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Vericiguat in worsening heart failure: agonising

over, or celebrating, agonism in the VICTORIA

trial
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For more than two decades, antagonism of the deleterious effects of
neurohormonal system activation has been the prime focus of treatment
for patients with heart failure with reduced ejection fraction (HFrEF).1

Indeed, until ivabradine and the subsequent demonstration of the im-
pressive clinical effects of neprilysin inhibition,2 no new treatment be-
yond beta-blockade and renin–angiotensin–aldosterone system
antagonism had proved effective. We are in an era of rapid growth in evi-
dence for the use of drugs antagonising a much wider range of patho-
physiological pathways, including inhibitors of sodium-glucose co-
transport protein 2 (SGLT2).2 The VICTORIA (Vericiguat in Patients
with Heart Failure and Reduced Ejection Fraction) trial3 now broadens
the therapeutic armamentarium even further by demonstrating meaning-
ful benefits of soluble guanylate cyclase (sGC) agonism in patients with
worsening or high-risk HFrEF.4

The 5050 patients enrolled in VICTORIA were randomized to pla-
cebo or treatment with the sGC stimulator, vericiguat, including a
brief titration phase (based on blood pressure and symptoms) aiming
to achieve a target 10 mg once daily oral dose. Importantly, patients
were required to have evidence of high-risk features of heart failure in-
cluding heart failure hospitalization in the preceding 6 months or the
use of intravenous diuretic in the prior 3 months. Patients in
VICTORIA were a higher-risk group than those in PARADIGM-HF
[Prospective Comparison of Angiotensin Receptor-Neprilysin Inhibitor
(ARNI) with Angiotensin-Converting Enzyme Inhibitor to Determine
Impact on Global Mortality and Morbidity in Heart Failure]2 and
DAPA-HF (Dapagliflozin And Prevention of Adverse outcomes in
Heart Failure).3 Forty percent of patients had New York Heart
Association (NYHA) Class 3 or 4 symptoms (vs. 25% and 32% of
patients in PARADIGM and DAPA-HF, respectively) and median N-
terminal brain natriuretic peptide (NT-proBNP) was 2816 pg/mL (vs.
1608 pg/mL and 1437 pg/mL in PARADIGM and DAPA-HF, respec-
tively). Consequently, event rates in VICTORIA were high—more
than two-fold higher than in PARADIGM and DAPA-HF—and were
even greater than expected.4,5 After a median follow-up of only
10.8 months, there was a significantly lower incidence of the primary
composite outcome of death from a cardiovascular cause or first heart
failure hospitalization in those in the active treatment arm [16.4% with

vericiguat vs. 17.5% with placebo (hazard ratio 0.93; 95% confidence
interval 0.81–1.06)]. This was driven by a reduction in heart failure
hospitalization but there was no reduction in cardiovascular mortality.4

Although the 10% relative risk reduction of the primary outcome may
be less striking than that seen in PARADIGM6 or DAPA-HF,3 the ab-
solute reduction in events in this much higher-risk population was sim-
ilar.5 The number needed to treat with vericiguat for 1 year to avoid
one primary outcome event was only 24. Of particular importance, in
a population who might now be considered to be ‘at risk’ from polyphar-
macy, vericiguat was well tolerated with over 89% achievement of the
10 mg target dose and there was no difference in symptomatic hypoten-
sion or syncope between groups. While renal function and electrolytes
were unaffected, there was a concerning and as yet unexplained greater
incidence of anaemia found in those in the vericiguat arm.4

Vericiguat represents a major success in finally harnessing the thera-
peutic potential of the nitric oxide (NO) pathway (Figure 1). NO exerts
its activity via binding to a heme group on sGC to catalyse the synthesis
of its second messenger, guanosine 30,50-cyclic monophosphate (cGMP).
By increasing cGMP, NO has many potentially beneficial effects including
peripheral, coronary and pulmonary vasorelaxation and inhibition of
smooth muscle proliferation as well as anti-inflammatory, anti-fibrotic and
anti-platelet aggregatory properties.7,8 Pharmacological manipulation of the
NO pathway is one of the oldest concepts in heart failure therapy and
there has been huge effort in this area but the results have, until now, been
disappointing.8 Nitrates are still used as an exogenous source of NO in
chronic HFrEF1 but, except when used in combination with hydralazine in
black patients,9 do not have robust contemporary evidence demonstrating
any effect on outcomes and are badly affected by tachyphylaxis.7

Oxidative stress associated with cardiovascular disease may change
sGC-associated heme from a ferrous to ferric state, weakening its bind-
ing to sGC and consequently producing a relatively NO-resistant state.7

It has also been a challenge to capture the potentially beneficial effects of
NO without also invoking potentially cytotoxic effects as a consequence
of NO reacting with superoxide to produce the reactive oxygen species,
peroxynitrite.7 Importantly, however, the beneficial effects of NO seem
to be the consequence of sGC-dependent mechanisms while the delete-
rious effects are independent phenomena. This makes sGC itself a
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particularly attractive therapeutic target. Vericiguat acts as an sGC stimu-
lator, maintaining the enzyme in its active configuration by stabilizing its
nitrosyl-heme interaction. This sGC stimulation allows cGMP produc-
tion that is independent of NO. It also acts synergistically with NO by
sensitizing sGC to even low substrate bio-availability.10 In contrast with
the neurohormonal blockers used in contemporary heart failure treat-
ment, vericiguat stands alone in its mechanism of action but, in particular,
because it is an agonist. In keeping with the premise of neprilysin inhibi-
tion,6 it serves to further highlight the importance of efforts to boost en-
dogenous protective pathways and mechanisms as well as to counteract
those that are harmful.

We now find ourselves in the enviable situation of having multiple
evidence-based therapies for the treatment of patients with HFrEF.
Vericiguat has not been shown to beneficial in all patients with HFrEF
and personalized therapy has probably never been more important.
VICTORIA enrolled patients with more advanced heart failure4 than
other major trials in HFrEF have done in recent years and the findings
cannot immediately be extrapolated to patients without recent heart
failure hospitalization or the need for intravenous diuretic treatment. On
the far end of the spectrum, sub-group analysis of VICTORIA suggested
that those in the highest quartile of natriuretic peptide concentration
might not have benefitted from vericiguat,4 with cautious interpretation
suggesting that these patients may be too sick to benefit. Fewer than 5%
of patients in VICTORIA were black.4 This group may be more sensitive
to the benefits of NO augmentation and future trials should investigate
these potential racial differences.9 Further consideration must also be
made to the potential for an incremental effect of vericiguat in addition

to treatment with an SGLT2 inhibitor or angiotensin-neprilysin inhibitor
(ARNI). The numbers receiving an SGLT2 inhibitor at baseline were not
disclosed, although are likely to be small, and only 15% of patients were
treated with an ARNI. Neprilysin inhibition also augments guanylate cy-
clase although its actions are indirect and are upon particulate guanylate
cyclase, the membrane-bound receptor for natriuretic peptides, rather
than sGC.11 Because of these distinct effects, combined neprilysin inhibi-
tion and vericiguat may have synergistic benefits in patients with HFrEF
but this remains to be demonstrated.11 Its effects in the presence of
phosphodiesterase inhibition are also unknown. Vericiguat was well tol-
erated in VICTORIA4 and appears easy to titrate, particularly in terms of
renal function and blood pressure, two of the frequent limiting factors in
the titration of other heart failure medications. However, the association
between vericiguat and the development of anaemia requires further
evaluation. We also await the results of VICTORIA’s pharmacogenomic
and biomarker sub-studies 12 with interest.

Vericiguat has finally delivered sGC and the NO pathway as an effective
therapeutic target in HFrEF. Amidst the sudden broadening of treatment
options for these patients, the challenge now lies in the appropriate per-
sonalization of therapy. This can be achieved by focusing scientific endeav-
our to understand increasingly complex interactions between multiple
pathophysiologic mechanisms and pharmacotherapies. Integrating these
basic science data with information derived from large, well-conducted
clinical trials will be key to maximizing the huge potential of novel treat-
ments for HFrEF while minimizing the potential risks of polypharmacy.

Conflict of interest: none declared.

Figure 1 Mechanism of action of pharmacological agents targeting the NO/sGC and neprilysin/pGC pathways to increase cGMP generation. cGMP,
30 ,50-cyclic guanosine monophosphate; GTN, glyceryl trinitrate; GTP, guanosine triphosphate; ISDN, isosorbide dinitrate; NO, nitric oxide; NOS, nitric
oxide synthase; PDE, phosphodiesterase; pGC, particulate guanylate cyclase; sGC, soluble guanylate cyclase. Adapted from Friebe et al.13
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