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Abstract
Background In participants with pulmonary arterial hypertension, 24 weeks of sotatercept resulted in a
significantly greater reduction from baseline in pulmonary vascular resistance than placebo. This report
characterises the longer-term safety and efficacy of sotatercept in the PULSAR open-label extension. We
report cumulative safety, and efficacy at months 18–24, for all participants treated with sotatercept.
Methods PULSAR was a phase 2, randomised, double-blind, placebo-controlled study followed by an
open-label extension, which evaluated sotatercept on top of background pulmonary arterial hypertension
therapy in adults. Participants originally randomised to placebo were re-randomised 1:1 to sotatercept 0.3
or 0.7 mg·kg−1 (placebo-crossed group); those initially randomised to sotatercept continued the same
sotatercept dose (continued-sotatercept group). Safety was evaluated in all participants who received ⩾1
dose of sotatercept. The primary efficacy endpoint was change from baseline to months 18–24 in
pulmonary vascular resistance. Secondary endpoints included 6-min walk distance and functional class.
Two prespecified analyses, placebo-crossed and delayed-start, evaluated efficacy irrespective of dose.
Results Of 106 participants enrolled in the PULSAR study, 97 continued into the extension period.
Serious treatment-emergent adverse events were reported in 32 (30.8%) participants; 10 (9.6%) reported
treatment-emergent adverse events leading to study discontinuation. Three (2.9%) participants died, none
considered related to study drug. The placebo-crossed group demonstrated significant improvement across
primary and secondary endpoints and clinical efficacy was maintained in the continued-sotatercept group.
Conclusion These results support the longer-term safety and durability of clinical benefit of sotatercept for
pulmonary arterial hypertension.
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Introduction
Pulmonary arterial hypertension (PAH) is a progressive disease that results in increased pulmonary artery
pressure and right ventricular dysfunction [1]. Pulmonary vascular remodelling is the key underlying driver
of PAH, and this stems from an imbalance in anti-proliferative and pro-proliferative signalling pathways
that promote hyperproliferation of cells from vessel walls [2]. In PAH, anti-proliferative bone
morphogenetic protein receptor type II (BMPR-II)-mediated signalling is reduced, allowing for unchecked
pro-proliferative activin signalling through activin receptor type 2A/B (ActRIIA/B). This promotes
hyperproliferation of cells from the vessel wall [1, 3, 4].

Currently approved PAH therapies, which act via the prostacyclin, endothelin or nitric oxide pathways,
slow disease progression [5, 6] Most recent PAH treatment guidelines recommend that most patients with
PAH are managed with a risk-adapted treatment strategy, including use of combination drug therapy [7, 8].
However, many patients do not achieve low-risk status and/or individual treatment goals, and their
long-term prognosis remains poor, with an estimated 5–7 year survival of approximately 50% after
diagnosis [4, 9, 10]. Thus, new targets and novel therapies are needed that specifically target the
underlying cause of PAH to restore vascular wall homeostasis [2, 3, 11].

Sotatercept is a fusion protein that binds to and sequesters select transforming growth factor β superfamily
ligands proposed to rebalance anti-proliferative (BMPR-II-mediated) and pro-proliferative
(ActRIIA-mediated) signalling. In preclinical models of PAH, sotatercept has been shown to reverse
pulmonary arterial wall and right ventricular remodelling [4, 12, 13].

The clinical efficacy and safety of sotatercept on top of background PAH therapy is being evaluated across
an extensive clinical trial programme involving participants with PAH, including the phase 2 PULSAR
study [1, 14–18]. The 24-week placebo-controlled treatment period of PULSAR demonstrated that
compared with placebo, sotatercept treatment significantly reduced pulmonary vascular resistance (PVR)
from baseline. Sotatercept also improved 6-min walk distance (6MWD) and N-terminal pro-B-type
natriuretic peptide (NT-proBNP) levels from baseline compared with placebo [1].

Here, we report the results from the open-label extension period of PULSAR and further characterise the
longer-term safety and efficacy of sotatercept on top of background PAH therapy in participants with PAH,
including those re-randomised to sotatercept after the placebo-controlled treatment period.

Methods
Study design and participants
PULSAR (NCT03496207), a phase 2, multicentre, randomised, placebo-controlled, double-blind study
evaluating the safety and efficacy of sotatercept on top of background PAH therapy in participants with
PAH, comprised of a 24-week placebo-controlled treatment period followed by an open-label extension
period, as previously described [1]. Throughout the placebo-controlled treatment period, stable doses of
medications for chronic conditions, including PAH medications, were permitted. If a new medication or
dosage of an existing medication was added per the investigator for PAH worsening, discontinuation of
study treatment was required.

Participants who completed the placebo-controlled treatment period were able to continue directly into the
extension period. Placebo participants were re-randomised 1:1 to sotatercept 0.3 mg·kg−1 or 0.7 mg·kg−1

(placebo-crossed group) through the Interactive Response Technology system; sotatercept participants
continued their latest dose (continued-sotatercept group) in a blinded manner. During the extension period,
investigators were allowed to substitute, remove or adjust the dose of concomitant medications for any
chronic conditions or PAH worsening that were not specifically excluded. The data cut-off date was 8 June
2021. The trial was conducted in accordance with the principles of the Declaration of Helsinki,
international ethical guidelines, Good Clinical Practice guidelines, and all applicable laws and regulations.
All participants gave written informed consent.

Endpoints
Longer-term safety and tolerability of sotatercept was the primary objective. Safety was assessed as
treatment-emergent adverse events (TEAEs) according to Common Toxicity Criteria for Adverse Events
version 4.0 (CTCAE v4.0). Tolerability was assessed by TEAEs leading to treatment or study
discontinuation. TEAEs of special interest (AESIs) included leukopenia, neutropenia, and
thrombocytopenia. Further details on the rationale for the inclusion of these AESIs are provided in the
supplementary material.
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The primary efficacy endpoint was change from baseline to months 18–24 in PVR, as measured by right
heart catheterisation (RHC). Change from baseline to months 18–24 in 6MWD, World Health
Organization functional class (WHO FC), and NT-proBNP were secondary endpoints. The study protocol
was amended in July 2020 with the third RHC to be performed at month 18. To allow for inclusion of the
maximum number of participants, the RHC was performed at the next possible visit, up to month 24, in
participants who already passed the month 18 visit. Secondary endpoints were measured on the same day
or closest to the third RHC. Additional haemodynamic parameters (cardiac index, cardiac output,
pulmonary arterial wedge pressure, mean pulmonary arterial pressure (mPAP) and right atrial pressure
(RAP)) were also evaluated.

Safety analyses
Safety endpoints are summarised using the safety population and according to participants’ randomised
dose. The safety population included all randomised participants who received ⩾1 dose of sotatercept and
included data from the first time participants received sotatercept until the data cut-off. Overall safety is
summarised as number and percentage of all sotatercept-treated participants who reported TEAEs, related
TEAEs, AESI, serious TEAEs, related serious TEAEs, and TEAEs leading to treatment and study
discontinuation. Number and percentage of all sotatercept-treated participants who reported each TEAE
experienced by ⩾10% of all sotatercept-treated participants is also summarised.

Time-at-risk exposure-adjusted incidence rate (TAR-EAIR) was calculated for summarised TEAEs.
TAR-EAIR was calculated as (number of participants with events/total person-years at risk)×100 for each
treatment arm. For participants with events, the person-years at risk was calculated as (first event start
date − first sotatercept treatment date + 1)/365.25. For participants without events, the person-years at risk
was calculated as (follow-up date − first sotatercept treatment date + 1)/365.25. The most common
(⩾10%) TEAEs were evaluated by time-period: months 1–6, 7–12, 13–18 and 19–24.

Efficacy analyses
Efficacy was evaluated using two analyses, irrespective of dose: a placebo-crossed efficacy analysis
comparing efficacy endpoints at months 18−24 versus baseline within the placebo-crossed group, and a
delayed-start efficacy analysis comparing the change from baseline to months 18−24 for efficacy endpoints
between the continued-sotatercept and placebo-crossed groups. All efficacy analyses were performed in the
full analysis set for the extension period (FAS-E), which comprised all participants who transitioned to the
extension period.

The overall type I error rate was two-sided 0.05. The recycle method was used to control the overall type I
error rate. The placebo-crossed efficacy analyses were tested first at the two-sided 0.025 level. The gate
keeping method was used to sequentially test each efficacy endpoint [19]. If all three efficacy endpoints in
the placebo-crossed analyses were statistically significant, then the type I error rate of 0.025 was recycled
and each endpoint in the delayed-start efficacy analysis was tested similarly to the placebo-crossed efficacy
analyses.

PVR was assessed using analysis of covariance (ANCOVA), with baseline as covariate. Normality was
tested with the Shapiro–Wilk test. If normal distribution assumption was violated, a non-parametric
Wilcoxon signed-rank test was used. Multiple imputation was used to handle missing data. Further details
on standard multiple imputation are provided in the supplementary material. Secondary efficacy endpoints
were analysed similarly with ANCOVA and their respective average baseline as covariate. The WHO FC
categories were converted to numerical values, category I as 1, II as 2, III as 3 and IV as 4. The numerical
values were used in this analysis in order to increase statistical power of the ANCOVA analysis. Several
methods were used to handle missing data due to COVID-19, including removing missing participants
from the denominator for binary endpoints.

A sensitivity analysis was conducted in both groups to determine the magnitude of change in PVR when
adjusted for haematocrit. Haematocrit-adjusted PVR values were determined according to the formula
proposed by VANDERPOOL and NAEIJE [20].

In order to characterise the difference between sotatercept doses after placebo participants crossed over to
sotatercept, aligned analyses were performed by combining the results of change from baseline after
6 months for participants originally randomised to sotatercept treatment arms with the results of change
from baseline at month 12 for the placebo-crossed participants after 6 months of sotatercept treatment for
each dose. The change from aligned baseline to aligned month 6 in 6MWD and WHO FC for sotatercept
0.7 mg·kg−1 was compared to that of sotatercept 0.3 mg·kg−1.
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Role of the funding source
The funder of the study contributed to the study design and data analysis, data interpretation, and writing
of the report. All authors had full access to all the data in the study and had final responsibility for the
decision to submit for publication.

Results
Participant disposition and baseline characteristics
Of 106 participants who were randomised at the start of the study, 97 (92%) completed the
placebo-controlled treatment period and entered the open-label extension period. Of these, 31 and 36
continued receiving 0.3 mg·kg−1 and 0.7 mg·kg−1, respectively, and collectively comprise the
continued-sotatercept group. 30 participants initially randomised to placebo continued to the extension
period and 15 each were re-randomised 1:1 to sotatercept 0.3 mg·kg−1 or 0.7 mg·kg−1; these participants
collectively comprise the placebo-crossed group (figure 1).

Demographic and baseline clinical characteristics were balanced between the continued-sotatercept and
placebo-crossed groups and similar to the overall PULSAR population [1]. Participants were predominantly
white (92%), female (89%), and were relatively young (mean±SD age 47.6±14.2 years). The most common
PAH aetiology was idiopathic (56%), and the mean±SD time since PAH diagnosis to initial enrolment into
PULSAR was 7.8±5.6 years. Most participants were receiving either triple (56.7%) or double (36.1%)
background PAH therapy, and more than a third (36%) were receiving prostacyclin infusion therapy
(table S1).

During the extension period, concomitant medications were adjusted for six participants. Further details on
these participants are provided in the supplementary material.

Safety
Safety was evaluated in the 104 participants who had received at least one dose of sotatercept during the
study. The most reported (⩾10%) TEAEs throughout the trial are listed in table S2. TEAEs were reported
in 102 (98.1%) participants, and 72 (69.2%) of these experienced TEAEs considered treatment-related.
Serious TEAEs were reported in 32 (30.8%) participants (table 1). Five (4.8%) participants reported six
serious TEAEs that were considered related to the study drug: pyrexia, red blood cell increased, systemic
lupus erythematosus, ischaemic stroke, pleural effusion and pulmonary hypertension.

Randomised (n=106)#

Placebo

(n=32)

30/32 (94%)

1:1

Sotatercept 0.3 mg·kg–1

(n=15)

Sotatercept 0.7 mg·kg–1

(n=15)

Sotatercept 0.3 mg·kg–1

(n=32)

31/32 (97%)

Sotatercept 0.7 mg·kg–1

(n=42)

36/42 (86%)
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2 (6%) discontinued and withdrew

   • 1 (3%) had an adverse event

   • 1 (3%) withdrew consent

1 (3%)discontinued and withdrew

   • 1 (3%) had an adverse event

6 (14%) discontinued and withdrew

   • 4 (10%) had an adverse event

   • 1 (2%) died¶

    • 1 (2%) withdrew consent

4 (11.1%) discontinued and withdrew

   • 1 (2.8%) had an adverse event

   • 1 (2.8%) died§

   • 1 (2.8%) withdrew for other reasons
    • 1 (2.8%) withdrew consent

2 (6.5%) discontinued study treatment

   • 1 (3.2%) had an adverse event and withdrew

   • 1 (3.2%) discontinued for other reasons

1 discontinued and withdrew

   • 1 died+

FIGURE 1 Participant disposition. Disposition based on randomised dose, not actual dose. #: safety was evaluated in the 104 participants who
received at least one dose of sotatercept; ¶: cardiac arrest; +: pulmonary arterial hypertension worsening; §: brain abscess.
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No serious TEAEs led to treatment or study discontinuation. 10 (9.6%) participants experienced TEAEs
leading to treatment or study discontinuation. Three (2.9%) deaths were reported, but none were considered
related to study drug by investigators. One participant randomised to sotatercept 0.7 mg·kg−1 died from
cardiac arrest during the placebo-controlled treatment period, and two participants died during the
extension period: one in the placebo-crossed treatment group due to worsening PAH, and one in the
continued-sotatercept treatment group as a result of a brain abscess (figure 1) [1].

AESIs, which included leukopenia, neutropenia, and thrombocytopenia, as defined by the NCI-CTCAE
v4·0, occurred in 18 (17.3%) participants (table 1 and table S4). No thrombocytopenia-related bleeding
occurred, and no participant received a platelet transfusion. The trend in platelet counts over time was
similar regardless of sotatercept dose (0.3 or 0.7 mg·kg−1) (figure S1). 15 (14.4%) participants experienced
increased haemoglobin: participants who received sotatercept 0.7 mg·kg−1 had greater changes over time in
haemoglobin levels than those on sotatercept 0.3 mg·kg−1 (table S2 and figure S2). 11 (10.6%) participants
experienced telangiectasia, which in all cases was non-serious and mostly mild (table S2). All
telangiectasias occurred during the extension period and on average, developed after 1.5 years of
sotatercept treatment. There were no signs of internal arteriovenous malformations among participants with
epidermal telangiectasias.

The number of TEAEs decreased as sotatercept treatment duration increased. During months 1–6, the three
most common TEAEs, headache, diarrhoea and nasopharyngitis, occurred in 17.3%, 15.4% and 14.4% of
participants, respectively. During months 7–12 these rates dropped to 12.2%, 10.2% and 10.2%,
respectively. No participants experienced any of these TEAEs in months 13–18 or 19–24 (table S3).

When adjusting for time-at-risk, exposure-adjusted incidence rates for TEAEs were comparable regardless
of sotatercept dose: TAR-EAIRs of serious TEAEs were 17.1 and 21.8 per 100 person-years at-risk in the
0.3 mg·kg−1 and 0.7 mg·kg−1 groups, respectively, and 3.3 and 2.0 per 100 person-years at-risk for
treatment-related serious TEAEs (table S4).

61% (63/104) of participants tolerated their randomised dose and needed no dose reductions, although
three-quarters experienced at least one dose delay and around half of these were due to logistic problems
related to the COVID-19 pandemic. Of the 41 participants who needed dose reductions, 20 were due to

TABLE 1 Overall safety and exposure in all sotatercept-treated participants

Placebo to
sotatercept
0.3 mg·kg−1

(n=15)

Placebo to
sotatercept
0.7 mg·kg−1

(n=15)

Continuing
sotatercept
0.3 mg·kg−1

(n=32)

Continuing
sotatercept
0.7 mg·kg−1

(n=42)

Combined
sotatercept
0.3 mg·kg−1

(n=47)

Combined
sotatercept
0.7 mg·kg−1

(n=57)

Total
(n=104)

TEAEs 13 (86.7) 15 (100.0) 32 (100.0) 42 (100.0) 45 (95.7) 57 (100.0) 102 (98.1)
TEAEs related to
treatment

10 (66.7) 13 (86.7) 20 (62.5) 29 (69.0) 30 (63.8) 42 (73.7) 72 (69.2)

AESI# 5 (33.3) 1 (6.7) 5 (15.6) 7 (16.7) 10 (21.3) 8 (14.0) 18 (17.3)
Serious TEAEs 5 (33.3) 3 (20.0) 8 (25.0) 16 (38.1) 13 (27.7) 19 (33.3) 32 (30.8)
Serious TEAEs
related to
treatment

2 (13.3) 0 (0.0) 1 (3.1) 2 (4.8) 3 (6.4) 2 (3.5) 5 (4.8)

TEAEs leading to
treatment
discontinuation

1 (6.7) 0 (0.0) 2 (6.3) 7 (16.7) 3 (6.4) 7 (12.3) 10 (9.6)

TEAEs leading to
study
discontinuation

1 (6.7) 0 (0.0) 2 (6.3) 7 (16.7) 3 (6.4) 7 (12.3) 10 (9.6)

TEAEs leading to
death

1 (6.7) 0 (0.0) 0 (0.0) 2 (4.8) 1 (2.1) 2 (3.5) 3 (2.9)

Median exposure,
days

623 627 788 771 756 737 742

Safety population (includes all randomised participants who received at least one dose of study treatment). Data are presented as n (%), unless
otherwise stated. A treatment-emergent adverse event (TEAE) has start date on or after the first dose of treatment and up to 8 weeks after the last
dose of treatment. #: treatment-emergent adverse event of special interest (AESI) is defined as any TEAE of leukopenia, neutropenia or
thrombocytopenia.
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TABLE 2 Summary of efficacy endpoints

Placebo-crossed (n=30) Continued-sotatercept (n=67)

Baseline EOP Months
18–24

Change from
baseline to months

18–24

p-value Baseline EOP Months
18–24

Change from
baseline to months

18–24#

Change from EOP
to months 18–24

p-value¶

PVR, dyn·s
cm−5

802±331
(n=30)

774±355
(n=30)

583±310
(n=25)

−223±58 (n=30)+,§ <0.0001+ 784±372
(n=67)

564±268
(n=67)

538±199
(n=57)

−213±254 (n=57) −3±159 (n=57) 0.8745

6MWD, m 409±66
(n=30)

439±85 (n=30) 480±73
(n=25)

61±13+,§ (n=30) <0.0001+ 398±86
(n=67)

451±96
(n=67)

458 ±110
(n=62)

60±81 (n=62) 7±61 (n=62) 0.3987

WHO FC,
numeric

2.4±0.5
(n=30)

2.3±0.5 (n=30) 1.9±0.6
(n=28)

−0.6±0.7 (n=28) <0.0001 2.4±0.5
(n=67)

2.1±0.5
(n=67)

1.9±0.5
(n=63)

−0.4±0.6 (n=63) −0.2±0.5 (n=63) 0.0001

NT-proBNP,
pg/mL

840±1247
(n=30)

1059.2
±1334.08
(n=30)

363±702
(n=28)

−506.2±1190 (n=28) 0.0004ƒ 777.4
±1051.03
(n=66)

350±648
(n=67)

268±457
(n=64)

−470.5±910.44
(n=63)

−76±598 (n=64) 0.1384

All values shown are mean±SD unless otherwise indicated. Baseline refers to month 0 (start of the study). #: all p-values <0.0001; ¶: nominal p-values corresponding to change from end of
placebo-controlled treatment period (EOP) to months 18–24; +: multiple imputation; §: values are mean±SE; ƒ: nominal p-value. PVR: pulmonary vascular resistance; 6MWD: 6-min walk distance;
WHO FC: World Health Organization functional class; NT-proBNP: N-terminal pro-B-type natriuretic peptide.

TABLE 3 Change from baseline to months 18–24 in haemodynamic parameters

Placebo-crossed (n=30) Continued-sotatercept (n=67)

Baseline Months 18–24 Change from baseline p-value# Baseline Months 18–24 Change from baseline p-value#

Cardiac index, L·min−1·m−2 2.5±0.51 (n=30) 2.6±0.57
(n=25)

0.2±0.63 (n=25) 0.0842 2.6±0.60 (n=67) 2.6±0.67
(n=57)

−0.1±0.66 (n=57) 0.1926

Cardiac output, L·min−1 4.5±0.82 (n=30) 4.9±1.23
(n=25)

0.4±1.21 (n=25) 0.0698 4.6±1.07 (n=67) 4.5±1.07
(n=57)

−0.1±1.19 (n=57) 0.2934

mPAP, mmHg 53.9±13.72 (n=30) 44.1±11.98
(n=25)

−10.7±11.46 (n=25) <0.0001 52.0±12.86 (n=67) 39.1±10.48
(n=57)

−12.5±9.83 (n=57) <0.0001

PAWP, mmHg 10.5±3.01 (n=30) 11.2±3.63
(n=25)

0.1±3.85 (n=25) 0.8663 10.3±2.88 (n=67) 9.9±4.27
(n=57)

−0.3±4.50 (n=57) 0.5891

RAP, mmHg 9.6±5.72 (n=29) 6.7±3.75
(n=23)

−3.9±5.87 (n=23) <0.0001 7.3±3.40 (n=67) 6.0±3.72
(n=57)

−1.2±3.62 (n=57) 0.0073

All values shown are mean±SD unless otherwise indicated. Data are from the extension period full analysis set. Baseline refers to month 0 (start of the study). #: nominal p-value. mPAP: mean
pulmonary arterial pressure; PAWP: pulmonary arterial wedge pressure; RAP: right atrial pressure.
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TEAEs or AESIs and the rest were related to haemoglobin increases. Of those who needed a dose
reduction, 22 (21.2%) participants had their dose increased again. 32 (30.8%) participants had their dose
increased from 0.3 mg·kg−1 to 0.7 mg·kg−1 (table S5).

Placebo-crossed efficacy analysis
In the placebo-crossed group, statistically significant improvements occurred in all primary and secondary
efficacy endpoints from baseline to months 18–24 (table 2). Mean±SD PVR decreased from 802±331 to
583±310 dyn·s·cm−5 (figure 2), mean±SD 6MWD increased from 409±66 to 480±73 m (figure 3), and WHO
FC improved from a mean±SD 2.4±0.5 to 1.9±0.6 (all p<0.0001). Mean±SD NT-proBNP decreased from
840±1247 to 363±702 pg·mL−1 (nominal p=0.0004) (figure 4). After adjusting for differences in
haematocrit, mean±SD PVR decreased by 297.8±236.0 dyn·s·cm−5 from baseline to months 18–24 (table S6).

Similar improvement occurred for some haemodynamic parameters. Mean±SD mPAP and RAP were
significantly reduced from baseline to months 18–24: mPAP reduced by 10.7 mmHg, from 53.9±13.72 to
44.1±11.98 mmHg, and RAP reduced by 3.9 mmHg, from 9.6±5.72 to 6.7±3.75 mmHg (both p<0.0001)
(table 3). Cardiac index, cardiac output and pulmonary arterial wedge pressure did not significantly
change.

Delayed-start efficacy analysis
At months 18–24, both the continued-sotatercept group and the placebo-crossed group had similar PVR,
6MWD, WHO FC and NT-proBNP measurements, and the magnitude of these improvements was similar
from baseline to months 18–24 (table S7).

For the primary endpoint, PVR at months 18–24, the least-squares mean (SE) change from baseline was
−232.8 (27.8) dyn·s·cm−5 for the continued-sotatercept group and −219.5 (43.7) dyn·s·cm−5 for the
placebo crossed group: a between-group difference of −13.3 dyn·s·cm−5 (95% CI −113.2 to 86.70;
p=0.7945) (table S7 and figure S3). The changes from baseline to months 18–24 in 6MWD and
NT-proBNP were also similar between both groups (p-values 0.8194 and 0.7675, respectively) (table S7,
figures S4 and S5).

27 of 66 (40.9%) participants in the continued-sotatercept group and 16/29 (55.2%) participants in the
placebo-crossed group achieved any improvement in WHO FC from baseline to months 18–24 (p=0.1355)
(table S7 and figure S6). Additionally, more participants in both groups were classified as WHO FC I and
II at months 18–24 than at baseline (57/63 (90.4%) versus 43/67 (64.2%) in the continued-sotatercept
group and 25/28 (89.3%) versus 18/30 (60.0%) in the placebo-crossed group) (figure 5). Overall, 82/91

0

Placebo-crossed group

30

240

500

1000

1500

2000

30 25 67 67 57

Continued-sotatercept group

n=

A
ct

u
a

l v
a

lu
e

 in
 P

V
R

 (
d

yn
·s

·c
m

–
5
)

Baseline EOP Months 18–24

FIGURE 2 Actual values of pulmonary vascular resistance (PVR). Data are from the extension period full
analysis set. Minimum, lower quartile, median, upper quartile and maximum values are displayed. Outliers
were identified and removed from the plots. According to the 2015 European Society of Cardiology/European
Respiratory Society guidelines, pulmonary arterial hypertension is characterised by a PVR >240 dyn·s·cm−5
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(90.1%) of the participants were classified as WHO FC I or II at months 18–24. WHO FC data at months
18–24 was missing for six (6.2%) participants; two due to COVID-19 and four due to unknown reasons.

Participants who were originally randomised to sotatercept experienced significant improvement in all
efficacy endpoints from baseline to month 6 (the placebo-controlled treatment period) [1]. These
improvements were then maintained throughout the entire extension period (figures 2–4 and figures S3–
S6). At the end of the placebo-controlled treatment period, mean±SD PVR was 564±268 dyn·s·cm−5; and
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FIGURE 4 Actual values of N-terminal pro-B-type natriuretic peptide (NT-proBNP). Data are from the extension
period full analysis set. Minimum, lower quartile, median, upper quartile and maximum values are displayed.
Outliers were identified and removed from the plots. Threshold values for multiple endpoints have been
proposed in the 2015 European Society of Cardiology/European Respiratory Society guidelines to determine
prognosis of patients with pulmonary arterial hypertension. According to these guidelines, NT-proBNP <300
pg·mL−1 is considered low risk. EOP: end of placebo-controlled treatment period.
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risk. EOP: end of placebo-controlled treatment period.
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was 538±199 dyn·s·cm−5 at months 18–24 (table 2). The same trend was evident after adjusting for
haematocrit: PVR was 572.1±278.1 dyn·s·cm−5 at the end of the placebo-controlled treatment period, and
532.6±218.2 at months 18–24 (table S6). Improvements in 6MWD, WHO FC and NT-proBNP were at
least maintained from the end of the placebo-controlled period throughout the entire extension period
(table 2 and figures 2–5).

Efficacy: aligned analyses
At aligned month 6, the sotatercept 0.3 mg·kg−1 group and sotatercept 0.7 mg·kg−1 group had similar
6MWD and WHO FC measurements, and the magnitude of these improvements was similar from aligned
baseline to aligned month 6 (table S8).

Discussion
The open-label extension of the phase 2 PULSAR study enrolled adults with PAH who had previously
received sotatercept or placebo on top of background PAH therapy during the trial’s initial 24-week
placebo-controlled treatment period [1]. The longer-term safety profile of sotatercept was generally
consistent with that observed during the initial 24-week placebo-controlled treatment period. Among
participants who originally received placebo, significant improvements in PVR, 6MWD, WHO FC and
NT-proBNP were achieved at months 18–24 compared with baseline after being randomised to sotatercept.
Improvement across all endpoints was maintained in those with longer-term use. About 90% of the
participants were classified as WHO FC I or II at months 18–24.

Notably, 97/106 (92%) participants continued into the extension period, highlighting the tolerability of
sotatercept and the desire to receive therapy among this heavily treated participant population. This high
continuation rate compares favourably with clinical trials evaluating other PAH therapies, in which
discontinuation rates of up to 32% have been reported [21–25].

The safety profile of sotatercept was consistent with that observed during the placebo-controlled treatment
period, as well as in clinical trials evaluating sotatercept in other patient populations [1, 4, 26–28]. Fewer
TEAEs occurred over time with longer exposure to sotatercept, and no additional safety signals were
identified in participants who transitioned from placebo to sotatercept, regardless of dose [29]. In addition,
incidence rates of TEAEs following extended treatment were similar with both sotatercept doses, indicating
a consistent safety profile, and further supporting investigation of 0.7 mg·kg−1 in the phase 3 development
programme. No serious TEAEs considered related to sotatercept led to treatment or study discontinuation,
and no deaths were considered related to sotatercept. Most participants required no dose reduction during
the study, and around half of those who did, had their dose subsequently increased. This suggests that
most participants tolerated their initial randomised dose.
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Consistent with the placebo-controlled treatment period, thrombocytopenia and increased haemoglobin
remained the most common haematological adverse events [1]. The observed increases in haemoglobin
levels were consistent with the erythropoietic effects of sotatercept seen in previous clinical trials, and were
expected [26–28, 30]. Since anaemia is a frequent complication of PAH reported in up to 50% of patients
with PAH [29], patients with PAH who have lower haemoglobin levels could receive sotatercept without
unacceptable erythropoietic effects; indeed, they may benefit from the concurrent treatment of underlying
anaemia, but this needs further exploration [29]. Telangiectasia occurred as a new event in 11% of
participants; however, all cases were mild and further observation is required to determine the clinical
significance of this adverse event. Therefore, telangiectasia has been added as an AESI for all studies in
the phase 3 development programme of sotatercept.

During the extension period, significant improvements in PVR, 6MWD, WHO FC and NT-proBNP were
achieved at months 18–24 compared with baseline in previous placebo participants, while improvement
across all endpoints was maintained in those with longer-term use. The magnitude of these improvements
in the placebo-crossed treatment group during the extension period was consistent with that of the
continued-sotatercept treatment group during the placebo-controlled treatment period. These improvements
were also consistent with the initial results from the phase 2 SPECTRA study: a single-arm, open-label,
multicentre exploratory study of sotatercept on top of background therapy in adults with WHO FC III [14, 31].
The similarity in magnitude of improvement between the continued-sotatercept and placebo-crossed groups,
despite a 6-month delay in treatment among the latter, is unsurprising given the characteristics of this
participant population, who had an average time from diagnosis to enrolment of 8 years and were heavily
treated with background PAH therapies.

The data presented here have some limitations. First, the population for this study was self-selected from
the placebo-controlled treatment period and therefore open to selection bias. However, it should be noted
that any potential bias was minimised by the high retention rate of eligible participants. Other limitations
include the unblinded nature of an open-label study, which could influence patient responses to
assessments, and the absence of a placebo arm as a comparator. However, the NT-proBNP and central
haemodynamics should not be affected by the open-label nature of this extension period.

While this trial provides data up to a maximum sotatercept treatment period of 24 months, continued
evaluation is needed to determine whether the clinical benefits and safety are maintained for longer. This
will be assessed in the SOTERIA study (NCT04796337), a long-term follow-up study to evaluate the
tolerability of sotatercept in adults with PAH who have completed prior sotatercept studies. The phase 3
clinical development programme of sotatercept will continue to provide more data on its safety and
efficacy. Moreover, it will establish the potential value of sotatercept on top of background PAH therapy
across a spectrum of patients with PAH, including those who are more recently diagnosed as well as those
who are at higher risk, including patients classified as WHO FC IV.

In conclusion, the longer-term safety profile of sotatercept was generally consistent with that observed during
the initial 24-week placebo-controlled period. Further observation is required to determine the clinical
significance of mild telangiectasia, which occurred as a new event in 11% of participants. Treatment with
sotatercept in the PULSAR open-label extension period suggests a clinical benefit in participants re-randomised
from placebo to sotatercept treatment, in alignment with the initial results from the placebo-controlled treatment
period. In those who continued sotatercept for 24 months, the initial benefits were maintained. These results
support the longer-term safety and durability of clinical benefit of sotatercept in patients with PAH.
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