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BACKGROUND: Despite existing therapy, successful control of hypertension 
in the United States is estimated at less than 50%. In blacks, hypertension 
occurs earlier, is more severe, controlled less often and has a higher morbidity 
and mortality than in whites. Blacks are also less responsive to monotherapy 
with angiotensin-I converting enzyme inhibitors or angiotensin-II receptor 
type 1 blockers. Obesity, higher salt-sensitivity and low plasma renin activity 
are possible reasons of this poor blood pressure (BP) control, especially in 
blacks. The aim of the study was to assess efficacy and safety of firibastat, 
a first-in-class aminopeptidase A inhibitor preventing conversion of brain 
angiotensin-II into angiotensin-III, in BP lowering in a high-risk diverse 
hypertensive population.

METHODS: Two hundred fifty-six overweight or obese hypertensive 
patients, including 54% black and Hispanic individuals, were enrolled in 
a multicenter, open-label, phase II study. After a 2-week wash-out period, 
subjects received firibastat for 8 weeks (250 mg BID orally for 2 weeks, then 
500 mg BID if automated office blood pressure (AOBP) >140/90 mm Hg; 
hydrochlorothiazide 25 mg QD was added after 1 month if AOBP ≥160/110 
mm Hg). The primary end point was change from baseline in systolic AOBP 
after 8 weeks of treatment, and secondary end points include diastolic AOBP, 
24-hour mean ambulatory BP and safety.

RESULTS: Firibastat lowered systolic AOBP by 9.5 mm Hg (P<0.0001) and 
diastolic AOBP by 4.2 mm Hg (P<0.0001). 85% of the subjects did not receive 
hydrochlorothiazide and were treated with firibastat alone. Significant BP 
reduction was found across all subgroups regardless age, sex, body mass index, 
or race. Systolic AOBP decreased by 10.2 mm Hg (P<0.0001) in obese patients, 
by 10.5 mm Hg (P<0.0001) in blacks, and 8.9 mm Hg (P<0.0001) in nonblacks. 
Most frequent adverse events were headaches (4%) and skin reactions (3%). 
No angioedema was reported. No change in potassium, sodium, and creatinine 
blood level were observed.

CONCLUSIONS: Our results demonstrate the efficacy of firibastat in lowering 
BP in a high-risk diverse population where monotherapy with angiotensin-I 
converting enzyme inhibitors or angiotensin-II receptor type 1 blockers may 
be less effective and support the strategy to further investigate firibastat in 
subjects with difficult-to-treat or potentially resistant hypertension.

CLINICAL TRIAL REGISTRATION: URL: https://www.clinicaltrials.gov. Unique 
Identifier: NCT03198793.
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Hypertension (HTN) is a complex phenotype that 
arises from numerous genetic, environmen-
tal, behavioral, and even social origins. It is the 

world’s leading risk factor for cardiovascular disease, 
stroke, disability, and death. Complications of HTN ac-
count for 10.4 million deaths and 218 million attribut-
able disability-adjusted life-years worldwide every year.1 
National Center for Health Statistics data indicated that 
prevalence of HTN among all US adults aged >18 years 
was 29% and even higher among non-Hispanic black 
adults (40.6%).2 Obesity is also a growing health con-
cern because prevalence of obesity among adults in-
creased from 30.5% to 39.6% over the last decades,3 
and because the relationship between overweight and 
high blood pressure (BP) was demonstrated prospec-
tively in the 1960s in the Framingham Heart Study.4

Effective BP management has been shown to de-
crease cardiovascular risk and the incidence of stroke, 
heart attack and heart failure.5 In the United States, 
antihypertensive medication is recommended for most 
adults with systolic BP ≥130 mm Hg or diastolic BP ≥80 
mm Hg.6 But, despite the availability of different thera-
peutic classes of effective and safe antihypertensive 
drugs, more than 50% of US adults taking antihyper-
tensive medication have BP above the treatment goal.7 
Uncontrolled HTN is even more common in obese, 
black, and other minority patients, and among US hy-
pertensive adults, 19.9% met the criteria for apparent 
treatment resistant HTN (BP above goal levels despite 

concurrent use of adequately dosed antihypertensive 
drugs of 3 different classes including a diuretic, or BP 
below goal levels while taking at least antihypertensive 
drugs of 4 different classes, including a diuretic).8

Obesity is associated with activation of both the 
sympathetic nervous system and the renin-angiotensin 
system (RAS) leading to HTN.9 The systemic RAS plays 
a central role in BP regulation and sodium metabolism, 
and drugs targeting the systemic RAS, such as angio-
tensin-I converting enzyme inhibitors and angiotensin-II 
(Ang-II) receptor type-1 blockers, are clinically effec-
tive in lowering BP and preventing cardiovascular and 
renal morbidity, and mortality. Yet, these agents have 
been reported to be less effective as monotherapy or 
initial therapy in blacks, and in overweight or obese 
subjects.10,11 Thus, international guidelines recommend 
that initial antihypertensive drug treatment in black 
patients should include a diuretic or a calcium channel 
blocker, either in combination or with a RAS blocker.6,12

Evidence supports the existence of a functional RAS 
in the brain, controlling cardiovascular functions and 
body fluid homeostasis.13 Hyperactivity of the brain 
RAS and particularly hyperactivity of brain aminopepti-
dase A ([APA] glutamyl aminopeptidase), a membrane-
bound zinc metalloprotease involved in vivo in the 
conversion of Ang-II into angiotensin-III, is implicated 
in the development and maintenance of HTN in vari-
ous experimental animal models.14–16 In these models, 
brain angiotensin-III exerts a tonic stimulatory control 
over BP and inhibition of brain APA activity leads to BP 
decrease.17,18

Firibastat, previously named QGC001 or RB150, is 
an orally active brain penetrating prodrug of EC33, a 
selective and specific inhibitor of APA. On entry into the 
brain, it is cleaved by brain reductases to generate 2 
active molecules of EC33, which inhibit brain APA activ-
ity, block brain angiotensin-III formation, and decrease 
BP both in spontaneously hypertensive rats and in de-
oxycorticosterone acetate salt rats,19,20 an experimental 
model of HTN associated with salt-sensitivity and low 
plasma renin levels, known to be poorly responsive to 
systemic RAS blockers.21 In contrast, no effect on BP nor 
on heart rate was observed after repeated oral admin-
istrations of firibastat, even at doses >1000 mg/kg, in 
normotensive rats which are not displaying brain APA 
hyperactivation. In healthy volunteers, single oral doses 
of firibastat up to 2000 mg as well as twice-daily doses 
up to 750 mg were well-tolerated, and had no effect 
on BP, heart rate, and the systemic RAS activity.22 A first 
pilot phase 2a study in 34 patients with mild-to-mod-
erate HTN showed that 4-week administration of 1000 
mg/d of firibastat (250 mg BID for 1 week, then upti-
trated to 500 mg BID for 3 weeks) decreased daytime 
systolic ambulatory blood pressure (ABP) by 2.7 mm Hg 
and systolic office blood pressure by 4.7 mm Hg com-
pared with placebo, with an acceptable safety profile.23

Clinical Perspective

What Is New?
• Firibastat, the first orally active brain aminopep-

tidase A inhibitor, a new class of centrally acting 
renin-angiotensin system blocker, exhibits a marked 
blood pressure reduction after 8-week treatment in 
a high-risk diverse population.

• The efficacy of firibastat in lowering blood pressure 
is proved in all subgroups, particularly obese and 
black patients in whom monotherapy with block-
ers of the systemic renin-angiotensin system may 
be poorly effective.

• An 8-week open-label phase 2 study in overweight 
hypertensive patients including at least 50% of 
self-identified blacks or Hispanics with the use of 
automated office blood pressure monitoring to 
establish the primary end point.

What Are the Clinical Implications?
• The study supports the strategy to further investi-

gate in clinical trials the use of firibastat and brain 
aminopeptidase A inhibitors to improve blood 
pressure control in subjects with difficult-to-treat 
or potentially resistant hypertension.
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The present clinical trial investigates over an 8-week 
open-label treatment period, the efficacy and safety of 
firibastat oral treatment up to 500 mg BID in a high-
risk diverse population (overweight or obese patients 
with stage 2 primary HTN, including at least 50% self-
identified black and Hispanic individuals).

METHODS
The data that support the findings of this study are available 
from the corresponding author on reasonable request.

Study Design
This was an 8-week open-label phase 2b study in 256 patients 
with stage 2 primary HTN carried out at 40 US centers. After 
screening, subjects entered a 2-week wash-out period and 
stopped all antihypertensive medication. All subjects who met 
the selection criteria after a 2-week wash-out period, with 
systolic BP between 145 and 170 mm Hg inclusive and dia-
stolic BP ≤105 mm Hg through a fully automated unattended 
measurement technique, called automated office blood pres-
sure (AOBP), were enrolled into the trial and received firiba-
stat 250 mg BID for 2 weeks (Figure 1). If after 2 weeks of 
treatment, AOBP was ≤140/90 mm Hg, subjects remained at 
the same dose until day 56, otherwise the dose was increased 
to 500 mg BID. If after 1 month of treatment (day 28), AOBP 
was ≥160/110 mm Hg, hydrochlorothiazide (HCTZ) 25 mg 
once daily (QD) was combined with firibastat. AOBP was 
assessed after 2 weeks, 4 weeks, and 8 weeks. ABP measure-
ments over 24 hours were assessed at baseline and at day 56 
(end-of-treatment). The full description of the dosage titra-
tion scheme and the study treatment allocation rules for each 
study visit is provided in the supplemental publication mate-
rial (Figure I in the online-only Data Supplement).

The study was approved by individual site and/or central 
institutional review boards, conducted under GCP/ICH and is 
listed in clinical trials.gov under NCT03198793.

Study Population
Eligible subjects were adult (over 18 years old) male or female 
patients with primary HTN, either treatment-naïve or treated, 
with systolic AOBP between 145 and 170 mm Hg and dia-
stolic AOBP below 105 mm Hg after a 2-week wash-out 
treatment period, and a body mass index (BMI) between 25 
and 45 kg/m2. Subjects with renal dysfunction (estimated 
glomerular filtration rate  less than 45 mL/min per 1.73 m2) 
as well as subjects with type-I diabetes mellitus or uncon-
trolled type-2 diabetes mellitus (defined as glycohemoglobin 
HbA1C >8%), and subjects treated with short-acting insulin 
or sodium-glucose cotransporter-2 inhibitors were excluded. 
The study targeted to enroll at least 50% of self-identified 
blacks or Hispanics. A full description of the inclusion and 
exclusion criteria patients is provided in the Appendix in the 
online-only Data Supplement. All subjects screened provided 
written informed consent before participating in the trial.

Study Treatments
All antihypertensive medications taken by the subjects before 
enrollment were discontinued for the duration of the study. 

Adherence to firibastat treatment was measured using pills 
count. Serum potassium levels were measured in subjects 
receiving HCTZ and if levels were <4 mmol/L after 1 week 
(day 35), potassium supplementation was prescribed.

End Points and Assessments
The primary end point was the change from baseline to day 
56 in seated systolic AOBP. AOBP measurements were per-
formed using a validated automated oscillometric device 
(SunTech-CT40; SunTech Medical Inc.).24 AOBP results from 
the recording of multiple BP readings with the patient rest-
ing alone seated in a quiet room of the clinic. The device was 
programmed to take 6 consecutive BP readings with 1-min-
ute interval after an appropriate resting period (5 minutes). 
The first measurement was discarded, and the 5 next read-
ings were averaged. Secondary end points included change 
in diastolic AOBP, 24-hour ABP, daytime and nighttime ABP, 
safety and laboratory tests. Twenty-four-hour ABP monitoring 
was performed using a validated device (OnTrak, Spacelabs 
Healthcare Ltd.),25 with measurement frequency set at 
30-minute intervals during the day (8:00 am – 10:00 pm) and 
60-minute intervals at night (10:00 pm – 8:00 am). ABP moni-
toring was considered valid if at least 70% of all readings 
were successful, with at least 21 daytime and 6 nighttime 
successful readings.

Statistical Analysis
Efficacy analysis was performed on the intention-to-treat (ITT) 
population gathering all patients who took at least 1 dose of 
firibastat and had baseline measurements and at least 1 post-
baseline AOBP measurement. Missing values were replaced 
according to the Last observation carried forward method. 
The per-protocol population clustered patients who com-
pleted 8 weeks on treatment without any major protocol vio-
lation. Safety population consisted of all patients who took at 
least 1 firibastat dose.

The primary end point was analyzed using a linear regres-
sion model with baseline systolic AOBP. An exploratory multi-
variate analysis of the primary end point was conducted using 
an ANCOVA model with baseline systolic AOBP, age, BMI as 
covariates and gender, race and pooled sites as factors. The 
primary efficacy end point was summarized by gender, age 
(≥65 or <65 years), BMI (25 to 30 or >30 kg/m2), race (black 
or nonblack), estimated glomerular filtration rate (≥60 or 
<60 mL/min per 1.73m2). For continuous secondary efficacy 
variables, the same analysis model was used. Significance 

Figure 1. Study design.  
AOBP indicates automated office blood pressure; BID, bis in die (ie, twice 
daily); HCTZ, hydrochlorothiazide; and QD, quaque die (ie, once a day).
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(α-level) was defined as P<0.05. Study sample size was based 
on an ANCOVA model with an assumed minimum change 
of 7 mm Hg and a SD of 12 mm Hg in the primary end point 
(change from baseline in AOBP) with 95% power. No adjust-
ment for multiplicity were applied.

RESULTS
Patient Characteristics
Two hundred fifty-six subjects were enrolled into the 
trial and 254 patients received at least 1 dose of firi-
bastat and had at least 1 postbaseline AOBP evalua-
tion (ITT population). Two hundred eighteen subjects 
(85%) completed the study on-treatment (per-protocol 
population). Patient disposition is reported in Figure 2. 
Patient baseline characteristics are reported in Table 1.

At baseline, the mean age was 58.3±9.9 years, 
the mean BMI was 33.0±5.2 kg/m2, 65% of the sub-
jects were obese (BMI >30 kg/m2), 54% self-identified 
as black or Hispanic, including 38% of self-identified 
blacks, and 28% with type-2 diabetes mellitus. Baseline 
AOBP were 153.9±7.3 mm Hg and 91.5±8.5 mm Hg 
for systolic and diastolic BP, respectively. At the end-
of-treatment period, 37 subjects (14%) were treated 
with firibastat 250 mg BID, 178 subjects (70%) with 
firibastat 500 mg BID, and 39 subjects (15%) received 
combined therapy with HCTZ 25 mg QD.

Efficacy on AOBP and ABP
A significant decrease in the primary end point (change 
from baseline in seated systolic AOBP after 8-week 
treatment) was observed in the ITT population. Systolic 
AOBP and diastolic AOBP decreased continuously along 
the treatment period (Figure 3). Primary and secondary 
efficacy end point data are summarized in Table 2. Af-
ter 8-week treatment the changes from baseline in BP 
levels were highly significant showing a decrease by 9.5 

mm Hg (95% CI, −10.7; −7.3; P<0.0001) for systolic 
AOBP and by 4.2 mm Hg (95% CI, −5.5; −3.3) for dia-
stolic AOBP (P<0.0001).

A significant decrease in daytime ABP and in 24-
hour ABP was also observed in the ITT population af-
ter 8-week treatment. A decrease from baseline by 
3.1±13.0 mm Hg, (P=0.0005) for daytime systolic ABP 
and by 1.6±7.8 mm Hg (P=0.003) for daytime diastolic 
ABP was observed. No significant change in nighttime 
systolic and diastolic ABP was observed. The changes 
from baseline in 24 hour ABP levels showed a decrease 
by 2.7±12.4 mm Hg, (P=0.002) for systolic 24-hour ABP 
and by 1.4±7.2 mm Hg (P=0.01) for diastolic 24-hour 
ABP. Treatment did not affect heart rate (change from 
baseline of 0.9±12.3 bpm).

Results were consistent for the 215 subjects who re-
ceived firibastat as a monotherapy. In these patients, 
systolic and diastolic AOBP decreased by −9.4±14.3 
mm Hg and by −4.20±9.5 mm Hg respectively. Results 
from the per-protocol analysis as well as from the analy-
sis in the completer population (no replacement by Last 
observation carried forward method of missing day 
56 BP value) were similar to those obtained in the ITT 
population (Table I in the online-only Data Supplement).

Subgroup Analyses
Results of the subgroup analyses by age, sex, race, and 
estimated glomerular filtration rate did not reveal any 
predicting factor on BP lowering efficacy of  treatment Figure 2. Patient flow diagram.

Table 1. Demographic Summary and Baseline Clinical Characteristics

Characteristic All Patients (n=256)

Gender, M/F 140/116

Age, y 58.3±9.9

Age ≥65, n (%) 67 (26.2%)

Weight, kg 94.9±17.0

BMI, kg/m2 33.0±5.2

Obese (BMI >30 kg/m2), n (%) 166 (64.8%)

Self-identified minorities, n (%) 138 (53.9%)

Blacks, n (%) 98 (38.3%)

Type 2 diabetes mellitus, n (%) 73 (28.5%)

eGFR, ml/min/1.73 m2 87.7±18.3

Systolic AOBP, mm Hg 153.9±7.3

Diastolic AOBP, mm Hg 91.5±8.5

Systolic daytime ABP, mm Hg 151.2±13.2

Diastolic daytime ABP, mm Hg 88.3±9.4

Previous antihypertensive therapy, yes/no 197/59

Monotherapy, n (%) 117 (59.4%)

Bitherapy, n (%) 80 (40.6%)

Data are expressed as mean±SD or proportions as appropriate. “Minorities” 
indicates black or Hispanic adults. ABP indicates ambulatory blood pressure; 
AOBP, automated office blood pressure; BMI, body mass index; and eGFR, 
estimated glomerular filtration rate.
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(Figure  4). BP decrease was consistent across all the 
different subgroups. Decrease in systolic AOBP was 
similar in blacks (−10.5±14.7 mm Hg; P<0.0001) and 
in nonblacks (−8.9±14.1 mm Hg; P<0.0001), as well as 
in obese (−10.2±14.5 mm Hg; P<0.0001) versus over-
weight patients (−8.3±13.9 mm Hg; P<0.001).

Safety and Tolerability
One subject did not start study drug therefore 255 
patients were considered for the safety population. 
Safety data are summarized in Table 3. Thirty-six sub-
jects (14.1%) reported a related treatment-emergent 
adverse event. The most common treatment-emergent 
adverse events were headache (4%) and skin reaction 
(3%). Overall, 19 subjects (7.5%) stopped the medica-
tion attributable to adverse events. Five serious adverse 
events occurred during the study, but only 1 serious 
adverse event (a case of erythema multiforme) was 

considered by the investigator to be related to study 
medication. No deaths were reported during the study.

There were no major differences in the clinical lab-
oratory tests performed at baseline or after 8-week 
treatment as illustrated in Table 4. No change in po-
tassium, sodium, and creatinine blood level occurred. 
A nonsignificant increase in glucose blood level was 
observed in subjects treated either by firibastat alone 
or with concomitant HCTZ (Table II in the online-only 
Data Supplement).

Effects on Plasma Biomarkers
A nonsignificant reduction of −15.4 pg/mL in NT-proB-
NP (N-terminal pro-B-type natriuretic peptide) levels 
was observed between baseline (121.3±174.4 pg/mL) 
and Day-56 (106.0±171.8 pg/mL). An increase in high 
sensitivity C-reactive protein and high sensitivity tropo-
nin T (statistically significant but clinically irrelevant) was 
also seen (Table 4).

DISCUSSION
The results of the present study demonstrate that 8 
weeks of oral treatment with firibastat, the first brain 
APA inhibitor, at doses up to 500 mg twice daily, ef-
fectively reduce BP in a high-risk diverse population of 
overweight and obese patients with stage 2 primary 
HTN and including at least 50% self-identified black 
and Hispanic individuals. Nevertheless, the study was 
conducted as an open-label study without any placebo 
arm which represents a limitation. But, in a placebo-
controlled study with high cardiovascular risk subjects, 
both physicians and patients would have been reluctant 
to consider a placebo treatment for 10 weeks, which 
would have limited the enrolment of severe patients 
and jeopardized the purpose of result generalizability. 
The absence of an active control group with a standard 
therapy is another limitation of the study. Since the goal 
is to develop firibastat in difficult-to-treat HTN, this will 
be addressed in further trials either versus placebo or 
active control on top of other therapeutic classes.

AOBP was used in this study to establish the primary 
end point since this is a better technique than usual 
clinic BP. Contemporary guideline recommendations are 
based on the results of major randomized controlled 
outcome trials which all used clinic BP readings, as ef-
ficacy end point.6,12Although considered as the gold 
standard, ABP technique remains complicated espe-
cially in obese patients for whom it is difficult to obtain 
repeated valid measurements. In our study, only 181 
patients (70%) could have both their baseline and end-
of-study ABP recorded correctly. AOBP measurements 
were used in the Systolic Blood Pressure Intervention 
Trial which showed that a goal of intensive BP control 
to systolic AOBP <120 mm Hg resulted in  significant 

Figure 3. Systolic automated office blood pressure (A) and diastolic 
automated office blood pressure (B) in the intent-to-treat population 
(n=254) along 8-week treatment.  
Values are presented as mean±standard error of mean. AOBP indicates auto-
mated office blood pressure.

D
ow

nloaded from
 http://ahajournals.org by on July 10, 2019



Ferdinand et al Firibastat in Overweight Hypertensive Patients

Circulation. 2019;140:138–146. DOI: 10.1161/CIRCULATIONAHA.119.040070 July 9, 2019 143

ORIGINAL RESEARCH 
ARTICLE

 cardiovascular benefit in high-risk patients with HTN, 
compared with routine BP control to a goal below 
140 mm Hg.26 AOBP is now recommend as a method 
of choice of determining BP in a routine clinical prac-
tice by the Canadian guidelines for HTN diagnosis and 
management.27 Firibastat treatment led to significant 
reductions of systolic and diastolic BP based on AOBP, 
and 24-hour and daytime ABP measurements. But, 
while AOBP was reported to mirror awake ABP,28 we 
observed in our study a smaller but still significant de-
crease in daytime ABP than in AOBP. This finding needs 
further investigations. No effect on nighttime ABP was 
noticed which may be attributable to lower BP levels at 
night and may reflect less nominal effects of firibastat.

Of the 254 patients analyzed in the study, 39 pa-
tients (15%) had their systolic BP over 160 mm Hg after 
4 weeks of firibastat treatment and therefore received 
a combination of firibastat and HCTZ for 4 additional 
weeks. The change from baseline in seated systolic 
AOBP after 8-week treatment for these 39 patients 
(−10.4±14.5 mm Hg) was similar to the one observed 
in the 254 patients overall (−9.5±14.3 mm Hg). These 
results suggest that firibastat does not inhibit the action 

of thiazide-type diuretics like HCTZ, and may suggest 
that greater antihypertensive effect and higher BP con-
trol could have been observed with the earlier initiation 
of the firibastat plus HTCZ combination.

Firibastat is the first drug candidate of a new class of 
centrally acting antihypertensive agents, brain APA in-
hibitors. Firibastat acts as an antihypertensive drug and 
not as a hypotensive agent. In hypertensive animals, firi-
bastat was found to normalize brain APA activity, and by 
doing so, lowered BP through a triple mechanism of ac-
tion that involves a decrease of the vasopressin release 
into the blood stream, a decrease of the sympathetic 
tone, and a stimulation of the baroreflex.29 As such, 
firibastat appears as a promising alternative therapy 
for hypertensive subjects known to be associated with 
diminished response to drug monotherapy because of 
salt-sensitivity, low plasma renin activity, or sympathetic 
nervous system overactivity. Obesity is associated with 
activation of the sympathetic nervous system and with 
a reduction of baroreflex sensitivity, leading to HTN.9,30 
The efficacy of firibastat in lowering BP was proven in 
all subgroup analyses, including age, sex, ethnic ori-
gin, and weight. In particular, a  statistically significant 

Table 2. Baseline and Day-56 Automated Office Blood Pressures, Ambulatory Blood Pressure, and Heart Rate, and Changes 
From Baseline With Study Treatment

Hemodynamic Parameter N Baseline Day-56
Change From 

Baseline P Value

Systolic AOBP, mm Hg 251 154.0±7.3 144.4±14.1 −9.5±14.3 <0.0001

Diastolic AOBP, mm Hg 251 91.5±8.5 87.4±10.1 −4.2±9.4 <0.0001

Office HR, bpm 251 75.6±12.5 76.6±11.4 0.9±12.3 0.22

Systolic daytime ABP, mm Hg 181 151.3±13.2 148.2±14.2 −3.1±13.0 0.0005

Diastolic daytime ABP, mm Hg 181 88.7±9.4 87.1±9.7 −1.6±7.8 0.003

Systolic nighttime ABP, mm Hg 181 137.8±16.3 135.9±17.2 −1.9±14.9 0.11

Diastolic nighttime ABP, mm Hg 181 78.3±10.8 77.5±10.5 −0.9±9.0 0.28

Systolic 24h-ABP, mm Hg 181 146.8±13.4 144.1±14.4 −2.7±12.4 0.002

Diastolic 24h-ABP, mm Hg 181 85.2±9.3 83.8±9.3 −1.4±7.2 0.01

Data are expressed as mean±SD. ABP indicates ambulatory blood pressure; AOBP, automated office blood pressure, and HR, heart rate.

Figure 4. Comparison of changes in seated 
systolic automated office blood pressure 
(AOBP) measurements according to age, 
gender, body mass index (BMI), race, and 
renal function with estimated glomerular 
filtration rate (eGFR).
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decrease in systolic AOBP was found in obese patients 
(−10.4 mm Hg; P<0.0001), a population at higher risk 
for resistant HTN.31

Interestingly, no difference in BP reduction with firi-
bastat was observed between black (−10.5 mm Hg; 
P<0.0001) and nonblack patients (−8.4 mm Hg; 
P<0.0001). No analysis was performed in other race/
ethnicity subgroups like black Hispanics (3 subjects), 
who were all poorly represented. Firibastat appears 
also as a potential alternative therapy for blacks whose 
HTN is generally more difficult to control. HTN in blacks 
remains a major public health problem because of the 
high prevalence and premature onset of elevated BP, 
as well as the high burden of comorbid factors that 
lead to pharmacological treatment resistance (obesity, 
diabetes mellitus mellitus, decreased glomerular filtra-
tion rate, and albuminuria). Obesity, as well as cardio-
vascular and renal complications occur more frequently 

in blacks compared with whites, and the prevalence of 
resistant HTN is also more common in blacks than in 
whites.3,32 Salt sensitivity and low renin levels are dis-
proportionately manifest in blacks, particularly among 
those with HTN.33

The other principal finding of this study was that firi-
bastat was well-tolerated, without any effect on potas-
sium blood levels or renal function, confirming previous 
knowledge derived from smaller studies in healthy nor-
motensive volunteers and mild-to-moderate hyperten-
sive patients.22,23 Variations in some clinical laboratory 
values were observed but were considered as nonclini-
cally relevant despite calculated statistical significance. 
Specifically, the significant change in high sensitivity 
C-reactive  protein remains unclear and difficult to in-
terpret because of a known short term intraindividual 
variation.34 Reversible skin rashes, among them 2 cases 
of erythema multiform, occurred in 8 patients and were 
considered by the investigators to be study medication 
related. Those skin reactions may be attributable to the 
molecular structure of EC33, the active metabolite of 
firibastat, exhibiting a zinc-binding sulfhydryl group, 
known to increase the frequency of skin rashes.35,36 
Overall, the cutaneous adverse drug reactions to firi-
bastat were similar in intensity and frequency to those 
previously reported with angiotensin-I converting en-
zyme  inhibitors and specifically captopril, Ang-II recep-
tor type-1 blockers, calcium channel blockers, and β-
blockers.37–39 No angioedema, a known serious AE of 
angiotensin-I converting enzyme  inhibitors although 
rare but more frequent in blacks, was reported.

Conclusions
Despite the open label, uncontrolled study design, the 
data obtained from both AOBP and ABP measurements 
provide strong evidence of the efficacy of brain APA 
inhibition for decreasing BP in a high-risk diverse popu-
lation with a known reduced BP response to systemic 

Table 3. Summary of the Treatment-Emergent Adverse Events (n=255)

Patients (%)

Patients with any TEAE 107 (42.0%)

Related TEAEs* 36 (14.1%)

Most common treatment related AEs  

Headache 11 (4.3%)

Skin reaction 8 (3.1%)

AE leading to discontinuation 19 (7.5%)

Headache 4 (1.6%)

Skin reaction 3 (1.2%)

Hypertension 3 (1.2%)

Dizziness/presyncope 4 (1.6%)

Diarrhea 2 (0.8%)

Other 3 (1.2%)

Serious AE 5 (2%)

Related serious AE 1 (0.4%)

AE indicates adverse event; and TEAE, treatment-emergent adverse events.
*Investigator determined.

Table 4. Baseline and Day-56 Clinical Laboratory Findings, and Changes From Baseline With Study Treatment

Clinical Laboratory findings Baseline Day 56
Change From 

Baseline P Value

Potassium, mmol/L 4.4±0.4 4.4±0.5 −0.03±0.5 0.42

Sodium, mmol/L 139.3±2.5 139.0±2.3 −0.2±2.3 0.13

Blood glucose, mg/dL 112.4±33.7 116.7±44.3 3.5±36.2 0.14

Creatinine, mg/dL 0.91±0.2 0.91±0.2 0.0±0.1 0.81

ALT, UI/L 21.8±16.5 25.1±16.3 3.7±10.4 0.001

AST, UI/L 19.1±9.7 21.1±11.3 2.3±7.4 0.001

Hs-CRP, mg/mL 4.96±7.6 5.61±8.2 0.66±8.2 0.0004

NT-proBNP, pg/mL 121.3±174.4 106.0±171.8 −15.4±132.6 0.89

Hs-troponin T, ng/mL 0.009±0.007 0.011±0.001 0.001±0.009 0.01

Data are expressed as mean±SD. ALT indicates alanine aminotransferase; AST, aspartate aminotransferase; Hs-CRP, high 
sensitivity C-reactive protein; Hs-troponin T, high sensitivity troponin T; and NT-proBNP, N-terminal probrain natriuretic peptide.
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RAS blockers such as angiotensin-I converting enzyme  
inhibitors or Ang-II receptor type-1 blockers. The re-
sults reported here are a useful guide to the design of 
a larger, randomized parallel-group trial to investigate 
the use of firibastat as add-on therapy to complex drug 
regimens for the treatment of difficult-to-treat or po-
tentially resistant HTN to improve BP control and ul-
timately reduce morbidity and mortality rates among 
high-risk patients.

ARTICLE INFORMATION
Received January 31, 2019; accepted April 16, 2019.

Guest Editor for this article was David A. Calhoun, MD.
The podcast and transcript are available as an online-only Data Supplement 

at https://www.ahajournals.org/doi/suppl/10.1161/circulationaha.119.040070.

Correspondence
Keith C. Ferdinand, MD, Tulane University School of Medicine, 1430 Tulane 
Ave, SL-8548 New Orleans, LA 70112. Email kferdina@tulane.edu

Affiliations
Tulane University School of Medicine, New Orleans, LA (K.C.F.). Quantum Ge-
nomics, Paris, France (F.B., B.B., S.D.). New York University School of Medicine 
(H.R.B.). Imager Consulting, Coronado, CA (H.C.D.). University of Texas South-
western Medical Center, Dallas (S.D.N.).

Acknowledgments
All authors participated in the development and writing of the article, ap-
proved the final article for publication. The authors acknowledge all the sub-
jects enrolled into the study, all the investigators who participated to subject 
enrollment. The authors thank MedPace, Inc., the Association of Black Cardi-
ologists, Inc. and Inside Edge Consulting Group, Inc. for providing support in 
the conduct of the study and the enrollment of eligible patients from diverse 
ethnic origins.

Sources of Funding
This study was funded by Quantum Genomics SA, Paris, France.

Disclosures
Dr Ferdinand reports the following potential conflicts of interest: he has re-
ceived grant and/or research support from Boehringer Ingelheim and served as 
a consultant for Amgen, Boehringer Ingelheim, Novartis, Quantum Genomics, 
and Sanofi. Dr Black served as a consultant for Akcea Therapeutics, Takeda 
and Quantum Genomics. Dr Nesbitt has received grant and/or research support 
from National Institute of Aging/National Institutes of Health, subcontracted 
by The Berman Center, and served as a consultant for Relypsa and Quantum 
Genomics. Dr Dittrich served as a consultant for Quantum Genomics. Drs Bala-
voine, Besse, and Desbrandes are full-time employees of Quantum Genomics 
and eligible to receive and hold Quantum Genomics stocks.

REFERENCES
 1. GBD 2017 Risk Factor Collaborators. Global, regional, and national 

comparative risk assessment of 84 behavioural, environmental and oc-
cupational, and metabolic risks or clusters of risks for 195 countries and 
territories, 1990–2017: a systematic analysis for the Global Burden of 
Disease Study 2017. Lancet. 2018;392:1923–1994. doi: 10.1016/S0140-
6736(18)32225–6.

 2. Fryar CD, Ostchega Y, Hales CM, Zhang G, Kruszon-Moran D. Hyperten-
sion prevalence and control among adults: United States, 2015–2016. 
NCHS data brief, no 289. Hyattsville, MD: National Center for Health Sta-
tistics. 2017. https://www.cdc.gov/nchs/products/databriefs/db289.htm. 
Accessed April 19, 2019.

 3. Hales CM, Caroll MD, Fryar CD, Ogden CL. Prevalence of obesity among  
adults and youth: United States, 2015–2016. NCHS data brief, no 288. Hy-
attsville, MD: National Center for Health Statistics. 2017. https://www.cdc.
gov/nchs/products/databriefs/db288.htm. Accessed April 19, 2019.

 4. Kannel WB, Brand N, Skinner JJ Jr, Dawber TR, McNamara PM. The rela-
tion of adiposity to blood pressure and development of hypertension: the 
Framingham study. Ann Intern Med. 1967;67:48–59.

 5. Ettehad D, Emdin CA, Kiran A, Anderson SG, Callender T, Emberson J, 
Chalmers J, Rodgers A, Rahimi K. Blood pressure lowering for prevention 
of cardiovascular disease and death: a systematic review and meta-analy-
sis. Lancet. 2016;387:957–967. doi: 10.1016/S0140-6736(15)01225-8

 6. Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, 
Dennison Himmelfarb C, DePalma SM, Gidding S, Jamerson KA, Jones DW, 
MacLaughlin EJ, Muntner P, Ovbiagele B, Smith SC Jr, Spencer CC, 
Stafford RS, Taler SJ, Thomas RJ, Williams KA Sr, Williamson JD, Wright JT Jr. 
2017 ACC/AHA/AAPA/ ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA 
guideline for the prevention, detection, evaluation, and management of 
high blood pressure in adults: a report of the American College of Cardiol-
ogy/American Heart Association Task Force on Clinical Practice Guidelines. 
Circulation. 2018;138:e484–e594. doi: 10.1161/CIR.0000000000000596.

 7. Benjamin EJ, Virani SS, Callaway CW, Chamberlain AM, Chang AR, 
Cheng S, Chiuve SE, Cushman M, Delling FN, Deo R, de Ferranti SD, 
Ferguson JF, Fornage M, Gillespie C, Isasi CR, Jiménez MC, Jordan LC, 
Judd SE, Lackland D, Lichtman JH, Lisabeth L, Liu S, Longenecker CT, 
Lutsey PL, Mackey JS, Matchar DB, Matsushita K, Mussolino ME, Nasir K, 
O’Flaherty M, Palaniappan LP, Pandey A, Pandey DK, Reeves MJ, Ritchey MD, 
Rodriguez CJ, Roth GA, Rosamond WD, Sampson UKA, Satou GM, 
Shah SH, Spartano NL, Tirschwell DL, Tsao CW, Voeks JH, Willey JZ, 
Wilkins JT, Wu JH, Alger HM, Wong SS, Muntner P; American Heart Asso-
ciation Council on Epidemiology and Prevention Statistics Committee and 
Stroke Statistics Subcommittee. Heart Disease and Stroke Statistics-2018 
update: a report from the American Heart Association. Circulation. 
2018;137:e67–e492. doi: 10.1161/CIR.0000000000000558

 8. Carey RM, Calhoun DA, Bakris GL, Brook RD, Daugherty SL, Dennison- 
Himmelfarb CR, Egan BM, Flack JM, Gidding SS, Judd E, Lackland DT, 
Laffer CL, Newton-Cheh C, Smith SM, Taler SJ, Textor SC, Turan TN, 
White WB; American Heart Association Professional/Public Education 
and Publications Committee of the Council on Hypertension; Council on 
Cardiovascular and Stroke Nursing; Council on Clinical Cardiology; Coun-
cil on Genomic and Precision Medicine; Council on Peripheral Vascular 
Disease; Council on Quality of Care and Outcomes Research; and Stroke 
Council. Resistant hypertension: detection, evaluation, and management: 
A Scientific Statement from the American Heart Association. Hyperten-
sion. 2018;72:e53–e90. doi: 10.1161/HYP.0000000000000084

 9. Landsberg L, Aronne LJ, Beilin LJ, Burke V, Igel LI, Lloyd-Jones D, Sowers J. 
Obesity-related hypertension: pathogenesis, cardiovascular risk, and treat-
ment: a position paper of The Obesity Society and the American Soci-
ety of Hypertension. J Clin Hypertens (Greenwich). 2013;15:14–33. doi: 
10.1111/jch.12049

 10. Wright JT Jr, Dunn JK, Cutler JA, Davis BR, Cushman WC, Ford CE, 
Haywood LJ, Leenen FHH, Margolis KL, Papademetriou V, Probstfield JL, 
Whelton PK, Habib GB, ALLHAT Collaborative Research Group. Outcomes 
in hypertensive black and nonblack patients treated with chlortha-
lidone, amlodipine, and lisinopril. JAMA. 2005;293:1595–1608. doi: 
10.1001/jama.293.13.1595.

 11. Reisin E, Graves JW, Yamal JM, Barzilay JI, Pressel SL, Einhorn PT, Dart RA, 
Retta TM, Saklayen MG, Davis BR; ALLHAT Collaborative Research Group. 
Blood pressure control and cardiovascular outcomes in normal-weight, 
overweight, and obese hypertensive patients treated with three different 
antihypertensives in ALLHAT. J Hypertens. 2014;32:1503–13; discussion 
1513. doi: 10.1097/HJH.0000000000000204

 12. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, 
Clement DL, Coca A, de Simone G, Dominiczak A, Kahan T, Mahfoud F, 
Redon J, Ruilope L, Zanchetti A, Kerins M, Kjeldsen SE, Kreutz R, Laurent S, 
Lip GYH, McManus R, Narkiewicz K, Ruschitzka F, Schmieder RE, Shlyakhto E, 
Tsioufis C, Aboyans V, Desormais I; ESC Scientific Document Group. 2018 
ESC/ESH guidelines for the management of arterial hypertension. Eur 
Heart J. 2018;39:3021–3104. doi: 10.1093/eurheartj/ehy339.

 13. Wright JW, Harding JW. Regulatory role of brain angiotensins in the con-
trol of physiological and behavioral responses. Brain Res Brain Res Rev. 
1992;17:227–262.

 14. Basso N, Ruiz P, Kurnjek ML, Cannata MA, Taquini AC. The brain renin-
angiotensin system and the development of DOC-salt hypertension. Clin 
Exp Hypertens A. 1985;7:1259–1268.

D
ow

nloaded from
 http://ahajournals.org by on July 10, 2019

mailto:kferdina@tulane.edu


Ferdinand et al Firibastat in Overweight Hypertensive Patients

July 9, 2019 Circulation. 2019;140:138–146. DOI: 10.1161/CIRCULATIONAHA.119.040070146

OR
IG

IN
AL

 R
ES

EA
RC

H 
AR

TI
CL

E

 15. Ganten D, Hermann K, Bayer C, Unger T, Lang RE. Angiotensin syn-
thesis in the brain and increased turnover in hypertensive rats. Science. 
1983;221:869–871.

 16. Marc Y, Llorens-Cortes C. The role of the brain renin-angiotensin sys-
tem in hypertension: implications for new treatment. Prog Neurobiol. 
2011;95:89–103. doi: 10.1016/j.pneurobio.2011.06.006

 17. Reaux A, Fournie-Zaluski MC, David C, Zini S, Roques BP, Corvol P, 
Llorens-Cortes C. Aminopeptidase A inhibitors as potential central antihy-
pertensive agents. Proc Natl Acad Sci U S A. 1999;96:13415–13420. doi: 
10.1073/pnas.96.23.13415

 18. Fournie-Zaluski MC, Fassot C, Valentin B, Djordjijevic D, Reaux-Le  
Goazigo A, Corvol P, Roques BP, Llorens-Cortes C. Brain renin-angiotensin 
system blockade by systemically active aminopeptidase A inhibitors: a po-
tential treatment of salt-dependent hypertension. Proc Natl Acad Sci U S 
A. 2004;101:7775–7780. doi: 10.1073/pnas.0402312101

 19. Bodineau L, Frugière A, Marc Y, Inguimbert N, Fassot C, Balavoine F, 
Roques B, Llorens-Cortes C. Orally active aminopeptidase A inhibitors re-
duce blood pressure: a new strategy for treating hypertension. Hyperten-
sion. 2008;51:1318–1325. doi: 10.1161/HYPERTENSIONAHA.107.098772

 20. Marc Y, Gao J, Balavoine F, Michaud A, Roques BP, Llorens-Cortes C. Cen-
tral antihypertensive effects of orally active aminopeptidase A inhibitors 
in spontaneously hypertensive rats. Hypertension. 2012;60:411–418. doi: 
10.1161/HYPERTENSIONAHA.112.190942

 21. Basting T, Lazartigues E. DOCA-Salt Hypertension: an update. Curr Hyper-
tens Rep. 2017;19:32. doi: 10.1007/s11906-017-0731-4

 22. Balavoine F, Azizi M, Bergerot D, De Mota N, Patouret R, Roques BP, 
Llorens-Cortes C. Randomised, double-blind, placebo-controlled, dose-
escalating phase I study of QGC001, a centrally acting aminopepti-
dase a inhibitor prodrug. Clin Pharmacokinet. 2014;53:385–395. doi: 
10.1007/s40262-013-0125-y

 23. Azizi M, Courand PY, Denolle T, Delsart P, Zhygalina V, Amar L, 
Lantelme P, Mounier-Vehier C, De Mota N, Balavoine F, Llorens-Cortes C. 
A pilot double-blind randomised placebo-controlled crossover pharmaco-
dynamic study of the centrally active aminopeptidase A inhibitor, firiba-
stat, in hypertension. J Hypertension. 2019;[Epub ahead of print]. doi: 
10.1097/HJH.0000000000002092.

 24. Polo Friz H, Punzi V, Petri F, Orlandi R, Maggiolini D, Polo Friz M, 
Primitz L, Vighi G. Simultaneous validation of the SunTech CT40 auto-
mated blood pressure measurement device by the 1993 British Hyper-
tension Society protocol and the Association for the Advancement of 
Medical Instrumentation/International Organization for Standardization 
81060–2: 2013 standard. Blood Press. Monit. 2017;22:298–301. doi: 
10.1097/MBP.0000000000000281.

 25. O’Brien E, Mee F, Atkins N, O’Malley K. Accuracy of the SpaceLabs 90207 
determined by the British Hypertension Society protocol. J Hypertens. 
1991;9:573–574.

 26. Wright JT Jr, Williamson JD, Whelton PK, Snyder JK, Sink KM, Rocco MV, 
Reboussin DM, Rahman M, Oparil S, Lewis CE, Kimmel PL, Johnson KC, 
Goff DC Jr, Fine LJ, Cutler JA, Cushman WC, Cheung AK, Ambrosius WT; 
SPRINT Research Group. A randomized trial of intensive versus stan-
dard blood-pressure control. N Engl J Med. 2015;373:2103–2116. doi: 
10.1056/NEJMoa1511939

 27. Nerenberg KA, Zarnke KB, Leung AA, Dasgupta K, Butalia S, 
McBrien K, Harris KC, Nakhla M, Cloutier L, Gelfer M, Lamarre-Cliche M, 
Milot A, Bolli P, Tremblay G, McLean D, Padwal RS, Tran KC, Grover S, 

Rabkin SW, Moe GW, Howlett JG, Lindsay P, Hill MD, Sharma M, Field T, 
Wein TH, Shoamanesh A, Dresser GK, Hamet P, Herman RJ, Burgess E, 
Gryn SE, Grégoire JC, Lewanczuk R, Poirier L, Campbell TS, Feldman RD, 
Lavoie KL, Tsuyuki RT, Honos G, Prebtani APH, Kline G, Schiffrin EL, 
Don-Wauchope A, Tobe SW, Gilbert RE, Leiter LA, Jones C, Woo V, Hegele RA, 
Selby P, Pipe A, McFarlane PA, Oh P, Gupta M, Bacon SL, Kaczorowski J, 
Trudeau L, Campbell NRC, Hiremath S, Roerecke M, Arcand J, Ruzicka M, 
Prasad GVR, Vallée M, Edwards C, Sivapalan P, Penner SB, Fournier A, 
Benoit G, Feber J, Dionne J, Magee LA, Logan AG, Côté AM, Rey E, Firoz T, 
Kuyper LM, Gabor JY, Townsend RR, Rabi DM, Daskalopoulou SS; Hyper-
tension Canada. Hypertension Canada’s 2018 guidelines for diagnosis, risk 
assessment, prevention, and treatment of hypertension in adults and chil-
dren. Can J Cardiol. 2018;34:506–525. doi: 10.1016/j.cjca.2018.02.022

 28. Myers MG, Matangi M, Kaczorowski J. Comparison of awake ambulatory 
blood pressure and automated office blood pressure using linear regres-
sion analysis in untreated patients in routine clinical practice. J Clin Hyper-
tens (Greenwich). 2018;20:1696–1702. doi: 10.1111/jch.13409

 29. Gao J, Marc Y, Iturrioz X, Leroux V, Balavoine F, Llorens-Cortes C. A new 
strategy for treating hypertension by blocking the activity of the brain re-
nin-angiotensin system with aminopeptidase A inhibitors. Clin Sci (Lond). 
2014;127:135–148. doi: 10.1042/CS20130396

 30. Thorp AA, Schlaich MP. Relevance of sympathetic nervous system activation 
in obesity and metabolic syndrome. J Diabetes Res. 2015;2015:341583. 
doi: 10.1155/2015/341583

 31. Bramlage P, Pittrow D, Wittchen HU, Kirch W, Boehler S, Lehnert H, 
Hoefler M, Unger T, Sharma AM. Hypertension in overweight and obese 
primary care patients is highly prevalent and poorly controlled. Am J Hy-
pertens. 2004;17:904–910. doi: 10.1016/j.amjhyper.2004.05.017

 32. Flack JM, Sica DA, Bakris G, Brown AL, Ferdinand KC, Grimm RH Jr, 
Hall WD, Jones WE, Kountz DS, Lea JP, Nasser S, Nesbitt SD, Saunders E, 
Scisney-Matlock M, Jamerson KA; International Society on Hypertension in 
Blacks. Management of high blood pressure in blacks: an update of the Inter-
national Society on Hypertension in Blacks consensus statement. Hyperten-
sion. 2010;56:780–800. doi: 10.1161/HYPERTENSIONAHA.110.152892

 33. Flack JM, Nasser SA, Levy PD. Therapy of hypertension in Afri-
can Americans. Am J Cardiovasc Drugs. 2011;11:83–92. doi: 
10.2165/11586930-000000000-00000

 34. Bower JK, Lazo M, Juraschek SP, Selvin E. Within-person variability in high-
sensitivity C-reactive protein. Arch Intern Med. 2012;172:1519–1521. 
doi: 10.1001/archinternmed.2012.3712

 35. Suda H, Okamoto M, Fukumoto M. Delayed-type skin allergic reaction 
in guinea pigs induced by anti-rheumatic compounds with sulfhydryl 
groups. Immunopharmacol Immunotoxicol. 1993;15:387–396. doi: 
10.3109/08923979309035235

 36. Kitamura K, Aihara M, Osawa J, Naito S, Ikezawa Z. Sulfhydryl drug-induced 
eruption: a clinical and histological study. J Dermatol. 1990;17:44–51.

 37. Vena GA, Cassano N, Coco V, De Simone C. Eczematous reactions due 
to angiotensin-converting enzyme inhibitors or angiotensin II receptor 
blockers. Immunopharmacol Immunotoxicol. 2013;35:447–450. doi: 
10.3109/08923973.2013.797992

 38. Stern R, Khalsa JH. Cutaneous adverse reactions associated with cal-
cium channel blockers. Arch Intern Med. 1989;149:829–832. doi: 
10.1001/archinte.1989.00390040057011.

 39. Richards S. Cutaneous side-effects of beta-adrenergic blockers. Australas 
J Dermatol. 1985;26:25–28.

D
ow

nloaded from
 http://ahajournals.org by on July 10, 2019




