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Resistant hypertension is a condition observed in >10% of hypertensive patients,
defined by blood pressure (BP) targets not achieved despite treatment with at least
three anti-hypertensive medications of different classes, including a diuretic, a blocker
of the renin-angiotensin system, and a long-acting calcium channel blocker (1). Current
guidelines recommend the use of spironolactone as the preferred 4th line drug, with a
better BP lowering efficacy compared to adrenergic a-blockers or f blockers. Notably,
a major component in the pathophysiology of hypertension, i.e., the endothelin (ET)
system, has been somehow overlooked in the management of resistant hypertension.
Indeed, while initial studies with the ET receptor antagonists bosentan and darusentan
had shown a BP lowering effect in hypertensive patients (2-4), a subsequent trial
testing darusentan as an add-on therapy in resistant hypertension did not confirm these
findings (5).

ETs are 21-amino-acid vasoconstricting peptides mainly produced by endothelial
cells; three endogenous isoforms are known (ET-1, ET-2, and ET-3), which exert their
actions by binding two main types of receptors (A and B) (6, 7).

Aprocitentan (ACT-132577) is an antagonist that prevents the binding of ET to
both types of receptors (8). Aprocitentan is a member of the class of sulfamides
in which one of the amino groups of sulfonamide has been substituted by
a 5-(4-bromophenyl)-6-{2-[(5-bromopyrimidin-2-yl)oxy]ethoxy}pyrimidin-4-yl group
(Figure 1). Studies assessing its pharmacokinetics have determined that aprocitentan has
a half-life of ~44 h and steady-state conditions are reached after 8 days (9-11).

Following promising results in preclinical settings (8), aprocitentan has been tested
in a multicenter, blinded, randomized, PaRallEl-group, Phase 3 study with aproCltentan
in Subjects with ResIstant HypertensiON (PRECISION, Clinicaltrials.gov registration
ID: NCT03541174). The results of the trial have been presented by Dr. Marcus P.
Schlaich at the latest Scientific Sessions of the American Heart Association in Chicago
(Session “Late-Breaking Science: Resistant Hypertension: A Pressure Cooker”) and
simultaneously published in The Lancet (12).

The PRECISION trial was conducted from 18 June 2018 to 25 April 2022, screening
1965 individuals at 193 sites in 22 countries, and 730 were randomly assigned.
The design of the study included a 12-week screening period to exclude pseudo-
resistant hypertension by changing all patients to a standardized single-pill triple-therapy
(amlodipine, valsartan, hydrochlorothiazide) at fixed doses, a 4-week double-blind,
placebo-controlled treatment phase (part 1, double-blind, completed by 704 patients);

01 frontiersin.org


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://doi.org/10.3389/fcvm.2022.1093406
http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2022.1093406&domain=pdf&date_stamp=2022-12-22
mailto:gsantulli001@gmail.com
https://doi.org/10.3389/fcvm.2022.1093406
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fcvm.2022.1093406/full
https://clinicaltrials.gov/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Varzideh et al.

a 32-week single-blind, active-treatment phase (part 2, single-
blind, completed by 613 patients); and a 12-week double-
blind, placebo-controlled withdrawal phase (part 3, double-
blind re-randomization, completed by 577 patients). The main
characteristics were similar across all treatment groups at
baseline. Black patients represented 11% of all participants (37%
of the participants from the United States), more than 60% of
enrolled patients were taking more than four anti-hypertensive
drugs at enrollment, ~20% had history of heart failure, and
52-56% had history of diabetes.

The results of the PRECISION trial are straightforward: 4
weeks after treatment initiation (primary outcome), the least
square mean difference changes vs. placebo of unattended
automated office systolic BP were —3.8 = 1.3 mm Hg (97.5%
CIL: —6.8 to —0.8, = 0.0042) for aprocitentan 12.5mg, and —3.7
+ 1.3mm Hg (—6.7 to —0.8, p = 0.0046) for aprocitentan
25 mg. Office diastolic BP decreased as well-compared to placebo
(—3.9mm Hg, 95% CI: —5.6 to —2.3 for aprocitentan 12.5 mg;
—4.5mm Hg, 95% CI: —6.1 to —2.9 for aprocitentan 25 mg).
BP was maintained during part 2, while in part 3, after 4
weeks of withdrawal, a significant increase was detected in
the placebo arm compared to aprocitentan in terms of both
systolic (+5.8 mm Hg, 95% CI: 3.7-7.9, p < 0.0001) and diastolic
BP (+5.2mm Hg, 95% CI: 3.8-6.6, p < 0.0001). The results
from office measurements were confirmed by ambulatory BP
monitoring across the 24-h period, thereby providing robust
data on short- and long-term safety and efficacy of the dual ET
receptor antagonist aprocitentan.

A significant antiproteinuric effect was also observed at both
doses of aprocitentan, which is relevant and truly promising
in terms of reduction of target organ damage; further studies
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examining in detail cardiovascular parameters are warranted to
corroborate the role of aprocitentan in this sense. Interestingly,
subgroup analyses revealed statistically significant beneficial
effects on BP of 25mg aprocitentan in elderly subjects (>75-
year-old), in patients with estimated glomerular filtration rate
(eGFR) between 15 and 60 ml/min/1.73 m?, and individuals
with urine albumin-creatinine ratio (UACR) > 300 mg/g,
all characteristics that tend to be associated with difficult-to-
control hypertension.

One of the most common side effects of ET antagonists
is represented by fluid retention, which was observed also in
this trial: 9.1% of patients in the low dose aprocitentan and
18.4% in the high dose; these events were clinically manageable
with the addition or up-titration of diuretic therapy, causing
discontinuation of treatment only in one case. This adverse
event, although being relatively controllable with diuretics, may
pose potentially serious risks in patients with heart failure and/or
chronic kidney disease. In this sense, it is important to note
that patients with severe hypertension (grade 3) were excluded
from the PRECISION trial, as well as subjects with NYHA III-
IV heart failure, and patients with major cardiovascular, renal,
and cerebrovascular complications in the 6 months preceding
the enrollment.

The PRECISION trial is not exempt from limitations,
including the lack of a placebo control in the single-blind part
2 of the study; in this sense, we would also like to emphasize
the substantial BP lowering effect of placebo in the double-blind
part 1, which might be attributable to the attentive management
of patients with resistant hypertension, as seen with the so-
called therapeutic concordance (1), in the setting of a clinical
trial. Moreover, a direct comparison with spironolactone is not

Half-life: 44 h
Doses tested: 12.5 mg and 25 mg

FIGURE 1

Structure of aprocitentan and schematic representation of the three parts of the PRECISION trial.
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provided, and the actual clinical relevance of the results of
the PRECISION trial remains to be determined. For instance,
future studies with a long-term follow-up evaluating the effects
of aprocitentan on cardiovascular outcomes and target-organ
damage are warranted.

In conclusion, the dual ET antagonism obtained with
aprocitentan, based on the solid rationale of targeting a currently
unopposed pathobiological pathway of hypertension, represents
a new alternative approach to treat resistant hypertension.
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