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Abstract
Background and Objective Vericiguat is approved for the treatment of patients with heart failure with ejection fraction  
< 45%. Sildenafil, indicated for the treatment of erectile dysfunction, is a potential co-medication in male patients. This study 
investigated the safety and tolerability of co-administration of vericiguat and sildenafil in healthy volunteers.
Methods This was a single-center, randomized, placebo-controlled, parallel-group study in 32 healthy white male volunteers. 
Participants received vericiguat 10 mg or placebo once daily for 16 days. Both groups received single doses of sildenafil 
(25 mg, 50 mg, and 100 mg) on days 13–15. Safety, hemodynamic changes, and pharmacokinetic effects were assessed.
Results All subjects in the vericiguat group and seven (43.8%) in the placebo group reported one or more treatment-emergent 
adverse events, all of mild or moderate intensity. Decreases in seated blood pressure (≤ 5.4 mmHg) with the vericiguat-
sildenafil combination compared with placebo-sildenafil were small and there was no evidence of a sildenafil dose-related 
effect. Standing blood pressure and standing and seated heart rate were similar between treatment groups. Co-administration 
of sildenafil did not affect vericiguat pharmacokinetics. A mild increase in sildenafil exposure (≤ 22%) when co-administered 
with vericiguat was observed.
Conclusions Adding single doses of sildenafil to vericiguat 10 mg once daily at steady state was well tolerated and produced 
a minimal reduction in seated blood pressure (≤ 5.4 mmHg) compared with administration of sildenafil alone. There was no 
effect of sildenafil on vericiguat pharmacokinetics, and an increase in sildenafil exposure with vericiguat co-administration 
was not clinically relevant.
Clinical Trial Registration EudraCT no. 2015-004997-14.
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Plain Language Summary
Vericiguat is approved for the treatment of patients with heart failure with reduced ejection fraction. Sildenafil is a treatment 
for erectile dysfunction. This study investigated whether sildenafil was safe to use in individuals treated with vericiguat. In 
total, 32 healthy white male volunteers were randomly allocated to receive either vericiguat 10 mg or placebo once daily for 
16 days. Both groups received single doses of sildenafil (25 mg, 50 mg, and 100 mg) on days 13–15. Co-administration of 
single doses of sildenafil and vericiguat 10 mg was well tolerated. All side effects were of mild or moderate intensity, and 
the addition of sildenafil to vericiguat had a minimal effect on blood pressure. Giving these drugs together did not alter the 
way either drug was absorbed, distributed, or eliminated by the body to a clinically relevant extent.

Key Points 

In this study, conducted in healthy male volunteers, com-
bined treatment with vericiguat and sildenafil was well 
tolerated, with minimal effects on blood pressure and 
heart rate compared with either treatment alone.

Neither medication had a clinically meaningful effect on 
the pharmacokinetics of the other.

Data on the concomitant use of vericiguat and sildenafil 
in patients with heart failure are lacking, and the current 
data alone are insufficient to support their co-administra-
tion.

1 Introduction

Vericiguat is a soluble guanylate cyclase (sGC) stimula-
tor indicated for the treatment of symptomatic chronic 
heart failure (HF) in adult patients with left ventricular 
ejection fraction < 45% who have been stabilized after a 
recent decompensation event requiring intravenous ther-
apy [1, 2]. The European Society of Cardiology recom-
mends that vericiguat may be considered in patients with 
HF with reduced ejection fraction (HFrEF) in New York 
Heart Association class II–IV who have had worsening 
HF despite standard treatment [3]. This recommendation 
was based on the findings from the phase III VICTORIA 
study, which demonstrated that vericiguat 10 mg once 
daily reduced the composite endpoint of death from car-
diovascular causes or hospitalization for HF (hazard ratio, 
0.90; 95% confidence interval [CI] 0.82–0.98; p = 0.02) in 
this patient population [4].

Sildenafil, a phosphodiesterase 5 (PDE5) inhibitor indi-
cated for the treatment of erectile dysfunction at therapeu-
tic doses of 25–100 mg [5, 6], is a potential co-medication 
in male patients receiving vericiguat for the treatment of 
HFrEF. Both vericiguat and sildenafil act on the nitric  
oxide (NO)-sGC-cyclic guanosine monophosphate (cGMP) 
pathway by stimulation of cGMP production (vericiguat) 
[1, 2] and inhibition of cGMP degradation (sildenafil)  

[5, 6]. Therefore, it is of high importance to determine 
whether there is any influence of sildenafil on the safety, 
tolerability, pharmacodynamics (specifically, hemodynam-
ics), and pharmacokinetics of vericiguat. The use of PDE5 
inhibitors was an exclusion criterion in the VICTORIA 
study [4], and unintentional co-administration of sildenafil 
with vericiguat was rare, occurring in only two participants. 
Thus, concomitant use of vericiguat and PDE5 inhibitors, 
such as sildenafil, has not been studied in patients with HF.

In this article, we report the results of a phase I study to 
investigate the safety and tolerability of vericiguat 10 mg  
administered once daily for 16 days and of single doses of 
sildenafil (25–100 mg) co-administered with vericiguat 
10 mg at steady state. The study also assessed any potential 
interaction between steady-state vericiguat and single doses 
of sildenafil on pharmacokinetics and pharmacodynamics 
(hemodynamic parameters). The key objective was to char-
acterize the pharmacodynamic rather than the pharmacoki-
netic interaction between vericiguat and sildenafil because 
previous in vitro and in vivo studies with vericiguat had 
not revealed a potential for clinically relevant drug–drug 
interactions mediated by the metabolic enzymes involved 
in sildenafil metabolism [7, 8], but data on the pharmaco-
dynamic interaction were not available. This article presents 
detailed results of this study, expanding on those previously 
published [7].

2  Materials and Methods

2.1  Study Design

This was a single-center, randomized, placebo-controlled, 
parallel-group study (EudraCT: 2015-004997-14) conducted 
in Germany between 24 February and 6 July, 2016. Investi-
gators, site staff, and participants were blinded with respect 
to treatment with vericiguat or placebo; however, bioanalyti-
cal staff were not blinded.

Participants were randomized to one of two parallel 
groups of 16 subjects each. One group received vericiguat 
10 mg and the other group received placebo once daily 
for 16 days (days 0–15; Fig. 1). Vericiguat or placebo was 
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administered orally as film-coated tablets containing veri-
ciguat 5 mg or corresponding placebo, which were identical 
in appearance (size, color, and shape), and with packaging 
and labeling designed to maintain blinding of the site staff, 
investigator, and participants.

Vericiguat or placebo was administered within 30 min 
(in-house days: days 0, 12, 13, 14, and 15) or within 1 h 
(ambulatory days: days 1–11) after breakfast. Sildenafil 
25 mg, 50 mg, and 100 mg were administered approximately 
2 h after vericiguat/placebo on days 13, 14, and 15, respec-
tively. For vericiguat at steady state, time to achieve maxi-
mum plasma concentration (Cmax) is approximately 4 h after 
intake [1, 2]. For sildenafil, time to achieve Cmax is approxi-
mately 1–2 h [5, 6]. Based on the administration scheme 
used in this study, it was expected that peak values for veri-
ciguat and sildenafil would be reached at approximately the 
same time, maximizing the effect of co-administration on 
safety and pharmacodynamic parameters.

Sildenafil treatment was initiated on day 13 to ensure that 
it was administered at vericiguat hemodynamic steady state. 
Both sildenafil and its active metabolite have a terminal half-
life of about 4 h [5, 6]; therefore, it was possible to adminis-
ter ascending doses of sildenafil on consecutive study days.

2.2  Participants

Healthy white male participants were eligible for inclusion to 
the study if they were ≥ 40 years of age and ≤ 60 years of age 
and had a body mass index ≥ 18.0 kg/m2 and ≤ 29.9 kg/m2. 
Participants were excluded if they had a clinically relevant 
finding on the electrocardiogram (ECG), had systolic blood 
pressure (SBP) < 100 mmHg or > 145 mmHg, had diastolic 
blood pressure (DBP) < 60 mmHg or > 95 mmHg, or heart 
rate (HR) < 50 or > 95 beats per min (bpm). Regular use 
of medication within 4 weeks and any use of medication, 
herbal products, or vitamins within 14 days prior to the first 
study drug administration were prohibited. Regular daily 
consumption of more than ten cigarettes and intake of foods 

and beverages containing grapefruit within 14 days before 
study drug administration were exclusion criteria. A full list 
of inclusion and exclusion criteria is included in Table S1 of 
the Electronic Supplementary Material (ESM).

2.3  Safety

The safety evaluation included assessment of adverse events 
(AEs), clinical laboratory parameters, vital signs, and ECGs. 
Blood and urine samples for clinical laboratory parameters 
(hematology, clinical chemistry, coagulation, and urinaly-
sis) were collected in the fasting state, at screening, prior to 
study drug administration on days 0, 12, 13, 14, and 15, prior 
to breakfast on day 16, and at follow-up. Vital signs and 
ECGs were recorded after 15 min of supine rest at screening, 
prior to and 5.5 h after study drug administration on days 
0, 12 (ECG recorded pre-dose only), 13, 14, and 15, prior 
to breakfast on day 16, and at follow-up. The hemodynamic 
profile was also a measure of safety.

2.4  Pharmacodynamics

A hemodynamic profile including SBP, DBP, and HR, 
recorded after a supine phase of 15 min in seated and stand-
ing (after 2 min) positions, was measured over approximately 
3.75 h, between 1.25 h and approximately 5 h after vericiguat/
placebo administration on days 0, 12, 13, 14, and 15 (Fig. 2).

2.5  Pharmacokinetics

Blood samples for pharmacokinetic assessment of vericiguat 
were collected pre-dose and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 
and 15 h post-dose on days 12, 13, 14, and 15, and on day 
16 (24 h after the last dose of vericiguat/placebo). Blood 
samples for pharmacokinetic assessment of sildenafil were 
collected at 3, 4, 6, 8, 12, and 24 h after administration of 
vericiguat/placebo on days 13, 14, and 15.

Fig. 1  Treatment schedule. aDuring the vericiguat/placebo treatment period, study treatment was administered in the clinic on in-house days and 
was administered by the subject at home on days 1–11
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Blood samples were collected by a member of the inves-
tigator’s team. The amount of blood planned to be drawn 
during the course of this study was less than 500 mL per 
subject within approximately 5–6 weeks. The approximate 
volume was indicated in the subject information sheet and 
consent form.

Quantitative analysis of vericiguat and sildenafil con-
centrations in plasma was performed using fully validated 
assays. The analyses were performed in accordance with the 
US Food and Drug Administration guideline on bioanalyti-
cal validation (2001) [9].

Vericiguat was determined in human lithium heparinized 
plasma after addition of the internal standard  [13C, 2H4] veri-
ciguat and automated protein precipitation using a mixture of 
acetonitrile and ammonium acetate with formic acid in Milli-
Q-type water. Separation was achieved by means of a liquid 
chromatographic system (Column: Synergi Polar-RP, 75 × 4.6 
mm, 4 μm; Analyst 1.6.1; AB Sciex, Framingham, MA, USA). 
For the mass spectrometric detection, a triple quadrupole mass 
spectrometer in positive  TurboIonSprayTM ionization mode 
was applied. The calibration range was from 1.00 μg/L (lower 
limit of quantification [LLOQ]) to 1000 μg/L (upper limit of 
quantification [ULOQ]). Quality control accuracy (calculated 
as percent of nominal) and precision (coefficient of variation) 
were 93.88–101.33% and 1.24–2.58%, respectively. All sam-
ples were stored at − 20 °C and analyzed within 36 days after 
sample collection. The stability data indicated that the analyte 
is stable for this time period. The demonstrated stability is 183 
days at − 20 °C.

Sildenafil concentration was determined in human EDTA 
K3 plasma after addition of the internal standard sildena-
fil-d8 and liquid-liquid extraction with methyl tert-butyl 
ether. Separation was achieved by means of a liquid chro-
matographic system (Column: ACE 3 C18, 50 × 4.6 mm, 
3 μm; Analyst 1.6.1, AB Sciex). For the mass spectrometric 

detection, a triple quadrupole mass spectrometer in posi-
tive TurboIonSpray™ ionization mode was applied. 
The calibration range was from 0.200 μg/L (LLOQ) to  
250 μg/L (ULOQ). Quality control accuracy and precision 
were 97.60–103.50% and 2.72–7.81%, respectively. All sam-
ples were stored at − 20 °C and analyzed within 38 days 
after sample collection. The stability data indicated that the 
analyte is stable for this time period. The demonstrated sta-
bility is 55 days at − 20 °C.

Pharmacokinetic parameters were calculated with Win-
Nonlin (versions 5.3 or higher; Pharsight Corporation, 
Mountain View, CA, USA) and included area under the con-
centration versus time curve, Cmax, time to achieve Cmax, and 
elimination half-life.

2.6  Follow‑Up

Participants attended a follow-up visit within 7 days of the 
last study drug administration. During this visit, participants 
received a full physical examination including an ECG, 
assessment of blood pressure (BP) and HR, and blood and 
urine safety analyses. They were also questioned about AEs 
they had experienced.

2.7  Statistical Analysis

Evaluation of the safety and tolerability of vericiguat 10 mg 
once daily, and of single doses of sildenafil 25 mg, 50 mg, 
and 100 mg co-administered with steady-state vericiguat, 
was the primary objective of the study. All subjects who 
received at least one dose of the study medication were 
included in the safety evaluation. The incidence and inten-
sity of treatment-emergent AEs (TEAEs), serious AEs, 
and drug-related AEs were summarized according to the 
Medical Dictionary for Regulatory Activities, version 19.0. 

Fig. 2  Schedule of hemody-
namic profiling. Timepoints 
refer to vericiguat/placebo 
administration. Arrows indicate 
times of blood pressure/heart 
rate assessment. Sildenafil was 
administered only on days 13, 
14, and 15, 2 h after vericiguat 
administration. *Assess-
ments that contributed to the 
hemodynamic reference value 
(‘baseline’). BP blood pressure, 
h hours, HR heart rate, min 
minutes
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Adverse events were treatment-emergent if they started or 
worsened after the first administration of treatment, up to 
30 days after the end of treatment. For each TEAE, the 
investigator reported whether they considered it related to 
the study medication.

All subjects with evaluable pharmacodynamic data and 
without major protocol deviations affecting the pharmaco-
dynamic validity were included in the evaluation of pharma-
codynamics. The hemodynamic reference values for changes 
in BP or HR (designated as ‘baseline’) were the mean of 
the four values of seated assessments taken in the 2 h after 
administration of vericiguat or placebo, which occurred 
prior to the planned time of administration of sildenafil on 
days 13, 14, and 15. The change in seated SBP, DBP, and 
HR at each timepoint within the hemodynamic profile after 
the sildenafil dose were analyzed by an analysis of covari-
ance (ANCOVA) including effects for treatment (vericiguat 
or placebo), time, and treatment by time, and baseline SBP, 
DBP, or HR as a covariate. The ANCOVA was performed 
separately for each of the three sildenafil doses. In addi-
tion, the maximum decrease in seated SBP or DBP and the 
maximum increase in seated HR after administration of 
each sildenafil dose were analyzed by ANCOVA including 
an effect for treatment (vericiguat or placebo) and includ-
ing baseline SBP, DBP, or HR as a covariate, performed 
separately for each dose of sildenafil. Point estimates (least 
squares means) and exploratory 90% CIs and p-values for 
the main effect across all timepoints (differences of ‘veri-
ciguat + sildenafil’ and ‘placebo + sildenafil’) were calcu-
lated. For mean changes (using area under the concentration 
versus time curve) of SBP, DBP, and HR, point estimates 
and exploratory 90% CIs were calculated by treatment and 
dose of sildenafil. Blood pressure and HR measurements 
from the standing BP procedure were analyzed separately 
and presented as summary descriptive statistics.

All subjects with a valid vericiguat profile (≥ two-thirds 
of individual values > LLOQ) on day 12 and at least one 
valid profile of both vericiguat and sildenafil on days 13, 14, 
or 15 were included in the evaluation of vericiguat pharma-
cokinetics. The main pharmacokinetic parameters of veri-
ciguat (area under the concentration versus time curve from 
0 to 24 h [AUC (0–24)] and Cmax) were analyzed assuming log-
normally distributed data. The logarithms of these param-
eters were analyzed using an analysis of variance (ANOVA) 
including effects for administration (vericiguat alone or in 
combination) and subject. Point estimates (least squares 
mean parameters), exploratory 90% CIs, and 95% predic-
tion intervals for the ratios ‘vericiguat + 25 mg sildenafil/
vericiguat alone’, ‘vericiguat + 50 mg sildenafil/vericiguat 
alone’, and ‘vericiguat + 100 mg sildenafil/vericiguat alone’ 
were back-transformed from logarithmic data to the original 
scale. For the calculation of 90% CIs and 95% prediction 

intervals, the intra-individual standard deviation from the 
ANOVA was used.

All subjects with at least one valid sildenafil profile (in 
the vericiguat group, along with a valid vericiguat profile; 
≥ two-thirds of individual values were > LLOQ) were 
included in the evaluation of sildenafil pharmacokinetics. 
The pharmacokinetic parameters of area under the concen-
tration versus time curve from 0 to 22 h (AUC (0–22)) and 
Cmax of sildenafil were analyzed assuming log-normally dis-
tributed data. The logarithms of these parameters were ana-
lyzed separately for each sildenafil dose using an ANOVA 
including a treatment effect. Based on these analyses, point 
estimates (least squares mean), exploratory 90% CIs, and 
95% prediction intervals for the ratios ‘vericiguat + 25 mg 
sildenafil/placebo + 25 mg sildenafil’, ‘vericiguat + 50 mg 
sildenafil/placebo + 50 mg sildenafil’, and ‘vericiguat + 100 
mg sildenafil/placebo + 100 mg sildenafil’ were calculated 
by re-transformation of the logarithmic results obtained from 
the ANOVA. Statistical analyses were performed using SAS 
release 9.2 (SAS Institute, Cary, NC, USA).

For treatment with vericiguat in comparison with pla-
cebo, a sample size of 24 subjects (12 per treatment group) 
was calculated to have 94% power to detect a 10-mmHg 
difference in the sildenafil-induced decrease in SBP. The 
common standard deviation was assumed to be 6.65 mmHg 
for all SBP measurements within a 4-h time window after 
dosing (including a Schellong test), as observed in a previ-
ous trial (BAY 1021189/15357), in which multiple doses of 
vericiguat 10 mg were administered once daily. This sample 
size estimation was applicable for a one-way ANCOVA with 
a significance level alpha = 0.05. The calculation was con-
ducted using  SAS® Proc Power (SAS Institute). Thus, a total 
of 32 subjects (16 subjects per treatment group) were to be 
treated to ensure that a minimum number of 24 subjects (12 
subjects per treatment group) would complete study treat-
ments and supply valid data.

3  Results

Subject disposition is shown in Fig. S1 of the ESM. Of 58 
screened subjects, 32 white male subjects were randomized 
to either treatment with vericiguat and sildenafil (n = 16) 
or placebo and sildenafil (n = 16). All randomized subjects 
received at least one dose of the study medication (either 
placebo or vericiguat); therefore, all 32 subjects were 
included in the safety analysis set.

Overall, 31 subjects completed the study as planned (16 
in the placebo group and 15 in the vericiguat group). One 
subject in the vericiguat group discontinued treatment with 
vericiguat and sildenafil on day 14 because of a TEAE (mod-
erate headache related to both vericiguat and sildenafil). One 
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additional subject (vericiguat group) discontinued treatment 
with sildenafil (but not vericiguat) on day 15 because of 
a TEAE (increased creatine kinase). Sixteen subjects were 
included in the pharmacokinetic analysis set for vericiguat. 
All 32 subjects were included in the pharmacokinetic analy-
sis set for sildenafil.

3.1  Demographics

Demographics and baseline values are shown in Table 1. 
There were no clinically relevant differences in demograph-
ics between the vericiguat and placebo groups.

3.2  Safety

Table 2 shows the incidence of TEAEs overall and for the 
treatment groups separately. All subjects in the vericiguat 

group and seven (43.8%) subjects in the placebo group 
reported at least one TEAE (mild-to-moderate intensity). 
At least one vericiguat-related TEAE was reported in ten 
(62.5%) subjects randomized to vericiguat and one (6.3%) 
subject randomized to placebo (all mild or moderate in 
intensity). Fourteen (87.5%) subjects randomized to veri-
ciguat and six (37.5%) randomized to placebo had at least 
one sildenafil-related TEAE. No deaths or serious AEs 
were reported. All AEs resolved by the end of the study.

A summary of TEAEs reported per group and the dose 
of sildenafil is presented in Table S2 of the ESM. The inci-
dence of TEAEs did not increase with the dose of sildenafil 
in either the vericiguat or placebo groups. Gastrointestinal 
disorders were the most frequently reported TEAEs dur-
ing days 0–12 in the vericiguat group, occurring in 31.3% 
of subjects, with dyspepsia occurring in 25.0%. Nervous 
system disorders were the most frequently reported TEAEs 
during treatment with sildenafil (days 13–15); the most 
frequent being headache (up to 21.4% of subjects in the 
vericiguat group and up to 6.3% in the placebo group) or 
head discomfort (up to 13.3% of subjects in the vericiguat 
group and up to 6.3% in the placebo group). There were no 
clinically relevant changes in safety laboratory parameters 
with vericiguat-sildenafil co-administration.

Systolic blood pressure of < 90 mmHg during the 
hemodynamic profile was reported for two subjects in 
the vericiguat group (one associated with a vericiguat- 
and sildenafil-related headache of mild intensity) and for 
one subject in the placebo group. There were no relevant 
effects of vericiguat or vericiguat + sildenafil on ECG 
parameters, including the QT interval.

Table 1  Demographic and baseline values

SD standard deviation

Parameter Vericiguat + 
sildenafil  
(n = 16)

Placebo + 
sildenafil  
(n = 16)

Total (N = 32)

Age, years
  Mean (range) 51.3 (40–60) 49.1 (41–56) 50.2 (40–60)
Weight, kg
  Mean ± SD 81.3 ± 8.9 83.2 ± 9.5 82.3 ± 9.1
Height, cm
  Mean ± SD 180.3 ± 4.8 178.5 ± 6.6 179.4 ± 5.8
Body mass index, 

kg/m2

  Mean ± SD 25.0 ± 2.5 26.1 ± 2.5 25.6 ± 2.5

Table 2  TEAEs by treatment

AE adverse event, TEAE treatment-emergent adverse event

Vericiguat + silde-
nafil (n = 16)

Placebo + silde-
nafil (n = 16)

Total (N = 32)

Number (%) with at least one TEAE 16 (100.0) 7 (43.8) 23 (71.9)
  Vericiguat-related TEAE 10 (62.5) 1 (6.3) 11 (34.4)
  Sildenafil-related TEAE 14 (87.5) 6 (37.5) 20 (62.5)
Maximum TEAE intensity
  Mild 13 (81.3) 7 (43.8) 20 (62.5)
  Moderate 3 (18.8) 0 3 (9.4)
Maximum intensity of vericiguat-related TEAE
  Mild 7 (43.8) 1 (6.3) 8 (25.0)
  Moderate 3 (18.8) 0 3 (9.4)
Maximum intensity of sildenafil-related TEAE
  Mild 11 (68.8) 6 (37.5) 17 (53.1)
  Moderate 3 (18.8) 0 3 (9.4)
Discontinuation of vericiguat due to AE 1 (6.3) 0 1 (3.1)
Discontinuation of sildenafil due to AE 1 (6.3) 0 1 (3.1)
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3.3  Hemodynamic Profile

3.3.1  Effect of Vericiguat (Day 0 to Day 12)

Mean seated SBP, DBP, and HR over the hemody-
namic profile on day 0 and day 12 are shown in Fig. S2 
in the ESM. There was a small decrease in mean SBP 
between day 0 (first dose) and day 12 (steady state) in 
the vericiguat group that was not observed in the placebo 
group (mean change in reference SBP, − 3.7 mmHg and  
− 0.4 mmHg, respectively). Consistent findings were 
observed for mean DBP (mean change in reference DBP, 
− 1.7 mmHg for vericiguat and − 0.7 mmHg for pla-
cebo). Mean HR also demonstrated a small mean decrease 
between day 0 and day 12 in the vericiguat group but 
not the placebo group (mean change in reference HR, 
 − 3.3 bpm and − 0.7 bpm, respectively).

Minimum SBP when standing and maximum SBP 
when seated or standing were similar on day 0 (veri-
ciguat, 97 mmHg and 143 mmHg; placebo, 91 mmHg and  
148 mmHg, respectively) and day 12 (vericiguat,  
93 mmHg and 141 mmHg; placebo, 91 mmHg and  
145 mmHg, respectively). Standing HR was similar 
between the vericiguat and placebo groups and between 
day 0 (vericiguat, 54–108 bpm; placebo, 47–118 bpm) 
and day 12 (vericiguat, 53–102 bpm; placebo, 46–124 
bpm).

3.3.2  Effect of Sildenafil

Mean decreases from baseline in BP of ≤ 5.3 mmHg were 
observed after single doses of sildenafil on days 13–15 in 
the placebo group, in contrast to mean increases of up to 
9.8 mmHg on days 0 and 12. Mean maximum decreases in 
BP were ≤ 11.0 mmHg on days 13–15 and ≤ 7.7 mmHg on 
days 0 and 12 in the placebo group. The BP-reducing effect 
of sildenafil showed no clear dose dependency. In the pla-
cebo group, the mean decrease in HR on day 0 (11.4 bpm) 
and day 12 (11.7 bpm) was similar, and the mean decrease 
in HR ranged between 4.7 and 8.0 bpm after single doses of 
sildenafil on days 13–15.

3.3.3  Vericiguat + Sildenafil Treatment Period (Day 13 
to Day 15)

Mean SBP decreased from baseline in the vericiguat group 
when co-administered with sildenafil 25 mg and 100 mg, 
as indicated by the 90% CIs being entirely below zero 
(Table 3). Mean HR decreased in the vericiguat group when 
co-administered with sildenafil 25 mg and in the placebo 
group when co-administered with sildenafil 25 mg and  
50 mg.

Except for SBP for the sildenafil 50-mg dose, point esti-
mates for the difference in seated BP parameters between 
vericiguat and placebo were negative (Table 4), indicating 
a decrease in BP in the vericiguat group compared with 

Table 3  Assessment of mean 
change (using area under the 
concentration versus time 
curve) from baseline in seated 
hemodynamic parameters

CI confidence interval, DBP diastolic blood pressure, HR heart rate, LS least squares, SBP systolic blood 
pressure

Parameter Treatment Day Sildenafil 
dose (mg)

n Point estimate 
(LS mean)

90% CI

Lower Upper

SBP (mmHg*h) Vericiguat + sildenafil 13 25 16 − 11.84 − 17.22 − 6.46
14 50 15 3.90 − 1.67 9.48
15 100 14 − 9.62 − 16.45 − 2.80

Placebo + sildenafil 13 25 16 − 3.36 − 8.74 2.02
14 50 16 − 5.34 − 10.74 0.06
15 100 16 − 2.25 − 8.63 4.14

DBP (mmHg*h) Vericiguat + sildenafil 13 25 16 − 1.99 − 6.49 2.51
14 50 15 − 1.82 − 6.67 3.04
15 100 14 − 4.25 − 9.45 0.95

Placebo + sildenafil 13 25 16 − 2.39 − 6.89 2.11
14 50 16 0.16 − 4.54 4.87
15 100 16 − 2.43 − 7.29 2.43

HR (beats*h/min) Vericiguat + sildenafil 13 25 16 − 5.54 − 10.74 − 0.35
14 50 15 − 4.38 − 8.82 0.06
15 100 14 − 1.68 − 7.95 4.59

Placebo + sildenafil 13 25 16 − 7.96 13.16 − 2.76
14 50 16 − 6.60 − 10.90 − 2.30
15 100 16 − 4.68 − 10.54 1.19
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placebo, which was statistically significant for SBP on day 
13 (sildenafil 25 mg) and DBP on day 14 (sildenafil 50 mg). 
There were no relevant differences between the vericiguat 
and placebo groups in change in seated HR. For maximum 
decrease in seated BP, all point estimates for the difference 
between vericiguat and placebo were negative (Table S3 in 
the ESM). The decrease in the vericiguat group compared 
with placebo was statistically significant for SBP on days 13 
and 15 (sildenafil 25 mg and 100 mg). No relevant differ-
ences between the vericiguat and placebo groups in maxi-
mum increase in seated HR were observed.

Minimum standing SBP was similar between treatments 
and across days 13–15 (vericiguat, 81–91 mmHg; placebo, 
88–91 mmHg). Maximum SBP (standing or seated) dur-
ing days 13–15 ranged between 138 and 149 mmHg in the 
vericiguat group and between 144 and 157 mmHg in the 
placebo group. The range of standing HR values was similar 
between treatments and between day 13 (vericiguat, 54–114 
bpm; placebo, 51–119 bpm) and day 14 (vericiguat, 54–119 
bpm; placebo, 46–113 bpm), and was somewhat larger for 
vericiguat (53–127 bpm) than for placebo (47–115 bpm) 
on day 15.

3.4  Pharmacokinetics

The geometric mean plasma vericiguat concentration versus 
time profiles (0–24 h post-dose) for the four pharmacoki-
netic profiling days (days 12–15) were very similar. Profiles 
for day 12 (vericiguat steady state) and day 15 (vericiguat 
steady state + sildenafil 100 mg) are shown in Fig. 3. Plasma 
concentration increased rapidly after administration of veri-
ciguat, and Cmax values were reached about 3 h post-admin-
istration, followed by a slow decline in the terminal phase. 
The ANOVA of pharmacokinetic parameters showed no evi-
dence of dose-related effects of sildenafil (25 mg, 50 mg, 
or 100 mg) on either the AUC (0–24) after a multiple dose of 
vericiguat, which changed by + 0.5%, − 4.3%, and − 0.7%, 

respectively, or on Cmax after a multiple dose of vericiguat, 
which changed by + 1.5%, − 8.9%, and − 3.0%, respectively 
(Table S4 in the ESM).

The geometric mean plasma sildenafil concentration ver-
sus time profiles (0–22 h post-dose) for sildenafil 100 mg 
co-administered with vericiguat and placebo (day 15) are 
shown in Fig. 4. Co-administration with vericiguat increased 
the amount of time required to achieve the geometric mean 
Cmax of sildenafil, from the first sampling point (1 h) to the 
second point (2 h). However, the terminal phase of the con-
centration versus time profiles for sildenafil was similar with 
or without vericiguat. Similar differences in the pharmacoki-
netic profiles between vericiguat and placebo were observed 
for sildenafil 25 mg and sildenafil 50 mg. Area under the 
concentration versus time curve from 0 to 22 h for sildenafil 
25 mg, 50 mg, and 100 mg increased with co-administration 
of vericiguat by 22.4%, 17.1%, and 13.0%, respectively, and 
Cmax increased by 14.2%, 20.4%, and 17.1%, respectively 
(Table S5 in the ESM).

4  Discussion

In this phase I study in healthy white male subjects, co-
administration of vericiguat 10 mg once daily at steady state 
and sildenafil 25–100 mg was well tolerated. Co-administra-
tion was not associated with clinically significant reductions 
in seated BP compared with sildenafil and placebo. No effect 
of sildenafil on vericiguat pharmacokinetic parameters was 
observed; however, a mild increase in sildenafil exposure 
was noted when co-administered with vericiguat.

Although both vericiguat-related and sildenafil-related 
TEAEs were more common in the vericiguat group than 
with placebo, TEAEs were mostly of mild intensity (veri-
ciguat, 81.3%; placebo, 100%) and all resolved by the end of 
the study. The most common TEAEs associated with veri-
ciguat administered alone (days 0–12) were gastrointestinal 

Table 4  Analysis of covariance 
results of change in seated 
hemodynamic parameters

bpm beats per minute, CI confidence interval, DBP diastolic blood pressure, HR heart rate, LS least 
squares, SBP systolic blood pressure

Parameter Day Sildenafil 
dose (mg)

n LS mean difference 
‘vericiguat-placebo’

90% CI p-value

Lower Upper

SBP (mmHg) 13 25 32 − 3.55 − 5.88 − 1.21 0.0154
14 50 31 1.36 − 0.99 3.72 0.3334
15 100 30 − 2.38 − 5.31 0.55 0.1782

DBP (mmHg) 13 25 32 − 1.39 − 3.29 0.52 0.2259
14 50 31 − 2.24 − 4.06 − 0.43 0.0444
15 100 30 − 1.92 − 4.28 0.45 0.1786

HR (bpm) 13 25 32 0.96 − 1.31 3.23 0.4791
14 50 31 0.81 − 1.15 2.76 0.4885
15 100 30 1.38 − 1.42 4.17 0.4097
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disorders, followed by respiratory disorders and investiga-
tions, then headache. The vericiguat AE profile was gener-
ally consistent with that observed in patients with HFrEF in 
the VICTORIA trial and in previous phase I trials, in which 
the most commonly reported TEAEs were of mild or moder-
ate intensity, with most comprising nervous system disor-
ders, such as headache, gastrointestinal disorders, respiratory 
disorders, or postural dizziness [4, 10], consistent with the 
mode of action of vericiguat. Treatment-emergent adverse 
events associated with sildenafil included respiratory and 
nervous system disorders, which are consistent with the 
known AE profile of sildenafil [5]. The incidence of nerv-
ous system disorders was higher in the vericiguat group than 
in the placebo group during the sildenafil treatment days. 
The frequency of TEAEs did not increase with an increasing 
sildenafil dose when co-administered with vericiguat.

Changes in BP at steady-state vericiguat were similar to 
those previously reported in healthy subjects [10] and in 
patients with HFrEF [4], with slight reductions in SBP and 
DBP observed compared with the first dose of vericiguat. 
Small reductions from baseline in HR were observed with 
vericiguat, in contrast to increases of 4–10 bpm reported 
in healthy subjects administered vericiguat 5–15 mg over 

several days [10]. The mean maximum decrease in BP 
with sildenafil was ≤ 11.0 mmHg, slightly higher than that 
reported previously in healthy volunteers (SBP, 8.3 mmHg; 
DBP, 5.3 mmHg) [5].

Mean and maximum decreases in seated BP with the 
vericiguat-sildenafil combination compared with placebo-
sildenafil were small (≤ 5.4 mmHg), but statistically signifi-
cant in some cases. Both compounds stimulate the NO-sGC-
cGMP pathway, affecting smooth muscle cells, which results 
in vasorelaxation [11]. Generally, these small decreases in 
BP were not associated with orthostatic symptoms, as indi-
cated by TEAEs, and therefore, were not considered clini-
cally significant. There was no evidence of a sildenafil dose-
related effect.

Pharmacokinetic parameters of vericiguat and sildena-
fil were in line with those previously reported in healthy 
subjects [5, 10]. Comparison of the pharmacokinetic pro-
files of vericiguat on days 12–15 revealed no evidence of 
an effect on pharmacokinetic parameters of co-adminis-
tration of sildenafil 25–100 mg. There was an ~ 13–22% 
increase in AUC (0–22) and an ~ 14–20% increase in Cmax for 
sildenafil in the vericiguat group compared with the pla-
cebo group. This mild increase in sildenafil exposure when 
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co-administered with vericiguat was not considered clini-
cally relevant. In a study carried out to examine the effect of 
smoking cigarettes and/or cannabis on the pharmacokinetics, 
pharmacodynamics, safety, and tolerability of sildenafil, it 
was found that cigarette smoking increases the exposure of 
sildenafil significantly, with no effect on its pharmacody-
namics, safety, and tolerability [12]. These findings suggest 
that smoking induces interleukin-6 expression, which, in 
turn, downregulates liver cytochrome P450 3A4, the main 
enzyme responsible for sildenafil metabolism. Therefore, the 
pharmacokinetic alteration of sildenafil exposure in ciga-
rette smokers in that study was probably due to the effect 
of smoking on the hepatic metabolism of sildenafil, which 
is mediated by cytochrome P450 3A4 [12]. In vitro studies 
and phase I drug–drug interaction studies of vericiguat with 
other potential co-medications (omeprazole, magnesium/
aluminum hydroxide, ketoconazole, rifampicin, mefenamic 
acid, midazolam, warfarin, digoxin, sacubitril/valsartan, and 
aspirin) have demonstrated a low pharmacokinetic interac-
tion potential of vericiguat [7].

Vericiguat belongs to the same class of compound as 
riociguat, a sGC stimulator approved for the treatment of 
two types of pulmonary hypertension, pulmonary arterial 

hypertension and chronic thromboembolic pulmonary hyper-
tension [13]. Both have a dual mode of action, sensitizing 
sGC to the body’s own NO and also increasing sGC activity 
in the absence of NO, to cause vasorelaxation, anti-prolifer-
ation, and anti-fibrotic effects [2, 13].

The pharmacodynamic effects of vericiguat and riociguat 
are related to their plasma concentrations; however, the 
pharmacodynamic effects of riociguat are more pronounced 
at clinical doses. Compared with vericiguat, riociguat dem-
onstrates a more rapid onset of action (Cmax at 1–1.5 h after 
intake) and a shorter half-life (7–12 h) [13] that necessitates 
three-times daily administration to achieve stable plasma 
concentrations and continuous efficacy and safety for the 
treatment of pulmonary arterial hypertension and chronic 
thromboembolic pulmonary hypertension. Owing to its 
longer half-life (~ 20–30 h) and less rapid onset (~ 4 h after 
intake with food as recommended), vericiguat is given once 
daily, resulting in fewer fluctuations in plasma concentra-
tions [2]. This may account for the lack of clinically relevant 
hypotension observed with vericiguat when co-administered 
with sildenafil in this study.

Phosphodiesterase 5 inhibitors, including sildenafil and 
tadalafil, are also approved for the treatment of pulmonary 
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hypertension [14]. Although guidelines recommend combi-
nation therapy with different drug classes to treat pulmonary 
hypertension [14], co-administration of riociguat and PDE5 
inhibitors is contraindicated because of an increased risk of 
hypotension [13, 14]. This recommendation is based on the 
findings of the PATENT PLUS study, which assessed the 
safety and efficacy of the concomitant use of riociguat (indi-
vidualized dose titration regimen 1.0–2.5 mg) and sildenafil 
(20 mg three times daily) in patients with pulmonary arterial 
hypertension [15]. In the initial 12-week study, there was 
no statistically significant difference in change in BP with  
riociguat compared with placebo; however, standing SBP 
after dosing at 12 weeks was approximately 10 mmHg lower 
in the riociguat group than with placebo, and no clear ben-
efits in exploratory efficacy variables, including the 6-min 
walking distance, were observed [15]. In the PATENT PLUS 
long-term extension study, riociguat in combination with 
sildenafil was associated with high rates of discontinuation 
due to hypotension [15]. Given the lack of evidence of a 
favorable clinical effect (in terms of the 6-min walking dis-
tance), the benefit:risk balance of the combination was not 
positive, and the study was terminated.

Our study demonstrated that co-administration of veri-
ciguat and sildenafil was generally well tolerated in healthy 
volunteers and was not associated with clinically signifi-
cant reductions in SBP and DBP. However, experience with 
vericiguat and PDE5 inhibitors in the HFrEF population 
is lacking as no dedicated studies of co-administration of 
vericiguat and sildenafil in patients with HFrEF have been 
performed. Our study was conducted in parallel with the 
VICTORIA trial [4]; therefore, VICTORIA prohibited the 
use of PDE5 inhibitors because of the absence of data on 
the vericiguat-sildenafil interaction at the start of the trial. 
Unintentional co-administration of vericiguat and sildenafil 
was rare (only two subjects); therefore, no conclusions can 
be drawn regarding the safety or efficacy of the combina-
tion in patients with HFrEF from VICTORIA. The absence 
of such data means the concomitant use of vericiguat and 
PDE5 inhibitors is not recommended, owing to the poten-
tially increased risk for symptomatic hypotension; however, 
there are insufficient data to support a contraindication. Our 
findings suggest the risk of symptomatic hypotension may 
be lower for vericiguat-sildenafil than riociguat-sildenafil 
co-administration, and this warrants further study.

5  Conclusions

In this phase I study, addition of single doses of sildenafil 
(25 mg, 50 mg, or 100 mg) to vericiguat 10 mg once daily 
at steady state was associated with small mean and maxi-
mum decreases in seated BP (≤ 5.4 mmHg) compared with 

administration of sildenafil and placebo. No dose-dependent 
trend was observed with sildenafil and the vericiguat-silde-
nafil combination was well tolerated.

Co-administration of sildenafil did not affect the exposure 
(AUC (0–24) and Cmax) of vericiguat. A mild increase in silde-
nafil exposure (AUC (0–22) and Cmax), of no clinical relevance, 
was observed when combined with vericiguat.

Although the study revealed no clinically relevant effects 
of co-administration of vericiguat and sildenafil on the 
safety, hemodynamic effects, or pharmacokinetics of either 
agent, the concomitant use of vericiguat and PDE5 inhibitors 
remains contraindicated, owing to the potential increased 
risk for symptomatic hypotension, because of a lack of data 
in patients with HF.
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