater proportion of luspatercept-treated patients achieved ≥ 33% reduction from baseline in RBC transfusion burden 
during Weeks 13-24 versus placebo, regardless of β-globin genotype

aNominal P value.
Data cutoff: May 11, 2018.



Primary endpoint: Subgroup analysis favors luspatercept

The BELIEVE Trial studied adult patients.

Sub-groups
Luspatercept

n/N (%)
Placebo
n/N (%)

OR (95% CI) P value

Overall 48/224 (21.4) 5/112 (4.5) 5.79 (2.24, 14.97) < 0.0001

Region: North America & Europe 23/100 (23.0) 1/51(2.0) 14.94 (1.95, 114.12) 0.0009

Region: Middle East & North Africa 11/52 (21.2) 2/26 (7.7) 3.22 (0.66, 15.77) 0.1351

Region: Asia–Pacific 14/72 (19.4) 2/35 (5.7) 3.98 (0.85, 18.62) 0.0629

Age: ≤ 32 years 22/129 (17.1) 4/63 (6.3) 3.00 (0.98, 9.20) 0.0476

Age: > 32 years 26/95 (27.4) 1/49 (2.0) 17.50 (2.27, 134.98) 0.0004

Splenectomy: Yes 31/129 (24.0) 2/65 (3.1) 9.72 (2.22, 42.53) 0.0003

Splenectomy: No 17/95 (17.9) 3/47 (6.4) 2.94 (0.81, 10.69) 0.0918

Sex: Female 35/132 (26.5) 4/63 (6.3) 5.33 (1.80, 15.80) 0.0011

Sex: Male 13/92 (14.1) 1/49 (2.0) 8.05 (1.01, 64.16) 0.0218

β-thalassemia Gene: β0/β0 9/68 (13.2) 2/35 (5.7) 2.54 (0.48, 13.51) 0.2708

β-thalassemia Gene: Non-β0/β0 39/155 (25.2) 3/77 (3.9) 8.35 (2.47, 28.23) < 0.0001

Baseline Transfusion Burden: ≤ 6 units/12 weeks 27/112 (24.1) 3/56 (5.4) 5.61 (1.60, 19.65) 0.0033

Baseline Transfusion Burden: > 6 units/12 weeks 21/112 (18.8) 2/56 (3.6) 6.16 (1.38, 27.44) 0.0082

Baseline Hemoglobin: < 9 g/dL 22/87 (25.3) 4/51 (7.8) 3.78 (1.25, 11.42) 0.0128

Baseline Hemoglobin: ≥ 9 g/dL 26/137 (19.0) 1/61 (1.6) 14.17 (1.85, 108.79) 0.0012

Baseline Liver Iron: ≤ 3 mg/g dry weight 12/70 (17.1) 1/37 (2.7) 7.18 (0.88, 58.63) 0.0335

Baseline Liver Iron: > 3 to ≤ 7 mg/g dry weight 13/51 (25.5) 0/30 (0) Infinity 0.0053

Baseline Liver Iron: > 7 to ≤ 15 mg/g dry weight 10/38 (26.3) 1/19 (5.3) 5.41 (0.67, 43.34) 0.0741

Baseline Liver Iron: > 15 mg/g dry weight 13/65 (20.0) 3/26 (11.5) 1.79 (0.47, 6.78) 0.3831

Favors placebo Favors luspatercept

BELIEVE Trial

0.1 1 10 100



Mean cumulative number of RBC transfusion units by level 
of baseline TB through week 48

BELIEVE

Baseline low, medium, and high TB were defined as receipt of ≤ 10, > 10 to ≤ 15, and > 15 RBC units/24 weeks, respectively.
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Mean change in RBC units transfused during weeks 25–48

BELIEVE

LSM is luspatercept − placebo. Estimates are based on ANCOVA model with geographic regions defined at randomization and baseline TB as covariates.
SD, standard deviation.
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Longitudinal effect of luspatercept on iron overload and iron 
chelation therapy

Hermine O et al. Blood 2021;136:Presentation 
1697.

P values are estimated from Cochran–Mantel–Haenszel test. Patients with LIC ≥ 3 mg/g dw are considered to have iron overload. Myocardial iron T2* < 20 ms indicates 
increased cardiac risk. aPlacebo patients evaluated up to Week 48.

 A higher proportion of Luspatercept-treated pts 
shifted to lower SF, LIC, and myocardial iron 
levels during the first 48 wks, indicative of lower 
risk of IOL complications

 Long-term luspatercept treatment led to an 
increasing proportion of patients with SF <1,000 
μg/L and decreasing trends of overall ICT use 
and deferasirox dosage



Safety Summary

a Safety population. b No one organ class or system was predominant.c Anemia was the only serious TEAE occurring in > 1% of patients in either arm 
(luspatercept, n = 3 [1.4%]; placebo, n = 0 [0%]). d TEAE of acute cholecystitis resulted in death in 1 of 109 (0.9%) placebo patients; no luspatercept-treated 
patients died due to TEAEs. TEAE, treatment-emergent adverse event. 
The BELIEVE Trial studied adult patients.

Treatment-Emergent Adverse Events, n (%)
Luspatercept

(n = 223a)
Placebo

(n = 109a)

Patients with at least 1 TEAE (any grade) 214 (96.0) 101 (92.7)

Patients with at least 1 grade TEAE (grade ≥ 3)b 65 (29.1) 17 (15.6)

Patients with at least 1 serious TEAEc 34 (15.2) 6 (5.5)

Patients with at least 1 TEAE resulting in the following:

Deathd 0 1 (0.9)

Study drug discontinuation 12 (5.4) 1 (0.9)

BELIEVE Trial



TEAEs by frequency ≥ 10% in Either Arm (all grades)

n (%) 
Luspatercept

(n = 223a)
Placebo

(n = 109a)

Back pain 61 (27.4) 32 (29.4)

Upper respiratory tract infection 59 (26.5) 36 (33.0)

Headache 58 (26.0) 26 (23.9)

Bone pain 44 (19.7) 9 (8.3)

Arthralgia 43 (19.3) 13 (11.9)

Pyrexia 36 (16.1) 23 (21.1)

Cough 32 (14.3) 12 (11.0)

Fatigue 30 (13.5) 14 (12.8)

Oropharyngeal pain 28 (12.6) 12 (11.0)

Diarrhea 27 (12.1) 11 (10.1)

Dizziness 25 (11.2) 5 (4.6)

Asthenia 22 (9.9) 11 (10.1)

Myalgia 22 (9.9) 11 (10.1)

Pharyngitis 20 (9.0) 13 (11.9)

BELIEVE Trial

a Safety population. 
The BELIEVE Trial studied adult patients.



Grade 3–4 TEAEs by frequency ≥ 1% in Either Arm

a Safety population. b Thromboembolic events included as a TEAE of interest; other events occurring in < 1% of patients are not shown. 
ALT, alanine aminotransferase; AST, aspartate aminotransferase.
The BELIEVE Trial studied adult patients.

n (%)
Luspatercept

(n = 223a)
Placebo

(n = 109a)

Anemia 7 (3.1) 0

Increased LIC 6 (2.7) 1 (0.9)

Hyperuricemia 6 (2.7) 0

Hypertension 4 (1.8) 0

Syncope 4 (1.8) 0

Back pain 3 (1.3) 1 (0.9)

Bone pain 3 (1.3) 0

Blood uric acid increased 3 (1.3) 0

Increased AST 3 (1.3) 0

Increased ALT 2 (0.9) 3 (2.8)

Thromboembolic eventsb 2 (0.9) 0

BELIEVE Trial

In total, thromboembolic events (all grades) were reported in 8/223 (3.6%) luspatercept-treated patients (deep venous thrombosis, pulmonary embolism, portal vein thrombosis, 
ischemic stroke, thrombophlebitis, superficial phlebitis) and 1/109 (0.9%) placebo-treated patients (phlebitis). In all cases, patients had multiple risk factors for thromboembolic 
events



Primary endpoint
― Achievement of ≥ 1.0 g/dL mean Hb increase from baseline over a continuous 12-week interval during weeks 13–24 in the 

absence of RBC transfusions

Key secondary endpoint
― Mean change from baseline in NTDT-PRO T/W domain score over a continuous 12-week interval during weeks 13–24

Phase II RCT trial of luspatercept in adults with NTDT: The 
BEYOND trial

Taher AT et al. EHA 2021; Presentation Number S101.
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Study endpoints
Primary endpoint

• Achievement of ≥ 1.0 g/dL mean Hb increase from baseline over a continuous 12-week interval during weeks 13–
24 in the absence of RBC transfusions

Key secondary endpoint

• Mean change from baseline in NTDT-PRO T/W domain score over a continuous 12-week interval during weeks 
13–24

Secondary endpoints

• Achievement of ≥ 1.5 g/dL mean Hb increase from baseline over a continuous 12-week interval during weeks 13–
24 in the absence of RBC transfusions

• Proportion of patients who remained RBC transfusion-free over 24 weeks

• Mean change in NTDT-PRO T/W domain score by visit

• Achievement of ≥ 1.0 g/dL mean Hb increase from baseline over a continuous 12-week interval during weeks 37–
48 in the absence of RBC transfusions

• Duration of the mean Hb increase from baseline ≥ 1.0 g/dL during any 12-week interval

• Safety and tolerability of luspatercept

28



Mean Hb change from baseline during weeks 13–24 

• During weeks 13–24, 50 (52.1%) patients in the luspatercept arm achieved a mean Hb increase of ≥ 
1.5 g/dL from baseline
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A PHASE 2A STUDY TO EVALUATE THE SAFETY AND PHARMACOKINETICS 
OF LUSPATERCEPT (ACE-536) IN PEDIATRIC SUBJECTS WHO REQUIRE 

REGULAR RED BLOOD CELL TRANSFUSIONS DUE TO BETA (β)-
THALASSEMIA



A PHASE 2A STUDY TO EVALUATE THE SAFETY AND PHARMACOKINETICS 
OF LUSPATERCEPT (ACE-536) IN PEDIATRIC SUBJECTS WHO REQUIRE 

REGULAR RED BLOOD CELL TRANSFUSIONS DUE TO BETA (β)-
THALASSEMIA



Longo F, IJMS, 2021



Mitapivat (PK activator)

Aizawa S et al. Exp Hematol 2005;33:1292-1298; Yang H et al. Clin Pharmacol Drug Dev 2019;8:246-259; Grace RF et al. N Engl J Med 2019;381:933-944; Matte A et al. 
Haematologica 2016;101:18(S135) (abs).

• Metabolic disturbance in PK deficiency alters not only the 
survival of RBCs but also the maturation of erythroid 
progenitors, resulting in ineffective erythropoiesis. ATP 
supply appears to be insufficient in thalassemic RBCs to 
maintain membrane fitness and clearance of globin 
precipitates

• Mitapivat (AG-348) is a first-in-class oral, small-molecule, 
allosteric activator of the RBC-specific form of PK (PK-R)

• Mitapivat has already shown efficacy and safety in clinical 
trials of patients with PK deficiency

• In mouse models β-thalassemia, mitapivat increased ATP 
levels, reduced markers of ineffective erythropoiesis, and 
improved anemia, RBC survival, and indexes of iron 
overload



Matte A, JCI, 2021





Mitapivat (PK activator) trials

Musallam KM et al. Am J Hematol 2021;

*Status per clinicaltrials.gov on 09 April 2021; †Available interim or final results; ‡Actual or estimated, per clinicaltrials.gov on 09 April 2021; §Primary endpoint.

Agent Clinical Trials* Design n‡, population, age Key efficacy measures
PK activator

Mitapivat
(AG-348)

● NCT03692052
● Active, not 
recruiting†

● Phase 2 
● Open-label

● n = 20
● NTDT (including α-
thalassemia) with Hb 
≤10 g/dL
● ≥18 yr

● Hb increase ≥1 g/dL§
● Hb, Reticulocytes, bilirubin, LDH, 
haptoglobin, ● EPO, nRBC, sTfR

● ENERGIZE-T
● NCT04770779
● Not yet recruiting

● Phase 3
●
Randomized, 
placebo-
controlled, 
double-blind

● n = 240
● TDT (including α-
thalassemia)
● ≥18 yr

● Transfusion reduction (≥50%§, ≥33%) / ●
independence
● Transfusion requirement 
● SF, TSAT, TIBC

● ENERGIZE
● NCT04770753
● Not yet recruiting

● Phase 3
●
Randomized, 
placebo-
controlled, 
double-blind

● n = 171
● NTDT (including α-
thalassemia) with Hb 
≤10 g/dL
● ≥18 yr

● Hb increase ≥1 g/dL§
● PRO
● Hb, Hb increase ≥1.5 g/dL
● Reticulocytes, bilirubin, LDH, 
haptoglobin, EPO, 
● SF, TSAT



Ng NY, Int Sch Res Notices, 2014

Hb F inducers



Yasara et al. Orphanet J Rare Dis (2021) 16:114



Longo F, IJMS, 2021
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Gold‐standard treatments of SCD
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Pathophysiologic based new therapeutic options for SCD

Red cell dehydration 
and sickling (↑HbF)

Inflammatory vasculopathy and 
vascular vulnerability

Oxidative stress

• Inflammatory storm (ET-1, IL-1b, TNF-a)
• Vascular endothelial activation
• Neutrophil- P-selectin adhesion

Free Hb
Free heme

↓ NO Bioavaibility

Abnormal vascular
tone

PS+ MP

Heterothrombi formation
Ischemic/reperfusion damage
Vascular dysfunction

Chronic 
hemolysis

Acute Vaso-occlusive 
crisis

HU

HU

Crizanlizumab

HU

GBT440
Voxeletor

L-Glutamine

SCD
TRANSFUSION

De Franceschi L et al. Seminars in Thrombosis, 37: 266; 2011; De Franceschi L Haematologica 100 (S3): 195-7, 2015; Matte A 
et al Mediterr J Hematol Infect Disease 11: e2019002, 2019; Matte A et al Exp Opinion Invest Drug 29: 23-31, 2020



• Voxeletor is an oral available potent and direct anti-
sickling agent

• Voxeletor binds to HbS and promotes a left shift in
p50 of HbS, delaying HbS polymerization and sickling

Dufu K  et al. . Blood. 2014;124:217; Oder E et al. BJH 175: 24, 2016; Oksenberg D et 
al BJH 175: 141, 2016; Li Q et al PNAS 11: e689, 2017 

Voxeletor (GBT440): oral anti‐sickling agent



• Studi di fase II in soggetti falcemici ha dimostrato un buon profilo di 
sicurezza e di tollerabilità per Voxeletor associato ad un 
miglioramento degli indici di emolisi ed una riduzione della 
reticolocitosi (#NCT02285088) 

• L’agenzia del farmaco statunitense (FDA) ha definito Voxeletor come 
terapia rivoluzionaria per la drepanocitosi

Oder E et al BJH 175: 24, 2016; Oksenberg D et al BJH 175: 141, 2016; Lehrer-Graiwer J et al Blood 126: 542, 2015; Washington C et al. EHA 
abstract # P620, 2017



Studio di fase III (HOPE, #NCT03036813)‐studio placebo caso 
controllo doppio cieco multicentrico e multinazionale

• Voxeletor 900-1500 mg/die periodo di osservazione >24 sett.

• Riduzione degli eventi VOC

• Aumento dei livelli di Hb in assenza di 

effetto viscosita’ possibile rischio per lo 

sviluppo di VOCs

Vichinsky E et al ASH 2019; abstract #2313



Combined treatment Voxeletor and HU

Russel W  et al ASH 2019 abstract #1003; Smith WR et al ASH 2020, 
abstract# 802

SCD (1500 mg/d-> patient improvement 
evaluated by CGI-C 

(clinical global impression scale-change)



Pathophysiologic based new therapeutic options for SCD
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et al Mediterr J Hematol Infect Disease 11: e2019002, 2019; Matte A et al Exp Opinion Invest Drug 29: 23-31, 2020



Humanized Monoclonal Ab against P‐selectin (SelG1) 

In a double blind placebo-controlled 

mutinational trial:

• was safe and well tollerated

• Induced a 1 month P-selectin 

block

• Reduced pain crisis

• Increased the time between

pain crisis
Mandarino D et al Blood 122: abstract 970, 2013; Telen MJ Blood 127: 810-19, 2016; 
Ataga KI et al abstract 1, 2016 (Dec 4); Ataga KI et al N Engl J Med 2017;376:429-439; 
Ataga KI et al. N Engl J Med 2017;376:1796.; Slomski A. JAMA 2017;317:798.



• SUSTAIN: double blind placebo-controlled phase II study 
(NCT0185361) with P-selectin inhibitor-Crizanlizumab

• Genopyte: SS, SC, S/0, S/+

• 66 pts on 2.5 mg/Kg every 4 weeks and 67 pts on 5 mg/Kg every 4 
weeks 

• Crizanlizumab (5 mg/Kg every 4 ):
• increases the likelihood of SCD adult patients being sickle cell pain crisis free

• is effective also in patients under HU

Kutlar A et al Haematologica S454, 2017



SUSTAIN study: Crizanlizumab reduces days requiring opioid use



Crizanlizumb SCD treated patients show a statistic 
significant 50% reduction in days per year on parental 

opioids compared to placebo group 



Crizanlizumab: SUSTAIN and SOLANCE studies

• Humanized anti-P-Selectin antibody (SelG1-Crizanlizumab)

• 111 pts from SUSTAIN and SOLANCE trial (NCT03264989, on going adult 
open label PK/PD study) 5 mg/Kg/ month 

• Genotype: SS/SC, 75% in HU

• 85% grade 1-2: headache (15%), nausea (19%), backpain (15.3%)

• 45.9% experiences infection: upper respiratory tract and urinary infection

• No bleeding

Kanter J et al ASH 2019, abstract #991



Possibili prospettive: terapia combinate‐politerapia nella SCD

• HU in combination with:
-Chronic P-selectin blockade (Ataga KI et al. abstract #1, 2016; Telen MJ et al doi
10.111/BJH14303, 2016)

-Nutritional/dietary supplementation (i.e.: ω-3 fatty acid, Mg2+

supplementation) (Kalis B et al Haematologica 100:870-80, 2015; Daak AA et al. 
AJCN 97: 37, 2013; Hankins JS et al. BJH 140: 80, 2008)

-Anti-inflammatory agents (Regadenoson) (Field JJ Blood 121: 3329, 2013; 
Field JJ Blood 122 abstract # 977, 2013)

• Combination  treatment  without HU: 
– Anti-sickling agent(s) combined with P-selectin blockade (Swift 

R et al abstract  #121, 2016; Lehrer J et al. abstract #2488, 2016; Ataga KI et al. abstract #1, 
2016; Telen MJ et al doi 10.111/BJH14303, 2016)

– Anti-sickling agent(s) and anti-inflammatory  agents such as 
Regadenoson (Swift R et al abstract  #121, 2016; Lehrer J et al. abstract #2488, Field JJ 
Blood 121: 3329, 2013; Field JJ Blood 122 abstract # 977, 2013)











Conclusioni

Possibili prospettive
terapeutiche nelle
Emoglobinopatie:

terapie combinate-politerapie


