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Abstract

Preclinical and early clinical studies suggest that angiotensin‐converting en-

zyme type 2 activity may be impaired in patients with pulmonary arterial

hypertension (PAH); therefore, administration of exogenous angiotensin‐
converting enzyme type 2 (ACE2) may be beneficial. This Phase IIa, multi‐
center, open‐label, exploratory, single‐dose, dose‐escalation study

(NCT03177603) assessed the potential vasodilatory effects of single doses of

GSK2586881 (a recombinant human ACE2) on acute cardiopulmonary he-

modynamics in hemodynamically stable adults with documented PAH who

were receiving background PAH therapy. Successive cohorts of participants

were administered a single intravenous dose of GSK2586881 of 0.1, 0.2, 0.4, or
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0.8 mg/kg. Dose escalation occurred after four or more participants per cohort

were dosed and a review of safety, tolerability, pharmacokinetics, and he-

modynamic data up to 24 h postdose was undertaken. The primary endpoint

was a change in cardiopulmonary hemodynamics (pulmonary vascular re-

sistance, cardiac index, and mean pulmonary artery pressure) from baseline.

Secondary/exploratory objectives included safety and tolerability, effect on

renin‐angiotensin system peptides, and pharmacokinetics. GSK2586881 de-

monstrated no consistent or sustained effect on acute cardiopulmonary he-

modynamics in participants with PAH receiving background PAH therapy

(N= 23). All doses of GSK2586881 were well tolerated. GSK2586881 was

quantifiable in plasma for up to 4 h poststart of infusion in all participants and

caused a consistent and sustained reduction in angiotensin II and a corre-

sponding increase in angiotensin (1–7) and angiotensin (1–5). While there

does not appear to be a consistent acute vasodilatory response to single doses

of GSK2586881 in participants with PAH, the potential benefits in terms of

chronic vascular remodeling remain to be determined.

KEYWORD S

arterial hypertension, hemodynamics, recombinant human angiotensin‐converting
enzyme 2, renin‐angiotensin system, rhACE2

INTRODUCTION

Pulmonary arterial hypertension (PAH) is a progressive
condition1 characterized by enhanced pulmonary vaso-
constriction, small pulmonary arterial remodeling, and
loss of vessel compliance/distensibility.1–4 These changes
increase pulmonary vascular resistance (PVR) and sub-
sequently pulmonary arterial pressure (PAP) and cause
right ventricular failure leading to premature death.1,5,6

In the last two decades, several new treatments have
become available for PAH, including those that specifi-
cally target endothelial dysfunction.7 Therapies specifi-
cally for PAH in the current treatment landscape have
improved outcomes in PAH, but overall long‐term
prognosis remains poor and mortality remains high.5

The mainstay of the standard of care for PAH is treat-
ment with vasodilators; however, these drugs mainly
improve symptoms and exercise capacity and do not in-
fluence disease progression.8 Standard of care treatments
are relatively ineffective at impacting vascular remodel-
ing,9 despite a substantial proportion of patients with
PAH displaying vascular remodeling.10 There is, there-
fore, a need for new, more effective therapies that at-
tenuate the pathological mechanisms that drive vascular
remodeling.9

Clinical studies have shown that the tissue renin‐
angiotensin system (RAS) becomes dysregulated in the
remodeled arterial walls in the lungs of individuals with

PAH.11,12 Angiotensin II (Ang II) is a key effector peptide
of the RAS (Figure 1) that can exert deleterious effects on
the pulmonary vasculature, resulting in vasoconstriction
via modulation of pulmonary vessel tone, inflammation,
proliferation, and structural remodeling, which con-
tribute to PAH development.1–4,13–15 Angiotensin‐
converting enzyme type 2 (ACE2) is a type I, membrane‐
bound carboxypeptidase that inactivates Ang II by

FIGURE 1 Overview of the renin‐angiotensin system pathway.
ACE(2), angiotensin‐converting enzyme (2); Ang, angiotensin;
RAS, renin‐angiotensin system
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cleaving it to form Ang(1–7). Ang(1–7) has been shown
to have vasodilatory, antiproliferative, and anti‐
inflammatory properties in experimental models.15,16 In
rodent models of PAH, recombinant human ACE2 has
been shown to treat established PAH, including bone
morphogenetic protein receptor type II mutation‐related
PAH17 and pulmonary artery banding models.18 Systemic
and pulmonary Ang II levels have been reported to be
elevated in patients with idiopathic PAH and are asso-
ciated with increased pulmonary vascular remodeling,11

while serum ACE2 levels are reported to be decreased in
patients with congenital heart disease‐associated PAH
and correlate with mean PAP (mPAP).19 The presence of
autoantibodies to ACE2 has also been reported in the
serum of patients with autoimmune disease with con-
strictive vasculopathies, including PAH, and correlates
with reduced ACE2 activity.20 Taken together, these
studies suggest that ACE2 activity may be impaired in
patients with PAH and administration of exogenous
ACE2 may be beneficial.

GSK2586881 is a recombinant version of the cata-
lytic ectodomain of recombinant human ACE2. In
healthy participants (NCT00886353)21 and mechani-
cally ventilated patients with acute respiratory distress
syndrome (NCT01597635),22 GSK2586881 was well
tolerated with rapid modulation of RAS peptides,
suggesting target engagement. In a single‐center, dose‐
escalation pilot study in which five PAH patients were
administered a single intravenous (IV) dose of
GSK2586881 (0.2–0.4 mg/kg), there was a significant
increase in cardiac output and a reduction in PVR
(NCT01884051).23 The aim of this study was to test the
safety and effects on cardiopulmonary hemodynamics
of single doses of GSK2586881 in participants with
PAH receiving background PAH therapy.

METHODS

Objectives

The primary objective was to evaluate the effect of single
IV doses of GSK2586881 on changes in cardiopulmonary
hemodynamics (PVR, cardiac index [CI], and mPAP) of
participants with PAH receiving one or more background
PAH therapies. Secondary/exploratory objectives were to
evaluate the following of single IV doses of GSK2586881:
(1) safety and tolerability, (2) effect on RAS peptides, (3)
effect on biomarkers of disease activity (N‐terminal pro‐
B‐type natriuretic peptide [NT‐proBNP] and nitrogen
oxyanions [nitrate, nitrite, and their sum NOx

–], and (4)
pharmacokinetics (PK).

Study design

We conducted a Phase IIa, multicenter, open‐label, ex-
ploratory, dose‐escalation study at eight centers (four in
Germany, two in Spain, and two in the United States)
from February 2018 to May 2019 (GlaxoSmithKline plc.
study 206246; NCT03177603). The study consisted of a
screening period (up to 28 days before dosing), dosing, a
24 h observation period after the single dose, and two
follow‐up visits (at 7–14 days postdose and at approxi-
mately 28 days postdose). Successive cohorts of partici-
pants (minimum of four participants per cohort) were
given a single IV dose of GSK2586881 of 0.1, 0.2, 0.4, or
0.8 mg/kg. The dose for the initial cohort was 0.1 mg/kg.
Dose escalation to 0.2, 0.4, and a maximum dose of
0.8 mg/kg occurred after a minimum of four participants
per cohort were dosed and a review of safety, PK, and
hemodynamic data up to 24 h postdose was undertaken.

Participants

The study population comprised hemodynamically stable
adults aged 18–75 years with an established and
documented diagnosis of PAH (mPAP >25mmHg and
pulmonary arterial wedge pressure ≤15mmHg). Partici-
pants had a systemic mean arterial pressure >60mmHg
and a 6‐min walk distance (6MWD) at screening (or
within 6 months of screening) of >100 and <500m. Full
inclusion and exclusion criteria are available at
clinicaltrials.gov (NCT03177603).

Endpoints

The primary endpoint of the study was a change in car-
diopulmonary hemodynamics from baseline, as assessed
by PVR, CI, and mPAP. Secondary endpoints were: (1)
safety: effect of GSK2586881 on adverse events (AEs),
clinical laboratory values, vital signs (systolic and dia-
stolic blood pressure, pulse rate, and respiratory rate),
12‐lead electrocardiograms (ECGs), pulse oximetry, and
immunogenicity; (2) change from baseline in systemic
and pulmonary wedge RAS peptides (Ang II, Ang[1–7],
Ang[1–5], and Ang II/Ang[1–7] ratio); (3) change from
baseline in NT‐proBNP and NOx

–; and (4) plasma con-
centrations of GSK2586881, and derived PK parameters.

Pulmonary arterial catheters were used to measure
cardiopulmonary hemodynamics at four time‐points
(predose, and 1, 2, and 4 h postdose). Safety assess-
ments included monitoring of vital signs, 12‐lead ECGs,
clinical laboratory tests, physical examinations, and the
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number and type of AEs, all of which were performed at
various time‐points between study screening until final
follow‐up at 7–14 days after the last dose. PK assessment
of GSK2586881 by immunoassay, and pharmacody-
namic/biomarker assessments of RAS peptides (Ang II,
Ang[1–7], Ang[1–5], and Ang II/Ang[1–7] ratio) by a
method based on reversed‐phase solid‐phase extraction
and assessment of disease activity biomarkers (NT‐
proBNP and NOx

−), were performed as previously de-
scribed.22 A detailed schedule of assessments is shown in
Table S1.

Across the observation period (from predose to 24 h
postdose), PK and biomarker assessments of disease ac-
tivity were performed at eight and four time‐points, re-
spectively. Pharmacodynamic/biomarker assessments of
systemic and pulmonary wedge RAS peptides were per-
formed at four and eight time‐points during the ob-
servation period, respectively, and systemic biomarkers
were also assessed once at follow‐up (at 7–14 days
postdose).

The evaluable population, defined as all participants
who received at least one dose of GSK2586881 who
completed all assessments during the observation period
and who did not have major protocol deviations, was the
primary population for pharmacodynamic analyses. The
safety and PK populations included all participants who
received at least one dose of GSK2586881.

Statistical methods

Determination of sample size was not based on statistical
considerations. On the basis of previous clinical experi-
ence with GSK2586881, a minimum of four participants
were planned per cohort, with a maximum of 27 enrolled
participants. No formal statistical hypotheses were tested
in the study, and all data were summarized descriptively.
For the primary endpoints, pulmonary hemodynamics,
Bayesian repeated‐measures mixed‐effect models (one
model per endpoint) were used to assess changes from
baseline using log‐transformed data for dose group and
posttreatment time‐point combinations. Posterior dis-
tributions were used to assess probability statements for
individual pulmonary hemodynamic parameters, for ex-
ample, the probability of a decrease from baseline in PVR
of >15% (i.e., a ratio to baseline <0.85). Events with a
high probability of occurring (i.e., values close to 1) were
of interest. Details on the final planned primary analyses
are provided in the Supporting Information Methods.

A posthoc responder analysis of individual partici-
pant data was performed for the primary endpoints PVR
and CI. A response was defined as a decrease in PVR of
>15% with an increase in CI of >6% at 1 h postdose.

These values were based on a study in which the
vasodilatory effects of sildenafil were investigated in
PAH patients receiving standard of care.24 Plasma
GSK2586881 concentration–time data were analyzed by
noncompartmental methods using Phoenix WinNon-
lin 8.1.

Further analysis on the effect of GSK2586881 on Ang II/
Ang(1–7) ratio, and on mPAP, CI, and PVR by dose and
PAH type (idiopathic, heritable, associated with collagen
vascular disease) is also presented.

RESULTS

Study population

Of 31 participants screened, 23 were randomized to
treatment (six participants were excluded for not meeting
the eligibility criteria, and two withdrew consent)
(Figure 2). One patient was excluded from the evaluable
population due to a protocol deviation (taking a pro-
hibited medication [an Ang II receptor antagonist]). All
participants received their intended dose, except one
participant in Cohort 4 (0.8 mg/kg) who received
0.67mg/kg. Demographics and baseline characteristics of
the participants were similar across cohorts, except for
Cohort 1 (0.1 mg/kg), which had a lower mean age and
body mass index than the other three cohorts (Table 1).
Participants were all in World Health Organization
functional class II (n= 14/23) or III (n= 9/23). Mean
6MWD across all cohorts was 416m and was approxi-
mately consistent across the cohorts, except for Cohort 2
(0.2 mg/kg), which was shorter than average (340 m).
The majority of participants (n= 12/23) had idiopathic
PAH. Most patients received double (n= 8/23) or triple
(n= 12/23) background PAH therapy at baseline. Con-
comitant medications are detailed in Table S2.

Cardiopulmonary hemodynamics (PVR,
CI, and mPAP)

Changes in cardiopulmonary hemodynamics are sum-
marized in Table 2. Across all cohorts, no postdose
changes in mean PVR, CI, or mPAP were observed fol-
lowing administration of a single IV dose of GSK2586881
(0.1, 0.2, 0.4, and 0.8 mg/kg) (Figure 3a–c). Posterior
probabilities for decreases from baseline in PVR were low
at all time‐points, across all dose levels. The probability
of a >15% decrease in PVR (ratio <0.85) at 1 h postdose
was 68% for Cohort 3 (0.4 mg/kg) and <35% for
other cohorts (Table S3). Posterior probabilities for
increases from baseline in CI were low at most

4 of 15 | SIMON ET AL.



time‐points and dose levels. However, in Cohort
2 (GSK2586881 0.2 mg/kg), the probability of a >6% in-
crease in CI at 1 h postdose was 86%, and at 4 h was 95%
(Table S3). This was due to one participant having a
sharp increase in CI at 4 h. Additionally, no concurrent
decrease in PVR and mPAP at 1 or 4 h postdose was
observed in this participant, so results are unlikely to be
clinically relevant. Posterior probabilities for decreases
from baseline in mPAP were low at most time‐points and
dose levels. The probability of a >10% decrease in mPAP
from baseline was <44% at all dose levels and time‐points
(data not shown).

Overall, there were no clinically relevant posttreat-
ment changes from baseline in mean cardiopulmonary
hemodynamics following administration of a single IV
dose of GSK2586881. At 1 h postdose, 20%–40% of parti-
cipants met the posthoc responder definition in the first
three cohorts (n= 1/4, 2/5, and 1/5 in the 0.1, 0.2, and
0.4 mg/kg cohorts, respectively); no participants at the
highest dose level (0.8 mg/kg) met the definition. No
participants demonstrated a sustained response at all
time‐points. Of the seven participants who met the re-
sponse criteria at one or more time‐points, none were
receiving mono, three were receiving dual, and four were
receiving triple background PAH therapy. There was no

apparent correlation between background PAH therapy
and response to GSK2586881.

AEs, clinical laboratory values, vital signs,
12‐lead ECGs, pulse oximetry, and
immunogenicity

A total of 11 AEs were reported by 11/23 participants
(Table 3). All AEs were mild or moderate in intensity
with the exception of one severe AE of back pain, which
resolved and was not considered related to study treat-
ment. Two AEs were considered drug‐related: a mild
headache and mild erythema of the face, both of which
resolved. No AEs led to participant withdrawal from the
study, and no serious AEs (SAEs), deaths, or other
clinically relevant AEs were reported. Mean changes
from baseline in clinical laboratory (chemistry and he-
matology) values, vital signs (systolic and diastolic blood
pressure, heart rate, and respiration rate), and 12‐lead
ECGs were minimal in most cases across dose groups,
and no trends or changes of clinical concern were iden-
tified (data not shown). The majority of ECG values of
clinical interest were long PR and QRS intervals in some
participants (pre‐ and postdose). One participant in

FIGURE 2 Participant treatment flow. *Dose‐escalation meeting (review of safety, pharmacokinetics, and hemodynamic data). One
participant was excluded from the evaluable analysis population due to a protocol violation (taking a prohibited medication [an angiotensin
II receptor antagonist]). This participant was included in the safety and pharmacokinetics analyses
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FIGURE 3 Hemodynamics following treatment with GSK2586881. Geometric mean time profiles and 95% confidence intervals
(denoted as 95% CI; evaluable population) for (a) PVR, (b) CI, and (c) mPAP. CI, cardiac index; i.v., intravenous; mPAP, mean pulmonary
artery pressure; PVR, pulmonary vascular resistance

TABLE 3 Summary of all adverse events by GSK2586881 cohort

Event (n)

Cohort
10.1mg/kg
(n= 4)

Cohort
20.2mg/kg
(n= 5)

Cohort
30.4mg/kg
(n= 6)

Cohort
40.8mg/kg
(n= 8)

Total
(N= 23)

Any event 1 3 5 2 11

Back pain 1 0 2 0 3

Pain in extremity 0 0 1 0 1

Pneumonia 0 0 1 0 1

Upper respiratory tract
infection

0 1 0 0 1

Viral upper respiratory
tract infection

0 0 1 0 1

Bradycardia 0 0 0 1 1

Headachea 0 0 0 1 1

Cough 0 1 0 0 1

Erythemaa 0 1 0 0 1

aRecorded as drug‐related.
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Cohort 3 (0.4 mg/kg) had an increase from baseline in
QT duration corrected for heart rate by Fridericia's for-
mula and by Bazett's formula >60msec at 4 h postdose.
Oxygen saturation was consistent across dose levels, and
there were no notable changes or trends observed (data
not shown). There was no evidence of immunogenicity
defined by the presence of anti‐ACE2 binding antibodies
(data not shown).

Systemic and pulmonary wedge RAS
peptides and renin

Ang II was present at quantifiable concentrations in pre-
dose samples in 19/22 participants before GSK2586881
treatment. Treatment with GSK2586881 at all doses re-
sulted in a reduction in the peripheral venous concentra-
tion of Ang II in all participants who had detectable levels
of Ang II before treatment; variation was seen in the time
course and magnitude of this reduction. There was a trend
for the duration of the reduction to be longer in participants

who received higher doses of GSK2586881 (Figure 4a). The
concentration of Ang II increased again after 4 h in all
cohorts except Cohort 4 (0.8mg/kg), in which it increased
by 24 h. Ang II concentration showed evidence of returning
to predose levels in the 24 h postdose and follow‐up sam-
ples (7–14 days postdose), although there was some varia-
bility. Some participants had elevated levels of Ang II at
these time‐points and others showed a sustained reduction.
The concentration of Ang(1–7), the product of GSK2586881
acting on Ang II, was low or undetectable in the venous
blood of all participants at baseline but increased rapidly to
detectable levels in the majority of participants (15/22) after
treatment with GSK2586881 (Figure 4b). These elevations
were sustained for at least 24 h in most participants but
showed evidence of returning towards predose levels in the
follow‐up samples (7–14 days postdose). As seen with
Ang(1–7), levels of Ang(1–5), a degradation product of
Ang(1–7), were low to undetectable before treatment with
GSK2586881, but rapidly increased after dosing to levels
that were maintained for at least 24 h (data not shown). The
ratio of the concentration of Ang II to Ang(1–7), a more

FIGURE 4 Systemic renin‐angiotensin system peptide concentrations before and following treatment with GSK2586881. Geometric
mean time profiles and 95% confidence intervals (denoted as 95% CI; evaluable population) for (a) Ang II, (b) Ang(1–7), (c) Ang II/Ang(1–7)
ratio, and (d) renin. Ang, angiotensin; i.v., intravenous
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FIGURE 5 Mean GSK2586881 plasma concentrations.
The dashed line represents the lower limit of quantification
(200 ng/ml). i.v., intravenous

sensitive measure of the activity of ACE2 than measure-
ment of these peptides individually, showed the expected
clear decrease after treatment with GSK2586881
(Figure 4c). All doses of GSK2586881 tested were supra-
maximally effective at decreasing Ang II/Ang(1–7) ratio,
hence no concentration‐dependent response was observed
in the magnitude of the decrease in Ang II/Ang(1–7) ratio.
However, there was a trend towards a longer duration of
reduction in Ang II/Ang(1–7) ratio at higher doses of
GSK2586881. There was a good correlation between RAS
peptide levels in the venous and wedge RAS blood samples.
While consistent among samples from the same partici-
pant, circulating renin concentration was extremely vari-
able between participants in this study. There was a weak
tendency for Ang II levels in predose and 24 h postdose
samples to be higher in subjects with higher renin con-
centrations and a similar trend for Ang(1–7) and renin in
2 and 4 h postdose samples (data not shown). However,
there was no consistent impact of treatment with
GSK2586881 on circulating renin concentration, the key
rate‐determining enzyme in the RAS, in any participant at
any dose or any time‐point after administration (Figure 4d).

Disease activity biomarkers (NT‐proBNP
and NOx

−)

Consistent with the observed lack of impact of
GSK2586881 on cardiopulmonary hemodynamic para-
meters, there was limited impact of GSK2586881 on cir-
culating levels of NT‐proBNP, or on the concentration of
total NOx

− or the individual species (nitrite and nitrate),
at any dose or time‐point following treatment up to 24 h
postdose (data not shown).

Plasma concentrations and PK of
GSK2586881

For the majority of participants, GSK2586881 plasma
concentrations were quantifiable (>200 ng/ml) up to 24 h
poststart of infusion (0.2–0.8 mg/kg) and up to 8 h post-
start of infusion at the lowest dose investigated (0.1 mg/
kg). In most participants, maximum concentrations
(Cmax) were observed in samples collected at the first
sampling time poststart of infusion (Figure 5), with the
exception of four participants where Cmax was reached at
0.5 h poststart of infusion (the second sampling time
poststart of infusion). Following IV infusion, plasma
concentrations of GSK2586881 declined rapidly from
peak in a bi‐phasic manner, with an apparent terminal
half‐life of approximately 7 h. The PK profiles for
GSK2586881 were as expected and while formal

statistical assessment of dose proportionality was not
performed, fold increases and visual inspection of the
95% confidence intervals for the geometric means for
Cmax and area under the plasma concentration‐time
curve suggested a reasonable approximation of dose
proportionality over the dose range of 0.1–0.8 mg/kg.

PAH type and effect of GSK2586881

Individual patient data showing the effect of GSK2586881
on Ang II/Ang(1–7) ratio, and on mPAP, CI, and PVR by
dose and PAH type (idiopathic, heritable, associated with
collagen vascular disease) are presented in Figure S1 and
Table S4. Overall, there is no correlation between the type
of PAH and response to GSK2586881, in terms of cardio-
pulmonary hemodynamics or Ang II/Ang(1–7) ratio.

DISCUSSION

Cardiopulmonary hemodynamics

The primary objective of this exploratory dose‐escalation
study was to determine if single IV doses of GSK2586881
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(0.1–0.8 mg/kg) could impact acute cardiopulmonary
hemodynamics in PAH patients receiving standard of
care PAH therapy (including background therapy). This
study was based on a single‐center pilot study, which
suggested that single doses of GSK2586881 might acutely
vasodilate the pulmonary vasculature. In the pilot study,
five PAH patients on background therapy were ad-
ministered a single IV dose of GSK2586881 (three at
0.2 mg/kg and two at 0.4 mg/kg), which demonstrated a
significant trend for an increase in cardiac output and a
reduction in PVR (between 1 and 4 h postdose).23

Increased RAS pathway activation is associated with
pulmonary vascular dysfunction. Ang II has a promito-
genic role in pulmonary vascular smooth muscle
cells25,26 and increased Ang II levels at baseline are as-
sociated with disease progression in patients with idio-
pathic PAH,11 demonstrating that increased RAS
pathway activation is linked to pulmonary vascular dys-
function/remodeling. In an animal model of PAH, the
ACE2/Ang(1–7)/Mas axis exerted cardiopulmonary pro-
tective effects, suggesting that ACE2/Ang(1–7) over-
expression could have a role in inhibiting vascular
remodeling in PAH.27 There is, therefore, a rationale for
modulation of the RAS via exogenous supplementation
of ACE2 to rebalance Ang II/Ang(1–7) levels in the
treatment of PAH. Strategies to boost the expression and/
or activity of ACE2 have demonstrated significant anti-
remodeling efficacy in various animal models of
PAH.28–30 Direct administration of GSK2586881 exhibits
antiremodeling effects in animal models of pulmonary
hypertension, with significant attenuation of pulmonary
vascular remodeling observed in the murine bleomycin
model31 and reversal of established pulmonary hy-
pertension in a mouse model of familial PAH.18

GSK2586881 has also been shown to directly suppress
pathological remodeling of the right ventricle, leading to
enhanced cardiac performance in a murine right ven-
tricular pressure overload model.17 Previous clinical
studies of GSK2586881 in mechanically ventilated pa-
tients with acute respiratory distress syndrome22 and
patients with PAH23 demonstrated rapid modulation of
RAS peptides, indicating a potential role for GSK2586881
in modulation of the RAS pathway as a means to lessen
pulmonary vascular dysfunction.

In the present study, single IV doses of GSK2586881
did not lead to meaningful postdose changes in mean
hemodynamic parameters (PVR, CI, and mPAP), so the
primary endpoint of the study was not achieved. There
were also no significant changes in other hemodynamic
measures. Additional analysis of background PAH ther-
apy in individual participants demonstrated no correla-
tion between the degree of background vasodilator

therapy and response. No differences in results were seen
when stratified by the etiology of PAH.

Of note, this study used an additional higher dose
than the pilot study yet was still not able to detect
meaningful hemodynamic changes. The difference in
results between this study and the pilot study may be due
to differences in study design, sample size, participant
characteristics, and/or data presentation. The sample size
of the pilot study (N= 5) was smaller than that of the
present study (N= 23), which may have limited the
generalizability of the results. With respect to the study
population, all patients in the pilot study had idiopathic
PAH, whereas this study also included patients with
heritable and connective tissue disease‐associated PAH,
who together comprised about half the cohort; however,
no differences in results were seen when stratified by
etiology of PAH. There may have been differences in
baseline PAH treatment between this study and the pilot
study; however, almost all patients in both studies were
on at least dual combination therapy. Mean hemody-
namics, including PVR, CI, and mPAP, were comparable
at baseline between the pilot study and the present study
(within ±2 Wood units, ±1 L/min/m2, and ±6mmHg,
respectively).

Any treatment effect was hypothesized to be rapid in
onset due to the enzymatic mechanism of action of
GSK2586881, so 1 h postdose was determined to be the key
time‐point of interest. However, a consistent and sustained
response was important, and this was expected given the PK
properties of GSK2586881 and the kinetics of RAS peptide
changes. The response criteria were not achieved at any
dose level or time‐point for mean change in PVR and CI.

The reasons for the discrepancy between the positive
preclinical data and the lack of response in the current
study are not fully understood. Possible explanations
include underdosing, not reaching sufficient local con-
centrations, insufficient target modulation, and the
complexity of the RAS in PAH patients. Nevertheless,
whether repetitive doses of GSK2586881 over a longer
period of time would lead to changes in pulmonary
vascular tone or remodeling remains unknown.

Safety and tolerability, biomarkers, and PK

GSK2586881 was well tolerated when administered as a
single IV dose at 0.1, 0.2, 0.4, or 0.8 mg/kg to participants
with PAH in this study, with a safety profile consistent
with completed clinical studies to date.21,22 ECG eva-
luation demonstrated that GSK2586881 did not affect
the cardiac conduction system. Following the infusion,
Ang II concentrations reduced rapidly, often to below the
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limit of quantification. These reductions were typically
evident by the end of the infusion period. The data were
consistent with the expected reversible reduction of
Ang II concentration after treatment with an enzyme
that degrades this peptide, confirming infused ACE2 was
active at the target. The concentrations of Ang(1–7) and
Ang(1–5) showed sustained increases following infusion
of GSK2586881. This result was expected, as Ang II is
cleaved by ACE2 to Ang(1–7), which is subsequently
metabolized by ACE to Ang(1–5).14–16 There was a trend
for the duration of the reduction in Ang II concentration
to be sustained for longer at higher doses of GSK2586881.
On average, the elevations in Ang(1–7) and Ang(1–5)
were maintained for at least 24 h. By the follow‐up visit,
concentrations had begun to return to pretreatment le-
vels. These results were as expected and confirm the
pharmacological activity of GSK2586881 in vivo. There
was no clear relationship between Ang II concentration,
Ang(1–7) concentration, or Ang II/Ang(1–7) ratio and
cardiopulmonary hemodynamic measurements, suggest-
ing that Ang II does not play a key role in mediating the
acute vasodilatory response in World Health Organiza-
tion functional class I PAH. This result is in contrast to
the pilot study, in which a single IV dose of GSK2586881
increased the Ang II/Ang(1–7) ratio, with a concomitant
increase in cardiac output.23 These contrasting results
may be due to differences in the study designs.

There was no effect of GSK2586881 treatment on the
circulating concentration of renin in this study. This,
along with the very high variability in measured renin
concentrations (and indeed Ang II concentrations) in
this study population, may indicate dysregulation of the
RAS in PAH patients. It is unclear whether this is a
consequence of the disease or the impact of ongoing
therapy. ACE activity is high in the pulmonary circu-
lation; the lungs are thought to be a major source of
circulating Ang II.32,33 Therefore, the relationship be-
tween RAS peptide levels measured in peripheral ve-
nous blood samples and those in blood taken from the
wedge position was evaluated to determine whether the
concentration of Ang II in the periphery reflects the
concentration entering the lung. Overall, there was a
good correlation between the venous and wedge RAS
blood samples, demonstrating that RAS peptide con-
centrations in peripheral blood samples provide a reli-
able measure of RAS peptide concentrations in blood
entering the lung.

GSK2586881 plasma concentrations demonstrated that
participants were rapidly exposed, and systemic exposure
was maintained over the period of the cardiopulmonary
hemodynamics assessments (4 h). Systemic exposure ap-
peared to increase in an approximately dose‐proportional
manner over the dose range of 0.1 to 0.8mg/kg. The PK

characteristics of GSK2586881 in patients with PAH were
consistent with historical data in healthy participants.21

NT‐proBNP is a biomarker of cardiac stress or ven-
tricular workload and—in the context of PAH—
decreases as a result of the reduced force of contraction if
pulmonary blood pressure/right ventricular afterload is
reduced. The vasodilatory effects of Ang(1–7) are thought
to be due to the release of nitric oxide from the vascular
endothelium. Nitric oxide can be converted into the more
stable species nitrite and nitrate in vivo and these ana-
lytes are commonly used as biomarkers of nitric oxide,
although they may not be sensitive to local changes in
this mediator. There was no meaningful impact of
treatment with GSK2586881 at any dose on circulating
concentrations of NOx

− or NT‐proBNP up to 24 h after
dosing, indicating no acute effects on these biomarkers,
which was consistent with the lack of hemodynamic ef-
fect observed.

Limitations

The ability to observe an impact of GSK2586881 on acute
cardiopulmonary hemodynamics may have been ham-
pered by recruiting PAH patients actively treated with
vasodilators as background therapy. However, recruiting
only treatment‐naïve patients for this study would have
been challenging. This was an open‐label study of a
single dose per cohort. An open‐label study design may
introduce bias; however, the bias would typically favor
observing a false‐positive response. Furthermore, it was
not possible to determine the expected level of change
from baseline in the key cardiopulmonary endpoints due
to the lack of a placebo comparator. Responses to chronic
administration were not studied. This is particularly
important given the reported variability in assessing
cardiopulmonary hemodynamics using cardiac catheter-
ization.34 As dysregulation of the RAS pathway has been
suggested to underlie pulmonary vascular remodeling in
PAH,11,12 it is conceivable that repeat dosing of
GSK2586881 for a sufficient duration would be required
to elicit an impact on cardiopulmonary hemodynamics.
This single‐dose study was not designed to examine the
potential impact of GSK2586881 on vascular remodeling.

CONCLUSIONS

A single IV dose of GSK2586881 (0.1, 0.2, 0.4, and 0.8 mg/
kg) was well tolerated in participants with PAH, with no
SAEs and no evidence of immunogenicity observed.
GSK2586881 was quantifiable in plasma for up to 4 h
poststart of infusion in all participants, but our results
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suggest that GSK2586881 had no consistent or sustained
effect on acute cardiopulmonary hemodynamics in par-
ticipants with PAH receiving background PAH therapy.
GSK2586881 caused a consistent and sustained reduction
in Ang II and a corresponding increase in Ang(1–7) and
Ang(1–5), confirming the pharmacological activity of
GSK2586881 in vivo. While there does not appear to be a
consistent acute vasodilatory response to single doses of
GSK2586881 in participants with PAH, the potential
benefits in terms of chronic vascular remodeling remain
to be determined.
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