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Luspatercept decreases Smad2/3 signaling

Cytoplasm

Nucleus

Erythroid maturation

Decreasing Smad2/3 signaling

enhances erythroid maturation in 

late-stage erythropoiesis3

… inhibiting ActRIIB activation and 

decreasing Smad2/3 signaling2

Complex

Smad2/3

ActRIIB

TGF-β superfamily 

ligand

P

ComplexSmad2/3
P

Luspatercept binds to select TGF-β 

superfamily ligands2–4…

ActRIIB, activin receptor type IIB; IgG1 Fc, immunoglobulin G1 fragment crystallizable; P, phosphorylation; Smad, small mothers against decapentaplegic; TGF-β, transforming growth 
factor β.

1. Attie KM et al. Am J Hematol 2014;89:766–770. 2. Suragani RN et al. Nat Med 2014;20:408–414. 3. Suragani RN et al. Blood 2014;123:3864–3872. 4. Cappellini MD et al. 
Blood 2018;132:163.

Luspatercept

Increased aberrant TGF-β superfamily signaling via the Smad2/3 pathway is a component of ineffective 
erythropoiesis and impaired erythroid maturation2,3

Luspatercept is a first-in-classe erythroid 
maturation agent: a recombinant fusion 
protein consisting of a modified form of 
the extracellular domain of the human 

ActRIIB linked to the human IgG1 Fc 
domain1





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



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

R
2:1 U

Post-treatment follow-up
(3 years post last dose)

12-week screening
period

12-week historical
transfusions

Open-label phaseg

(≤ 5 years)

Initial double-blind 
treatment phaseb

(primary endpoint, ≤ 48 weeks)

Long-term double-blind 
treatment phased

(≤ 48 weekse)

Patients with β-thalassemiaa

(N = 336)

• ≥ 18 years of age
• Requiring regular RBC 

transfusions (defined as: 6–20 
RBC units in the 24 weeks 
prior to randomization with no 
> 35-day transfusion-free 
period during that time) 

Luspatercept + BSCc

1 mg/kg s.c. every 3 weeks
May be titrated up to 1.25 mg/kg

(n = 224)

Luspatercept + BSCb,f
s.c. every 3 weeks

Crossover 
permittedg

Placebo + BSCc
s.c. every 3 weeks

(n = 112)

Placebo + BSCb,f

s.c. every 3 weeks

Luspatercept + BSCb,f

s.c. every 3 weeks

Cappellini MD, et al. N Engl J Med 2020;382:1219–1231. BSC: Best Supportive Care
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≥ 33% reduction in RBC transfusion burden from baseline

(Primary 
endpoint)

(1st key 
secondary endpoint)

(2nd key secondary endpoint) (3rd key
secondary endpoint)

P < 0.001
P < 0.001

P = 0.030
P = 0.002

Placebo (n = 112)Luspatercept (n = 224)

P < 0.001
P < 0.001

P < 0.001

P < 0.001

≥ 50% reduction in RBC transfusion burden from baseline

Efficacy: reduction in RBC transfusion burden from baseline

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



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



Luspatercept approval in TDT patients

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 December 2021 to 

treat anemia in adult patients with beta-thalassemia who require 

regular red blood cell transfusions
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Who are the NTD β-thalassemia patients?

Saliba A, Musallam K, Taher A. Blood 2023;142,11 
  



Morbidity-free survival vs Hb level in NTDT

• Patients with NTDT with baseline Hb ≥ 10 g/dL have significantly longer morbidity-free survival than patients with < 10 
g/dL (P < 0.001)

• A significant correlation between improvement in Hb levels by 1 g/dL and decreased odds of developing morbidities was 
also shown in patients with NTDT and baseline Hb < 10 g/dL

• Improvement of anemia and disease complications are unmet needs in patients with NTDT
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1. Taher AT et al. EHA 2021; Oral S101. 
2. Musallam KM, et al. Annals of Hematology (2022) 101:203–204  
3. Musallam Ann Hematol (2021) 100:1903–1905 



Musallam K et al. HemaSphere (2022) 6:12(e806). 



BEYOND study design

Primary data cut was September 14, 2020 and current data cut was September 22, 2021.
aPatients were stratified by baseline Hb level (< 8.5 or ≥ 8.5 g/dL) and NTDT-PRO T/W domain score (≥ 3 or < 3); bDose could be titrated to a maximum of 1.25 mg/kg; cDBTP ended after last patient enrolled had completed 48 

weeks of treatment or discontinued earlier, or when study was unblinded.
DBTP, double-blind treatment period; EOS, end of study; IP, investigational product; NTDT-PRO T/W, Non-Transfusion-Dependent β-Thalassemia Patient-Reported Outcomes Tiredness/Weakness domain; OLP, open-label 
period; PTFP, post-treatment follow-up period; Q3W, every 3 weeks; SC, subcutaneously. 

Screening
Patients with 

NTDT and
Hb ≤ 10 g/dL 
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Luspatercept SC

1.0 mg/kgb SC Q3W

(n = 96)

Placebo SC Q3W

(n = 49)
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OLP 

Patients on 

luspatercept

PTFP
If treatment is 

discontinued 

before unblinding 

or EOS

PTFP

E
O

S

PTFP

Minimum 48 weeks for each patientc ~ 24 months ~ 3 years after last dose4 weeks

DBTP OLP

If IP is discontinued before the study unblinding

1. Taher AT, et al. Lancet Haematol 2022;9:e733–e744.

Primary endpoint: Achievement of increase from baseline ≥ 1 g/dL mean Hb concentration over continuous 
12-week interval during weeks 13–24 without transfusions

Taher AT, et al. EHA 2023 [Abstract #S273]



NTDT-PRO instrument

• NTDT-PRO is the first PRO instrument developed specifically for assessment of 
quality-of-life (QoL) in patients with NTDT 

• It contains six items assessing the severity of tiredness, weakness, and 
shortness of breath with or without physical activity

• The Tiredness/Weakness domain is the weekly scores average from four 
tiredness and weakness items

• The tool employs a 24-h recall method, with scores ranging from 0 (absent) to 
10 (extreme) 
• - A decrease in NTDT-PRO T/W domain score is considered an improvement 
• - Scores of 3 or higher are indicative of symptomatic NTDT

Taher AT, et al. Lancet Haematol 2022 



Primary endpoint
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P < 0.0001 

77.1
(74/96)

72.7
(40/55)

82.9
(34/41)

0
0/49

0
0/29

0
0/20

0

20

40

60

80

100

Overall Baseline mean Hb < 8.5 g/dL Baseline mean Hb ≥ 8.5 g/dL

P
a
ti

e
n
ts

 (
%
)

Luspatercept Placebo

Overall Baseline 

mean Hb < 8.5 g/dL 

Baseline 

mean Hb ≥ 8.5 g/dL 

• The study met its primary endpoint

– 74 (77.1%) of patients in the luspatercept arm vs 0 placebo patients achieved a mean Hb increase of ≥ 1.0 g/dL 
from baselinea over a continuous 12-week interval during weeks 13–24 in the absence of RBC transfusions

Data cutoff: September 14, 2020.
aBaseline Hb is defined as the average of 2 or more Hb measurements ≥ 1 week apart within 4 weeks prior to randomization. Primary endpoint was defined as a ≥ 1.0 g/dL mean increase in Hb from baseline over 
a continuous 12-week interval from weeks 13 to 24, in the absence of RBC transfusions. 
Hb, hemoglobin; RBC, red blood cell.

Taher AT et al. EHA 2021; Oral S101.



Post hoc analyses-NTDT-PRO T/W domain score improvement 
and Hb increase

• The correlation analysis showed that as hemoglobin levels increased, NTDT-PRO T/W domain scores 
decreased, suggesting improvement in patient-reported tiredness and weakness (R = −0.29; P < 0.0001)
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5 years post first dose or 3 years post last dose, whichever is later

Post-treatment follow-upd,h

3 years post last dose

Post-treatment follow-upd

BELIEVE, BEYOND, and LTFU study designs

Parent trial LTFU study (NCT04064060)

Screening Double-blind 
treatment phase

Open-label phase Transition 
phase

Treatment phase Follow-up phase

Luspatercept
1.0-1.25 mg/kg
s.c. Q3W
n = 224

Placebo
s.c. Q3W
n = 112

Patients randomized to 
luspatercept could 
continue to receive 

treatmentc

Patients randomized to 
placebo could cross 
over to receive 

luspaterceptc EOT

Luspatercept
Dosing as in the parent trial
s.c. Q3W

Patients participate receive 
luspatercept as long as they 
derive clinical benefit (up to 5 
years)

• Informed 

consent 

process

• Eligibility 

assessment

• Within 

26 days of 

the last visit 

in the 

parent trial

42-day follow-up

Patients are followed for 

42 days after the last dose 

of luspatercept for safetye

• Patients are monitoredf for
≥ 5 years post first dose in 
parent trial

• Patients in post-treatment 
follow-up in the parent trial 
enter the long-term post-
treatment follow-up phase of 
the LTFU study

Long-term post-treatment 
follow-up

Study discontinuation

≥ 48 weeksb
Patients with TDTa

(N = 336)

• ≥ 18 years of age

• Requiring regular RBC 
transfusions, defined as 6-20 
RBC units in the 24 weeks prior 
to randomization with no > 35-day 
transfusion-free period during 
that time

Randomized

2:1
Unblinding
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Luspatercept
1.0-1.25 mg/kg
s.c. Q3W
n = 96

Placebo
s.c. Q3W
n = 49

≥ 48 weeksb
Patients with NTDTa

(N = 145)

• ≥ 18 years of age

• Baseline hemoglobin ≤ 10 g/dL

• Receiving ≤ 5 RBC units in the 
24 weeks prior to randomization, 
and RBC transfusion-free for 
≥ 8 weeks before randomization

Randomized

2:1g
Unblinding

Approx. 24 months
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aβ-thalassemia or HbE/β-thalassemia (compound β-thalassemia with mutation and/or multiplication of α-globin genes allowed); bThe double-blind treatment phase ended after the last patient enrolled completed 48 weeks of treatment or 
discontinued earlier, or when the study was unblinded. Patients who completed 48 weeks of double-blind treatment could continue treatment until study unblinding; patients who did not continue treatment or discontinued early entered post-
treatment follow-up; cPatients who were compliant with the protocol 48 weeks post dose 1 day 1, including patients in post-treatment follow-up who continued compliant participation until study unblinding, could enroll in the open-label phase; 
dPatients who discontinued treatment continued to be followed at weeks 9, 24, 48, 72, 96, 120, 144, and 156 (3 years) after their last dose; eSafety-related parameters, AEs, and serious AEs were monitored; fPatients are followed for overall survival 
every 6 months and monitored for any malignancies/pre-malignancies; gPatients were stratified based on baseline Hb level (< 8.5 or ≥ 8.5 g/dL) and NTDT-PRO T/W domain score (≥ 3 or < 3); hPatients could continue or complete post-treatment 
follow-up in the LTFU study. AE, adverse event; EOT, end of treatment; HbE, hemoglobin E; NTDT-PRO T/W, Non-Transfusion-Dependent β-Thalassemia Patient-Reported Outcomes Tiredness/Weakness domain; Q3W, every 3 weeks; s.c., 
subcutaneously.

Patients randomized to 
luspatercept could 
continue to receive 
treatmentc

Patients randomized to 
placebo could cross 
over to receive 
luspaterceptc

Luspatercept
Dosing as in 
previous phase
s.c. Q3W

Luspatercept
Dosing as in 
previous phase
s.c. Q3W



Luspatercept approval in NTD patients

The European Commission has granted a full marketing
authorization to luspatercept-aamt for use in adult
patients with anemia associated with non–transfusion-
dependent (NTD) β-thalassemia on February 27th 2023



Luspatercept in pediatric patients with transfusion-dependent β-thalassemia: a 
phase 2a study evaluating safety and pharmacokinetics of luspatercept in children 

Screening/run-in

Patients with β-thalassemiaa

12 to < 18 years of age, 

requiring ≥ 4 RBC transfusions 

in 24 weeks prior to 

enrollment with no 

transfusion-free period               

≥ 42 days and a history of 

regular RBC transfusions for                

≥ 2 years

Long-term 

treatment

If patients experience 

clinical benefit, they 

can continue to 

receive treatment for 

≤ 5 years from first 

dose 

Post-treatment 

follow-up

Patients will be 

monitored for 5 years 

from first dose or 

3 years from last 

dose, whichever 

occurs later

≤ 5 years 5 years from first 

dose OR

3 years from last 

dose

Dose 

escalation 
Cohort 1 (n = 6): 

0.75 mg/kg 

Expansion 

cohort
Cohort 3 (n = 30): 

Recommended dose 

TBDc

Luspatercept SC every 21 days

≤ 4 cycles

Dose 

escalation 
Cohort 2b (n = 6): 

1.0 mg/kg

12 weeks

Recommend

eddosec

Luspatercept SC every 21 days

≥ 12 months

Part A 
study 
design: 
patients 
12 to < 
18 years 
of age

aβ-thalassemia, Hb E/β-thalassemia, or α-thalassemia/β-thalassemia allowed; bDose Review Team to determine whether or not to enroll Cohort 2 at the next planned dose level; 
cRecommended dose based on tolerability and safety data from Cohorts 1 and 2; if the RD is 1.0 mg/kg, titration up to 1.25 mg/kg is allowed based on erythroid response during the 
previous 2 dose cycles. 
TBD, to be determined.

Viprakasit V, et al. Blood 2021;138(suppl 1). Abstract 4161.

(NCT04143724)



Luspatercept in pediatric patients with transfusion-dependent β-thalassemia: a 
phase 2a study evaluating safety and pharmacokinetics of luspatercept in children 

Screening/run-in

Patients with β-thalassemiaa

6 to < 12 years of age, requiring ≥ 

4 RBC transfusions in 24 weeks 

prior to enrollment with no 

transfusion-free period                     

≥ 42 days and a history of regular 

RBC transfusions for                  ≥ 

2 years

Long-term treatment

If patients experience 

clinical benefit, they can 

continue to receive 

treatment for ≤ 5 years 

from first dose 

Post-treatment follow-

up

Patients will be 

monitored for 5 years 

from first dose or 3 years 

from last dose, whichever 

occurs later

12 weeks

≤ 5 years
5 years from first 

dose OR

3 years from last 

dose

Dose escalation 
Cohort 4 (n = 6): 

1.0 mg/kg

Dose escalation
Cohort 5 (n = 6): 

1.25 mg/kg

Luspatercept SC every 21 days

≤ 4 cycles

Part B 
study 
design: 
patients 
6 to < 12 
years of 
age

aβ-thalassemia, Hb E/β-thalassemia, or α-thalassemia/β-thalassemia allowed

Viprakasit V, et al. Blood 2021;138(suppl 1). Abstract 4161.

(NCT04143724)



Wild-type PK

in hemolytic anemias

PEP

Pyruvate

Cellular demand

Increased demand 

of ATP

In many other hemolytic 

anemias, there is an increase in 

ATP demand and impaired ATP 

production, leading to damage 

and premature death of RBCs, 

hemolysis, and anemia

wtPK

Healthy RBC

PEP

Pyruvate

wtPK

Glucose

FBP

1,3-DPG

3-PG

PEP

Pyruvate

ATP

ADP

GLYCOLYSIS

2,3-DPG

PK

Cellular demand

ATP production

meets demand

ADP, adenosine diphosphate; ATP, adenosine triphosphate; DPG, diphosphoglycerate; FBP, fructose bisphosphate; m, mutant; PEP, phosphoenolpyruvate; PG, phosphoglycerate; 
PK, pyruvate kinase; RBC, red blood cell; wt, wild-type.

Pyruvate kinase activation represents a unique mechanism of action with the 
potential to address a broad range of hemolytic anemias



MIT-IT-0006
Aug 2023

Mitapivat is an oral, small-molecule allosteric activator of pyruvate kinase

ADP, adenosine diphosphate; ATP, adenosine triphosphate; DPG, diphosphoglyceric acid; FBP, fructose bisphosphate; Hb, hemoglobin; 
PEP, phosphoenolpyruvate; PG, phosphoglycerate; PK, pyruvate kinase; RBC, red blood cell; SCD, sickle cell disease.

1. Kung C et al. Blood 2017;130:1347; 2. Valentini G et al. J Biol Chem 2002;277:23807; 3. Rab MAE et al. Blood 2021;137:2997–3001; 4. Yang H et al. Clin Pharmacol Drug Dev 
2019;8:246.

• ATP generation is essential for RBC 

function and stability1,2

• 2,3-DPG is an important regulator of 

the oxygen affinity of Hb3

• Mitapivat activates wild-type and 

mutant PK enzymes, which act at 

the final step of glycolysis to 

generate energy in the form of ATP 

in RBCs1,4

Mitapivat

Glucose

FBP

1,3-DPG

3-PG

PEP

Pyruvate

PK

ATP

ADP

2,3-DPG



Mitapivat approval

Mitapivat has been approved by the US Food and Drug 

Administration (FDA) in Feb 2022 and by the European 

Medicines Agency (EMA) in Nov 2022 to treat anemia in adult 

patients with PK deficiency



Pathophysiology and proposed mitapivat mechanism of action in thalassemia

ATP, adenosine triphosphate.





Mitapivat met the primary endpoint with an observed Hb
response rate of 80%

Hb response:

≥ 1.0 g/dL increase in Hb concentration from BL 

at ≥ 1 assessments between

Weeks 4–12 (inclusive)
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Hemolysis and Erythopoesis:

• Reductions in bilirubin, LDH, and EPO, 

correlates with Hb increase

• Indirect bilirubin and LDH showed declines in 

both alpha and beta-thalassemia patient

• Erythropoietin approached the ULN in both 

groups by Wk 6

Secondary endpoints



MIT-IT-0006
Aug 2023

Two Phase 3, global, randomized, controlled trials of mitapivat in adults 
with α- or β-thalassemia are active, not recruitinga

aStatus as of June 30 2023.
BID, twice daily; Hb, hemoglobin; HbE, hemoglobin E; HbH, hemoglobin H; RBC, red blood cell.
ClinicalTrials.gov: ENERGIZE (NCT04770753); ClinicalTrials.gov: ENERGIZE-T (NCT04770779).

Key inclusion criteria

• ≥18 years

• -thalassemia  -globin mutations, HbE
-thalassemia, or -thalassemia (HbH disease)

• Non-transfusion-dependent (≤ 5 RBC units 
during the 24-week period before randomization 
and no RBC transfusions ≤8 weeks prior)

• Hb ≤10.0 g/dL

N=171

Mitapivat

100 mg BID

Placebo 

BID

Primary endpoint:

% of patients with mean Hb 

increase of ≥1 g/dL from baseline
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48-week core period

Primary endpoint:

50% reduction in transfusion 

burden in any 12-week rolling 

period

Key inclusion criteria

• ≥18 years

• -thalassemia  -globin mutations, HbE
-thalassemia, or -thalassemia (HbH disease)

• Transfusion-dependent (6–20 RBC units 
transfused and ≤6-week transfusion-free period 
during the 24-week period before randomization)



MIT-IT-0006
Aug 2023Lancet 2025; 406: 33–42
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