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BACKGROUND: Although safety and tolerability of vericiguat were established in the VICTORIA (Vericiguat Global Study in
Subjects With Heart Failure With Reduced Ejection Fraction) trial in patients with heart failure with reduced ejection fraction,
some subgroups may be more susceptible to symptomatic hypotension, such as older patients, those with lower baseline
systolic blood pressure (SBP), or those concurrently taking angiotensin receptor neprilysin inhibitors. We described the SBP
trajectories over time and compared the occurrence of symptomatic hypotension or syncope by treatment arm in potentially
vulnerable subgroups in VICTORIA. We also evaluated the relation between the efficacy of vericiguat and baseline SBP.

METHODS AND RESULTS: Among patients receiving at least 1 dose of the study drug (=5034), potentially vulnerable subgroups were
those >75 years old (n=1395), those with baseline SBP 100-110 mm Hg (n=1344), and those taking angiotensin receptor neprilysin
inhibitors (n=730). SBP trajectory was plotted as mean change from baseline over time. The treatment effect on time to sympto-
matic hypotension or syncope was evaluated overall and by subgroup, and the primary efficacy composite outcome (heart failure
hospitalization or cardiovascular death) across baseline SBP was examined using Cox proportional hazards models. SBP trajecto-
ries showed a small initial decline in SBP with vericiguat in those >75 years old (versus younger patients), as well as those receiving
angiotensin receptor neprilysin inhibitors (versus none), with SBP returning to baseline thereafter. Patients with SBP <110 mm Hg at
baseline showed a trend to increasing SBP over time, which was similar in both treatment arms. Safety event rates were generally
low and similar between treatment arms within each subgroup. In Cox proportional hazards analysis, there were similar numbers
of safety events with vericiguat versus placebo (adjusted hazard ratio [HR], 1.18; 95% Cl, 0.99-1.39; P=0.059).

No difference existed between treatment arms in landmark analysis beginning after the titration phase (ie, post 4 weeks)
(adjusted HR, 1.14; 95% ClI, 0.93-1.38; P=0.20). The benefit of vericiguat compared with placebo on the primary composite
efficacy outcome was similar across the spectrum of baseline SBP (P for interaction=0.32).

CONCLUSIONS: These data demonstrate the safety of vericiguat in a broad population of patients with worsening heart failure
with reduced ejection fraction, even among those predisposed to hypotension. Vericiguat’s efficacy persisted regardless of
baseline SBP.

REGISTRATION: URL: https:/www.clinicaltrials.gov; Unique identifier: NCT02861534.
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CLINICAL PERSPECTIVE
What Is New?

e Consistent with the safety and tolerability of
vericiguat observed in the overall VICTORIA
(Vericiguat Global Study in Subjects With Heart
Failure With Reduced Ejection Fraction) trial,
there were no excessive reductions in blood
pressure with vericiguat across subgroups rep-
resenting potentially vulnerable patients predis-
posed to blood pressure decreases, such as
older patients, those with lower baseline blood
pressure, and patients receiving concurrent an-
giotensin receptor neprilysin inhibitors.

e The benefit of vericiguat was consistent
across baseline systolic blood pressure (P for
interaction=0.32).

What Are the Clinical Implications?

e Along with prior evidence of benefit with veri-
ciguat regardless of age and background
therapy, our findings indicate the favorable
benefit-to-risk ratio of vericiguat extends to pa-
tients potentially predisposed to blood pressure
decreases.

Nonstandard Abbreviations and Acronyms

ARNI angiotensin receptor neprilysin
inhibitors

CHAMP-HF Change the Management of
Patients with Heart Failure

HFrEF heart failure with reduced ejection
fraction

SBP systolic blood pressure

SGLT2i sodium glucose cotransporter-2
inhibitors

VICTORIA Vericiguat Global Study in Subjects

With Heart Failure With Reduced
Ejection Fraction

predictor of underuse or under-dosing of neurohor-
monal antagonists in eligible patients." Although hypo-
tensive patients should be evaluated for dehydration/
overdiuresis with consideration of reducing or remov-
ing medications causing hypotension without survival
benefit, it should also be emphasized that applica-
tion of guideline-directed medical therapies has been
shown to improve clinical outcomes in HFrEF despite
lowering SBP. Physicians must therefore balance the
risk of hypotension with the expected longer-term ther-
apeutic benefits because withholding effective thera-
pies for this reason may contribute to poor prognosis
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among patients with HFrEF. Indeed, even when SBP
is not limiting, further data from CHAMP-HF suggest a
reluctance of physicians to prescribe or up-titrate ben-
eficial, but potentially hypotensive-inducing agents, in
the absence of other contraindications.? Newer effec-
tive therapies in HFrEF that may lower SBP, such as
angiotensin receptor-neprilysin inhibitors (ARNI),® fur-
ther complicate management of patients with HFrEF
given their advanced age, frequent comorbidities, and
multiple concomitant medications.

Recently, the VICTORIA (Vericiguat Global Study
in Subjects With Heart Failure With Reduced Ejection
Fraction) trial randomized 5050 patients within
6 months of worsening HFrEF to the soluble gua-
nylate cyclase stimulator vericiguat or placebo on
top of high use of contemporary guideline-directed
medical therapy and showed that vericiguat signifi-
cantly reduced the risk for the primary outcome of HF
hospitalization or cardiovascular death over a median
follow-up of 10.8 months (hazard ratio [HR], 0.90;
95% ClI, 0.82-0.98).* Prespecified adverse events
of interest were symptomatic hypotension and syn-
cope, which occurred in 9.1% versus 7.9% (P=0.12),
and 4.0% versus 3.5% (P=0.30) of the vericiguat ver-
sus placebo groups, respectively. Although these
safety and tolerability results were reassuring for the
use of vericiguat in the overall studied population, it
seems likely that there may be some patients who are
more prone than others to blood pressure decreases,
symptomatic hypotension, or syncope. Potentially
vulnerable subgroups may be older patients, those
with lower baseline SBP, or those concurrently tak-
ing vasoactive medications. Specifically, because
neprilysin inhibition may also augment the guanylate
cyclase-cyclic guanosine monophosphate pathway,
the effect of the combined use of ARNI and vericig-
uat on SBP is of particular interest.>® Accordingly, we
aimed to describe the SBP trajectories during treat-
ment and compared the occurrence of symptomatic
hypotension or syncope in patients receiving vericig-
uat compared with placebo, with particular emphasis
on potentially vulnerable subgroups. We also evalu-
ated the relation between the efficacy of vericiguat
and baseline SBP.

METHODS

Data will be made available as outlined in the VICTORIA
data sharing charter (https:/thecvc.ca/victoria/data-
sharing/).

Trial Overview

Briefly, VICTORIA (NCT02861534) was a multicenter,
international, randomized, placebo-controlled trial that
investigated the efficacy and safety of vericiguat, on
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top of evidence-based therapy, in patients with chronic
HFrEF (EF <45%, New York Heart Association class
lI-IV) and a recent (<6 months) worsening HF event.’
Patients with SBP <100 mm Hg and those on long-
acting nitrates or phosphodiesterase type 5 inhibitors
were excluded and the use of any intravenous treat-
ment within 24 hours before randomization was prohib-
ited. After a screening phase of up to 30 days, eligible
patients were randomized 1:1 to start on a 2.5 mg dose
of vericiguat or matching placebo, then up-titrated to
5 mg and subsequently to the target dose of 10 mg
once daily of vericiguat or matching placeboin a blinded
fashion. There was no run-in phase in VICTORIA. The
up-titration protocol was based on mean SBP and
clinical symptoms were assessed at 2-week intervals,
with a 4-week total titration phase. Patients were then
evaluated every 4 months until study completion. At
every subsequent visit, additional efforts were taken at
the discretion of the investigator to maximize the likeli-
hood of titration to the 10 mg target dose, based on
mean SBP measurement and safety considerations.
Prespecified adverse events of clinical interest were
symptomatic hypotension and syncope (both nonse-
rious and serious adverse events), for which patients
were monitored through the course of the study, with
all events of hypotension captured via electronic or
paper reporting. The primary outcome was a compos-
ite of HF hospitalization or cardiovascular death; the
secondary end points were HF hospitalization alone,
cardiovascular death alone, a composite of all-cause
mortality or HF hospitalization, and all-cause death
alone. The trial protocol was approved by institutional
review boards or ethics committees at the participating
sites and all the patients provided informed consent.

Potentially Vulnerable Subgroups

Potentially vulnerable subgroups were defined as fol-
lows: (1) age >75 years old, (2) SBP 100 to 110 mm Hg,
and (3) baseline therapy with ARNI. Our selected age
cutoff of 75 years and SBP cutoff of 110 mm Hg corre-
sponded to the oldest age and lowest SBP categories
in prior analyses of newer HFrEF therapies.®~'° Given
potential synergistic effects of sacubitril and vericiguat
on particulate and soluble guanylate cyclase, respec-
tively, the subgroup comparison by baseline ARNI use
was prespecified and enrollment of patients receiving
baseline ARNI was actively encouraged throughout
the trial.” Although the efficacy outcomes by age group
(above and below 75 years old) and baseline ARNI use
have been reported,* the subgroup analyses of safety
events have not.

Further subgroups of interest included patients with
NT-proBNP (N-terminal pro-B-type natriuretic peptide
above and below 4000 pg/mL and 8000 pg/mL, be-
cause treatment heterogeneity by baseline NT-proBNP
had been previously observed in VICTORIA,* with cut
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points from the treatment effect across the spectrum
of (log-transformed) NT-proBNP at 4000 pg/mL and
8000 pg/mL." Finally, recognizing that sodium glucose
cotransporter-2 inhibitors (SGLT2i) will be increasingly
used in HFrEF, we also examined the small subgroup
of patients receiving SGLT2i at baseline (n=122 [2.4%)).
Patients with nonmissing information for each criterion
were included in these subgroup analyses.

Statistical Analysis
Patients were included in these analyses if they received
at least 1 dose of the study drug (n=5034). Baseline
characteristics were summarized for each vulnerable
subgroup and compared with the rest of the popula-
tion not meeting the individual subgroup criteria, with
continuous variables presented as medians with 25th
and 75th percentiles and categorical variables pre-
sented as counts (percentages). Characteristics were
compared between groups using 2-sample t tests or
Wilcoxon rank sum tests for continuous variables and
chi-square or Fisher’s exact test for categorical vari-
ables. SBP trajectory for each subgroup was plotted
as mean change from baseline over time with the cor-
responding standard errors. SBP measurements ob-
tained before the date of the first dose and 14 days
after the last dose of study medication were included.

The treatment effect on time to symptomatic hypo-
tension or syncope was evaluated overall and by sub-
group. The number of events and incidence rates are
presented within each treatment arm and subgroup for
the composite safety outcome and symptomatic hypo-
tension and syncope individually. Incidence rates are
calculated as the number of events per 100 patient-
years of follow-up. Evaluation of the treatment effect
and modification of the treatment effect by subgroup
were performed using Cox proportional hazards mod-
els for the 3 outcomes (composite of symptomatic hy-
potension and syncope and individual components).
Adjusted models were evaluated using the follow-
ing list of covariates: age, sex, race, SBP, ARNI use,
angiotensin-converting enzyme inhibitor/angiotensin
receptor blocker use, New York Heart Association
class, estimated glomerular filtration rate, and NT-
proBNP. Continuous covariates used for determining
subgroups were included categorically when neces-
sary. The proportional hazards assumption was as-
sessed using weighted Schoenfeld residuals, with no
major violations found. Hazard ratios (HRs) with 95%
Cls comparing vericiguat with placebo, overall, and
within subgroups, are presented. For models assess-
ing the interaction between treatment and subgroup,
the P value for the interaction is also presented.

To assess the incidence of symptomatic hypoten-
sion or syncope after dose titration by randomized
treatment, a landmark analysis was performed for
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patients who reached the 4-week (post-titration) visit
without an event of symptomatic hypotension or syn-
cope. Day 0 for assessing events began at 4 weeks
post randomization. Treatment effect was assessed
using a Cox proportional hazards model. In order to
reduce the potential for any bias incurred in perform-
ing a landmark analysis, the model was adjusted for
potential confounders (urate, region/race, and implant-
able cardiac defibrillator for syncope; SBP, QT inter-
val, chloride, calcium, region/race, implantable cardiac
defibrillator, randomized while hospitalized, and history
of diabetes, atrial flutter, and hyperlipidemia for symp-
tomatic hypotension). We used backward selection
with a 0.05 cutoff, starting with a list of ~65 baseline
characteristics, for each of the 3 end points (compos-
ite safety end point and the components). The pro-
portional hazards assumption was assessed, with no
major violations found. The HRs (95% CI) comparing
vericiguat with placebo and associated P value for
each outcome are presented.

Finally, the effect of vericiguat compared with pla-
cebo on the primary efficacy composite outcome (HF
hospitalization or cardiovascular death) was examined
across the spectrum of baseline SBP using a Cox pro-
portional hazards model. The relation between base-
line SBP and HF hospitalization/cardiovascular death
was assessed for nonlinearity using natural cubic
splines, and the relation was found to be nonlinear. The
final model included randomized treatment, SBP using
natural cubic splines, and the interaction between
treatment and SBP. HRs (95% CiI) for the treatment ef-
fect were estimated at 1 mm Hg intervals of SBP from
100 to 160 mm Hg.

All analyses were conducted by the Duke Clinical
Research Institute (Durham, NC) using SAS version 9.4
(SAS Institute, Inc., Cary, NC).

RESULTS

Baseline Characteristics by Vulnerable
Subgroups
Among a total of 5034 patients with recent worsen-
ing HF who received at least 1 dose of study drug,
mean age was 67.3+12.2 years and mean SBP was
121.4+15.7 mm Hg, with distribution as shown in
Figure S1. There were 1395 (27.6%) patients >75 years
old and 1344 (26.6%) with SBP 100 to 110 mm Hg.
Baseline characteristics according to the location of
patients in the 3 aforementioned vulnerable subgroups
are shown in Table 1. Compared with younger patients,
those >75 years old were more likely to be female and
White with comorbidities (atrial fibrillation, hyperten-
sion, hyperlipidemia, anemia) and a history of car-
diovascular disease (coronary artery disease, stroke,
peripheral artery disease); have higher baseline SBP,
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lower glomerular filtration rate, and higher NT-proBNP;
and were less likely to be on guideline-directed tri-
ple therapy at baseline. Compared with patients with
higher baseline SBP, those with SBP <110 mm Hg were
slightly younger, more often Asian, more likely to be
within 3 months of HF hospitalization, and more likely
to be receiving guideline-directed triple therapy, with
higher baseline NT-proBNP. Guideline-directed triple
therapy was commonly used, with 730 (14.5%) patients
receiving ARNI at baseline. Compared with patients not
receiving ARNI, those receiving ARNI at baseline were
younger, more likely to be male and Asian with a similar
comorbidity burden but lower baseline SBP, and more
likely to have received triple therapy and devices.

Dose Achieved and Treatment Adherence
Treatment dose achieved after standardized up-titration
by protocol (based on mean SBP and clinical symptoms)
was as follows. Among patients >75 years old, the pro-
portion of patients achieving the 10 mg target dose of
study drug was similar for vericiguat (78%) and placebo
(78%); this was also similar to the proportion of younger
patients achieving the target dose of vericiguat (79%).
Among patients with baseline SBP 100 to 110 mm Hg,
the proportion of patients achieving the 10 mg target
dose of study drug was similar for vericiguat (60%) and
placebo (62%); however, a higher proportion of patients
with higher baseline SBP (>110 mm Hg) achieved the
target dose of vericiguat (86%) and placebo (87%).
Among patients receiving ARNI, the proportion of pa-
tients achieving the 10 mg target dose of study drug
was slightly lower for vericiguat (69%) than placebo
(73%); however, a higher proportion of patients not re-
ceiving ARNI achieved the target 10 mg dose of veri-
ciguat (81%) and placebo (82%).

Treatment adherence rates were similarly high in all
subgroups over the duration of the study: 95.6% for
patients >75 years old (versus 94.9% in younger pa-
tients), 94.2% in those with baseline SBP <110 mm Hg
(versus 95.4% in those with higher SBP), and 94.6% in
those receiving baseline ARNI therapy (versus 95.2%
in those not receiving ARNI).

SBP Trajectory by Vulnerable Subgroups
As previously reported in the overall VICTORIA cohort,*
SBP declined slightly more in the vericiguat than pla-
cebo group over the first 16 weeks before returning to
baseline (Figure 1A). Compared with younger patients,
the initial decline in SBP with vericiguat was more pro-
nounced in those >75 years old, with SBP still return-
ing to baseline thereafter (Figure 1B and 1C). A similar
SBP trajectory was observed in patients >85 years old,
compared with those above and below 65 years of
age, whereas a smaller difference between treatment
arms was observed (Figure S2A).
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Figure 1. SBP trajectory (mean =1 SE) over time in the entire VICTORIA population (A),

and by subgroups of age below (B) or above (C) 75 years; SBP above (D) or below (E)
110 mm Hg; and those not receiving (F) or receiving (G) ARNI at baseline.

ARNI indicates angiotensin receptor neprilysin inhibitors; SBP: systolic blood pressure; and
VICTORIA: Vericiguat Global Study in Subjects With Heart Failure With Reduced Ejection

Fraction.
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Compared with patients with higher baseline SBP,
those with SBP <110 mm Hg at baseline showed a
trend to increasing SBP over time, which was similar
in both treatment arms (Figure 1D and 1E). Compared
with patients not receiving ARNI, those receiving ARNI
at baseline showed a similar SBP trajectory, with no
difference between treatment arms (Figure 1F and
1G). Likewise, the SBP trajectories were similar be-
tween patients receiving (versus not receiving) any
renin-angiotensin blockade, maximal doses of renin-
angiotensin system inhibitors, and guideline-directed
triple therapy (Figure S3).

Occurrence of Symptomatic Hypotension
and Syncope
In adjusted Cox proportional hazards analysis for
time to the composite of symptomatic hypotension
or syncope in the overall cohort (Figure 2A through
2C) there was no significant difference in hazard
rates for vericiguat compared with placebo (adjusted
HR, 1.18; 95% CI, 0.99-1.39; P=0.059) (Figure 2A).
There was no significant difference in the rates of
symptomatic hypotension alone (adjusted HR, 1.17;
95% CI, 0.96-1.42; P=0.13) (Figure 2B) or syncope
alone (adjusted HR, 1.16; 95% ClI, 0.86-1.55; P=0.33)
(Figure 2C) between treatment arms. Treatment dis-
continuation rates were also similar between treat-
ment arms, regardless of occurrence of syncope or
symptomatic hypotension (Table S1). Patients expe-
riencing symptomatic hypotension or syncope were
at increased risk of the primary outcome (adjusted
HR, 1.55; 95% CI, 1.31-1.82). In landmark analysis
beginning after the titration phase (ie, post 4 weeks)
(Figure 2D through 2F), there was no difference in
the occurrence of symptomatic hypotension or syn-
cope between vericiguat- and placebo-treated pa-
tients, either before (unadjusted HR, 1.13; 95% Cl,
0.93-1.37; P=0.22) or after multivariable adjustment
(adjusted HR, 1.14; 95% CI, 0.93-1.38; P=0.20)
(Figure 2D). Similarly, there was no difference in the
rates of symptomatic hypotension alone (unadjusted
HR, 1.09; 95% ClI, 0.86-1.38, P=0.47; adjusted HR,
1.13; 95% ClI, 0.89-1.43; P=0.32) (Figure 2E) or syn-
cope alone (unadjusted HR, 1.17; 95% ClI, 0.86—
1.59; P=0.32; adjusted HR, 1.20; 95% ClI, 0.88-1.64;
P=0.26) (Figure 2F) between treatment arms.

When analyzed by subgroups (Table 2), event rates
were similar between treatment arms within each
subgroup.

Efficacy of Vericiguat According to
Baseline SBP

Although the benefit of vericiguat compared with
placebo on the primary composite outcome (HF

J Am Heart Assoc. 2021;10:e021094. DOI: 10.1161/JAHA.121.021094
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hospitalization or cardiovascular death) appeared
more pronounced in younger patients,* when we ex-
amined the effect of vericiguat compared with placebo
on the primary composite outcome across the spec-
trum of baseline SBP (Figure 3), there was no evidence
of treatment heterogeneity (P for interaction=0.32).

Further Subgroup Analyses

We also examined SBP trajectory, as well as occur-
rence of symptomatic hypotension and syncope ac-
cording to NT-proBNP cut points above and below
4000 pg/mL and 8000 pg/mL (Figure S4, Table S2).
The rates of symptomatic hypotension and syncope
were similar between treatment arms in each NT-
proBNP strata, with no difference between NT-proBNP
subgroups.

Patients receiving SGLT2i at baseline (n=122) were
younger (median [25th, 75th percentile] age 64 [58, 74]
versus 69 [60, 77] years), more likely to be male (86%
versus 76%), more likely to have a history of diabetes
(98% versus 46%), had lower baseline SBP (115 [106—
131] versus 119 [109-131] mm Hg), and more concur-
rent ARNI use (21% versus 14%) but similar overall use
of triple therapy (63% versus 60%) compared with
patients not receiving SGLT2i. In the small group of
patients receiving SGLT2i at baseline, the proportion
of patients achieving the 10 mg target dose of study
drug was slightly lower for vericiguat (74%) than pla-
cebo (85%) but similar to the proportion of patients not
receiving SGLT2i who achieved the target 10 mg dose
of vericiguat (79%) and placebo (81%). SBP trajecto-
ries showed that patients receiving SGLT2i at baseline
appeared to have lower SBP compared with those
who were not, although Cls were wide (Figure S5).
Symptomatic hypotension and syncope event rates
were numerically higher in those receiving SGLT2i at
baseline compared with those who were not; however,
numbers of events were small and the differences
were not statistically significant (Table S3).

DISCUSSION

Consistent with the safety and tolerability of veri-
ciguat observed in the overall VICTORIA trial, we did
not observe excessive blood pressure decreases with
vericiguat across a large number of subgroups rep-
resenting potentially vulnerable patients predisposed
to blood pressure decreases. These subgroups in-
cluded older patients, those with lower baseline SBP,
as well as patients receiving concurrent ARNI therapy.
There was a small numerical increase in occurrence
of symptomatic hypotension or syncope early during
dose titration but no difference in rates of symptomatic
hypotension or syncope from 4 weeks onwards. The
rates of symptomatic hypotension and rates of syncope
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Figure 2. Kaplan-Meier event curves for time from randomization to (A)
symptomatic hypotension or syncope, (B) symptomatic hypotension alone,
and (C) syncope alone, and (D) landmark analysis in the post-titration phase (ie,
after 4 weeks) of time to symptomatic hypotension or syncope, (E) symptomatic
hypotension alone, (F) and syncope alone. aHR indicates adjusted hazard ratio.
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Figure 2. (Continued)

were generally low and similar between randomized
treatment arms across specified subgroups. Along
with prior evidence of benefit with vericiguat regardless

J Am Heart Assoc. 2021;10:e021094. DOI: 10.1161/JAHA.121.021094

of age and background therapy, as well as this new
evidence of the consistency of benefit across baseline
SBP, our findings indicate the favorable benefit to risk
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Table 2. Treatment Effect on Time to Symptomatic Hypotension or Syncope by Vulnerable Subgroups

Unadjusted Adjusted
Vericiguat Placebo
Rate (Events)* Rate (Events)* HR (95% CI) P value HR (95% CI) P value

Symptomatic hypotension or syncope

Age <75y 12.03 (222) 9.61 (179) 1.26 (1.03-1.53) 0.28 1.23 (1.01-1.51) 0.42

Age >75y 13.35 (90) 12.99 (88) 1.03 (0.77-1.39) 1.06 (0.78-1.44)

SBP =110 mm Hg 10.08 (193) 9.13 (178) 111 (0.91-1.36) 0.36 1.11 (0.90-1.37) 0.33

SBP <110 mm Hg 19.66 (119) 15.05 (89) 1.30 (0.99-1.71) 1.32 (0.99-1.75)

No use of ARNI 11.61 (258) 9.55 (212) 1.22 (1.02-1.46) 0.48 1.23 (1.02-1.49) 0.24

Use of ARNI 18.09 (54) 17.23 (55) 1.05 (0.72-1.53) 0.95 (0.64-1.41)
Symptomatic hypotension

Age <75y 8.88 (168) 6.84 (130) 1.30 (1.04-1.64) 0.08 1.27 (1.00-1.61) 0.20

Age >75y 8.85 (61) 9.96 (68) 0.90 (0.64-1.27) 0.96 (0.67-1.37)

SBP =110 mm Hg 714 (140) 6.34 (126) 1.14 (0.89-1.44) 0.82 1.13(0.88-1.45) 0.70

SBP <110 mm Hg 14.36 (89) 12.06 (72) 119 (0.87-1.62) 1.23 (0.89-1.69)

No use of ARNI 8.12 (185) 6.87 (155) 119 (0.96-1.47) 0.73 1.21 (0.97-1.51) 0.48

Use of ARNI 14.53 (44) 13.20 (43) 1.10 (0.72-1.67) 1.01 (0.65-1.57)
Syncope

Age <75y 3.53 (69) 313 (61) 1.13 (0.80-1.60) 0.72 115 (0.81-1.63) 0.94

Age >75y 4.50 (32) 3.55 (26) 1.27 (0.76-2.13) 1.18 (0.69-2.02)

SBP >110 mm Hg 3.30 (66) 3.08 (63) 1.08 (0.76-1.52) 0.41 1.09 (0.77-1.55) 0.52

SBP <110 mm Hg 5.26 (35) 3.78 (24) 1.40 (0.83-2.35) 1.35 (0.79-2.30)

No use of ARNI 3.77 (88) 3.00 (70) 1.26 (0.92-1.73) 0.25 1.29 (0.93-1.77) 0.10

Use of ARNI 3.91(13) 4.93 (17) 0.79 (0.39-1.693) 0.65 (0.30-1.38)

ARNI indicates angiotensin receptor neprilysin inhibitors; HR, hazard ratio; and SBP, systolic blood pressure.

*Number of events per 100 patient-years of follow-up.

ratio of vericiguat extends to patients potentially pre-
disposed to blood pressure decreases.

These data provide important reassurance to phy-
sicians who may be reluctant to prescribe medications
likely to cause hypotension, even if they are known to
be beneficial. The SBP trajectories in the current report
showed that despite an initial small dip in SBP in all
subgroups—also seen in the placebo arm—continued
treatment with vericiguat was associated with recovery
and stabilization of SBP. Such patterns of SBP change
have also been previously reported with initiation of
renin-angiotensin system inhibitors,'>'®* ARNI,® and
SGLT2i" in HFrEF and have been attributed to a poten-
tial improvement in perfusion with beneficial afterload
lowering therapies, offsetting any treatment-induced
reduction in SBP. Furthermore, the small nonsignif-
icant increase in symptomatic hypotension or syn-
cope during dose titration did not prevent the majority
(>60%) of patients in each subgroup from achieving the
10 mg target dose of vericiguat, and there was reas-
suringly no further excess safety events with continued
treatment.

The relation between baseline SBP, outcomes,
and treatment effect in HFrEF is known to be com-
plex. A low SBP is associated with worse outcomes
in patients with HFrEF, indicative of more advanced

J Am Heart Assoc. 2021;10:e021094. DOI: 10.1161/JAHA.121.021094

cardiac disease with worse haemodynamic status,
or because low SBP reflects underuse of (or intoler-
ance to) effective therapies.' Indeed in VICTORIA, the
occurrence of syncope or symptomatic hypotension
identified patients at higher risk of the primary out-
come. It is particularly noteworthy that the efficacy of
vericiguat was similar across baseline SBP, even down
to a baseline SBP of 100 mm Hg. Vericiguat could be
safely initiated and up-titrated, even in patients with
baseline SBP <110 mm Hg, following a fixed protocol
(based on SBP) that applied to both treatment arms.
Among patients with baseline SBP <110 mm Hg, the
similar proportion of patients achieving the target
10 mg dose in both vericiguat and placebo sham ti-
tration indicates that the dose was limited by the titra-
tion protocol rather than by intolerance to vericiguat.
The lower baseline SBP in patients receiving ARNI
and SGLT2i may similarly explain the lower proportion
of patients achieving the target dose of vericiguat in
these subgroups. Nonetheless, the consistent ben-
eficial effect on the primary efficacy composite (HF
hospitalization or cardiovascular death), coupled with
lack of excess safety events (symptomatic hypoten-
sion and syncope) in patients with low baseline SBP,
suggests that vericiguat is an important therapeutic
option in these patients.
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Figure 3. Treatment effect of vericiguat compared with placebo on the primary composite end point (first heart
failure hospitalization or cardiovascular death) according to baseline systolic blood pressure.

We acknowledge that these are post hoc anal-
yses, using arbitrary cut-offs for assignment of
subgroups, although supplementary analyses
were performed to examine other cutoffs for age.
VICTORIA excluded patients with SBP <100 mm Hg
and included only relatively small subgroups with
concurrent ARNI and SGLT2i treatment. The land-
mark analysis using post-titration data to support
tolerability may bias our data by removing patients
lost during titration and should therefore be inter-
preted to refer to patients who tolerated the up-
titration. Nonetheless, results were consistent with
the overall analysis of all available timepoints and
were adjusted for an extensive list of baseline char-
acteristics to minimize bias.

CONCLUSIONS

In conclusion, vericiguat is safe and hemodynamically
tolerated in a broad population of patients with worsen-
ing HFrEF, even in patients at older age, with lower SBP,

J Am Heart Assoc. 2021;10:e021094. DOI: 10.1161/JAHA.121.021094

and on other HF therapies with the potential to interact
in the cyclic guanosine monophosphate pathway or de-
crease blood pressure (such as ARNI).
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Shamaila Aslam / Dawn Burns; Alan J. Bank / Nicole Gernes; Noel W. Bedwell / Mary Craig;
Bruce J. Iteld / Brandy Ocman; Rajinder Bhalla / Teresa Hicks; A. Alan S.P. Chu / Susan
Nguyen; James Feldman / Madeline Peek; Ferris George / Christine Baker; Wayne L. Gray /
Sherry Adair; Preetham Jetty / Alyssa Key; Navid Kazemi / Suzette Hollis; Joshua Larned /
Mara-Li Ortiz; Janet L Smith / Tina Abell; Linda Cadaret / Cynthia Larew; Robert Long / Theresa

Hickey; Sharan S. Mahal / Sivaradhika Yandamuri; David J. Whellan / Daniel Schwegler; Peter



McCullough / Rebecca Baker; John McGinty / Nancy Fry; Jamie M. Pelzel / Ashley Douvier;
Juan Vilaro / Sarah Long; Richard Perlman / Donna Hoopes; Ramana Podugu / Kathleen Smith;
Peter Rahko / Karen J. Olsen; Ashwin Ravichandran / Bonnita Reilly; Renee Sangrigoli / Linda
Schwarz; Trevor O Greene / Cathy Jackson; Palak Shah / Teleah Davis; Dennis Spiller /
Smelda Ferrin; Dilip B. Viswanath / Sue Manga; Zi Jian Xu / Deborah Holmes-Rees; Jon M.
Bittrick / Ericka Calhoun; Gregory Alan Ewald / Karen Bult; Maryjane Farr / Andrea Kim; Les
Forgosh / Joyce Riestenberg-Smith; Naseem Jaffrani / Rebecca Childers; Douglas Marshall
Brinkley / Amanda Carroll; Dalton S. McLean / Hugh Pruitt; Greg Lewis / Diane Cocca-Spofford,;
Harvey A. Snyder / Louise Pantuck; Edward J. Teufel / Brenda Glasgow; Daniel J. Donovan /
Maria Magdalena Alvarado-Garcia; Ira Dauber / Susan Derbyshire; Suhail Zavaro / Aolani
Miller; Kevin Sharkey / Alanza Ferguson; Kirkwood Adams / Jana Glotzer; Jose A Perez / Jodie
Addington; Zulfiquar Bhatti / Carla Burton; Mike B. Melucci / Susan Meier; Michael Huber /
Fujiko Anazawa; Jenica Upshaw / Katelyn Carr; Mark Jeffrey Holmberg / Lois S. Rasmussen;
Vanessa J Lucarella / Kathleen Maloney; Kenneth C. Sabatino / Kathleen Maloney; John
Everett / Emily Kelley; Sandhya Murthy / Angeline Camillo; Nancy Sweitzer / Cindy Schrag;
Peter E. Carson / Jacqueline Gannuscio; Neil Pendril Lewis / Krista Chafin; Alan Bruce Miller /
Erin Richardson; Usman Qayyum / Paige Brown; Dinesh Singal / Danielle Giunta; Arun
Krishnamoorthy / Reema Vallabh; Andrew J Keller / Stephanie Burton; Alexander Adler / Dean
Thompson; Josef Stehlik / Jennifer Hong; Gary J. Luckasen / Scott Kaczkowski; Wayne Old /
Melinda Bullivant; John Boehmer / Kevin Gardner; Dinesh K. Gupta / Tammy Davey; Hirsch
Mehta / Gina Ciezkowski; Michael Hong / Elizabeth Hejna; Ashrith Guha / Marcos De Oliveira;
Tarig Haddad / Deanna Overbeck; Hamid Taheri / Abbey Elie; loana Dumitru / Ricardo Guedes;
Alain Heroux / Carol Kartje; Marcel E. Zughaib / Candice Edillo; Chad Link / Jennifer Boak;
Andrew Darlington / Kathryn Kaszonyi; Stephen B. Sloan / Deborah Wood; Mayar Jundi / Ann
Ostrander; Sandeep Khosla / Sudha Lukka; Marcus L. Williams / Kimberly Michel; Andre Artis /

Kimberly Armstrong; Nicholas Kondo / Gretchen Kostedt; Israel Galtes / Yasnhai Diaz; Luis



Martinez / Beatriz Penafiel; Jose F. Cardona / Abril Juarez; Shuaib Abdullah / Amy Atwell; Albert
J. Sharf / Leonardo Cortes; Ravi Bhagwat / Donna Winterrowd; Elie Michael Donath / Maria
Ycaza; Alonzo Jones / Carla Burton; Eve Gillespie / Pat Keane-Richmond; Richard Becker /
Rachel Mardis; Peter S. Fail / Vicky Parfait; Siby Ayalloore / Tessie Rideaux; Wade May / Julie
Zannini; Atul R. Chugh / Stephanie Alford; Mohsin Alhaddad / Lani Holman; Russell J. Strader /
Alicia Gneiting; Terry Wells / Jessica Smith; Vernon Young / Cynthia Buchanan; Ish K Singla /
Justin Roth; Henry Ooi / Laura Diedrich; Harry T. Colfer / Denise Antonishen; Michael Bauer /
Melissa Galindo; Leslie W. Miller / Delia Johnson; Saul Schaefer / Kevin Chun; Denise Barnard /
Matt Kawahara; Brian A. Foley / Sabrina Forbus; Andrey Espinoza / Robin Enea; Enrique Flores
/ Lorie Benedict; Maria Rosa Costanzo / Josilyn Klimek; Dawn Lombardo / Wei Zhou; Charles

Treasure Il / Doreen Nicely; David Kraus / Paula Higdon; Van Q Nguyen / Shari Cook.



Table S1. Discontinuation Rate by Randomized Treatment and Safety Event Occurrence.

Vericiguat Placebo Overall
(N=2519) (N=2515) (N=5034)
Syncope or Symptomatic Hypotension
Censor 492/2207 (22.3%) 466/2248 (20.7%) 958/4455 (21.5%)
Event 122/312 (39.1%)  102/267 (38.2%) 224/579 (38.7%)
Symptomatic Hypotension
Censor 522/2290 (22.8%) 489/2317 (21.1%) 1011/4607
(21.9%)
Event 92/229 (40.2%) 79/198 (39.9%) 171/427 (40.0%)

Numerators are the number of patients who discontinued treatment. Denominators are the number of patients in each
treatment arm, who either experienced the specific safety event or were censored. There were 744 participants with
discontinuation due to death, who were excluded from these numbers.



Table S2. Treatment effect on time to symptomatic hypotension or syncope by NT-

proBNP subgroups.
Vericiguat Placebo
Safety outcome Rate (Events) Rate (Events) HR (95% CI) P-value
Symptomatic hypotension or syncope
NT-proBNP >4000 pg/mL 13.18 (97) 12.28 (90) 1.08 (0.81-1.43) 0.386
NT-proBNP <4000 pg/mL 12.03 (202) 9.61(161) 1.26 (1.02-1.55)
NT-proBNP >8000 pg/mL 12.92 (33) 15.69 (39) 0.83 (0.52-1.32) 0.102
NT-proBNP <8000 pg/mL 12.32 (266) 9.82 (212) 1.26 (1.05-1.51)
Symptomatic hypotension
NT-proBNP >4000 pg/mL 9.17 (69) 9.19 (68) 1.00 (0.72—1.40) 0.241
NT-proBNP <4000 pg/mL 8.66 (149) 6.78 (116) 1.29 (1.01-1.64)
NT-proBNP >8000 pg/mL 9.66 (25) 12.37 (31) 0.79 (0.47-1.34) 0.108
NT-proBNP <8000 pg/mL 8.71 (193) 6.95 (153) 1.26 (1.02—-1.56)
Syncope
NT-proBNP >4000 pg/mL 4.39 (34) 3.64 (28) 1.22 (0.74-2.00) 0.884
NT-proBNP <4000 pg/mL 3.60 (64) 3.11(55) 1.16 (0.81-1.66)
NT-proBNP >8000 pg/mL 3.75(10) 4.97 (13) 0.76 (0.33-1.73) 0.263
NT-proBNP <8000 pg/mL 3.85(88) 3.07 (70) 1.26 (0.92-1.72)

ClI, confidence interval; HR, hazard ratio; NT-proBNP, N-terminal-pro hormone B-type natriuretic peptide.



Table S3. Treatment effect on time to symptomatic hypotension or syncope by baseline use

of SGLT2i.
Vericiguat Placebo
Symptomatic hypotension or syncope Rate (Events) Rate (Events) HR (95% CI)  P-value
No use of SGLT-2 inhibitors 12.16 (300) 10.34 (257) 1.18 (1.00-1.39)  0.792
Use of SGLT-2 inhibitors 22.66 (12) 17.94 (10) 1.32 (0.57-3.06)

ClI, confidence interval; HR, hazard ratio; SGLT-2 , sodium-glucose Cotransporter-2.



Figure S1. Distribution of baseline SBP in VICTORIA.
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Figure S2. Systolic blood pressure (SBP) trajectory over time by age strata (A) above and below

65 years old, (B) 75 years old, and (C) 85 years old.
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Figure S3. Systolic blood pressure (SBP) trajectory over time in patients receiving (vs not receiving)

(A) any renin angiotension system inhibitor (RAS), (B) maximal dose of RAS, and (C) triple therapy

(RAS, beta-blocker and mineralocorticoid receptor antagonist) at baseline
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Figure S4. Systolic blood pressure (SBP) trajectory over time in patients with baseline NT-

proBNP above and below 4000 pg/mL and 8000 pg/mL
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Figure SS. Systolic blood pressure (SBP) trajectory over time in patients time in

patients receiving (vs not receiving) SGLT2i
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