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Abstract

Purpose To characterize the safety, pharmacodynamics, and pharmacokinetics (PK) of vericiguat in healthy males.

Methods Six phase I studies were conducted in European, Chinese, and Japanese males. Subjects received oral vericiguat as a
single dose (0.5-15.0 mg solution [for first-in-human study] or 1.25-10.0 mg immediate release [IR tablets]) or multiple doses
(1.25-10.0 mg IR tablets once daily [QD] or 5.0 mg IR tablets twice daily for 7 consecutive days). Bioavailability and food
effects on vericiguat PK (IR tablets) were also studied in European subjects.

Results Overall, 255 of 265 randomized subjects completed their respective studies. There were no deaths or serious adverse
events. Vericiguat was generally well tolerated at doses < 10.0 mg. In the first-in-human study, the most frequent drug-related
adverse events were headache and postural dizziness (experienced by five subjects each [7.2%]). Three of four subjects who
received vericiguat 15.0 mg (oral solution, fasted) experienced orthostatic reactions. Vericiguat (<10.0 mg, IR tablets) was
rapidly absorbed (median time to reach maximum plasma concentration <2.5 h [fasted]) with a mean half-life of about 22.0 h
(range 17.9-27.0 h for single and multiple doses). No evidence for deviation from dose proportionality or unexpected accumu-
lation was observed. Administration of vericiguat 5.0 mg IR tablets with food increased bioavailability by 19% (estimated ratio
119% [90% confidence interval]: 108; 131]), reduced PK variability, and prolonged vericiguat absorption relative to the fasted
state.

Conclusion In general, vericiguat was well tolerated. These results supported further clinical evaluation of vericiguat QD in
patients with heart failure.

Registry numbers EudraCT: 2011-001627-21; EudraCT: 2012-000953-30

Keywords Heart failure - Pharmacotherapy - Phase I - Pharmacokinetic - Pharmacodynamic

Electronic supplementary material The online version of this article Introduction
(https://doi.org/10.1007/s00228-020-03023-7) contains supplementary
material, which is available to authorized users. Heart failure (HF) is a major healthcare burden [1, 2]. Three
subtypes of HF exist: HF with preserved ejection fraction
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segment of patients is at high risk for mortality and recurrent
hospitalization for HF [4].

The pathophysiology of HF involves multiple systems, in-
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guanosine monophosphate (NO-sGC—cGMP) signaling con-
tributes to cardiac function [6]. sGCs catalyze cGMP synthe-
sis, leading to tissue relaxation [7]. Impairment of the NO—
sGC—cGMP signaling pathway is implicated in cardiovascu-
lar, cardiopulmonary, and cardiorenal diseases [6].

In HF, endothelial dysfunction and the presence of reactive
oxygen species reduce bioavailability of NO, suppressing the
activity of sGC and the production of cGMP [8]. Restoring
deficiencies in cGMP through sGC stimulation is a potential
approach for the treatment of cardiovascular disease [6-9].
Preclinical studies assessed sGC stimulators and identified
vericiguat as a clinical candidate with a suitable pharmacoki-
netic (PK) profile for once daily (QD) dosing in humans [10].

Vericiguat is a direct stimulator of sGC developed as a
first-in-class therapy to reduce the risk of cardiovascular death
and hospitalization for HF following a worsening HF event, in
adults with symptomatic chronic HF and LVEF <45%.
Vericiguat has been studied in patients with HF with a
LVEF <45% (VICTORIA, NCT02861534 [11, 12] and
SOCRATES-REDUCED, NCT01951625 [13]) and in those
with a LVEF >45% (VITALITY-HFpEF, NCT03547583 [4]
and SOCRATES-PRESERVED, NCT01951638 [14]).

Here, we describe the results of a basic clinical pharmacol-
ogy program consisting of six separate phase I studies, includ-
ing the first study of vericiguat in humans that assessed the
safety, tolerability, pharmacodynamics (PD), and PK profile
of vericiguat as a single dose (SD) and as multiple doses
(MDs) in healthy human volunteers. Collectively, these stud-
ies also assessed the influence of the following: ethnicity
(Caucasian, Japanese, or Chinese), food (fasted or fed, includ-
ing high calorie versus standardized breakfast), vericiguat for-
mulation (immediate release [IR] tablet versus solution), and
dosing regimen of vericiguat (QD or twice daily [BID]) on the
safety, PD, and PK of vericiguat in healthy volunteers.

Methods
Study population and study designs

Healthy male subjects aged 1845 years with a body mass
index of 18-30 kg m 2 were eligible for inclusion. Key exclu-
sion criteria included the following: a history of severe aller-
gies, non-allergic drug reactions or multiple drug allergies,
febrile illness within 1 week before the first study drug admin-
istration, and clinically relevant electrocardiographic (ECG)
findings. Written informed consent was obtained from indi-
viduals in each study.

The safety, tolerability, PD, and PK of vericiguat were
investigated in six phase I, randomized, single/double-blind
studies conducted between July 2011 and May 2017. The
studies included two SD studies (SD1 and SD2), three MD
studies (MD1-MD3), and one bioavailability (BA1) study.
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Individual study designs are shown in Table 1. All studies
comprised a screening, treatment, and follow-up period.
Randomization was carried out using a computer-generated
system. In SD1, at the first dose step, only two subjects per
day received study drug with at least 2 h between study drug
administrations. Dose escalation proceeded following accept-
able safety and tolerability data in the preceding step. Studies
met all local legal and regulatory requirements and were con-
ducted in accordance with the currently accepted version of
the Declaration of Helsinki, the International Conference on
Harmonisation Good Clinical Practice Guideline, the
European Union Directive 2001/20/EC, and the German
Drug Law (Arzneimittelgesetz).

Safety and tolerability assessments

Physical examinations and vital signs, including blood
pressure (BP), changes in orthostatic BP, heart rate
(HR), ECG parameters, and laboratory examinations of
blood and urine samples, were assessed. Adverse events
(AEs) and serious AEs (SAEs) were reported from the
time that subjects provided written informed consent to
study completion. AEs were coded according to the
Medical Dictionary for Regulatory Activities (MedDRA)
version 15.0-20.0.

Pharmacodynamic evaluation

PD parameters (e.g., BP, HR, and ECG measures) were also
directly related to safety assessments. For hemodynamic pro-
files, HR measured over 1 min, impedance cardiography (car-
diac output, cardiac index [cardiac output/body surface area],
and systemic vascular resistance [SVR]), and plasma levels of
vasoactive hormones (cGMP, noradrenaline, and adrenaline)
were measured.

Pharmacokinetic evaluation

Blood samples were collected before study drug administra-
tion (0 h) and at regular intervals following study drug admin-
istration. Vericiguat concentrations in plasma and urine sam-
ples were determined using high-performance liquid chroma-
tography with mass spectrometry. The calibration range was
from 0.2 pg/L (lower limit of quantification [LLOQ]) to
200 pg/L.

The PK parameters assessed are listed in Supplementary
Table 1.

Statistical analyses
For PD assessments, exploratory comparisons between

vericiguat and placebo were performed with analysis of vari-
ance (ANOVA) and analysis of covariance, comparing
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Table 1 Six phase I studies of oral vericiguat in healthy males
Study ID, population, Subjects Study design and randomization ratio Vericiguat dose?, fed or fasted, Vericiguat
description completed of duration formulation®
randomized, n
SD escalation studies
SD1. European subjectsb 69 of 73¢ Randomized, single-blind, parallel SD: 0.5,1.0,2.5,5.0,7.5,10.0, or  PEG solution
Safety and tolerability, group, 8:2 to receive vericiguat or 15.0 mg on day 1 (fasted)
PK/PD PBO
SD2. Chinese subjects 36 0f 36 Randomized, double-blind, 9:3 to SD: 1.25, 5.0, or 10 mg on day 1 1.25 mg IR tablet
Safety and tolerability, receive vericiguat or PBO (fasted)
PK/PD
MD escalation studies
MDI. Japanese subjects 47 of 48° Randomized, single-center, SD: 1.25,5.0,7.5,10.0 mgonday 1 1.25 mg IR tablet
Combined SD and MD single-blind, 9:3 to receive (fasted)
study vericiguat or PBO per dose step MD: 1.25, 5.0, 7.5, or 10.0 mg QD
Safety and tolerability, for 7 days (days 5—11; fasted
PK/PD except for day 5°)
MD2. European subjects’ 43 of 462 Randomized, single-center, MD: 1.25,5.0,0or 10.0 mg QD or ~ 1.25 mg IR tablet
Safety and tolerability of single-blind, PBO-controlled, 5.0 mg BID (fasted, days 1-7)
SDs and MDs of group comparison
vericiguat, PK/PD 9:3 to receive vericiguat or PBO, per
dose step
MD3. Chinese subjects 45 of 46" Randomized, single-center, 1.25,5.0, 10.0 mg QD 1.25 mg or 5.0 mg IR

Combined SD and MD double-blind, PBO-controlled SD on day 0 (fed, tablet

study group comparison high-fat/high-calorie breakfast)
Safety and tolerability, 9:3 to receive vericiguat or PBO, per  MD over 7 days (days 4-10; fed,
PK/PD dose step standardized breakfast)

Bioavailability/food effect study

BA1. European subjects 15 of 16'
Safety, tolerability, PK/PD

of IR tablets vs oral

solution
Influence of a high-fat,

high-calorie meal on the

5.0 mg IR tablet

Randomized, single-center,
open-label, non-PBO-controlled,
4-fold crossover

1.25, 5.0 mg IR tablets (fasted),
5.0 mg oral solution (fasted),
5.0 mg IR tablet (fed)

SD on day 0

1.25 and 5.0 mg IR
tablets vs 5.0 mg
PEG solution

#QOral
® EudraCT: 2011-001627-21

¢ Four subjects withdrew prior to receiving study drug (one due to elevated C-reactive protein, two at the investigator’s discretion, and one withdrew his
consent)

9 One subject withdrew due to an adverse event of “influenza”

¢ High-fat/high-calorie breakfast

"EudraCT: 2012-000953-30

€ Three randomized subjects withdrew prior to receiving study treatment

" One subject discontinued the study prematurely with the reason “withdrawal by subject”
One subject was withdrawn from the study at the investigator’s decision

BA, bioavailability; BID, twice daily; ID, identification; /R, immediate release; MD, multiple dose; PBO, placebo; PD, pharmacodynamic; PEG,
polyethylene glycol; PK, pharmacokinetic; OD, once daily; SD, single dose

differences between pre-treatment day, first day of dosing, and
last day of multiple dosing (where applicable) up to 4 h post-
baseline.

The concentrations versus time courses of all analytes were
tabulated by treatment. The geometric mean, geometric stan-
dard deviation (retransformed standard deviation of the

logarithms), coefficient of variation, arithmetic mean, stan-
dard deviation, minimum, median, maximum value, and the
number of measurements were calculated for each sampling
point. Dose proportionality was assessed by an ANOVA (in-
cluding the factor “treatment”) on log-transformed values of
PK characteristics of vericiguat.
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Results
Baseline characteristics and demographics

A total of 265 subjects were randomized across the six studies,
and 255 subjects completed their respective studies (Table 1).
Across the studies, baseline characteristics were generally
similar (Supplementary Table 2), with the exception of in-
creased weight in European subjects (SD1, MD2, and BA1)
compared with Chinese (SD2 and MD2) and Japanese sub-
jects (MD1). Subjects had a mean age range of 27.1—
38.5 years and a body mass index range of 21.2—
25.2 kg m 2. Within study treatment groups of the individual
studies, characteristics were similar, except for a lower mean
body weight (~10.0 kg) in the vericiguat 1.25 mg group rel-
ative to other treatment groups in MD2.

Results from the first-in-human study (SD1;
Supplementary Fig. 1) are presented here as representative
SD data from SD2, and the SD parts of MD1 and MD3.
Likewise, results from MDI1 are presented here as representa-
tive MD data from combined SD and MD studies (MD1-3).
Results from the BA1 study present the influence of a high-fat,
high-calorie meal on the bioavailability of vericiguat 5.0 mg
(tablet).

Safety, PD, and PK following SD administration
of vericiguat 0.5-15.0 mg

Safety assessments

There were no deaths or SAEs. In the SD1 study, four subjects
were withdrawn before they received study drug: two at the
investigator’s discretion, one due to elevated C-reactive pro-
tein, and one withdrew his consent. The incidence of AEs was
14.3-100.0% with vericiguat (0.5-10.0 mg) and 23.1% with
placebo (Table 2). Of the 69 subjects who received placebo or
vericiguat, 30 (43.5%) experienced > 1 treatment-emergent
AE (TEAE). The incidence of TEAEs by preferred terms is
presented in Supplementary Table 3.

Drug-related TEAEs were experienced by 21 (30.4%) sub-
jects and were mostly classified under the nervous system
organ class (eight [11.6%]) or gastrointestinal disorders (seven
[10.1%]). The most frequently reported drug-related TEAEs
were headache and postural dizziness (both 7.2%), none of
which was reported in subjects treated with placebo. All four
subjects who received the highest dose of vericiguat (15.0 mg)
experienced > 1 drug-related TEAE and three experienced
orthostatic reactions. Therefore, dose escalation was stopped
at 15.0 mg. Most TEAEs were mild in intensity, except for
three moderate drug-related TEAESs in one subject: sinus bra-
dycardia, orthostatic hypotension, and syncope during the
standing BP procedure, approximately 2 h after vericiguat
treatment. All TEAEs resolved by the end of study, and there
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were no clinically relevant drug-related changes in laboratory
parameters. Once daily dosing of vericiguat in other phase I
studies with Chinese and Japanese subjects (SD2, MDI, and
MD3) demonstrated a similar safety profile to that of SD1.

Pharmacodynamic assessments

Evaluation of the changes from baseline up to 4 h after drug
administration demonstrated increases in HR of 4-10 beats
per minute (bpm) in subjects receiving vericiguat 5.0—
15.0 mg in SD1. In general, subjects treated with vericiguat
demonstrated increases in cardiac output and cardiac index
relative to those receiving placebo. Analyses of SD1 showed
these increases were evident at vericiguat 5.0 mg or higher.
Decreases from baseline in SVR were observed in vericiguat
5.0-15.0 mg dose groups compared with the placebo group.
Effects on BP were less consistent and not seen in a dose-
dependent manner. Mostly, slight decreases were observed
in systolic BP and in diastolic BP (decreases in the range of
2-3 mmHg), associated with the above discussed increases in
HR.

Changes in vasoactive hormones were observed for cGMP,
noradrenaline, and plasma renin activity with vericiguat.
Immediate and direct correlations between vericiguat plasma
concentration and these vasoactive hormones were observed.
However, there were no clear dose-dependent relationships.
No changes in serum aldosterone were observed, and no sta-
tistical tests were performed for angiotensin I and adrenaline,
as the values were < LLOQ. Vericiguat plasma concentrations
against PD markers for SDs of vericiguat are shown in Fig. 1.

Limited but consistent decreases in creatinine, urea, and
uric acid started at either the vericiguat 2.5 mg or 5.0 mg dose
steps. cGMP in urine and serum electrolytes did not demon-
strate any clear relationship to vericiguat dose administered
(data not shown).

Pharmacokinetic assessments

Following single oral doses, vericiguat (0.5-15.0 mg; poly-
ethylene glycol [PEG] solution) was rapidly absorbed, with
maximum plasma concentrations reached at a median of be-
tween 0.7 h and 1.8 h post-dose. Geometric mean t;, was
14.5-20.7 h and geometric mean C,,,, increased with dose
ranging from 17.2-430.0 ug L' (Fig. 2a; Table 3). In general,
for SDs, the interindividual variability in exposure was low
(20-30%). Exploratory testing for dose proportionality in SD1
demonstrated close to linear PK for AUC and a slight trend
towards decreasing C,,,,, with increasing doses.

Mean urinary recovery of unchanged vericiguat was 6—8%
(0-72 h after dosing), and excretion of vericiguat occurred
mainly during the first 48 h after administration. Geometric
mean renal clearance ranged from 0.10 to 0.15 L h™'. PK
parameters in the SD2 study and SD phases of combined SD
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and MD studies were in line with those observed in the SD1
study.

The PK parameters following a SD of vericiguat in IR
tablet formulation are shown in Supplementary Table 4
(MD1 study). Geometric mean t;, for IR tablets (SDs) ranged
between 18.0 h and 22.0 h. Based on similar bioavailability of
the 1.25 mg IR tablet and 5.0 mg PEG solution, demonstrated

Linear regression line:
intercept=0.045278, slope=0.000875
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index (L min"' m?)
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Vericiguat plasma concentration (pg L)
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Vericiguat plasma concentration (ug L)
bioavailability; bpm, beats per minute; cGMP, cyclic guanosine
monophosphate; HR, heart rate; MD, multiple dose study; PK,

pharmacokinetic; SD, single dose study; SVR, systemic vascular
resistance

by dose-normalized exposure (BA1 results) and in line with
this dose-comparison, mean C,,,, was higher when vericiguat
was administered in PEG solution than as an IR tablet (C,,ax
158 ug L' [vericiguat 5.0 mg PEG solution] vs 62 pg L™
[vericiguat 1.25 mg IR tablet]). Median t,,,x was similar at
1.0 h for both vericiguat 5.0 mg (PEG solution) and vericiguat
1.25 mg (IR tablet).

@ Springer
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Table 2 Overall summary of number of subjects with TEAEs: SD1
n (%) Placebo Vericiguat dose (oral PEG solution)
(n=13)
0.5 mg 1.0mg 25mg 5.0 mgnon- 5.0 mg 7.5 mg 10.0 mg  15.0 mg
(n=17) (n=38) (n=38) smokers (n=7) smokers (n=6) (n=38) (n=38) (n=4)
Any AE 3(23.1) 1(143) 22500 3375 50714 3 (50.0) 4(50.00 5(62.5)  4(100.0)
Any study drug-related 1(7.7) 0 1(12.5) 3375 3429 1(16.7) 4(50.0) 4(50.00 4(100.0)
AE
Any AE related to 1(7.7) 1(143) 0(0.0) 2(25.0) 1@14.3) 0 0 2(25.0) 3(75.0)
procedures
Maximum intensity
Mild 3(23.1) 1(143) 22500 3375 5(1.4) 3 (50.0) 4(50.0) 5(62.5) 3(75.0)
Moderate 0 0 0 0 0 0 0 0 1(25.0)
Severe 0 0 0 0 0 0 0 0 0
Maximum intensity for study drug-related AEs
Mild 1(7.7) 0 1(12.5) 3(37.5) 3429 1 (16.7) 4(50.00 4(50.00 3(75.0)
Moderate 0 0 0 0 0 0 0 0 1(25.0)
Severe 0 0 0 0 0 0 0 0 0
AE-related deaths 0 0 0 0 0 0 0 0 0
Any SAE 0 0 0 0 0 0 0 0 0
Discontinuation of study 0 0 0 0 0 0 0 0 0
drug due to AEs

AE, adverse event; PEG, polyethylene glycol; SAE, serious adverse event; SD1, single-dose study 1; TEAE, treatment-emergent adverse event

-m-- Vericiguat 0.5 mg (n=7)
+- Vericiguat 1.0 mg (n=8)
-+ Vericiguat 2.5 mg (n=8)
—4- Vericiguat 5.0 mg (n=13)
* - Vericiguat 7.5 mg (n=8)
+- Vericiguat 10.0 mg (n=8)
-#- Vericiguat 15.0 mg (n=4)

5004 .

400 +

3004

Vericiguat plasma
concentration (ug L)

200 +
100 4 I
o Bssanet:
wiy T L U U 1 1
0 4 8 12 24 36 48 72
Time after administration (h)
b -#- 5.0 mg IR tablet, fasted (n=15)
250 - +- 5.0 mg IR tablet with high-fat,
high-calorie breakfast (n=15)
200 +

Vericiguat plasma
concentration (ug L)

L T T T T T
0 00 1 1 1 2 3
1215 00 06 12 00 00

Time after administration (Day, h)

Fig. 2 Mean vericiguat plasma concentrations following single oral
administration of a vericiguat 0.5-15.0 mg as an oral solution in the
fasted state (SD1), b vericiguat 5.0 mg as an IR tablet in the fasted or
fed states (BA1). BAI, bioavailability study 1; /R, immediate release;
SD1, single dose study 1
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Safety, PD, and PK following MD administration of
vericiguat

Safety assessments

In the multiple dose phase of MDI, the incidence of TEAEs
was 33.3-66.7% with vericiguat (1.25-10.0 mg) and 50.0%
with placebo. Drug-related TEAEs were reported in three of
nine subjects (33.3%) in each vericiguat group and in four of
12 subjects (33.3%) in the placebo group. The most frequent
TEAE was “proteins present in urine” (12.5%), and the most
frequent drug-related TEAE was “increased alanine amino-
transferase” (6.3%). No trend within treatment groups or
vericiguat dose was observed.

Most TEAEs were mild in intensity and there were no
TEAE:s of severe intensity. Five subjects experienced moder-
ate TEAEs: influenza (one subject in the 5.0 mg group who
was treated with oseltamivir and paracetamol but discontinued
the study on day 5), nasopharyngitis (two subjects, 5.0 mg),
and orthostatic hypotension (two subjects, 10 mg and place-
bo). All TEAEs resolved by the end of the study and there
were no deaths or SAEs.

Pharmacodynamic assessments

Vericiguat (1.25-10.0 mg) at steady state had a statistically
significant increase in change from baseline in HR over 1 min,
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Table 3  Pharmacokinetic parameters of vericiguat in plasma following single oral doses of vericiguat 0.5-15.0 mg in PEG solution, in the fasted state (day 1, study SD1)

Parameter, Vericiguat dose

unit

=4)

15.0 mg (n

=8)

10.0 mg (n

=8)

7.5 mg (n

5.0 mg smokers

(n=6)

5.0 mg non-smokers

(n=7)

=8)

2.5 mg (n

=8)

1.0 mg (n

=7

0.5 mg (n

Geometric mean CV, Geometric mean CV, Geometric mean CV, Geometric mean CV, Geometric mean CV, Geometric mean CV, Geometric mean CV, Geometric mean CV,

%o

(range)

%

(range)

%

(range)

%

(range)

%

(range)

%

(range)

%

(range)

%

(range)

430 (396-491)

8.9

20.5 285 (248-315)

259 (188-364)

5.1

1

194 (151-228)

158 (130-192) 12.8

233

232 83 (58-112)

208 39 (29-54)

17 (13-22)

Conaes

pg L
AUC,

2500 (2020-3030) 16.3 4460 (3420-6200) 21.9 4940 (3550-6390) 20.0 7900 (6750-9520) 16.2

1450 (1190-1800) 13.9 2900 (2290-4610) 24.1

20.1

26.9 618 (442-800)

273 (199-442)

pghL
[

tip, h

1.75 (0.73-2.50)
17.2 (13.8-25.5)

1.25 (0.75-4.02)

159 20.7 (11.5-39.9)

1.00 (0.73-1.48)

0.73 (0.48-1.00)
14.5 (9.7-18.5)

1.00 (0.48-2.58)
19.8 (14.8-29.9)

—075(0.50-250) —  0.87(0.48-3.00) -

1.00 (0.50-2.50)
17.2 (13.9-21.7)

27.8

439

19.8 (15.1-24.2)

24.4 259

19.4 (15.9-23.4) 139 19.4(16.2-26.0) 169

19.8

# Median (range)

AUC, area under the plasma concentration versus time curve from zero to infinity after single (first) dose; C,,.,» maximum drug concentration in plasma after single dose administration; CV, coefficient of

variation; PEG, polyethylene glycol; SD1, single-dose study 1; #,,,,, time to reach maximum drug concentration in plasma after single (first) dose; #;,,, half-life associated with the terminal slope

up to 4 h post-dose, relative to placebo (Table 4). A placebo-
adjusted increase in HR of <10 bpm was evident with
vericiguat 1.25-10.0 mg, which, in general, increased with
escalating doses. Despite showing statistical significance,
these changes in HR and HR over 1 min were deemed not
clinically relevant by the investigator; similarly, there were no
apparent clinically relevant changes in BP following adminis-
tration of vericiguat relative to placebo.

From day — 1 to day 11, changes in vasoactive hormones
(in MD1) were seen for cGMP, plasma renin activity, and
norepinephrine, generally with doses of vericiguat 5 mg and
above.

Cardiac impedance measurements (in MD2) showed a de-
crease in SVR (2.7-3.8 mmHg min/L) on day 7 with
vericiguat compared with placebo, together with an increase
of cardiac output (0.55-0.72 mL/min) and cardiac index
(0.27-0.37 L/min/m?) up to the vericiguat 10 mg dose level.

Pharmacokinetic assessments

After MDs, vericiguat was rapidly absorbed, with median t;,,
achieved by 2.5 h in MD1. Slight accumulation in area under
the concentration versus time curve 0 to 24 h after adminis-
tration (AUC[y 24)) and Cy,ax Was observed (RAAUC: 1.40—
1.66 and RAC .« 1.16-1.44, respectively) for QD; however,
no unexpected accumulation was observed. Geometric mean
t;» was in the range 20.7-27.0 h post-dose for MD1.
Excretion of unchanged vericiguat in urine accounted for ap-
proximately 5-6% of the dose, and renal clearance over 7 days
was approximately 60 mL h™' (day 11; Table 5).

Although dose proportionality could not be concluded
based on the ANOVA results of treatment ratios of vericiguat
1.25/10.0 mg in MD1, exploratory analyses in MD2 and MD3
indicated no deviation from dose proportionality.
Furthermore, steady-state conditions of vericiguat plasma
concentrations were reached after approximately 48—72 h
post-dose. Higher accumulation rates were observed with the
5.0 mg BID regimen than with the QD regimens in MD2
(RAAUC: 2.73; RAC pax: 2.29).

Bioavailability study

For the 5.0 mg IR tablet, intake of the tablet together with a
high-fat, high-calorie breakfast led to a delay of absorption
(Fig. 2b), with a median t.,,, of 4 h compared with 1.0—
1.5 h in the fasted state. AUC and C,,,, were slightly higher
in the fed state, by 19% (estimated ratio [90% CI]: 119% [108,;
131]) and 9% (estimated ratio [90% CI]: 109% [92; 129]),
respectively, and were less variable with a narrower coeffi-
cient of variation range than in the fasted state [15].

The relative bioavailability of the 5 mg tablet versus the
5 mg oral solution administered in the fasted state was reduced
by 29% (estimated ratio [%] and 90% CI: 71% [64; 78]), and
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Table 4 Pharmacodynamics

following multiple oral doses of Change from baseline of difference in heart rate over Vericiguat dose (IR tablets)

vericiguat as IR tablets: change 1 min

from baseline of difference in 1.25 mg 5.0 mg 7.5 mg 10.0 mg
heart rate over 1 min (day 11 and

day — 1), during the 4 h after Difference: vericiguat vs placebo (bpm) 2.95 3.75 3.75 542
administration vs placebo (study  959% CI 0.06-5.85 041-7.08 0.85-6.65 242-8.42
MD1) p value 0.046%  0.029%  0013*  0.001*

*p value < 0.05 bpm, beats per minute; C/, confidence interval; /R, immediate release; MD1, multiple dose study 1

mean C,,,, by 40% (estimated ratio [90% CI]: 60% [51;71]).  Discussion
Drug elimination was not affected by formulation, dose, or
intake of the IR tablet with food as demonstrated by similar ~ These six separate phase I clinical pharmacology studies

t1» (approximately 20 h) after all administrations. assessed the safety, PD, and PK profiles of vericiguat in
Overall, fewer subjects experienced study drug-related  healthy young men.

TEAEs when vericiguat was administered in the fed state than Vericiguat, at doses of up to 10.0 mg QD for 7 days, was

in the fasted stated (6.3% vs 6.7-25.0%). generally well tolerated in European, Chinese, and Japanese

Table 5 Pharmacokinetic parameters for vericiguat following multiple administrations of vericiguat 1.25-10 mg QD as IR tablets, in the fasted state
(day 11; study MD1)

Parameter Vericiguat dose (IR tablets)

1.25 mg (n=9) 5.0 mg (n=8)" 7.5 mg(n=9) 10.0 mg (n=9)

Geometric mean CV,  Geometric mean CV, Geometric mean CV,  Geometric mean CvV,

(range) % (range) % (range) % (range) %
Cnaxsss HE L! 89 (69.3-132) 18.6 289 (214-391) 25.1 407 (296-582) 242 472 (303-726) 30.6
Cnax.sssnorms K& L' 4.54(3.63-5.64) 16.7  3.19(2.31-4.27) 20.0  3.57(2.87-4.41) 14.5 3.02 (1.79-4.11) 27.5
AUC. g, nugh L' 1170 (978-1570) 14.5 3670 (2660-5130) 234 4810 (2790-6460) 27.6 6170 (4160-9790) 29.9
AUC+ s norms 59.4 (44.2-73.6) 14.7  40.5(31.3-53.2) 19.8  42.2(26.8-48.9) 20.2  39.6 (24.5-55.5) 28.2

kghL™!

toax> h 1.00 (0.75-2.50) - 1.75 (0.75-4.00) - 2.50 (0.75-2.50) - 2.50 (0.75-2.50) -
tin, h 27.0 (17.6-37.4) 23.6  23.5(15.8-34.4) 30.6  22.1(17.5-27.3) 159  20.7(16.3-31.4) 252
RAAUC 1.66 (1.32-2.09) 13.3 1.44 (1.23-1.78) 13.1 1.49 (1.22-2.14) 19.1 1.40 (0.92-2.49) 27.2
RAChax 1.44 (0.98-2.65) 29.5 1.16 (0.90-1.42) 13.8 1.26 (0.94-2.02) 23.7 1.29 (0.86-2.40) 27.2
Rimn 0.98 (0.88-1.13) 847  0.89(0.75-1.14) 13.0  0.94 (0.72-1.28) 20.0  0.83(0.63-1.41) 229
AE,U,((LM)C"’, % 6.04 (2.40-9.35) 2021 5.18 (3.43-7.36) 1.53°  4.75(2.41-6.71) 1.24°  5.01 (2.16-8.38) 1.99¢
CLg%, Lh! 0.06 (0.03-0.09) 36.61  0.07 (0.04-0.10) 31.8°  0.07 (0.06-0.09) 12.7°  0.08 (0.05-0.11) 22.4°
CLy/f,Lh! 1.07 (0.80-1.28) 14.5 1.36 (0.97-1.88) 234 1.56 (1.16-2.69) 27.6 1.62 (1.02-2.41) 29.9

# One subject withdrew after day 5

®Median (range)

“n =8 for Ag o 24y and CLg at doses of 1.25 and 7.5 mg
9Values are arithmetic mean

¢ Values are standard deviation

Ag ur-24), rate of amount of drug excreted into urine from 0 to 24 h after administration to the administered dose; AUC, area under the plasma
concentration versus time curve from zero to infinity after single (first) dose; AUC,.i,, AUC during any dosing interval at steady state; AUC, s 0rm»
AUC, 4 divided by dose (mg) per kg body weight; CL,/f, total body clearance of drug from plasma calculated after oral administration (apparent oral
clearance) after steady state; C,,,, s, maximum drug concentration in plasma at steady state during a dosage interval; C,,uy ss.nomm» Maximum drug
concentration in plasma at steady state during a dosage interval divided by dose (mg) per kg body weight; CV, coefficient of variation; /R, immediate
release; MD1, multiple-dose study 1; OD, once daily; R4AUC, accumulation ratio calculated from AUCT after multiple dosing and AUCT after single
dosing; R4C,,., accumulation ratio calculated from C,,,, after multiple dosing and C,,.x after single dosing; R, linearity factor of pharmacokinetics
after multiple administration of identical doses calculated from AUCT after multiple dosing and AUC after single dosing; #,,,,,, time to reach maximum
drug concentration in plasma after single (first) dose; #;,,, half-life associated with the terminal slope
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healthy men. In SD1, treatment with vericiguat 15.0 mg as an
oral PEG solution was not well tolerated due to orthostatic
reactions, most likely deriving from the mechanism of action
of vericiguat. Therefore, no additional dose escalations were
performed. Drug-related TEAEs were mostly nervous system
disorders, such as headache and postural dizziness, which
could be associated with the mode of action of vericiguat
(i.e., vasodilation), or gastrointestinal disorders that could be
associated with either the effect of vericiguat on smooth mus-
cle cells (i.c., relaxation), or the intake of PEG, such as diar-
rhea, nausea, and abdominal discomfort. Therefore, the 15.0-
mg dose in PEG solution formulation was not further evalu-
ated in this clinical program.

The observed safety and PD effects of vericiguat are con-
sistent with the mode of action of a sGC stimulator [6]; i.e.,
relaxation of the smooth muscle in the vasculature leading to
changes in hemodynamics [2]. In accordance with the
established pharmacological profile of vericiguat in pre-
clinical experiments [10], the expected hemodynamic effects
were observed in healthy subjects. Specifically, an increase in
heart rate was observed as a compensatory reaction to the
blood pressure-lowering activity of vericiguat through the
baroreflex.

Here, hypotension/orthostatic hypotension was observed in
three studies (SD1, MD1, and MD3). Syncope was observed
in SD1 only, in which vericiguat was administered in the
fasted state and in PEG solution formulation, which was not
used in later development.

Mild increases in placebo-adjusted HR (up to 6 bpm),
changes in cardiac impedance parameters, and increases in
vasoactive hormones were observed with vericiguat at doses
of 5.0 mg and above. These changes were consistent with the
pharmacological mode of action of vericiguat and
corresponded with the expected vasodilation and compensa-
tory increases in HR.

Based on the results of these studies in healthy volunteers, a
SBP-guided titration regimen was first examined in the
SOCRATES REDUCED study [13] and subsequently imple-
mented in VICTORIA [11, 12]. The starting dose, titration,
and the titration interval duration of 2 weeks were selected
based on the observed direct relationship between vericiguat
plasma concentrations and hemodynamic effects in healthy
subjects following ad hoc dosing of different doses of
vericiguat and multiple dose administration. For SDs, the
PK results demonstrated that vericiguat (PEG solution) in
the fasted state was rapidly absorbed (median t,,,, up to
1.75 h), with low interindividual variability in exposure.
Mean urinary recovery was in the range of 6-8%, indicating
that renal excretion of vericiguat is driven solely by passive
filtration. Across the dose range of vericiguat evaluated (0.5—
15.0 mg), exploratory testing of dose proportionality using
standard bioavailability/bioequivalence criteria (CI 0.8—1.25)
[16, 17] demonstrated dose proportionality of PK for AUC

and slightly less than dose-proportional increases in Cy,, with
increasing doses. Geometric mean t;,, for IR tablets ranged
18.0-22.0 h, supportive of QD dosing.

Exposure and C,,, following administration of MDs of
vericiguat were similar to those following a SD, which indi-
cated time-independent PK.

Increased bioavailability and reduced variability observed
in the fed state relative to the fasted state supported adminis-
tration of vericiguat with food. Drug elimination was not af-
fected by formulation, dose, or administration with food or
ethnicity.

In summary, these results were consistent with those previ-
ously published for sGC stimulators [18] and in patients with HF
[13, 14, 19]. In conclusion, vericiguat QD up to 10.0 mg was
generally well tolerated by healthy European, Chinese, and
Japanese subjects. Changes in PD measures indicated significant
vasodilatory effects at vericiguat doses of 5.0 mg and above. PK
parameters were supportive of vericiguat QD dosing in the fed
state. The results supported the further evaluation of vericiguat
1.25-10.0 mg in phase II studies [13, 14] and 2.5-10.0 mg in the
phase III VICTORIA study [11] as well as the selection of the
titration dosing regimen.
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