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Abstract

Background Vericiguat, a direct stimulator of soluble guanylate cyclase, has been developed as a first-in-class therapy for
symptomatic chronic heart failure (HF) and ejection fraction <45%.

Methods Safety, pharmacodynamic (PD), and pharmacokinetic (PK) interactions between vericiguat and drugs used in HF
(sacubitril/valsartan [SV] and aspirin [acetylsalicylic acid]) or with a narrow therapeutic index (warfarin) were evaluated
in three phase I studies.

Results Vericiguat 15 mg (single dose [SD]) had no effect on bleeding time or platelet aggregation when coadministered
with aspirin 1000 mg versus aspirin alone: estimated differences in least squares means 2.7% (95% confidence interval
[CI]—90.4 t0 95.8) and 2.4% (95% CI—7.0 to 11.8) turbidimetry, respectively. Vericiguat 10 mg (once daily) had no effect
on coagulation inhibition elicited by warfarin 25 mg (SD; mean ratios of area under the concentration—time curve from
time zero to 96 h for clotting parameter treatment comparisons approximated 100.0%). There were no clinically relevant PD
changes whether SV 97/103 mg was administered with single or multiple doses of vericiguat 2.5 mg or placebo (differences
in systolic blood pressure [BP]— 1.66 mmHg [90% CI—4.22 to 0.90]; diastolic BP — 1.80 mmHg [90% CI—3.24 to —0.36];
heart rate —0.33 beats/min [90% CI—2.25 to 1.60]). Vericiguat demonstrated no PK interactions when coadministered with
aspirin, warfarin, or SV at steady state. Treatments were well tolerated.

Conclusions Coadministration of vericiguat with SV, aspirin, or warfarin was well tolerated. No clinically relevant PD or PK
interactions were observed, supporting concomitant use of these drugs, commonly used by patients with HF, with vericiguat
and no dose adjustment.

EudraCT number 2014-000765-52; 2014-004880-19; 2015-004809-16.

Key Points

Heart failure (HF) is a rising global problem [1]. Despite ) . ) . o
Patients with heart failure (HF) with reduced ejection

advances in management and prevention, the morbidity and . ) o X
mortality associated with HF remains high [1-3], underlin- fraction .often hav'e m'ultlple comorbidities and receive
concomitant medications

ing the need for more effective strategies.

Vericiguat, a direct stimulator of soluble guanylate Vericiguat coadministered with sacubitril/valsartan (SV),
cyclase, has been investigated as a first-in-class therapy aspirin (acetylsalicylic acid), or warfarin was well toler-
ated, with no clinically relevant pharmacodynamic or
pharmacokinetic interactions observed
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for patients with chronic HF with reduced ejection fraction
(HFrEF) following a worsening event in the phase III VIC-
TORIA study (NCT02861534) [4, 5] and in patients with HF
with preserved ejection fraction [6]. As one in six patients
with HFTEF develop worsening events within 18 months of
diagnosis [7], the availability of new treatment options for
these patients is needed.

Previous studies demonstrated that vericiguat is rap-
idly absorbed, displays dose-proportional pharmacokinet-
ics (PK), and has an acceptable safety profile [8, 9]. In the
SOCRATES-REDUCED study (NCT01951625), vericiguat
treatment resulted in dose-dependent reductions in N-ter-
minal pro-B-type natriuretic peptide, a biomarker for HF,
in stabilized patients with HF following a worsening event
and reduced ejection fraction, indicating its potential value
in such patients [10].

During the development of vericiguat, the angiotensin
receptor—neprilysin inhibitor sacubitril/valsartan (SV) was
approved as a treatment for patients with HFrEF at a target
dose of 97 mg/103 mg twice daily [11, 12]. SV is recom-
mended to replace angiotensin-converting enzyme inhibitors
in ambulatory patients with HFrEF who remain symptomatic
despite optimal therapy [13] and in newly diagnosed patients
with HFrEF [14]. It is therefore likely that SV will be coad-
ministered with vericiguat in patients with HF following a
worsening event. Furthermore, patients with HFrEF often
present with multiple comorbidities and concomitant med-
ications [13, 15]. Previous PK studies show vericiguat is
unlikely to be a victim or perpetrator of drug—drug inter-
actions (DDIs) [16, 17]; however, given the possibility of
interactions, a clinical evaluation of the PK and pharmaco-
dynamic (PD) effects of coadministration of vericiguat with
drugs frequently administered to patients with HFrEF will
be useful to inform future clinical practice.

Three PD DDI studies between vericiguat and drugs often
prescribed in HF populations (SV, warfarin, aspirin [ace-
tylsalicylic acid]), including one with a narrow therapeutic
index (warfarin), were conducted in healthy volunteers. In
this study, we describe the results of these phase I stud-
ies, which investigated the potential PD and PK interactions
between vericiguat and SV, warfarin, and aspirin.

2 Methods
2.1 Study Population

Healthy male volunteers with a body mass index (BMI) of
18.0-30.0 kg/m? and aged 18—45 or 18-55 years were eli-
gible for participation in the aspirin and warfarin studies,
respectively. Male subjects with a BMI of 18.0-29.9 and
aged 40-60 years were eligible for participation in the SV
study. A total of 15, 29, and 32 subjects were randomized
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in the aspirin, warfarin, and SV studies, respectively.
Exclusion criteria included known hypersensitivity to
study drug or reference drugs; regular use of medications
up to 4 weeks before study drug administration; second- or
third-degree atrioventricular block; prolonged QRS com-
plex of > 120 ms or a QTc interval > 450 ms; systolic
blood pressure (SBP) < 100 mmHg or > 145 mmHg; dias-
tolic blood pressure (DBP) < 60 mmHg or > 95 mmHg
(only DBP > 95 mmHg for the aspirin study); and heart
rate (HR) < 50 or > 90 beats/min. Owing to safety rea-
sons and the combination of two cardioactive drugs in the
SV study, the exclusion criteria included a QRS complex
interval of > 100 ms. Concomitant medication use other
than the study drug was not permitted without informing
the study investigator.

Participants gave written informed consent to partici-
pate before entering the studies. Studies were conducted in
accordance with the currently accepted version of the Dec-
laration of Helsinki—the International Conference on Har-
monisation Good Clinical Practice Guideline. All protocol
and protocol amendments were reviewed by each study
site’s Independent Ethics Committee (IEC) or Institutional
Review Board (IRB) and approved under the leadership
of the IEC/IRB of the coordinating investigator (Ethik-
Kommission der Aerztekammer Nordrhein, Duesseldorf,
Germany) before the start of the study.

2.2 Study Designs, Assessments, and Analysis

All three studies were randomized, single-center studies.
Individual study designs and treatment groups are shown
in Table 1. In the aspirin study, vericiguat was adminis-
tered in the fasted state due to analytical reasons involv-
ing interferences with clotting parameters, and, due to the
effects of food [18], 15 mg was selected such that veri-
ciguat plasma levels would approximate those following
administration of 10 mg (fed). In the warfarin study, veri-
ciguat 10 mg once daily was evaluated, as this would have
reached steady state by day 6 (warfarin coadministration).
In the SV study, vericiguat 2.5 mg was evaluated, as it was
well tolerated in phase II studies [10].

2.2.1 Aspirin Interaction Study

This open-label study consisted of two parts: a pilot part,
in which subjects received a single dose (SD) of vericiguat
15 mg (3 x5 mg immediate-release [IR] tablets); and a
three-period, crossover main part, in which subjects received
three treatments: [(A) vericiguat 15 mg on day 1; (B): aspirin
500 mg on day —1 and day 1; and (C): aspirin 500 mg on day
—1 and vericiguat 15 mg concomitantly with aspirin 500 mg
on day 1)] in randomized sequence order with a washout
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Table 1 Phase I vericiguat drug—drug interaction studies in healthy subjects

Study details Interaction drug

Design

Aspirin interaction study: EudraCT 2014-000765-52
Vericiguat 15 mg SD*

Pilot part®

Vericiguat 15 mg SD

Aspirin 500 mg

Main part®
Treatments A, B, and C:
A: Vericiguat 15 mg (day 1)
B: Aspirin 500 mg (day —1, day 1)
C: Aspirin 500 mg (day —1) and vericiguat 15 mg
SD +aspirin 500 mg (day 1)
Treatment sequences:
A-C-B, B-A-C, or C-B-A
Warfarin interaction study: EudraCT 2014-004880-19
Vericiguat 10 mg qd over 9 days
Treatments A and B
A: Vericiguat plus warfarin
B: Placebo plus warfarin
SV interaction study: EudraCT 2015-004809-16
Vericiguat 2.5 mg qd?
Period 1: SD (day 1)
Period 2: MD (qd for 14 days; days 28-41)

28-41)

SV 49/51 mg during run-in phase (bid for 14 days;
days 1-14); SV 97/103 mg bid over 27 days
(13 days alone [days 15-27]), followed by 14 days
in combination with vericiguat or placebo (days

Open-label, nonplacebo-controlled

Main part: Three-period, Three-
sequence, Threefold crossover

Warfarin 25 mg (priming dose) on day —21; warfarin Double-blind, placebo-controlled,
25 mg, administered on day 6

twofold crossover design

Single-blind, placebo-controlled

bid twice daily, MD multiple dose, gd once daily, SD single dose, SV sacubitril/valsartan

?As bioavailability is lower in the fasted state, vericiguat 15 mg (fasted) was selected to investigate interactions relevant for vericiguat 10 mg

(fed)
®Nonrandomized part

‘Randomized part

dStarting dose of the titration schedule in subsequent phase IT and III studies

period of > 14 days between treatments (Table 1). During
treatments B and C, subjects received aspirin 1000 mg over
the course of 2 days. The pilot part assessed the safety and
tolerability of vericiguat 15 mg (3 x5 mg IR tablets, fasted
state), as the vericiguat 15 mg oral solution was not well tol-
erated in the first-in-human study [9]. Subjects participated
in one part of the study only.

Bleeding time was assessed at a blood pressure of
40 mmHg according to Mielke [19]. Platelet aggregation
was determined by the turbidimetric method of Born and
Cross [20], using collagen and arachidonic acid as inductive
agents, in addition to exploratory analyses using impedance
aggregometry on a Multiplate analyzer (Roche Diagnostics
International Ltd, Rotkreuz, Switzerland). Bleeding times
and platelet aggregation were measured at 0, 1, 2, and 3 h
after administration of vericiguat on day 1 (treatment A),
and at O h on day —1 and 1, 2, and 3 h after study medication
on day 1 in treatments B and C.

Blood sampling for PK assessments was taken before dos-
ing and at regular intervals up to 48 h. Plasma concentrations

of vericiguat were determined by high-performance liquid
chromatography with tandem mass spectrometry. PK param-
eters were calculated using WinNonlin version 5.3 (Phar-
sight Corporation, Mountain View, CA, USA).

2.2.2 Warfarin Interaction Study

Subjects received a single ‘priming’ dose of warfarin 25 mg
(day —21), followed by multiple doses (MDs) of vericiguat
10 mg or placebo (once daily, days 1-9), with an SD of
warfarin 25 mg (day 6) (Table 1). The priming dose was
administered 21 days before the start of the study such that
any residual effects of the R- and S-enantiomers of war-
farin would be negligible. Warfarin administration was
unblinded, whereas vericiguat/placebo administration was
double-blinded.

Clotting profiles (prothrombin time [PT], activated par-
tial prothrombin time [aPTT], international normalized ratio
[INR], and clotting factors II, VII, and X) were measured
at screening (within 14 days before the ‘priming’ warfarin
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dose), day —21 through to day —17, and day 1 (predose)
through to day 13 and follow-up. The effect of vericiguat
with warfarin was assessed by calculating the area under
the concentration—time curve from time zero to 96 h (AUC
o6) Of the clotting parameters, i.e. PT and factors VII, II, and
X [21, 22].

Blood samples for vericiguat PK assessments were taken
before dosing on days 2, 3, and 4, and before dosing and at
regular intervals on study days 5 and 6 up to day 7. To inves-
tigate the possible effect of warfarin on vericiguat, blood
samples for a PK profile of vericiguat were taken at 0, 0.5,
1,1.5,2,3,4,6,8, 12, and 15 h on day 5 (without warfarin)
and day 6 (with warfarin).

The predefined time points for measuring bleeding time
and platelet aggregation, and for INRs, were selected based
on previous studies with the soluble guanylate cyclase stimu-
lator riociguat coadministered with warfarin [23] and aspirin
[24, 25], and the anticoagulant rivaroxaban coadministered
with warfarin and aspirin [26].

For PK investigations, plasma concentrations of R- and
S-warfarin and vericiguat were determined on the day of
warfarin administration (day 6) in treatment A (vericiguat
plus warfarin) and treatment B (placebo plus warfarin) until
120 h postdose.

2.2.3 Sacubitril/Valsartan Interaction Study

This was a single-blind, placebo-controlled study with two
parallel treatment groups and two treatment periods, sepa-
rated by a washout period of 7-10 days. In period 1, subjects
received vericiguat 2.5 mg once daily or placebo on day 1.
In period 2, eligible subjects commenced a run-in phase,
starting at the recommended initial dose of SV 49/51 mg
twice daily for 14 days (days 1-14) and uptitrating to SV
97/103 mg twice daily for 13 days (days 15-27) [11, 12].
Subjects then received a combination of vericiguat 2.5 mg
once daily (or placebo) with SV 97/103 mg twice daily for
14 days (days 28-41 inclusive) (Fig. 1).

Hemodynamic profiles consisted of SBP, DBP, and HR
measurements on all profile days, including day 1 of period
1 (vericiguat 2.5 mg/placebo), and days 1 (SV 49/51 mg
alone), 15 (SV 97/103 mg twice daily), 27 (SV 97/103 mg
twice daily), 28 (SV 97/103 mg twice daily + vericiguat
2.5 mg/placebo), and 41 (SV 97/103 mg twice daily + veri-
ciguat 2.5 mg/placebo) of period 2. Hemodynamic measure-
ments were recorded at the same time of the day to account
for circadian variability.

Blood samples for PK assessments of vericiguat were
taken pre-vericiguat dose and at 0.5, 1, 1.5,2, 3,4, 6, 8, 12,
and 15 h postdose on day 1 (period 1), day 28 (period 2), and
day 41 (period 2), and once in the morning on day 2 (period
1), day 29 (period 2), and day 42 (period 2). Blood samples
for PK assessments of sacubitril and valsartan were taken
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pre-SV dose until 12 h after administration of SV (morning
doses) on days 27, 28, and 41 (period 2). PK parameters for
vericiguat and SV (metabolites) were calculated to assess the
effect of a SD and MDs of vericiguat 2.5 mg on the PK of
SV 97/103 mg at steady state. The effect of SV 97/103 mg
on vericiguat 2.5 mg (SD) was also evaluated.

2.3 Safety Evaluation

Safety assessments in all studies included recording of all
adverse events (AEs) and serious AEs (SAEs), vital signs,
physical examinations, and laboratory assessments.

2.4 Statistical Analysis

Statistical evaluation was performed using SAS software
(SAS Institute Inc., Cary, NC, USA).

2.4.1 Pharmacodynamic (PD) Analyses

In the aspirin study, summary statistics were calculated for
bleeding time and platelet aggregation. Analysis of covari-
ance (ANCOVA) was performed on baseline-adjusted bleed-
ing time and platelet aggregation.

In the warfarin study, treatments were compared with
respect to AUCy, for PT, factor VII, and factor II and X clot-
ting activity through ANCOVA after log transformation of
the data. Point estimates and 90% confidence intervals (CIs)
for the vericiguat plus warfarin/placebo plus warfarin ratios
of the true means were calculated. No effect of vericiguat
on coagulation inhibition by warfarin was determined if the
90% CI for AUCy¢ of PT and factor VII (main parameters)
were within the intervals of 95.0-105.0% and 90.0-111.0%,
respectively.

In the SV study, changes in seated SBP, DBP, and HR
after the SV dose on day 41 were analyzed using ANCOVA.
Point estimates (least squares mean) and exploratory 90%
ClIs for treatment differences were calculated.

2.4.2 Pharmacokinetic Analyses

In the main part of the aspirin study and in the warfarin
study, the PK characteristics AUC and maximum plasma
concentration (C,,,) of vericiguat were analyzed assum-
ing log-normally distributed data. The logarithms of these
characteristics were analyzed using analysis of variance
(ANOVA). A lack of PK interaction was concluded if the
90% CI for the AUC and C,,, ratios were in the range of
80.0-125.0%. For safety assessments, descriptive analyses
were performed.



PD Interactions of Vericiguat with Sacubitril/Valsartan, Aspirin, or Warfarin 341

Treatment A Period 1 Period 2 Vericiguat + sacubitril/valsartan
H ' ! co-administration
1 day : ' . 14 days

i A H : ' ﬂ A ' -
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: \ 1 Day 27 * Day41 |

: Y b Y f Y

: 14 days : 13 days , 14 days

Day 1 (of Period 1) Day 1-14 (Period 2) Day 15-27 (Period 2) Day 28-41 (Period 2)

Y
SV run-in phase (27 days)

Fig.1 Study design of the sacubitril/valsartan—vericiguat interaction study. Periods 1 and 2 were separated by a washout of 7-10 days. Unfilled
and filled downward arrows indicate the start and end of coadministration, respectively. bid twice daily, gd once daily, SV sacubitril/valsartan

3 Results 3.1 Aspirin Study

Most baseline characteristics were generally similar across  In the pilot part, 11 subjects received and completed treat-
the studies. In the SV study, mean age was notably higher =~ ment with SD vericiguat 15 mg. As the vericiguat 15 mg
than in the aspirin and warfarin studies (Table 2) due to  dose was safe and well tolerated, treatment continued with
study design and age inclusion criteria in order to obtain  the 15 mg dose in the main part, in which 13 subjects were
data from a population representative of HF. valid for PD analysis and 14 were valid for safety and PK

Table 2 Subject demographics

. Aspirin study PD analysis ~ Warfarin study SV study
across three ver.mguat drug set (n=13) PK/PD analysis set PD analysis set (n=30)
interaction studies (n=23)
Male [n (%)] 13 (100) 23 (100) 30 (100)
White [n (%)] 13 (100) 23 (100) 30 (100)
Age, years (range) 32.8 (22-45) 38.0 (21-55) 50.2 (40-60)
Weight, kg 79.2 (8.3) 79.2 (10.6) 82.1 (9.0)
Height, cm 178.0 (6.6) 178.7 (6.1) 179.3 (6.5)
BMI, kg/m? 25.0 (2.3) 24.7 (2.6) 2552.4)

Data are expressed as mean (standard deviation) unless otherwise stated
BMI body mass index, PD pharmacodynamic, PK pharmacokinetic, SV sacubitril/valsartan
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analyses. One subject dropped out due to an SAE of appen-
dicitis, which was not related to the study drug, and one
subject withdrew due to concomitant medication.

3.1.1 Pharmacodynamic Findings

Bleeding times within 3 h after administration of veri-
ciguat 15 mg alone showed minor deviations from the mean
baseline (381 s [6.35 min]), with mean changes (standard
deviation) from baseline of 32.3 s (162.2 s) at 1 h postdose
to—57.7 s (87.0 s) at 3 h postdose. The mean bleeding time
following aspirin alone increased from 312 s (5.21 min) at
baseline to a maximum of 557 s (9.29 min) at 2 h postdose.
Following coadministration of aspirin with vericiguat, the
mean bleeding time changed from 399 s (6.65 min) at base-
line to a maximum of 9.8 min, 1 h after the second dose of
aspirin plus vericiguat. No significant differences in bleeding
time were demonstrated between aspirin plus 15 mg veri-
ciguat and aspirin alone [A2.7 s (95% CI—90.4 to 95.8)],
an order of magnitude lower than that observed for aspirin
alone.

Platelet aggregation was unaffected by treatment with
vericiguat 15 mg (SD) alone. Mean values varied by <5%
in the turbidimetric method. Following administration
of aspirin, alone or with vericiguat 15 mg, mean platelet
aggregation after arachidonic acid stimulation decreased
immediately to below the lower limit of quantitation. Using
collagen stimulation, maximum differences from baseline
were similar for aspirin alone (—44.8% + 14.2%) and aspirin
plus vericiguat 15 mg (—45.6% + 17.4%). The mean change
from baseline in collagen-induced aggregation measured by
turbidimetry was 2.4% (95% CI—7.0 to 11.8; p=0.598). No
significant difference in platelet aggregation resulted from
the addition of vericiguat 15 mg to treatment with aspirin
alone.

Impedance aggregometric results generally supported
those of the turbidimetric method. The time course of plate-
let aggregation is depicted in Fig. 2.

3.1.2 Pharmacokinetic Findings

Mean ratios of vericiguat 15 mg plus aspirin/vericiguat
15 mg alone for AUC and C,, were 94.9% (90% CI
84.7-106.3) and 93.2% (90% CI 81.1-107.3), respectively.
3.1.3 Safety Findings

A total of 12 of the 14 treated subjects (85.7%) in the main
part of the study reported treatment-emergent AEs (TEAE:).

One subject experienced an SAE of acute appendicitis, unre-
lated to study medication, and was discontinued from the
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study prior to receiving treatment B. Ten subjects (71.4%)
reported at least one TEAE after treatment with vericiguat
alone, seven (53.8%, n=13) after treatment with aspirin
alone, and five (38.5%, n=13) after the combination of
vericiguat and aspirin. Most TEAEs were mild in intensity
(Table 3).

3.2 Warfarin Study

A total of 23 healthy male subjects were included in the
PD and PK analysis sets and 29 were included in the safety
analysis set. Seven subjects dropped out postrandomization
(five subjects withdrew themselves, one subject dropped out
due to a protocol violation, and one was withdrawn due to
an AE of increased lipase, unrelated to study medication).

3.2.1 Pharmacodynamic Findings

Least squares mean ratios (values provided as percentages)
of AUCy for the treatment comparisons vericiguat plus
warfarin/placebo plus warfarin for PT and factors VII, II,
and X were 100.1% (90% CI 99.1-101.2), 97.4% (90% CI
95.5-99.3), 100.0% (90% CI 97.8-102.2), and 100.4% (90%
CI 98.2-102.6), respectively. The 90% Cls of the treatment
comparisons for the main parameters, PT and factor VII,
were within the predefined ranges of 95.0-105.0% (PT) and
90.0-111.0 (factor VII). The point estimates for the second-
ary parameters, factors II and X, approximated 100.0%, with
90% ClIs within the predefined range. Furthermore, no clini-
cally significant changes were observed in clotting param-
eters at follow-up (14 days after the last study drug adminis-
tration) and the prothrombin INR ratio remained unchanged
at follow-up relative to screening levels. Therefore, no effect
of MDs of vericiguat 10 mg on the coagulation inhibition
elicited by an SD of warfarin 25 mg was observed (Fig. 3).

3.2.2 Pharmacokinetic Findings

The concentration—time profiles for R-warfarin and S-war-
farin were similar in both treatments (Fig. 4). The ANOVA
analyses of the PK of R- and S-warfarin yielded point
estimates for the ratios vericiguat plus warfarin/placebo
plus warfarin of AUC and C,,,, which approached 100.0%
(Table 4). All 90% CIs were included in the predefined
bioequivalence range of 80.0-125.0%. No PK interactions
were observed after administration of MDs of vericiguat
with warfarin compared with MDs of placebo with war-
farin. In addition, no influence of warfarin on the PK of
vericiguat was observed.
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Fig.2 Pharmacodynamic
interactions—platelet aggrega-
tion. Data are expressed as
means + standard deviation.
Treatments were vericiguat

15 mg, aspirin 500 mg, and
vericiguat 15 mg plus aspirin
2% 500 mg (500 mg adminis-
tered qd for 2 days). a Imped-
ance aggregometry, arachidonic
acid; b impedance aggregom-
etry, collagen-induced; both
measured in units; and ¢
turbidimetry, collagen-induced
measured in percentages (PD
analysis set, n=13). Values
below the LLOQ were substi-
tuted by half the LLOQ for the
calculation of statistics. LLOQ
lower limit of quantification,
PD pharmacodynamic, gd once
daily

3.2.3 Safety Findings
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In total, 14 of 29 subjects (48.3%) who received treatment
had at least one TEAE, none of which were considered
warfarin-related. Seven subjects (24.1%) experienced at

| | | |
0D 0D oD oD
00H 00OM 01H 0OOM 02H 00M 03H 00M

Time

least one TEAE related to vericiguat/placebo treatment
(Table 3). Generally, TEAEs were of mild or moderate
intensity and resolved by the end of the study. One subject
discontinued the study due to an event of increased lipase,
which was judged as unrelated to vericiguat or warfarin.
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Fig. 3 Point estimates, 90% Cls, and 95% prediction intervals for the
ratio vericiguat plus warfarin/placebo plus warfarin of PD param-
eters and prothrombin INR. a Prothrombin time; b factor VII activ-
ity; ¢ factor II activity; d factor X activity; and e INR by treatment.
The shaded boxes represent the IQR (25th—75th percentiles). The line
inside the box represents the median, and the rhombus inside the box
represents the arithmetic mean. Whiskers represent the maximum

3.3 Sacubitril/Valsartan Study

A total of 30 subjects were included in the PD analysis set.
The safety and PK analysis sets consisted of 32 and 29 sub-
jects, respectively.
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value above 1.5*IQR below the 25th percentile. Symbols outside
the whiskers represent outliers. CIs confidence intervals, /NR inter-
national normalized ratio, IQR interquartile range, PD pharmacody-
namic, /QR interquartile range, AUC4 area under the concentration—
time curve from time zero to 96 h after dosing

3.3.1 Pharmacodynamic Findings

Mean change from baseline and point estimates for the
difference of SV plus vericiguat, and SV plus placebo, for
SBP, DBP, and HR are shown in Table 5. No significant PD
interactions between vericiguat and placebo with SV were
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Table 4 Point estimates for ratios between treatments

--@-- Profile Day 6 (n =23)

Parameter Units n Geometric coefficient Least 90% confidence interval 95% prediction interval
of variation, % squares
mean
Treatment comparison: vericiguat+warfarin/placebo +warfarin
R-warfarin AUC ug-h/L 23 3.56 98.49 96.73-100.29 88.91-109.10
Cnax ug/L 23 7.04 99.44 95.95-103.05 81.22-121.73
S-warfarin AUC ug-h/L 23 4.22 97.75 95.68-99.87 86.57-110.37
Crnax ug/L 23 7.46 98.33 94.67-102.12 79.34-121.86
Treatment comparison: vericiguat+warfarin/vericiguat alone
AUC, 4 ug-h/L 23 5.37 102.98 100.22-105.82 88.24-120.19
Crax.md ug/L 23 9.03 103.43 98.82-108.26 79.79-134.07

AUC area under the concentration—time curve, AUC, ,,,

AUC during any dose interval after multiple doses, C,

'nax MAximum plasma concentra-

tion, C,,,, ,,s maximum observed drug concentration in measured matrix after single-dose administration, after multiple doses
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observed for SBP and HR. DBP was significantly decreased
with SV plus vericiguat compared with SV plus placebo,
by <2 mmHg.

3.3.2 Pharmacokinetic Findings

The concentration—time profiles showed a slight decrease
in vericiguat concentration 2—8 h postdose when adminis-
tered in conjunction with SV (data not shown). The 90%
CIs for the point estimates for the ratio of SV plus veri-
ciguat (day 28) to vericiguat alone (day 1) for AUC,, and
Cnax fell within the prespecified bioequivalence range of
80.0-125.0%, indicating no evidence for an effect of SV
(MDs) on a SD of vericiguat PK (Table 6).

The ratio of vericiguat plus SV (day 41)/SV alone (day
27) indicated an 18.2% increase in the maximum observed
drug concentration (C,,,, ng) Of sacubitril. Exposure and

peak concentration of LBQ657 (sacubitrilat), the active
metabolite of sacubitril, remained virtually unchanged
(Table 6). In the placebo group, a similar but inverse
trend was observed with a decrease in C,, 4 of sacubi-
tril. For valsartan, exposure and peak concentration were
increased with SV plus MDs of vericiguat relative to SV
alone of approximately 12% and 13%, respectively (Table 6).
However, similar increases for valsartan were also seen in
the placebo group (AUC: 20,400 pg-h/L on day 27 and
23,000 pg-h/L on day 41; C, ., mq: 3830 pg/L on day 27 and
4760 pg/L on day 41). The 90% CIs for the ratios of sacu-
bitril and valsartan were within the bioequivalence range of
80.0-125.0%, except for the ratios of C,,, of sacubitril, with
a SD and MDs of vericiguat, and for the ratios of AUC; .4

and C,, 4 of valsartan after MDs of vericiguat.

Table 5 Analysis of change in blood pressure and heart rate from baseline: ‘SV plus vericiguat’ versus ‘SV plus placebo’ treatment groups (PD

analysis set)

Parameter n Mean change from baseline Minimum Maximum
SBP, mmHg

Vericiguat (day 1) 15 4.83 -13.10 40.45
Placebo (day 1) 15 1.44 -17.59 22.04
SV plus vericiguat (day 41) 14 0.05 13.51 26.04
SV plus placebo (day 41) 15 5.35 —19.49 41.04
DBP, mmHg

Vericiguat (day 1) 15 7.93 —4.63 25.98
Placebo (day 1) 15 6.27 -17.72 31.65
SV plus vericiguat (day 41) 14 3.29 -7.33 19.41

SV plus placebo (day 41) 15 7.76 —6.33 23.00
HR, beats/min

Vericiguat (day 1) 15 —8.63 -26.85 8.93
Placebo (day 1) 15 -10.20 -32.67 7.83
SV plus vericiguat (day 41) 14 0.74 —20.04 29.50
SV plus placebo (day 41) 15 1.00 -16.96 19.54
Parameter n Difference between treatments 90% confidence limits, lower/upper p value of

the 7 statistic

Difference between SV plus vericiguat (day 41) vs. SV alone (day 27)

SBP, mmHg 15 —-0.09 -1.15 0.97 0.8849
DBP, mmHg 15 0.06 —-0.83 0.94 0.9106
HR, beats/min 14 0.19 —-0.60 0.99 0.6726
Difference between SV plus vericiguat (day 41) vs. SV plus placebo (day 41)

SBP, mmHg 29 —1.66 —4.22 0.90 0.2779
DBP, mmHg 29 -1.80 -3.24 —-0.36 0.0429
HR, beats/min 29 -0.33 -2.25 1.58 0.7682

One subject in the vericiguat group was not included in the statistical evaluation, as valid PD data for day 40 were not available. Baseline
was calculated as the arithmetic mean of all (four) measurements taken in the seated position within 20 min prior to dose or reference time
point, respectively. Data were analyzed using analysis of covariance, including administration (SV alone or in combination with vericiguat), time
(within the hemodynamic profile), and administration*time effects with baseline SBP, DBP, or HR as a covariate

DBP diastolic blood pressure, HR heart rate, PD pharmacodynamic, SBP systolic blood pressure, SV sacubitril/valsartan
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Table 6 Point estimates and
90% confidence intervals for
ratios of SV plus vericiguat/
vericiguat or SV plus vericiguat/
SV alone for selected PK
parameters of vericiguat,
sacubitril, sacubitrilat, and
valsartan

Analyte Parameters N Point estimate 90% CI CV%

Impact of MDs of SV on vericiguat PK (SV plus vericiguat [day 28, period 2]/vericiguat alone [day 1,
period 1])

Vericiguat AUC,,, pg-h/L 15 92.66 88.81-96.69 6.61

Cpoaxo HE/L 15 90.83 84.23-97.94 11.8

Impact of an SD of vericiguat 2.5 mg on SV PK when SV is at steady state (SV plus vericiguat [day 28]/
SV alone [day 27])

Sacubitril AUC, 5 > ng-h/L 15 103.51 97.14-110.30 9.90
Conaxmas RE/L 15 118.52 94.23-149.08 36.83
Sacubitrilat AUC, 5 s ng-h/L 15 103.32 100.67-106.04 4.04
Conaxmas HE/L 15 103.07 98.35-108.01 7.30
Valsartan AUC, 5 s ng-h/L 15 102.67 89.59-117.66 2143
Conaxmas HE/L 15 102.66 88.90-118.54 22.65

Impact of MDs of vericiguat 2.5 mg (qd) on SV PK when SV is at steady state (SV plus vericiguat [day
41])/SV alone [day 27])

Sacubitril AUC, 4> ng-h/L 14 108.02 99.17-117.65 12.82
Cinax.ma> Hg/L 14 118.22 89.07-156.92 44.27
Sacubitrilat AUC, 4 g-h/L 14 101.27 97.16-105.55 6.19
Cinax.ma> /L 14 101.58 97.08-106.29 6.78
Valsartan AUC, 4> pg-h/L 14 111.68 95.29-130.88 24.04
Cinax.ma> Hg/L 14 112.67 97.57-130.11 21.75

AUC area under the plasma concentration-time curve, AUC, ., AUC during any dose interval after multi-
ple doses, AUC,, AUC from time zero to 24 h after dosing, CI confidence interval, C,,,. maximum concen-
tration in plasma, C,,,, ,, maximum observed drug concentration in measured matrix after multiple-dose
administration during a dosage interval, CV coefficient of variation (intraindividual), MDs multiple doses,

PK pharmacokinetic, gd once daily, SD single dose, SV sacubitril/valsartan

3.3.3 Safety Findings

In total, 19 (59.4%) of the 32 subjects in the safety analysis
had at least one TEAE. Of these, seven subjects (21.9%)
experienced one or more TEAEs, considered to be related to
vericiguat/placebo; 13 subjects (40.6%) had TEAEs related
to SV. The most common overall TEAEs were nervous sys-
tem disorders, reported for 11 subjects (34.4%), especially
headache, reported for seven subjects (21.9%), followed by
biochemical investigations, reported for 10 subjects (31.3%).
Seven subjects received concomitant medication for the
treatment of AEs during the study.

TEAEs were mild (16 subjects, 50.0%) to moderate (three
subjects, 9.4%) in maximum intensity. No SAEs occurred in
the study (Table 7). One subject discontinued the study due to
a TEAE of increased levels of glutamate dehydrogenase related
to SV, which had started before coadministration of vericiguat
and SV. All TEAEs were resolved by the end of the study.

4 Discussion
These three studies in healthy volunteers investigated the

safety and tolerability, as well as the potential PD and PK
interactions, of vericiguat administered with a number of
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drugs commonly used in patients with HF. Combinations of
vericiguat with aspirin, warfarin, or SV were well tolerated,
and no significant or clinically relevant effects on PD or PK
parameters were observed. The studies were in line with US
FDA guidance [27].

Vericiguat 15 mg (SD) alone had no effect on bleeding
time or platelet aggregation. As expected, aspirin treatment
extended bleeding times from baseline measurements, and
combining aspirin with vericiguat had no additional effects
on this parameter. Platelet aggregation decreased relative
to baseline in subjects treated with aspirin, but there was
no change from baseline with vericiguat alone. Moreover,
the combination of aspirin with vericiguat did not decrease
platelet aggregation any further than with aspirin alone, con-
firming a lack of interaction between vericiguat and aspirin,
and that no dose adjustment is required when administered
together. A previous study in mice demonstrated that soluble
guanylate cyclase has an important role in platelet aggrega-
tion [28]. The current findings are in line with a previous
DDI study of another soluble guanylate cyclase stimulator,
riociguat, which likewise demonstrated no clinically relevant
interaction with aspirin [25].

None of the ANOVA analyses supported a difference in
the bioavailability of vericiguat when administered alone or
when coadministered with aspirin. Although the ANOVA for
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Table 7 Summary of subjects with TEAEs in the SV interaction study (safety analysis set, n=32)

Number of subjects with specified Vericiguat Placebo SV 49/51 mg SV SV 97/103 mg bid+ veri- SV 97/103 mg
TEAE 2.5 mg SD SD (n= bid (n=31) 97/103 mg ciguat 2.5 mg qd (n=15) bid+ placebo
(n=16) 16) bid (n=31) (n=15)

Any AE 2 (12.5) 3(18.8) 6(19.4) 12 (38.7) 7 (46.7) 7 (46.7)
Vericiguat-related 0(0.0) 1(6.3) 0(0.0) 0(0.0) 2(13.3) 4(26.7)
SV-related 0(0.0) 0(0.0) 5(16.1) 9 (29.0) 3(20.0) 4(26.7)
Procedure-related 0(0.0) 1(6.3) 0(0.0) 1(3.2) 0(0.0) 0(0.0)

AE-related deaths 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Any SAE 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Discontinuation of vericiguat due to 0(0.0) 0(0.0) 0(0.0) 1(3.2) 0(0.0) 0(0.0)
an AE

Discontinuation of SV due to an AE 0(0.0) 0(0.0) 0(0.0) 1(3.2) 0(0.0) 0(0.0)

Data are expressed as n (%)

AE adverse event, bid twice daily, gd once daily, SAE serious adverse event, SD single dose, SV sacubitril/valsartan, TEAE treatment-emergent

adverse event

the fraction of unbound vericiguat indicated an increase of
unbound drug of approximately 20% after coadministration
with aspirin, this was negligible as the unbound fraction of
vericiguat is approximately 2% with or without administra-
tion of aspirin, indicating coadministration of aspirin had no
effect on the systemic exposure of vericiguat.

As exposure remained unchanged in the warfarin study,
during the first 96 h poststudy drug administration and also
at follow-up, we concluded no short- or long-term PD effect
of MDs of vericiguat on the coagulation inhibition elicited
by an SD of warfarin (on day 6) was observed. The long-
term effects were in line with a previous model, which con-
siders patient genotypes that affect anticoagulant response
and the delay between warfarin exposure and INR response
[29-31].

Similarly, no PK interactions between warfarin and veri-
ciguat were observed after administration of MDs of veri-
ciguat 10 mg with a SD of warfarin 25 mg. All 90% CIs
were within the predefined bioequivalence range of 90% CI
80.0-125.0%, indicating no effect of the combination treat-
ment on the maximum plasma levels and overall exposure
of R- and S-warfarin. These findings are in line with a pre-
vious PK/PD interaction study of riociguat that concluded
riociguat had no clinically relevant interaction with warfarin
[25]. In a similar manner, our results show that warfarin does
not affect the PK of vericiguat.

Because SV is approved for the treatment of HFrEF [11,
12], we investigated the effects of vericiguat on the PD and
PK profile of SV 97/103 mg twice daily. As a proportion of
patients with HFrEF will likely be prescribed SV, there is a
possibility that vericiguat could be coadministered with SV
in future practice. SV acts by inhibiting neprilysin, result-
ing in increased cyclic guanosine monophosphate. Owing to
the involvement of cyclic guanosine monophosphate, com-
mon to the mechanism of action of vericiguat, the potential

for PK and PD DDIs during coadministration of SV and
vericiguat was investigated. The SV interaction study did
not reveal any clinically relevant PD interactions between
vericiguat and SV (at steady state). When SV was coad-
ministered with vericiguat, there was a reduction in DBP
of <2 mmHg compared with SV plus placebo, which is not
clinically relevant. Furthermore, coadministration of veri-
ciguat and SV had no effect on the C,, and AUC of SV or
vericiguat alone. The slight increase in exposure of sacubitril
between days 27 and 41 was likely due to intersubject vari-
ability of sacubitril concentrations as previously described
[32]. With high variability of sacubitril between subjects
during the first hour after SV administration until C,, of
sacubitril and increases in valsartan exposure from days 27
to 41 also seen in the placebo group, neither deviation from
the equivalence range is likely to be related to interactions
with vericiguat. Overall, neither an SD nor MDs of veri-
ciguat 2.5 mg showed a clinically relevant impact on the PK
of SV, nor MDs of SV 97/103 mg on the PK of vericiguat.

5 Conclusions

Coadministration of vericiguat together with SV, aspirin, or
warfarin was well tolerated. Vericiguat, alone or in combina-
tion with aspirin, had no effect on bleeding time or platelet
aggregation, and there was no change in coagulation inhi-
bition when vericiguat was administered with warfarin.
There were no clinically relevant effects of SV, aspirin, or
warfarin on the PK or PD of vericiguat. In addition, there
were no relevant effects of vericiguat on the PK of SV or
warfarin. Together, these findings support concomitant use
of SV, aspirin, or warfarin with vericiguat without the need
for dose adjustment.
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