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Pulmonary arterial hypertension is characterized by pulmonary vascular remodeling, cellular proliferation, and poor long-term outcomes. Dysfunctional bone
morphogenetic protein pathway signaling is associated with both hereditary and
idiopathic subtypes. Sotatercept, a novel fusion protein, binds activins and growth
differentiation factors in the attempt to restore balance between growth-promoting
and growth-inhibiting signaling pathways.
METHODS

In this 24-week multicenter trial, we randomly assigned 106 adults who were receiving background therapy for pulmonary arterial hypertension to receive subcutaneous sotatercept at a dose of 0.3 mg per kilogram of body weight every 3 weeks
or 0.7 mg per kilogram every 3 weeks or placebo. The primary end point was the
change from baseline to week 24 in pulmonary vascular resistance.
RESULTS

Baseline characteristics were similar among the three groups. The least-squares mean
difference between the sotatercept 0.3-mg group and the placebo group in the change
from baseline to week 24 in pulmonary vascular resistance was −145.8 dyn · sec · cm−5
(95% confidence interval [CI], −241.0 to −50.6; P = 0.003). The least-squares mean
difference between the sotatercept 0.7-mg group and the placebo group was −239.5
dyn · sec · cm−5 (95% CI, −329.3 to −149.7; P<0.001). At 24 weeks, the least-squares
mean difference between the sotatercept 0.3-mg group and the placebo group in the
change from baseline in 6-minute walk distance was 29.4 m (95% CI, 3.8 to 55.0).
The least-squares mean difference between the sotatercept 0.7-mg group and the
placebo group was 21.4 m (95% CI, −2.8 to 45.7). Sotatercept was also associated with
a decrease in N-terminal pro–B-type natriuretic peptide levels. Thrombocytopenia
and an increased hemoglobin level were the most common hematologic adverse
events. One patient in the sotatercept 0.7-mg group died from cardiac arrest.
CONCLUSIONS

Treatment with sotatercept resulted in a reduction in pulmonary vascular resistance
in patients receiving background therapy for pulmonary arterial hypertension.
(Funded by Acceleron Pharma; PULSAR ClinicalTrials.gov number, NCT03496207.)
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P

ulmonary arterial hypertension is
a rare, progressive disorder characterized by
pulmonary vascular remodeling, resulting
in high pulmonary artery pressure and progressive right ventricular dysfunction.1-3 Current treatments, which target the prostacyclin, endothelin-1,
or nitric oxide pathways, slow disease progression. However, the 5-year survival rate of approximately 60% highlights the need for ther
apies targeting alternative pulmonary vascular
remodeling pathways.1,4-7
Mutations in bone morphogenetic protein
(BMP) receptor type 2 (BMPR2) — a member of
the transforming growth factor β (TGF-β) superfamily — are a major factor underlying heritable
pulmonary arterial hypertension; the BMPR-II
signaling pathway is also important in development of the disease in patients without heritable
disease.8-11 Owing to the role of the BMPR-II
pathway in maintaining endothelial integrity in
pulmonary arteries, mutations that reduce signaling in this pathway promote endothelial dysfunction, increased cellular proliferation, and
pulmonary vascular remodeling.9,10,12-16
Sotatercept is a novel, first-in-class fusion
protein composed of the extracellular domain of
the human activin receptor type IIA fused to the
Fc domain of human IgG1. Sotatercept acts as
a ligand trap for members of the TGF-β superfamily, thus restoring balance between the
growth-promoting activin growth differentiation
factor pathway and the growth-inhibiting BMP
pathway (Fig. 1).17 Sotatercept has been evaluated
in healthy volunteers, in patients with hematologic disorders, and in patients with conditions
characterized by a dysfunctional TGF-β superfamily signaling pathway, including bone loss,
chemotherapy-induced anemia, multiple myeloma,
myelodysplastic syndromes, β-thalassemia, and
end-stage kidney disease.18-24 In the PULSAR
trial, we investigated the safety and efficacy of
sotatercept in patients with pulmonary arterial
hypertension who were receiving background
therapy for pulmonary hypertension.

Me thods
Trial Design and Oversight

PULSAR is a multicenter, randomized, doubleblind, phase 2 trial that includes a 24-week
placebo-controlled treatment period, followed
by an 18-month active-drug extension period
n engl j med 384;13

that is currently ongoing. Here, we report the
main results from the 24-week placebo-controlled
period.
A steering committee designed the trial in
collaboration with the sponsor, Acceleron Pharma.
An institutional review board or independent
ethics committee at each trial center approved
the protocol. An independent data and safety
monitoring committee reviewed unblinded safety
data collected 6 weeks after the first dose of
sotatercept or placebo was administered. The trial
was conducted in accordance with the principles
of the Declaration of Helsinki, the international
ethical guidelines of the Council for International Organizations of Medical Sciences, the
Good Clinical Practice guidelines of the International Council for Harmonisation, and applicable laws and regulations.25-27
In addition to its role in the design of the
trial, the sponsor selected the participating trial
centers; oversaw the conduct and monitoring of
the trial, which were performed by a contract research organization (PPD); received and maintained the trial database; and performed all the
data analyses. No independent analyses of the
data were performed. The academic authors had
the authority to request additional analyses. All the
authors vouch for the completeness and accuracy
of the data and analyses and for the fidelity of
the trial to the protocol and the statistical
analysis plan, which are available with the full
text of this article at NEJM.org.
Patients

Eligible patients had confirmed pulmonary arterial hypertension (group 1 of the updated World
Health Organization [WHO] classification of
pulmonary hypertension) in WHO functional
class II or III (classes range from I to IV, with
higher numbers indicating greater functional
limitations), excluding the subtypes associated
with portopulmonary disease, schistosomiasis,
and human immunodeficiency virus infection.2
A full list of inclusion and exclusion criteria is
provided in the Supplementary Appendix, available at NEJM.org. Patients were receiving stable
background therapy for pulmonary arterial hypertension for at least 90 days before enrollment in
the trial and continued to receive the treatment
during the course of the trial. The treatment
consisted of monotherapy, double therapy, or
triple therapy with combinations of endothelinnejm.org
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Figure 1. Proposed Mechanism of Action for Sotatercept in Pulmonary Arterial Hypertension.
The proposed mechanism of action involves rebalancing growth‑promoting and growth‑inhibiting signaling. Pulmo‑
nary arterial hypertension is associated with dysregulation of the bone morphogenetic protein (BMP) receptor type
II (BMPR‑II)–Smad1/5/8 pathway in pulmonary vascular smooth muscle and endothelial cells, causing an imbalance
between proproliferative and antiproliferative signaling pathways. BMPR‑II–Smad1/5/8 pathway down‑regulation
leads to increased production of activin ligands, such as activin A, growth differentiation factor 8 (GDF8), and GDF11,
which contributes to activin receptor type IIA (ActRIIA)–Smad2/3 pathway up‑regulation. Increased phosphorylated
Smad (pSmad)2/3 activity promotes expression of the endogenous BMP antagonists gremlin‑1 and noggin.Gremlin‑1
and noggin further reduce BMP–Smad1/5/8 signaling. The overall result is that antiproliferative signaling is reduced,
shifting the balance toward proproliferative activin–Smad2/3 signaling, which leads to pulmonary vascular remodel‑
ing. Sotatercept acts to sequester excess ActRIIA ligands, thereby reducing ActRIIA–Smad2/3 signaling to rebalance
growth‑promoting and growth‑inhibiting signaling. ALK denotes activin receptor–like kinase.

receptor antagonists, phosphodiesterase-5 inhibitors, soluble guanylate cyclase stimulators, prostacyclin analogues, or prostacyclin-receptor agonists.
All the patients provided written informed consent.
Procedures

Initially, eligible patients were stratified according to baseline WHO functional class and were
randomly assigned in a 1:1:1 ratio by an interactive response technology system to one of three
groups: placebo, sotatercept at a dose of 0.3 mg
per kilogram of body weight, or sotatercept at a
1206
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dose of 0.7 mg per kilogram. During the trial,
the randomization ratio was changed to 3:3:4 to
increase the statistical power with respect to the
sotatercept 0.7-mg group; 7 patients had been
enrolled at the time of this change. Sotatercept
or placebo (saline) was administered by means of
subcutaneous injection every 21 days.
Safety and efficacy were assessed at screening
and every 3 weeks thereafter for 24 weeks. Adverse events were recorded from the time of
screening until 8 weeks after the end of the
placebo-controlled treatment period. Patients
nejm.org
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who completed the placebo-controlled treatment
period continued directly into the 18-month extension period; the recording of adverse events
continues in the extension period. Dose modifications were planned in accordance with guidance from the European Medicines Agency (as
outlined in Table S1 in the Supplementary Appendix) for any occurrences of leukopenia, neutropenia, or thrombocytopenia or increases in
hemoglobin levels or blood pressure. These adverse events have been reported in previous trials
of sotatercept. Patients who discontinued sotatercept or placebo or withdrew consent were asked
to return for the end-of-trial visit.
End Points

The primary end point was the change from
baseline to week 24 in pulmonary vascular resistance. The key secondary end point was the
change from baseline to week 24 in 6-minute
walk distance. Other secondary efficacy end
points included the change from baseline to
week 24 in N-terminal pro–B-type natriuretic
peptide (NT-proBNP) level, systolic excursion of
the tricuspid annular plane (assessed by echocardiography), WHO functional class, clinical
worsening, scores on the Cambridge Pulmonary
Hypertension Outcome Review, and scores on
the 36-Item Short-Form Health Survey (SF-36).
Safety end points included adverse events and
clinical laboratory test results. A complete list of
the trial end points is provided in Table S2.
Pulmonary vascular resistance was calculated
with the use of the mean pulmonary artery pressure, the pulmonary artery wedge pressure, and
the cardiac output, all of which were measured
by catheterization of the right side of the heart at
screening and at week 24 of the placebo-controlled
treatment period. Echocardiograms (two-dimensional) were obtained according to a prespecified protocol and were approved, reviewed, and
analyzed in a blinded manner at a central laboratory (BioTel Research). End points were assessed at baseline and at selected trial visits.
Adverse events were graded according to the
National Cancer Institute Common Terminology
Criteria for Adverse Events (CTCAE), version 4.0.
The methods used for catheterization and echocardiography, as well as descriptions of the end
point of clinical worsening and the grades used
in the CTCAE, are provided in the Supplementary Appendix.
n engl j med 384;13

Statistical Analysis

The sample-size calculation for the trial was
based on the following assumptions: a baseline
mean (±SD) pulmonary vascular resistance of
800±400 dyn · sec · cm−5; a 30% reduction in mean
pulmonary vascular resistance (240 dyn · sec · cm−5)
at 24 weeks in the sotatercept groups and no
change in the placebo group; a one-sided alpha
level of 0.10 and 80% power to detect the difference among groups; and dropout rates of 15% in
the placebo group, 15% in the sotatercept 0.3-mg
group, and 35% in the sotatercept 0.7-mg group.
The estimated dropout rate in the sotatercept
0.7-mg group was higher owing to potential
hemoglobin increases, as determined by pharmacokinetic modeling. On the basis of these assumptions, we estimated a sample size of approximately 100 patients to be randomly assigned
in the ratio of 3:3:4 across the three groups.
All the efficacy and safety analyses were performed in the intention-to-treat population,
which included all the patients who underwent
randomization. The primary end point was analyzed with the use of an analysis of covariance
(ANCOVA) model, with the randomization factor
and baseline value as covariates. The analysis was
performed with a closed testing procedure for
correction of multiplicity and a hierarchical testing procedure. First, the sotatercept 0.7-mg group
was compared with the placebo group, followed
by a comparison of the sotatercept 0.3-mg group
with the placebo group. Multiple imputation was
used to handle missing data for all the primary
and secondary efficacy end points that were assessed as continuous variables. Other end points
were summarized with the use of descriptive
statistics and analyzed with an ANCOVA model,
as appropriate. Conventional two-sided P values are
presented for the primary end point; no P values
are presented for secondary and other end points.
Sensitivity analyses of the primary and key secondary end points were performed; in one analysis, only the patients who were receiving double
or triple therapy for pulmonary arterial hypertension at baseline were included, and in an additional analysis, missing data were imputed with
the use of the last-observation-carried-forward
method. The underlying normality assumption for
ANCOVA was tested with the use of the Shapiro–
Wilk test. If the assumption of normality was
rejected, the Hodges–Lehmann analysis was used
to present the location shift value. Results are
nejm.org
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3 (9)
11 (34)
18 (56)

3 (9)
12 (38)
17 (53)
13.7±1.8

Monotherapy

Double therapy

Triple therapy

Hemoglobin — g/dl

12.9±1.5

11 (34)

17 (53)

10 (31)

Prostacyclin infusion therapy

Standard therapy for pulmonary arterial hypertension —
no. (%)‖

17 (53)
15 (47)

II

III

1 (3)

4 (12)

9 (28)

5 (16)

13 (41)

13.5±1.6

24 (57)

14 (33)

4 (10)

18 (43)

18 (43)

24 (57)

0

2 (5)

6 (14)

5 (12)

29 (69)

7.7±5.6

27.7±6.6

2 (5)

3 (7)

37 (88)

13.3±1.6

42 (57)

25 (34)

7 (9)

29 (39)

35 (47)

39 (53)

1 (1)

6 (8)

15 (20)

10 (14)

42 (57)

7.7±5.7

27.0±5.9

2 (3)

4 (5)

68 (92)

49.5±14.7

66 (89)

Both Sotatercept
Dose Groups
(N = 74)

13.4±1.7

59 (56)

37 (35)

10 (9)

39 (37)

50 (47)

56 (53)

3 (3)

7 (7)

18 (17)

17 (16)

61 (58)

7.7±5.6

27.1±5.9

4 (4)

4 (4)

98 (92)

48.3±14.3

92 (87)

Total
(N = 106)

of

WHO functional class — no. (%)¶

Associated with corrected congenital shunts

3 (9)

Associated with connective-tissue disease
1 (3)

7 (22)

7.8±6.0

26.1±4.9

0

1 (3)

49.8±15.1

37 (88)

Sotatercept
0.7 mg/kg
(N = 42)

n e w e ng l a n d j o u r na l

Drug-induced or toxin-induced

19 (59)

Idiopathic

Heritable

Classification of pulmonary arterial hypertension
— no. (%)

7.7±5.5

Time since diagnosis of pulmonary arterial hypertension
— yr§

2 (6)

Other
27.3±5.9

0

Body-mass index‡

30 (94)

White

Black

Race — no. (%)†
31 (97)

49.1±14.3

45.6±13.4

Female sex — no. (%)

Age — yr

29 (91)

26 (81)

Characteristic

Sotatercept
0.3 mg/kg
(N = 32)

Placebo
(N = 32)

Table 1. Demographic and Baseline Clinical Characteristics.*

The
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NT-proBNP — pg/ml
1.8±0.24

9.4±5.6

7.9±3.3

7.1±3.8

10.0±3.1

50.1±12.6

4.6±1.0

2.5±0.47

755.9±411.3

1.8±0.37

870.5±1608.7

397.6±91.6

206.7±65.3

Sotatercept
0.7 mg/kg
(N = 42)

7.5±3.6

10.3±3.1

51.6±12.5

4.6±1.1

2.6±0.58

770.4±361.0

1.8±0.32

924.9±1465.2

392.5±89.9

205.7±63.0

Both Sotatercept
Dose Groups
(N = 74)

8.1±4.3

10.3±3.1

52.4±12.7

4.6±0.98

2.6±0.56

778.6±348.5

1.8±0.34

908.2±1387.7

397.5±83.0

204.6±68.6

Total
(N = 106)

*	Plus–minus values are means ±SD. There were no between-group differences at baseline. Percentages may not total 100 because of rounding. NT-proBNP denotes N-terminal pro–
B-type natriuretic peptide.
†	Race was reported by the patient.
‡	The body-mass index is the weight in kilograms divided by the square of the height in meters.
§	The length of time since the diagnosis of pulmonary arterial hypertension was calculated by adding the number of days from the date of diagnosis to the date of informed consent (en‑
rollment) plus 1 day, then dividing by 365.25.
¶	World Health Organization (WHO) functional classes range from I to IV, with higher numbers indicating greater functional limitations.
‖	The standard therapy was not prespecified in the protocol; rather, patients were treated according to their respective physicians and countries. The treatment included monotherapy,
double therapy, or triple therapy with endothelin-receptor antagonists, phosphodiesterase-5 inhibitors, soluble guanylate cyclase stimulators, prostacyclin analogues, or prostacyclinreceptor agonists. Patients who were receiving prostacyclin infusion therapy were also included in one of the other categories of therapy.

Right atrial pressure — mm Hg

53.6±12.2
10.7±3.1

54.1±13.4
10.4±3.0

Pulmonary artery pressure — mm Hg

Pulmonary artery wedge pressure — mm Hg

2.7±0.69
4.6±1.1

2.5±0.54
4.6±0.83

789.4±287.2

Cardiac output — liters/min

797.4±322.6

998.5±1267.1

385.9±88.7

204.4±60.8

Sotatercept
0.3 mg/kg
(N = 32)

Cardiac index — liters/min/m2

Pulmonary vascular resistance — dyn · sec · cm−5

1.8±0.37

870.2±1213.3

6-Minute walk distance — m

Systolic excursion from the tricuspid annular plane — cm

202.1±81.7
409.1±63.9

Platelet count — ×10−9 per liter

Characteristic

Placebo
(N = 32)
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definitive treatment effects for the secondary
outcomes or subgroup analyses.

Sotatercept 0.7 mg/kg

Pulmonary Vascular Resistance
(dyn·sec·cm−5)

A Change from Baseline to Week 24 in Pulmonary Vascular Resistance

R e sult s

200

Baseline Characteristics and Follow-up
0
–16.4±35.3

–200

–162.2±33.3
–255.9±29.6

Placebo
(N=32)

Sotatercept
0.3 mg/kg
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Sotatercept
0.7 mg/kg
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Placebo-Controlled Period
3000
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Figure 2. Change in Pulmonary Vascular Resistance from Baseline to Week 24
in the Intention-to-Treat Population.
Panel A shows the least-squares mean change from baseline to week 24 in
pulmonary vascular resistance in each group. The least-squares mean dif‑
ference between the sotatercept 0.3-mg group and the placebo group was
−145.8 dyn · sec · cm −5 (95% CI, −241.0 to −50.6). The least-squares mean
difference between the sotatercept 0.7-mg group and the placebo group
was −239.5 dyn · sec · cm −5 (95% CI, −329.3 to −149.7); the 0.7-mg group had
a 34% reduction from baseline. I bars indicate standard errors. Panel B shows
pulmonary vascular resistance at baseline and at the end of the placebocontrolled treatment period (week 24) in the three groups. The horizontal
line in the boxes represents the median, and the bottom and top of the boxes
represent the first and third quartiles, respectively. I bars indicate the mini‑
mum and maximum range, excluding outliers. Outliers are represented by
single point markers (o and x).

reported as point estimates and 95% confidence
intervals. The widths of the confidence intervals
have not been adjusted for multiple comparisons, so the intervals should not be used to infer
1210
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From June 2018 through July 2019, a total of 163
patients were screened, of whom 106 underwent
randomization at 43 centers in eight countries.
Patients were randomly assigned to receive placebo (32 patients), sotatercept at a dose of 0.3 mg
per kilogram (32 patients), or sotatercept at a
dose of 0.7 mg per kilogram (42 patients), in addition to stable background therapy for pulmonary arterial hypertension (Fig. S1). The reasons
for screening failure for the 57 patients who
were excluded are provided in Table S3. Demographic and baseline clinical characteristics
were similar among the groups, showing a relatively young patient population (mean [±SD] age,
48.3±14.3 years) with moderate-to-severe pulmonary arterial hypertension. In total, 59 of the 106
patients (56%) were receiving triple therapy and
39 (37%) were receiving prostacyclin infusion
therapy (Table 1).
The last patient completed the 24-week placebocontrolled treatment period on December 17,
2019, and data were unblinded for analysis on
January 8, 2020. Data on cumulative drug exposure during the placebo-controlled treatment
period are provided in Table S4.
Primary End Point

In the intention-to-treat population at week 24,
the least-squares mean change from baseline in
pulmonary vascular resistance was a decrease of
162.2 dyn · sec · cm−5 in the sotatercept 0.3-mg
group and a decrease of 255.9 dyn · sec · cm−5 in
the sotatercept 0.7-mg group, as compared with
a decrease of 16.4 dyn · sec · cm−5 in the placebo
group. The least-squares mean difference between the sotatercept 0.3-mg group and the placebo group at week 24 was −145.8 dyn · sec · cm−5
(95% confidence interval [CI], −241.0 to −50.6;
P = 0.003), and the least-squares mean difference
between the sotatercept 0.7-mg group and the
placebo group was −239.5 dyn · sec · cm−5 (95% CI,
−329.3 to −149.7; P<0.001) (Fig. 2 and Table 2).
Sensitivity analyses showed similar results (Table S5). This treatment effect was consistent
across a range of prespecified subgroups, including those that were defined according to
nejm.org
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2 (6)

4 (12)

0.0±0.05

310.4±151.3

28.7±9.3

−16.4±35.3

Placebo
(N = 32)

0

10 (31)

0.0 (−0.15 to 0.15)

−0.0±0.05

−931.5 (−1353.2 to −509.7)

−621.1±150.6

29.4 (3.8 to 55.0)

58.1±9.2

−145.8 (−241.0 to −50.6)

−162.2±33.3

Sotatercept
0.3 mg/kg
(N = 32)

1 (2)

7 (17)

−0.1 (−0.2 to 0.08)

−0.1±0.05

−651.0 (−1043.3 to −258.7)

−340.6±139.4

21.4 (−2.8 to 45.7)

50.1±8.2

−239.5 (−329.3 to −149.7)

−255.9±29.6

Sotatercept
0.7 mg/kg
(N = 42)

1 (1)

17 (23)

−0.0 (−0.16 to 0.09)

−0.0±0.04

−772.1 (−1125.2 to −419.1)

−462.4±101.4

24.9 (3.1 to 46.6)

53.5±6.1

−198.9 (−281.5 to −116.3)

−215.2±22.4

Both Sotatercept
Dose Groups
(N = 74)

*	All the analyses were performed in the intention-to-treat population with standard multiple imputation for handling missing data. The widths of the confidence intervals have not been
adjusted for multiple comparisons, so the intervals should not be used to infer definitive treatment effects for the secondary end points.
†	The definition of a clinical worsening event is provided in the Supplementary Appendix.

Patients with a clinical worsening event — no. (%)†

Clinical worsening

Patients with improvement of at least once class — no. (%)

WHO functional class

Least-squares mean difference as compared with placebo
(95% CI)

Least-squares mean change ±SE from baseline at week 24

Systolic excursion from the tricuspid annular plane — cm

Least-squares mean difference as compared with placebo
(95% CI)

Least-squares mean change ±SE from baseline at week 24

NT-proBNP — pg/ml

Least-squares mean difference as compared with placebo
(95% CI)

Least-squares mean change ±SE from baseline at week 24

6-Minute walk distance — m

Secondary End Points

Least-squares mean difference as compared with placebo
(95% CI)

Least-squares mean change ±SE from baseline at week 24

Pulmonary vascular resistance — dyn · sec · cm−5

Primary End Point

End Point

Table 2. Primary and Secondary Efficacy End Points.*
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Table 3. Adverse Events and Hematologic Variables through the End of the Placebo-Controlled Treatment Period.*

Variable

Placebo
(N = 32)

Sotatercept
0.3 mg/kg
(N = 32)

Sotatercept
0.7 mg/kg
(N = 42)

Any adverse event — no. (%)

28 (88)

29 (91)

34 (81)

Headache

5 (16)

8 (25)

6 (14)

Diarrhea

4 (12)

7 (22)

6 (14)

Peripheral edema

5 (16)

3 (9)

5 (12)

Dizziness

3 (9)

5 (16)

4 (10)

Fatigue

6 (19)

2 (6)

4 (10)

Hypokalemia

4 (12)

3 (9)

5 (12)

Nausea

4 (12)

3 (9)

5 (12)

Adverse event occurring in ≥10% of patients in any
group — no. (%)

Adverse event of special interest — no. (%)

0

3 (9)

6 (14)

Leukopenia

0

1 (3)

1 (2)

Neutropenia

0

0

1 (2)

0

2 (6)

5 (12)

Serious adverse event — no. (%)

Thrombocytopenia

3 (9)

2 (6)

10 (24)

Adverse event leading to discontinuation of sotater‑
cept or placebo — no. (%)

1 (3)

2 (6)

3 (7)

Adverse event leading to withdrawal from the trial
— no. (%)

2 (6)

1 (3)

3 (7)

Adverse event leading to death — no. (%)

0

0

1 (2)†

Hemoglobin increase reported as an adverse event
— no. (%)

0

1 (3)

7 (17)

30

31

36

Change in hematologic variables from baseline to
week 24
No. of patients
Hemoglobin — g/dl
Platelet count — ×109 per liter

0.0±1.1

1.2±1.2

1.5±1.1

−6.3±29.1‡

12.1±47.7

−12.1±49.8

*	Plus–minus values are means ±SD.
†	This patient died from cardiac arrest. Preexisting risk factors included hypertension, type 2 diabetes, chronic obstructive
pulmonary disease, hyperlipidemia, atrial fibrillation, congestive heart disease, and ischemic heart disease. Concomitant
medications included furosemide, spironolactone, ambrisentan, tadalafil, apixaban, bisoprolol, digoxin, gliclazide, lina‑
gliptin, pravastatin, and tiotropium.
‡	A total of 29 patients in the placebo group were included in the analysis of platelet count.

background therapy (monotherapy or double therapy vs. triple therapy) and according to prostacyclin infusion therapy (yes vs. no) (Fig. S2). The
reduction in pulmonary vascular resistance in
the sotatercept groups was driven by a decreased
mean pulmonary artery pressure (least-squares
mean difference of −8.3 mm Hg [95% CI, −12.7
to −4.0] between the sotatercept 0.3-mg group
and the placebo group and of −13.4 mm Hg
[95% CI, −17.5 to −9.3] between the sotatercept
0.7-mg group and the placebo group) (Table S6).
In contrast, pulmonary artery wedge pressure and
1212
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cardiac output showed minimal changes across
the three groups.
Secondary Efficacy End Points

In the intention-to-treat population, the leastsquares mean change from baseline in 6-minute
walk distance at week 24 was an increase of
58.1 m in the sotatercept 0.3-mg group and an
increase of 50.1 m in the sotatercept 0.7-mg
group, as compared with an increase of 28.7 m in
the placebo group (Figs. S3 and S4 and Table 2).
The least-squares mean difference between the
nejm.org
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sotatercept 0.3-mg group and the placebo group
at week 24 was 29.4 m (95% CI, 3.8 to 55.0), and
the least-squares mean difference between the
sotatercept 0.7-mg group and the placebo group
was 21.4 m (95% CI, −2.8 to 45.7). Sensitivity
analyses showed similar results (Table S5).
At week 24, the least-squares mean change
from baseline in the level of NT-proBNP was a
decrease of 621.1±150.6 pg per milliliter in the
sotatercept 0.3-mg group and a decrease of
340.6±139.4 pg per milliliter in the sotatercept
0.7-mg group, as compared with an increase of
310.4±151.3 pg per milliliter in the placebo group.
The least-squares mean difference between the
sotatercept 0.3-mg group and the placebo group
was −931.5 pg per milliliter (95% CI, −1353.2 to
−509.7), and the least-squares mean difference
between the sotatercept 0.7-mg group and the placebo group was −651.0 pg per milliliter (95% CI,
−1043.3 to −258.7) (Figs. S5 and S6 and Table 2).
The mean change in systolic excursion of the
tricuspid annular plane did not differ significantly
between the sotatercept groups and the placebo
group. The WHO functional class improved from
baseline by at least one class in 4 patients (12%)
in the placebo group, in 10 patients (31%) in the
sotatercept 0.3-mg group, and in 7 patients
(17%) in the sotatercept 0.7-mg group. Clinical
worsening events occurred in 2 patients (6%) in
the placebo group, in no patients in the sotatercept 0.3-mg group, and in 1 patient (2%) in the
sotatercept 0.7-mg group (Table 2). On the basis
of the scores on the quality-of-life, activity limitation, and symptom scales of the Cambridge
Pulmonary Hypertension Outcome Review and
the mental and physical component scores on the
SF-36, quality of life remained stable for patients
in all three groups during the 24-week placebocontrolled treatment period (Table S7).
Safety

The most commonly reported adverse events
throughout the trial are listed in Table 3; serious
adverse events are detailed in Table S8. Adverse
events of CTCAE grade 3 or higher were reported
in 3 patients (9%) in the sotatercept 0.3-mg
group, in 11 patients (26%) in the sotatercept
0.7-mg group, and in 5 patients (16%) in the
placebo group (Table S9).
Thrombocytopenia was the most common
adverse event of special interest, occurring in
2 patients (6%) in the sotatercept 0.3-mg group
n engl j med 384;13

and in 5 patients (12%) in the sotatercept 0.7-mg
group but in no patients in the placebo group.
No events of thrombocytopenia-related bleeding
were reported during the trial, and no patient
received a platelet transfusion. Hemoglobin increase was reported as an adverse event in 1 patient (3%) in the sotatercept 0.3-mg group and in
7 patients (17%) in the sotatercept 0.7-mg group
but in no patients in the placebo group. Details
of the adverse events of thrombocytopenia and
hemoglobin increase are provided in the Supplementary Appendix.
In accordance with protocol-specified criteria,
3 patients (1 in the sotatercept 0.3-mg group and
2 in the sotatercept 0.7-mg group) were withdrawn from the trial because their hemoglobin
levels had risen above 18 g per deciliter and because they had undergone protocol-mandated
phlebotomy. The occurrence of thrombocytopenia resulted in the discontinuation of sotatercept
in 1 patient and the withdrawal of consent in
another patient; both were in the sotatercept
0.7-mg group. One patient in the sotatercept
0.7-mg group died from cardiac arrest during
the trial.

Discussion
In the PULSAR trial, 24 weeks of treatment with
sotatercept resulted in a reduction in pulmonary
vascular resistance that was significantly greater
than the reduction seen with placebo in patients
with pulmonary arterial hypertension. Improvements from baseline in exercise capacity (as assessed by 6-minute walk distance) and NT-proBNP
levels were also noted with sotatercept. All the
patients had been receiving background therapy
with approved agents for pulmonary arterial
hypertension before enrollment in the trial and
continued the treatment during the trial. The
greater degree of reduction in pulmonary vascular resistance as compared with placebo was
seen at both dose levels of sotatercept, with the
higher dose resulting in a 34% reduction from
baseline. Thrombocytopenia and an increased
hemoglobin level were the most common hematologic adverse events. One patient in the higherdose sotatercept group died from cardiac arrest.
Sotatercept was shown to reduce pulmonary
vascular resistance in patients receiving background monotherapy, double therapy, or triple
therapy, including those who were receiving
nejm.org
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prostacyclin infusion therapy. The decrease in
pulmonary vascular resistance in the sotatercept
groups was achieved by reducing the mean pulmonary artery pressure, without causing a substantial change in cardiac output or pulmonary
artery wedge pressure. Preclinical evidence suggests that sotatercept has a direct effect on pulmonary vascular remodeling, which may explain
its clinical effect on pulmonary artery pressure.17
Thrombocytopenia was the most common adverse event of special interest but was not associated with bleeding events in this trial; all the
events were reversible after delay, reduction, or
discontinuation of sotatercept or placebo. The
observed increases in hemoglobin levels are consistent with the erythropoietic effects of sotatercept seen in previous clinical trials.18-24 Mean
hemoglobin levels remained elevated throughout
the treatment period in both sotatercept groups,
and 3 patients discontinued sotatercept or placebo in accordance with the protocol owing to
hemoglobin levels that exceeded the prespecified
safety margin of 18 g per deciliter.
This trial has some limitations. First, as with
other phase 2 trials, the sample size was relatively
small; however, allowances made for expected
dropout rates in each treatment group were sufficient to show improvements with respect to the
primary and secondary end points. Second, the

of

m e dic i n e

duration of the trial was brief at 24 weeks, and
the longer-term effects of sotatercept in this
clinical context have not been established. Third,
the trial was not designed to study the effects of
sotatercept on clinical outcomes, including mortality, and this would be important to address in
future trials.
Sotatercept is a first-in-class therapeutic fusion
protein that targets an imbalance in activin–
growth differentiation factor and BMP pathway
signaling. In this trial, treatment with sotatercept reduced pulmonary vascular resistance
among patients with pulmonary arterial hypertension who were receiving stable background
therapy, including prostacyclin infusion therapy.
Concordant improvements from baseline in 6-minute walk distance and NT-proBNP levels were
also observed. Additional trials, including a
phase 3 trial, are ongoing or planned.
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