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ABSTRACT

Aprocitentan (ACT-132577) is an orally active,
dual endothelin-1 (ET-1) receptor antagonist
that prevents the binding of ET-1 to both ETA/
ETB receptors. It is an active metabolite of
macitentan (obtained by oxidative depropyla-
tion), an orphan drug used for the treatment of
pulmonary arterial hypertension. Aprocitentan
is highly bound to plasma proteins and is
eliminated in both urine and feces. It is well
tolerated across all doses (up to 600 mg with
single dose and 100 mg once a day at multiple
doses). Its pharmacokinetic profile shows a half-
life of 44 h, fitting a once-daily dosing regimen
with plasma ET-1 concentrations (reflecting ET

receptor antagonism), significantly increasing
with doses C 25 mg. Only minor differences in
exposure between healthy females and males,
healthy elderly and adult subjects, fed and fas-
ted conditions, and renal function have been
observed. Aprocitentan in patients with resis-
tant hypertension is currently under investiga-
tion in the PRECISION phase III trial
(ClinicalTrials identifier: NCT03541174).
Nonetheless, results of pre-clinical data and
studies in humans support the potential role of
aprocitentan in this clinical setting. The abso-
lute blood pressure (BP) reductions with
aprocitentan are in the ranges established as a
surrogate for reduction in cardiovascular mor-
bidity in hypertension. Significant changes in
BP with aprocitentan are observed within
14 days, and its BP-lowering effects have also
been documented with ambulatory BP moni-
toring. Finally, aprocitentan enhances the BP-
lowering effects of other antihypertensive
drugs, including renin-angiotensin-system
blockers. In conclusion, aprocitentan amelio-
rates the effects of ET-1 and could potentially
reduce BP and provide broader cardiovascular
protection in patients with resistant hyperten-
sion. Available data support the hypothesis that
this new agent could expand our antihyper-
tensive arsenal in resistant hypertension, mak-
ing aprocitentan an attractive candidate for
further large-scale trials.
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Key Summary Points

Endothelin-1 is the most potent
endogenous vasoconstrictor currently
available and is implicated in the
pathogenesis of hypertension.

Aprocitentan, the active metabolite of
macitentan, is a potent, orally active, dual
endothelin receptor antagonist and
represents a potential novel therapy for
hypertensive patients.

Aprocitentan enhances the blood
pressure-lowering effects of other
antihypertensive drugs with additional
potential long-term benefits.

Blocking the actions of endothelin-1 by
aprocitentan could potentially reduce
blood pressure and provide broader
cardiovascular protection to patients with
resistant hypertension.

INTRODUCTION

Endothelin-1 (ET-1) regulates vascular tone and
blood pressure (BP) and contributes to the
pathogenesis of hypertension [1–3]. It is a
potent vasoconstrictor peptide that causes
neurohormonal and sympathetic activation,
hypertensive end-organ damage (including
vascular hypertrophy and remodeling), fibrosis,
endothelial dysfunction and increased aldos-
terone synthesis and secretion [4]. Both animal
and human model studies have shown that
vascular ET-1 expression is increased in hyper-
tension [1–3].

Aprocitentan (ACT-132577; Fig. 1) is a
potent, orally active, dual ET receptor antago-
nist that prevents the binding of ET-1 to both
ETA/ETB receptors, with an inhibitory potency
ratio of 1:16 [5–7]. It is a member of the class of

sulfamides in which one of the amino groups of
sulfonamide is substituted by a 5-(4-bro-
mophenyl)-6-{2-[(5-bromopyrimidin-2-
yl)oxy]ethoxy}pyrimidin-4-yl group [5–7].
Aprocitentan is an active metabolite of maci-
tentan (obtained by oxidative depropylation),
an orphan drug used for the treatment of pul-
monary arterial hypertension [5–7].

Aprocitentan causes a a dose-dependent
decrease in BP and has been shown to have a
synergistic effect with renin-angiotensin-system
(RAS) blockers. As such, it represents a potential
new treatment modality when high BP cannot
be adequately controlled by currently available
treatments [4].

The main aims of our review were to (1)
summarize the pharmacokinetic properties of
aprocitentan, (2) analyze the results of clinical
studies investigating the safety and efficacy of
this drug for the treatment of hypertension and
(3) evaluate future directions that could estab-
lish the role for aprocitentan in the treatment of
resistant hypertension.

For this purpose, literature searches were
conducted using PubMed, Scopus, Web of Sci-
ence, together with the ClinicalTrials.gov data-
base. We selected influential clinical studies in
the field of hypertension using research
Methodology Filters [8, 9]. In brief, we used the
following search terms: ‘‘aprocitentan,
endothelin, pharmacology, pharmacokinetics,
phaarmacodynamics, hypertension, blood
pressure, efficacy and safety’’. We also per-
formed hand-searching of conference proceed-
ings, pharmaceutical industry files and personal
communication from experts in the field, to
identify any other relevant study.

No language restriction was applied to the
inclusion of articles included in this review.

This article is based on previously conducted
studies and does not contain any new studies

Fig. 1 Chemical structure of aprocitentan
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with human participants or animals performed
by any of the authors.

ET-1 AND RESISTANT
HYPERTENSION

Endothelin-1 is a 21-amino acid peptide pre-
dominantly produced by endothelial cells. Its
production by these endothelial cells increases
in response to several stimuli, including
hypoxia, shear stress, angiotensin II, glucose
and inflammatory cytokines [10–12]. It acts in a
paracrine manner, producing a powerful vaso-
constrictor effect, and exhibits remarkably long-
lasting actions [2, 3, 13–16]. ET-1 causes
endothelial dysfunction and vascular and car-
diac remodeling and also contributes to sodium
and water regulation in the kidney
[2–4, 13, 17, 18]. In patients with severe
hypertension, ET-1 expression in the endothe-
lium is enhanced, and it plays a role in BP ele-
vation and in the pathogenesis of vascular
hypertrophy [14]. The ET system is also upreg-
ulated in patients with salt-sensitive hyperten-
sion, diabetes, obesity and chronic kidney
disease [19]. Experimental models have shown
that ET receptor antagonists may prevent and
sometimes reverse tissue alterations in an
organ-specific manner, leading to long-term
benefits [5, 19–21]. It has been also suggested
that such benefits may be independent of the
hemodynamic effect of therapy [19].

Thus, the involvement of ET system in vol-
ume-dependent hypertension, end-organ dam-
age and comorbidities associated with
hypertension [19–21] supports the use of the
ET-1 receptor antagonist as a new pharmaco-
logical strategy in the treatment of resistant
hypertension. In addition, although the use of
ET receptor antagonists is tempered by a sig-
nificant adverse side effect profile, including an
increase in total body sodium [22, 23], available
data show that both selective and mixed
antagonists increase forearm vasodilatation and
reduce BP in hypertensive patients [24].

The first clinical study in humans to inves-
tigate ET antagonism administered the mixed
receptor antagonist bosentan as a single agent
to patients with mild to moderate primary

hypertension [25]. Specifically, 293 patients
with mild-to-moderate essential hypertension
were randomly assigned to receive one of four
oral doses of bosentan (100, 500 or 1000 mg
once daily or 1000 mg twice daily), placebo or a
renin-angiotensin-system (RAS) blocker (enala-
pril 20 mg once daily) for 4 weeks. Compared
with placebo, bosentan resulted in a significant
reduction in diastolic BP with a daily dose of
500 or 2000 mg (an absolute reduction of
5.7 mmHg at each dose). A similar reduction in
diastolic BP was documented between the ena-
lapril (5.8 mm Hg) and bosental arms [25].

More recently, a randomized, double-blind,
placebo-controlled forced dose-titration study
evaluated darusentan (an ET-1 selective antag-
onist) as an add-on therapy in patients with
resistant hypertension [26]. Overall, 115
patients with resistant hypertension who were
receiving background therapy with at least
three antihypertensive medications, including a
diuretic, at full doses were randomized 2:1 to
increasing doses of darusentan (10, 50, 100, 150
and 300 mg) or matching placebo once daily for
10 weeks. There was a progressive decline in
systolic/diastolic BP throughout the study, with
the largest reductions observed at week 10
(300 mg dose: systolic BP reduction
11.5 mmHg, diastolic BP reduction 6.3 mmHg)
[26].

Similar results were also obtained by Weber
and co-workers in a randomized, double-blind
study enrolling 379 patients with resistant
hypertension [27].

Conversely, in a clinical trial recruiting 849
patients with resistant hypertension, patients in
the darusentan and placebo arms showed a
similar decrease in office systolic BP [28]. Due to
this negative outcome, further studies into the
chronic administration of darusentan in resis-
tant hypertension were terminated.

PHARMACODYNAMIC
AND PHARMACOKINETICS

Aprocitentan is highly bound to plasma pro-
teins and is eliminated in both urine and feces
[29]. Single- and multiple-dose tolerability,
safety, pharmacokinetics, and
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pharmacodynamics of aprocitentan up to
600 mg (single doses) and 100 mg once a day
(multiple doses) have been investigated in
healthy male and female subjects [7]. Overall,
aprocitentan was well tolerated across all doses.
Of note, plasma concentration–time profiles of
aprocitentan are similar after single- and mul-
tiple-dose administration. Its pharmacokinetic
profile shows a half-life of 44 h, fitting a once-
daily dosing regimen with plasma ET-1 con-
centrations (reflecting ET receptor antagonism),
significantly increasing with doses C 25 mg.
Accumulation at steady state, reached by day 8,
was threefold. Only minor differences in expo-
sure between healthy females and males, heal-
thy elderly and adult subjects, fed and fasted
conditions, and renal function were observed
[5–7, 29].

Just recently, a double-blind study including
20 healthy male and female subjects showed
that pharmacokinetics of aprocitentan did not
differ significantly between Japanese and Cau-
casian patients. Specifically, results documented
that maximum plasma concentration was
reached at 4 and 3 h, and elimination half-life
was 49.1 and 48.8 h for Japanese and Caucasian
subjects, respectively. The accumulation index
was around 3 for both populations. Aprociten-
tan was safe and well tolerated in both groups
[30].

DRUG INTERACTIONS

Some drug interactions with aprocitentan have
been tested (midazolam, rosuvastatin, and RAS
blockers) [4, 6, 31]. No significant drug-to-drug
interactions have been reported to date.

Trensz and co-workers investigated the
pharmacology of aprocitentan on BP and renal
function in two models of experimental hyper-
tension (low-renin model and normal-renin
model), comparing the effect of its combination
with RAS blockers (valsartan and enalapril) with
that of the combination of the mineralorecep-
tor antagonist spironolactone with the same
RAS blockers. Briefly, aprocitentan was syner-
gistic with valsartan and enalapril in decreasing
BP in both experimental models. Of note, in
hypertensive rats under sodium restriction and

receiving enalapril, the addition of aprocitentan
further decreased the BP without causing renal
impairment, in contrast to spironolactone [4].

The drug–drug interaction of aprocitentan
and rosuvastatin was investigated in a single-
center, open-label, single-sequence study.
Twenty healthy male subjects received a single
dose of 10 mg rosuvastatin on days 1 and 13
followed by pharmacokinetic and tolerability
assessments for up to 120 h. From day 5 to day
17, subjects received 25 mg of aprocitentan
once daily. At steady state, aprocitentan did not
significantly affect the pharmacokinetics of
rosuvastatin, and the combination of rosuvas-
tatin and aprocitentan was well tolerated [31].

Finally, the pharmacokinetics of midazolam
in the absence and presence of aprocitentan
(loading dose of 150 mg followed by 50 mg
once daily) was investigated in 19 healthy male
subjects. The pharmacokinetics and tolerability
of midazolam and its metabolite 1-hydroxy
midazolam were assessed over a 24-h period
after each midazolam administration. At steady
state, aprocitentan did not affect the area under
the plasma concentration–time curve and the
maximum plasma concentration of midazolam
and 1-hydroxy midazolam. There were no rele-
vant differences in tolerability parameters
between treatments [6].

Of note, the main elimination pathways of
aprocitentan are through glucosidation to
metabolite M3 by uridine 50-diphospho-glu-
curonosyltransferases 1A1 and 2B7 and mostly
chemical hydrolysis to metabolite M1. These
pathways are independent of cytochrome P450
enzymes and, consequently, aprocitentan
would have limited potential for drug interac-
tions with drugs that induce or inhibit cyto-
chrome P450 enzymes [6, 31].

CLINICAL STUDIES
IN HYPERTENSION

To date, three clinical studies in the setting of
hypertension have been registered. The first,
PRECISION trial, has the aim to evaluate the BP-
lowering effect of aprocitentan when added to
other antihypertensive drugs in patients with
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resistant hypertension; this trial is still recruit-
ing (Table 1).

The second had the purpose to evaluate the
BP-lowering effect of aprocitentan when added
to the background antihypertensive therapy in
patients with uncontrolled BP and chronic

kidney disease. Unfortunately, a non-medical
decision was made to not initiate this study.

Thus, to date, only a double-blind, parallel
study has been completed with the specific aim
to evaluate the dose–response of aprocitentan
(once-daily oral regimen of 4 doses) on systolic
and diastolic BP in participants with grade 1 or 2

Table 1 Main characteristics of the PRECISION trial with the aim to show the effect of aprocitentan in the treatment of
difficult to control (resistant) high blood pressure (hypertension) and learn more about its safety

PRECISION trial (ClinicalTrials.gov
Identifier: NCT03541174)

Description

Purpose Evaluate blood pressure-lowering effect of aprocitentan when added to other

antihypertensive drugs of patients with resistant hypertension

Design Multicenter, blinded, randomized, parallel-group, phase 3 study

Allocation: randomized

Intervention model: parallel assignment

Intervention model description:

Single-blind placebo run-in/randomized with 3 parts:

Part 1: double-blind, randomized to aprocitentan 12.5 mg, aprocitentan

25 mg or placebo

Part 2: single blind aprocitentan 25 mg

Part 3: double-blind re-randomized to aprocitentan 25 mg or placebo

Masking: triple (participant, care provider, investigator)

Estimated enrollment 600 participants treated with at least 3 antihypertensive therapies of different

pharmacological classes for at least 4 weeks before the screening visit

Primary outcome measures Change from baseline to week 4 of double-blind treatment in trough sitting

systolic blood pressure

Exclusion criteria Apparent/pseudo-resistant hypertension

Confirmed severe hypertension

Pregnant or lactating subjects

Clinically significant unstable cardiac disease

Severe renal insufficiency

Any known factor, disease or clinically relevant medical or surgical conditions

that, in the opinion of the investigator, might put the subject at risk or

interfere with treatment compliance, study conduct or interpretation of the

results

Treatment with any medication which may affect blood pressure and/or

treatment with high dose of loop diuretics
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essential hypertension [32]. Participation in this
study was planned to last up to 18 weeks. After a
single-blind placebo run-in period of 4–6 weeks,
participants were randomized to a double-blind
treatment period of 8 weeks and a washout and
follow-up period ending with an end-of-study
visit approximately 12 weeks after randomiza-
tion. Overall, 490 eligible patients with a sitting
diastolic BP of 90–109 mmHg were randomized
to aprocitentan 5, 10, 25, or 50 mg, placebo or
lisinopril 20 mg. Briefly, aprocitentan 10, 25
and 50 mg significantly decreased sitting sys-
tolic/diastolic unattended office BP from base-
line to week 8 (placebo-corrected decreases in
systolic/diastolic BP: 7.05/4.93, 9.90/6.99 and
7.58/4.95 mmHg, respectively), compared with
an unattended office BP reduction of 4.84/
3.81 mmHg with lisinopril 20 mg. Protocol
control rates at the end of the double-blind
treatment period based on sitting systolic
BP\ 140 mmHg (mean of 5 measurements with
an automatic unattended office BP measure-
ment device) are shown in Fig. 2 [32]. Briefly,
control rates ranged from 56.5% for lisinopril to
69.1% for aprocitentan 50 mg (1 capsule once
daily in the morning) [32]. Of note, the maxi-
mum effect was reached at a dose of about
30 mg, and half of the effect was reached at a
dose of about 10 mg, with a plateauing of the
dose–response between 25 and 50 mg. Further-
more, aprocitentan was not associated with the
activation of the neurohumoral system [32].
Interestingly, ambulatory BP monitoring
(ABPM) was performed at baseline and at week
8. Systolic and diastolic BP was measured every
20 min from 06:00 h to 23:00 h and every
30 min from 23:00 h to 06:00 h. Compared to
placebo, aprocitentan doses of 10, 25, and
50 mg lowered mean 24-h systolic/diastolic BP
from baseline by 3.99/4.04, 4.83/5.89 and 3.67/
4.45 mmHg, respectively [32]. Incidence of
main adverse events was similar in the aproci-
tentan groups and the placebo group (Table 2)
[32].

CONCLUSION

Endothelin-1 is the most potent endogenous
vasoconstrictor currently known and is

implicated in the pathogenesis of hypertension
[2, 3, 13, 17, 18]. In addition, ET-1 overexpres-
sion in the endothelium may contribute to
severe BP elevation [14].

ET-1 is involved in the pathogenesis of
endothelial dysfunction, promoting the devel-
opment and progression of resistant hyperten-
sion [33]. Indeed, endothelial dysfunction is
associated with a shift toward reduced vasodi-
lation, is recognized to be a key early determi-
nant in progression to atherosclerosis, and is
now well established as being independently
associated with increased arterial stiffness
[33, 34]. Experimental models clearly support
the role of ET-1 in the pathogenesis of
endothelial dysfunction demonstrating that
antagonism of the ET system improves nitric
oxide-mediated endothelial function [35–37].

In this context, treatment with ET-1 receptor
antagonists may offer a novel therapy for
hypertensive patients.

Following the conflicting results on BP low-
ering [28] and potential adverse effects (fluid
retention) [38] obtained with other ET-1 recep-
tor antagonists, aprocitentan in patients with
resistant hypertension is currently under

Fig. 2 Control rates at the end of the double-blind
treatment period based on systolic blood pres-
sure\ 140 mmHg in the dose-finding study with ACT-
132577 (aprocitentan) in participants with essential
hypertension. All participants who had diastolic and
systolic blood pressure measurements at week 8 of the
double-blind treatment period and who did not have any
major protocol deviation were included in the analysis.
Data was extracted from [32]
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investigation in the PRECISION phase III trial
(ClinicalTrials identifier: NCT03541174).

To date, the potential role of aprocitentan in
this clinical setting is supported by some find-
ings from experimental and clinical studies.
First, the absolute reductions in BP achieved
with aprocitentan [32] are in the ranges estab-
lished as a surrogate for reduction in cardio-
vascular morbidity in hypertension [39–43].
Second, significant changes in BP with aproci-
tentan are obtained within 14 days [32]. Third,
BP-lowering effects of aprocitentan have also
been documented with ABPM [32] which is
more closely related to target organ damage and
cardiovascular outcome than office

measurements [44–47]. Finally, aprocitentan
enhances the BP-lowering effects of other anti-
hypertensive drugs, including RAS blockers [4].

In conclusion, blocking the actions of ET-1
by aprocitentan could potentially reduce BP and
provide broader cardiovascular protection to
patients with resistant hypertension. Moreover,
this antihypertensive agent could exert addi-
tional mechanisms beyond the expected bene-
ficial effects of a sustained BP-lowering action,
including a decrease in renal vascular resistance
and left ventricular hypertrophy [4]. Taken
together, these results support the hypothesis
that this new agent could expand our antihy-
pertensive arsenal in resistant hypertension,

Table 2 Main adverse events recorded in the dose-finding study with ACT-132577 (aprocitentan) in participants with
essential hypertension

Event Placebo,
affected/at
risk (%)

Aprocitenten
5 mg,
affected/at
risk (%)

Aprocitenten
10 mg,
affected/at
risk (%)

Aprocitenten
25 mg,
affected/at
risk (%)

Aprocitenten
50 mg,
affected/at
risk (%)

Lisinopril 20
mg, affected/
at risk (%)

Cardiac disorders

LBBB 0/82 (0.00%) 0/82 (0.00%) 0/82 (0.00%) 1/82 (1.22%) 0/81 (0.00%) 0/81 (0.00%)

Atrioventricular

block first

degree

0/82 (0.00%) 1/82 (1.22%) 0/82 (0.00%) 1/82 (1.22%) 0/81 (0.00%) 0/81 (0.00%)

Tachycardia 0/82 (0.00%) 0/82 (0.00%) 0/82 (0.00%) 1/82 (1.22%) 0/81 (0.00%) 1/81 (1.23%)

Fall 0/82 (0.00%) 0/82 (0.00%) 0/82 (0.00%) 0/82 (0.00%) 0/81 (0.00%) 1/81 (1.23%)

Jaw fracture 0/82 (0.00%) 0/82 (0.00%) 0/82 (0.00%) 0/82 (0.00%) 0/81 (0.00%) 1/81 (1.23%)

Neoplasm

malignant

0/82 (0.00%) 0/82 (0.00%) 0/82 (0.00%) 1/82 (1.22%) 0/81 (0.00%) 0/81 (0.00%)

Anemia 0/82 (0.00%) 0/82 (0.00%) 0/82 (0.00%) 2/82 (2.44%) 1/81 (1.23%) 0/81 (0.00%)

Hyperthyroidism 0/82 (0.00%) 0/82 (0.00%) 1/82 (1.22%) 0/82 (0.00%) 0/81 (0.00%) 0/81 (0.00%)

Dyspepsia 0/82 (0.00%) 0/82 (0.00%) 0/82 (0.00%) 1/82 (1.22%) 0/81 (0.00%) 0/81 (0.00%)

Abnormal hepatic

function

0/82 (0.00%) 1/82 (1.22%) 0/82 (0.00%) 0/82 (0.00%) 0/81 (0.00%) 0/81 (0.00%)

Headache 1/82 (1.22%) 1/82 (1.22%) 2/82 (2.44%) 2/82 (2.44%) 2/81 (2.47%) 4/81 (4.94%)

Renal failure 0/82 (0.00%) 0/82 (0.00%) 0/82 (0.00%) 0/82 (0.00%) 0/81 (0.00%) 1/81 (1.23%)

Data were extracted from [29]
LBBB left bundle branch block

Cardiol Ther (2021) 10:397–406 403



making aprocitentan an attractive candidate for
further large-scale trials.
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