Assessment of longer-term efficacy and safety in the phase 3 BELIEVE trial of luspatercept to treat anemia in
patients with β-thalassemia
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•

Objective
•

To evaluate long-term efficacy and safety of luspatercept treatment in adult
patients with β-thalassemia in the BELIEVE trial

BELIEVE is an ongoing phase 3, randomized, double-blind, placebo-controlled,
multicenter trial (NCT02604433) (Figure 1)

Figure 1. Study design of the BELIEVE trial
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•

The intent-to-treat population (N = 336) comprised all randomized patients,
regardless of whether or not the patient received the study drug, and
included 224 patients in the luspatercept arm and 112 patients in the
placebo arm (Table 1)

Characteristica

Luspatercept (N = 224)

Placebob (N = 112)

Age, median (range), years

30 (18–66)

30 (18–59)

Female, n (%)

132 (58.9)

63 (56.3)

RBC transfusion burden, median
(range), units/12 weeks

9.31 (4.5–11.4)
6.1 (3–14)

15 (6–26)

Splenectomy, n (%)

129 (57.6)

65 (58.0)

2,096.9 (1,756.6)

1,845.1 (1,669.1)

12.0 (14.8)

10.1 (11.5)

103 (46.0)

45 (40.2)

33.5 (16.2)

Crossover from
placebo to luspatercept
permitted

Patients were randomized at 65 sites between July 2016 and June 2017
Eligible patients were aged ≥ 18 years and:
—— Had β-thalassemia or hemoglobin (Hb) E/β-thalassemia (compound
β-thalassemia mutation and/or multiplication of α–globin genes was allowed)
—— Required regular transfusions (6–20 RBC units in the 24 weeks prior to
randomization with no transfusion-free period > 35 days)
Patients were randomized 2:1 to luspatercept 1.0 mg/kg (titration up to
1.25 mg/kg allowed) or placebo, administered subcutaneously every 21 days
for ≥ 48 weeks; all patients continued to receive best supportive care,
including RBC transfusions to maintain target pre-transfusion Hb levels and ICT
After study unblinding, patients randomized to receive placebo were eligible
to cross over to receive luspatercept in an open-label phase
Achievement of ≥ 33% or ≥ 50% reduction in RBC transfusion burden during
any 12, 24, or 48 weeks up to the updated data cutoff of July 1, 2019
Median duration of the longest single period of ≥ 33% and ≥ 50% reduction in
RBC transfusion burden

•

•
•

•

•

•

22.4 (3.0–34.0)

Luspatercept (N = 224)

37 (33.9)

1.25 mg/kg

114 (51.1)

43 (46.7)

72 (66.1)

transfusion burden from baseline during any 12, 24, or 48 weeks

B

34.8 (10.7)

As of the updated data cutoff of July 1, 2019 the median treatment duration
for patients in the luspatercept, crossover, and placebo arms was 119.1,
45.9, and 74.7 weeks, respectively (Table 2)
Patients in the luspatercept, crossover, and placebo arms received,
respectively, a mean of 33.1, 13.6, and 22.4 doses of study drug (Table 2)
171 (76.3%), 109 (48.7%), and 62 (27.7%) of 224 luspatercept-treated patients
achieved ≥ 33% reduction in RBC transfusion burden during any 12, 24, and
48 weeks, respectively (Figure 2A)
107 (47.8%), 48 (21.4%), and 28 (12.5%) luspatercept-treated patients
achieved ≥ 50% reduction in RBC transfusion burden during any 12, 24, and
48 weeks, respectively (Figure 2B)
The median longest single period of ≥ 33% reduction in RBC transfusion
was 110 and 90 days in the luspatercept and placebo arms, respectively
(Table 3)
The median longest single period of ≥ 50% reduction in RBC transfusion was
99 and 86 days in the luspatercept and placebo arms, respectively (Table 3)
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1.8%
(n = 2)

•

Any 48 weeks

P = 0.011

7.6%
(n = 17)

10

4.5%
(n = 5)

Placeboa
(N = 109)

Grade ≥ 3 TEAEs
(≥ 1 event)

77 (34.5)

14 (15.2)

19 (17.4)

Arthralgia

51 (22.9)

15 (16.3)

15 (13.8)

Bone pain

47 (21.1)

16 (17.4)

9 (8.3)

Dizziness

28 (12.6)

4 (4.3)

5 (4.6)

Thromboembolic or
thrombophlebitis
events (≥ 1 event)

12 (5.4)

2 (2.2)

1 (0.9)

Serious AEs

48 (21.5)

11 (12.0)

8 (7.3)

TEAEs leading to dose
reduction

135 (60.5)

36 (39.1)

52 (47.7)

Median treatment duration of luspatercept, crossover, and placebo patients was 119.1, 45.9, and 74.7 weeks, respectively.
a
Patients in the placebo arm are evaluated only prior to the open-label phase. TEAE, treatment-emergent adverse event.

9.8%
(n = 9)

Conclusions

1.8%
(n = 2)

≥ 33% reduction

Parameter, n (%)

Luspatercept
(N = 223)

Placebo crossover
to luspatercept
(N = 92)

•

≥ 50% reduction
•

RBC transfusion burden reduction of ≥ 33% during any 12 or any 24 weeks
was achieved by 76 (82.6%) and 41 (44.6%) crossover patients, respectively
(Figure 4)
RBC transfusion burden reduction of ≥ 50% during any 12 or any 24 weeks
was achieved by 36 (39.1%) and 12 (13.0%) crossover patients, respectively
(Figure 4)
•

transfusion burden during any 12 or 24 weeks
≥ 33% reduction

21.4%
(n = 48)
8.0%
(n = 9)

Any 12 weeks

90

P < 0.001
12.5%
(n = 28)
0.9%
(n = 1)

Any 24 weeks

0.9%
(n = 1)
Any 48 weeks

Patients in the placebo arm are evaluated only prior to the open-label phase. RBC, red blood cell.

Luspatercept
(N = 223)

Characteristic

Placeboa
(N = 109)

Duration of longest single period of RBC
transfusion burden reduction, days (range)

171 (76.3)

39 (38.4)

110 (84–1,004)

90 (84–342)

107 (47.8)

Duration of longest single period of RBC
transfusion burden reduction, days (range)

99 (84–1,004)

Patients in the placebo arm are evaluated only prior to the open-label phase. RBC, red blood cell.
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•

Although direct comparisons cannot be made because of different
treatment durations, prolonged periods of clinically meaningful
reductions in RBC transfusion burden were observed in patients in the
luspatercept arm and in patients who crossed over from the placebo arm
The safety profile of crossover patients did not substantially change for
the most frequent TEAEs compared with the primary safety results6
—— The incidence of TEAEs leading to dose reductions was similar in
crossover and placebo arms, despite differences in median treatment
duration
—— The incidence of grade ≥ 3 TEAEs was similar in crossover and placebo
patients, except for bone pain; new onset of bone pain has been
previously observed to resolve after initial doses7
The increase of thromboembolic events in patients with splenectomies in
this study is consistent with previously reported risk
The BEYOND study is an ongoing phase 2 trial to determine the efficacy
and safety of luspatercept in patients with non-transfusion-dependent
β-thalassemia (NCT03342404)
A phase 2a study is evaluating the safety and pharmacokinetics of
luspatercept in pediatric patients with transfusion-dependent
β-thalassemia (NCT04143724)
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Table 3. RBC transfusion burden reduction during entire study period
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Figure 4. Crossover patients achieving ≥ 33% or ≥ 50% reduction in RBC
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Figure 2. Patients achieving ≥ 33% (A) or ≥ 50% (B) reduction in RBC

The safety population consisted of all patients who were randomized
and received ≥ 1 dose of the study drug and included 223 patients in the
luspatercept arm and 109 patients in the placebo arm
The crossover population consisted of 92 of 112 (82.1%) patients randomized
to the placebo arm who crossed over to receive luspatercept during the
open-label phase
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13.6 (2.0–17.0)

Patients in the placebo arm are evaluated only prior to the open-label phase. Duration is measured in total
person years (defined as the sum of treatment duration in years for all patients in the treatment arm).

Long-term efficacy
•

Figure 3. Patients achieving ≥ 33% or ≥ 50% reduction in RBC transfusion

b

Data on endocrine function were not collected. bPatients in the placebo arm were evaluated only prior to open-label
phase. cDefined as the mean of all documented pre-transfusion Hb values during the 24 weeks prior to first dose for
each patient. dw, dry weight; Hb, hemoglobin; ITT, intent to treat; LIC, liver iron concentration; RBC, red blood cell;
SD, standard deviation; T2* MRI, T2-weighted magnetic resonance imaging.

•

33.1 (1.0–51.0)

109 (48.9)

6.3 (3–12)

14 (6–24)

Myocardial iron by T2* MRI,
mean (SD), ms

74.7 (8.9–104.0)

1.0 mg/kg

9.15 (5.8–11.7)

RBC transfusion burden, median
(range), units/24 weeks

> 7 mg/g dw, n (%)

45.9 (6.1–47.7)

a

a

Longer-term efficacy analysis endpoints
•

Patients
•

119.1 (1.7–153.1)

populations

17 (18.5%) and 9 (9.8%) of 92 placebo patients who crossed over to receive
luspatercept achieved ≥ 33% or ≥ 50% reduction in RBC transfusion burden,
respectively in Weeks 13-24 after crossover (Figure 3)

Maximum dose
received, n (%)

Results

Serum ferritin, mean (SD), μg/L

Data cutoff used for this analysis was July 1, 2019.
a
β-thalassemia or Hb E/β-thalassemia (compound β-thalassemia with mutation and/or multiplication of α-globin
genes was allowed). bPatients could receive RBC transfusions and ICT to maintain their baseline Hb level. cThe trial
is fully enrolled and patients continue to receive treatment or follow-up.
BSC, best supportive care; Hb, hemoglobin; ICT, iron chelation therapy; RBC, red blood cell; s.c., subcutaneously.

•

•

LIC, mean (SD), mg/g dw
Study
unblinding

Randomized
2:1

a

12-week
12-week
historical
screening
transfusions period

•

Placeboa
(N = 109)

•

QR codes are valid for 120 days after the congress presentation date.

Table 4. Summary of incidence of TEAEs in safety and crossover patient

burden from baseline during Weeks 13-24

Number of doses
received per patient,
mean (range)

Treatment-emergent adverse events (TEAEs) of interest
Serious AEs
Thromboembolic/thrombophlebitis events

Hb (24 weeks), median
(range), g/dLc

Study design

β-thalassemia
patients ≥ 18 years,
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) (N = 336)

•

Treatment duration,
median (range), weeksb

Table 1. Baseline characteristics of the BELIEVE ITT population

Methods
•

Safety endpoints

Characteristic

Luspatercept
(N = 223)

Placebo crossover
to luspatercept
(N = 92)

Patients achieving reduction in RBC
transfusion burden in Weeks 13-24 (%)

•

•

Achievement of ≥ 33% or ≥ 50% reduction in RBC transfusion burden during
Weeks 13–24 after crossover
Achievement of ≥ 33% or ≥ 50% reduction in RBC transfusion burden during
any 12 or 24 weeks after crossover up to data cutoff (July 1, 2019)

Patients achieving reduction
in RBC transfusion burden (%)

•

β-thalassemia is a genetic blood disorder associated with ineffective
erythropoiesis and anemia1
Patients with β-thalassemia who are transfusion dependent require frequent
and lifelong red blood cell (RBC) transfusions and iron chelation therapy (ICT)2
Luspatercept is a first-in-class erythroid maturation agent approved by the
US Food and Drug Administration for the treatment of anemia in adult
patients with β-thalassemia who require regular RBC transfusions3,4
—— Luspatercept binds to select transforming growth factor-β superfamily
ligands to diminish Smad2/3 signaling and enhance late-stage erythropoiesis5
The BELIEVE study is an ongoing phase 3, randomized, double-blind,
placebo-controlled, multicenter trial of luspatercept in adults who require
regular RBC transfusions due to β-thalassemia6
—— The primary results of the BELIEVE trial showed that a statistically
significant proportion of patients treated with luspatercept achieved ≥ 33%
reduction in RBC transfusion burden, with a reduction of ≥ 2 RBC units
from Weeks 13–24 versus patients treated with placebo

•

Crossover patients

Table 2. Treatment exposure in the BELIEVE safety population

Patients achieving ≥ 33% reduction in
RBC transfusion burden
from baseline (%)

•

Crossover patients analysis endpoints

Patients achieving ≥ 50% reduction in
RBC transfusion burden
from baseline (%)
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Overall, ≥ 1 TEAE (grade ≥ 3) was reported in 77 of 223 (34.5%), 14 of
92 (15.2%), and 19 of 109 (17.4%) patients in the luspatercept, crossover,
and placebo arms, respectively (Table 4)
Of the 128, 53, and 62 patients in the luspatercept, crossover, and placebo
arms, respectively, who had a prior splenectomy, 11 (8.6%), 2 (3.8%), and
1 (1.6%) patients reported ≥ 1 thromboembolic event
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