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ABSTRACT
Hypertension is one of the most important risk factors
for the development of ischemic heart diseases, stroke, disability, vascular demen a, heart failure, renal dysfunc on,
re nopathy, and premature death. Despite the use of two
or more blood pressure lowering medica ons, a considerable propor on of pa ents show poor control. Current an hypertensive medica ons show the limita on of use and
eﬀect in obese popula on, certain races like black populaon and also in renal impairment. Thus, there is an impending need to develop novel classes of an hypertensive agents
ac ng on new targets with diversiﬁed mechanisms of ac on
to more eﬀec vely manage raised blood pressure. With the
introduc on of the recent concept of overac ve brain renin
angiotensin system in cardiovascular disorders, a empts
have been made to iden fy a molecule with the poten al
of inhibi ng aminopep dases involved in the forma on of
Angiotensin III. A novel aminopep dase A inhibitor, also a
prodrug Firibastat is currently undergoing development in
Phase III clinical trials for hypertension as well as chronic
heart failure. We hereby, provide an updated summary of
evidence generated so far with Firibastat and also a glimpse
into the therapeu c poten al of this novel candidate extending beyond the spectrum of essen al hypertension
KEYWORDS: obese, Fibribastat, Hypertension, Heart failure,
Obese, Central Aminopep dase A Inhibitor, Resistant Hypertension
INTRODUCTION
Hypertension (HTN) is the leading cause of cardiovascular
disease and premature death worldwide. With rapid
urbaniza on, increasing elderly popula on, increase in body
mass index, the prevalence of hypertension is increasing. It
is one of the most important risk factors of ischemic heart
diseases, stroke, disability, vascular demen a, heart failure,
renal dysfunc on, re nopathy, and premature death. [1, 2]
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Eﬀec ve blood pressure (BP) management has been
shown to decrease cardiovascular risk and the incidence of
stroke, heart a ack and heart failure. [3] Several pharmacological treatments including systemic renin-angiotensin system (RAS) blockers, calcium-channel blockers, and diure cs
are available for trea ng hypertension both as monotherapy as well as in combina on. [4] Despite use of these
drugs, a substan al propor on of the hypertensive popula on(>50%) as well as certain ethnic origins like black
popula on has uncontrolled or subop mally controlled
hypertension [3] . Also, there are reports indica ng a considerable increase in resistant hypertension [1] .
Thus, there is an impending need to develop novel
classes of an hypertensive agents ac ng on new targets
with diversiﬁed mechanisms of ac on to more eﬀec vely
manage raised BP. [4] Some of the important targets that are
being explored are various enzyme-catalyzed degrada on
of vasoac ve pep des, hormones and related receptors
that play a key role in BP regula on and cardiovascular
func on. [2]
Recently, various studies have introduced the concept of
overac ve brain RAS in hypertension and other cardiovascular diseases. [1, 3] In the brain RAS, two membrane-bound zinc
metalloproteases, aminopep dase A(APA) and aminopep dase N (APN), are involved in the metabolism of angiotensin
II(AngII) and angiotensin III (AngIII) respec vely. AngIII is the
major pep de in brain responsible for s mulatory BP control. Brain APA converts Ang II to Ang III, the la er acts
on Angiotensin type 1 receptor (AT1 R) to increase BP and
arginine-vasopressin (AVP) release. [4]
Hence, curbing the eﬀect of brain Ang III via central
APA inhibitor, cons tutes a novel approach to develop an
an -hypertensive strategy. Firibastat, a ﬁrst-in-class, brain
APA inhibitor has been developed as a centrally ac ng
an hypertensive agent.
Chemistry of Firibastat
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Firibastat(RB150), is the ﬁrst known representa ve of a
new class of completely non-pep de, orally ac ve, brain
APA inhibitor. The chemical name of the compound
is [(3S,3’S)-4,4’-Disulfanediylbis (3-aminobutane-1-sulfonic
acid]. The molecular formula of Firibastat is C8 H20 N2 O6 S4
and molecular weight is 368.5g/mol. [5, 6] It is a pro drug
which is composed of two molecules of EC33 [(S)- 3amino4mercapto-butyl sulfonic acid] linked by a disulﬁde bond
.Figure 1 Firibastat is currently undergoing Phase 3 studies
and is being developed by Quantum Genomics, for the
treatment of hypertension and chronic heart failure.
Mechanism of Ac on
Firibastat is a novel inhibitor of APA (a 160-kDa homodimeric type II membrane-bound monozinc aminopep dase),
which is an important component of the brain RAS contributing to the forma on of Ang III. The APA enzyme hydrolyzes
the N-terminal glutamate or aspartate residue from pep dic
substrates such as Ang II or cholecystokinin-8 to form Ang III.
Firibastat, when given orally crosses the intes nal, hepa c, or the blood– brain barrier through the large neutral
amino acid transporter 1 [5]. The disulphide bond present
in the structure of ﬁribastat prevents the interac on of its
thiol group with the zinc atom which is essen al for the cataly c ac vity of APA. The brain reductases however rapidly
cleave the disulphide bond in ﬁribastat molecule, releasing two molecules of its ac ve moiety, EC33, which inhibits
APA, thereby inhibi ng the forma on of AngIII. Firibastat
thus reduces BP and improves cardiovascular dysfunc on
through inhibi on of Ang III mediated Figure 2
1. Sympathe c s mula on,
2. Increased AVP release into the circula on from the
posterior pituitary poten a ng sodium and water reten on,
3. Le ventricular dilata on
4. Inhibi on of baroreceptor reﬂex at the nucleus tractus
solitarius. [2]
Pharmacokine c Parameters
Firibastat, a er oral administra on is rapidly absorbed
from the gastrointes nal tract in humans, with a median
tmax of 1.5 h (range 0.75–3 h). It is par ally converted
to its ac ve metabolite EC33 by reductases present in the
gastrointes nal tract. AUClast and Cmax have been shown
to follow a dose propor onal increasing trend. The median
AUClast and Cmax of ﬁribastat achieved a er a single dose
of 1000 mg has been reported to be 206.2 ng/mL and 55
ng/ml, respec vely, sugges ng a low oral bioavailability.
However, the ac ve site of ﬁribastat is brain, and hence
its plasma concentra on is a mere reﬂec on of frac on of
administered drug. The median t1/2 of ﬁribastat ranges from
1-2 hr. The drug doesn’t have a primary renal excre on nor
is metabolized by liver enzymes. The renal clearance is <2%
(65.6 L/hr) a er single administra on of 1000mg dose. [5]
Adverse Eﬀects
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Firibastat has shown good tolerability proﬁle in several clinical studies. The most frequent adverseevents
reportedwere headaches (4%) and skin reac ons (3%). No
angioedema was reported. No change in potassium, sodium,
and crea nine blood level were observed. [3]
Drug Interac ons
In-vitro assays of ﬁribastat at 10 micromol/L with ﬂuorometric substrates have shown that it does not signiﬁcantly
inhibit the human recombinant cytochrome P450s (CYPs)
(CYP1A2, CYP2C9, CYP2C19, CYP2D6 and CYP3A4). [5]
Preclinical Studies in hypertension and heart failure
The eﬀect of ﬁribastat has been studied in two experimental models of hypertension: the Spontaneously Hypertensive Rat (SHR), and the Deoxycor sterone acetate (DOCA)–
salt hypertensive rat. [1] In contrast to intravenous injec ons
only, intracerebroventricular injec ons of EC33 was seen to
reduce the BP in these two hypertensive models indica ng
its central an hypertensive ac on. Mean arterial BP has
been shown to be reduced a er 2 hours of administra on
of ﬁribastat with maximal reduc on seen between 5 and 9
hours (up to 49±10 mm Hg). The eﬀect gradually declined
un l 15 hours and disappeared a er 24 hours. This has been
explained to be due to an approximately 34% reduc on in
the APA ac vity along with a suppression in AVP release by
32% which resulted in about 146% increase in diuresis and
61% increase in natriuresis. These eﬀects were observed 5
hours a er administra on of 15 mg/kg of Firibastat. On the
contrary, studies conducted in normotensive Wistar Kyoto
(WKY) rats and normotensive Beagle dogs showed no eﬀect
on BP, indica ng that ﬁribastat might not be a hypotensive
agent. [7]
Further, oral treatment with ﬁribastat for four weeks post
Myocardial Infarc on (MI) in mice has been observed to
improve cardiac func on and also a enuate both cardiac
hypertrophy and ﬁbrosis. A decrease in expression of cardiac
biomarkers for heart failure was found to be more eﬀec ve
than enalapril treatment. [8]
Four-week preclinical toxicity studies including safety
pharmacology and pharmacokine c studies conducted in
rats and dogs reported that ﬁribastat up to 1g/kg is well
tolerated. The bioavailability of ﬁribastat is lower in rats (<1
%) compared to that in dogs (30 %). [5]
No eﬀect on systemic RAS has been seen in these
studies. However, concomitant administra on of oral
ﬁribastat (100mg/kg) with enalapril (1 mg/kg) in SHR
reported a signiﬁcant BP decrease (−16.4±3.1 mmHg)
sugges ng a synergis c eﬀect of inhibi on of both brain as
well as systemic RAAS. [7]
Clinical Eﬃcacy & Safety Studies
In Phase 2a randomized, double-blind, placebo controlled,
mul centric, two period crossover study to explore eﬃcacy
and safety of ﬁribastat, 34 adult pa ents were enrolled with
raised systolic BP (140-180 mmHg) and diastolic BP (90-
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Figure 1: Chemical structure of Firibastat and its prodrug EC-33

Figure 2: Mechanism of blood pressure lowering by Firibastat in brain
110 mm Hg) on 0-2 an hypertensive agents with mean BMI
of 26.8±3.3 kg/m2 . Firibastat was given at a twice daily
dose of 250 mg for 1 week, trated to 500 mg twice daily
for next 3 weeks. The results revealed a decrease in the
SystolicBP, by around 3-5 mm Hg. This decrease was further
pronounced in the par cipants who had a higher baseline
BP, indica ng that ﬁribastat acts as an an -hypertensive
agent and not a hypotensive agent. Overall ﬁribastat
was well tolerated with mild adverse events. However,
few treatment emergent serious side eﬀects that led to
the withdrawal of ﬁribastat were rash and facial swelling,
ves bular disorder, and arthralgia. This short dura on
of exposure with ﬁribastat was not associated with any
signiﬁcant changes in the plasma and urine hormonal levels
of renin, aldosterone, cor sol etc. [9]
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The Phase 2b trial of ﬁribastat, (The NEW-HOPE trial)
was conducted in high risk (n=256), diverse popula on
of overweight and obese [mean BMI of 33.0±5.2kg/m2 ]
hypertensive individuals of mixed racial background, for
a treatment period of 8 weeks. Approximately half of
the popula on was black and close to 30% had type 2
diabetes mellitus. The black popula on was included as the
prevalence of obesity, cardiac and renal complica ons, early
onset of HTN, and resistant HTN is more in this popula on.
This was an open-label, randomized, mul centric study in
conﬁrmed stage II primary HTN with a mean automated
oﬃce BP (AOBP) of systolic 153.9±7.3 mm Hg and diastolic
91.5±8.5mmHg. Results of the trial revealed a signiﬁcant
fall (p<0.0001) in mean AOBP for both systolic (decrease by
9.5 mmHg) and diastolic (decrease by 4.2 mm Hg) at the end
of 8 weeks. This decrease in blood pressure was consistent
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and signiﬁcant across all age-groups, gender, races, obeseoverweight. Around 70% pa ents were controlled on 500
mg twice daily dosing of ﬁribastat. Firibastat was generally
well tolerated in this diverse popula on with headache and
skin rash being the most reported adverse events. The
skin reac ons discon nued with stopping the drug and were
suspected to be due to the sul ydryl group of the ac ve
metabolite of ﬁribastat. Serious adverse events were also
reported in this study with causality established with one
episode of erythema mul forme. There were no changes in
serum electrolytes or renal proﬁle of the pa ents as reported
with many ﬁrst line an hypertensive agents.
[Table 1 about here.]

[Table 2 about here.]
Advantages of Firibastat
a. Firibastat is eﬀec ve as a monotherapy and also has
synergis c eﬀect in decreasing BP in combina on with other
an hypertensives like thiazides, Angiotensin Conver ng
Enzyme (ACE) inhibitors in high risk hypertensive racial
minori es. [3, 9]
b. In early phase clinical trials, ﬁribastat has been shown
to be an eﬀec ve an -hypertensive in black popula on
where monotherapy with ACE inhibitors or AT1 R blockers
may be less eﬀec ve. [3]
c. Firibastat has also shown eﬀec ve BP control in
obese popula on which is more at risk for resistant
hypertension. [3]
d.
Firibastat does not inﬂuence renal parameters
unlike other an hypertensive agents like thiazide diure cs,
spironolactone, systemic RAS inhibitors with which cau on
is advised with eGFR<30 ml/min. With further trials, it might
emerge as an an hypertensive safe in renal failure. [10]
e. Preclinical studies suggest that ﬁribastat treatment is
as eﬀec ve as enalapril treatment in preven ng ﬁbrosis and
improving cardiac dysfunc on in pa ents of chronic heart
failure and a er acute MI.
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2. An ongoing Phase 2b clinical trial in 295 subjects
assesses the role of ﬁribastat a er acute MI for preven on of
le ventricular dysfunc on (QUORUM Study). In this dosetra ng study, oral ﬁribastat is being compared with ramipril
for over 12 weeks. Two doses of ﬁribastat are being tested,
a low dose of 50 mg twice daily trated to 100mg twice
daily and a regular dose of 250 mg twice daily trated to
500 mg twice daily. The primary end point in this study
is the change from baseline in the Le ventricular ejec on
frac on (LVEF) a er 12 weeks of treatment [13] . Recently the
interim results of this study were presented at the European
Society of Cardiology Mee ng in August 2021 demonstra ng
be er eﬃcacy of Firibastat compared to Ramipril in severe
pa ents with low ejec on frac on. [14] This study has been
planned based on the ﬁndings from an experimental study
conducted in MI models of Male Wistar Rats. Firibastat at
a dose of 50 mg/kg/day subcutaneous or 150 mg/kg/day
oral was shown to be as eﬀec ve as Losartan 50 mg/kg
oral twice daily to inhibit cardiac dysfunc on further to
MI. Firibastat treatment (150 mg/kg/day) was as eﬀec ve
as enalapril treatment (1 mg/kg/day) for improving cardiac
func on without aﬀec ng systolic blood pressure.
3. Based on the ﬁndings of Phase 2b trial of Firibastat,
that it did not impact renal func on, an ongoing study
inves gates a single dose of 500 mg in 14 healthy volunteers
and 14 severe renal failure pa ents.
The summary of all clinical trials has been men oned in
Tables 1 and 2
CONCLUSION
Aminopep dase A play a major role in the brain RAS. Its
overac vity results in an increase in sympathe c tone, le
ventricular dila on and cardiac dysfunc on. Firibastat, a
pro drug, emerges as a novel class of centrally ac ng RAAS
inhibitor that exerts its mechanism by inhibi ng the enzyme
APA, thereby curbing the eﬀect of Angiotensin III. It seems
to be a promising drug for control of diﬃcult-to-treat or
poten ally resistant hypertension and, should be ini ated as
soon as possible a er ischemic injury, to ensure the rapid
normaliza on of the brain RAS.
Conﬂict of Interest: Nil

What’s Upcoming with Firibastat?
1. The Phase III program of ﬁribastat (FRESH Study) is
under design comprising of two studies- one to conﬁrm
its eﬃcacy and the other to prove its safety. The eﬃcacy
study is planned to be conducted in 502 resistant HTN adult
pa ents. Oral ﬁribastat at a dose of 500 mg twice daily
will be compared with matching placebo in addi on to their
current chronic an hypertensive treatments for a period of
12 weeks. The primary end point of the study is systolic
AOBP in mm Hg from Day 1 to Day 84. [11] The safety study
is planned to enroll 750 pa ents, with 100 out of these
con nuing ﬁribastat for 1 year while the rest for a period of
6 months. [12]
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Randomized,
Open label,
Mul centric,
Single Arm
N=256
Dura on=8
weeks

Phase
2b
(New Hope
Trialin Stage
2 Hypertension)

Mean Age=
58.3±9.9
years
Mean BMI=
33 ± 5.2
kg/m2
Mean
BP=
153.9 ± 7.3/
91.5±
8.5
mmHg
Black
&
Hispanic
popula on
(54%)

Mean Age=
56.6±9.1
years
Mean BMI=
26.8 ± 3.3
kg/m2
Mean
BP=
148.6 ± 10.2/
95 ± 6.6
mmHg

Obesity
(64.8%)
Type 2 Diabetes Mellitus
(28.5%)

Nil

Healthy males

Comorbid
Condi ons

of

Safety
&
Tolerability
For 1000 mg
dose:
Cmax=
55ng/ml,
Tmax=3 hrs,
t1/2= 1.6 hrs

Primary end
point

Frequency=TwiceMean change
daily
in
systolic
Dose=
250 AOBP= ↓9.5
mg BD for 2 (95% CI -10.7
week f/b 500 to -7.3)mmHg
mg BD
(p<0.0001)

Frequency=TwiceMean change
daily
in day me
Dose=
250 ambulatory
mg BD for 1 SBP=↓2.7
week f/b 500 (95%
CI
mg BD for 3 -6.5
to
weeks
+1.1)mmHg
(p=0.157)

10, 50, 125,
250,
500,
750,
1,000
and 1,250 mg

Dosing
Firibastat

Skin
Rash,
Headache,
Erythema
mul forme

Rash,
skin
allergy, facial
oedema,
arthralgia,
ves buli s

Orthosta c
hypotension

Adverse
Events

Ferdinand KC
2019 [3]

Azizi M et al
2019 [9]

Balavoine Fet
al2014 [5]
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Table 1: Summary of Fibribastat clinical studies

BMI= Body Mass Index, BP= Blood Pressure, BD= Twice daily, f/b= followed by, SBP=Systolic Blood Pressure AOBP=Automated BloodPressure, MI=Myocardial Infarc on,
Dura on=Dura on of therapy,N= Number of par cipants

Randomized
(1:1),
Double blinded,
Placebo
controlled,
Mul centric,
2
Period
crossover
N=34
Dura on
=Four weeks

Phase 2 a
(Pilot Study)

Phase 1 (First Randomized
Mean Age=
in
Human- (3:1), Double 32.7±4.2
Pharmacokine csblinded,Placebo years
Study)
controlled,single-Mean BMI=
ascending
23.3 ± 2.7
oral
dose kg/m2
(eight
sequenal doses)
N=56
Dura on=Single
dose

Phase/Concept Study Design
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Randomized (1:1),
Double-blind,Placebo
controlled, Mul centric
N=502
Dura on=12 weeks

Phase 3
(Firibastat in
Treatment
Resistant
HyperensionFRESH study)

Frequency=Twice daily
Dose= 250 mg BD for 2 week f/b 500 mg BD

Post Frequency=Twice daily
MI
Group A Firibastat50 mg BD for 2 week f/b
pa ents100 mg BD
vs Group B Firibastat250 mg BD for 2 week
f/b 500mg BD
vs Group C Ramipril 2.5 mg BD

Mean change in systolic AOBP (Results
not published)

Increase in LVEF
Group A 53 to 59%
vs Group B 51 to 58%
vs Group C 50 to 57%
Subgroup of severe disease (LVEF<50%)
↑ in LVEF
5.32 ± 1.67%
Vs 3.51 ± 1.64%

Quantum
Genomics
announcement [15]

Results FRESH
not
Study [11]
published

Skin
Reacons
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Table 2: Summary of Fibribastat clinical studies

BMI= Body Mass Index, BP= Blood Pressure, BD= Twice daily, f/b= followed by, SBP=Systolic Blood Pressure AOBP=Automated BloodPressure, MI=Myocardial Infarc on,Dura on=Dura on of therapy,N=Number of
par cipants

Randomized,
Double-blind,
Ac ve-controlled,
Parallel Group
N=295
Dura on =12 weeks

Phase 2b
(Firibastat vs
Ramipril a er
acute MI
QUORUM Study)
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