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Abstract

Aims Treatment response to vericiguat, based on baseline N-terminal pro-brain natriuretic peptide (NT-proBNP) subgroups
specified in the protocol, was evaluated in the heart failure (HF) VICTORIA trial population by post hoc analysis of combined
lower three quartiles [Q1–Q3] vs. the upper quartile [Q4].
Methods and results VICTORIA participants with available baseline NT-proBNP levels (n = 4805; 95.1% of total) were included.
Compared with patients in Q1–Q3 (NT-proBNP: Q1, ≤1556 pg/mL; Q2, >1556–2816 pg/mL; and Q3, >2816–5314 pg/mL),
patients in Q4 (NT-proBNP: >5314 pg/mL) were older (69.2 ± 12.0 vs. 66.6 ± 12.1 years), had lower mean ejection fraction
(27.2 ± 8.3% vs. 29.5 ± 8.2%; P < 0.0001), and were more likely to be in New York Heart Association (NYHA) Class III (51.8 vs.
35.6%) or IV (2.4 vs. 1.0%). Compared with Q1–Q3, patients in Q4 had higher mean Meta-Analysis Global Group in Chronic Heart
Failure risk score (27.3 ± 6.6 vs. 23.5 ± 6.4; P < 0.0001), had lower mean estimated glomerular filtration rate (eGFR; 51.5 ± 25.5
vs. 65.0 ± 26.8 mL/min/1.73 m2; P < 0.0001) and haemoglobin (12.8 ± 2.0 vs. 13.6 ± 1.9 g/dL; P < 0.0001), and more had atrial fi-
brillation (48.7% vs. 43.1%; P = 0.0007) and were randomized while hospitalized for HF (14.8 vs. 9.9%; P< 0.0001). Target dose was
achieved in 72.3 and 63.7% of patients in Q1–Q3 and Q4, respectively (P< 0.0001). Primary outcome (composite of time to cardio-
vascular death or first HF hospitalization) rates were 24.5 and 31.7 per 100 patient-years for vericiguat and placebo in Q1–Q3 [hazard
ratio (HR) 0.78; 95% confidence interval (CI) 0.69–0.88, P < 0.001] and 73.6 and 63.6 in Q4 (HR 1.15; 95% CI 0.99–1.34, P = 0.070).
Serious adverse events were more frequent in NT-proBNP Q4 (total population) compared with Q1–Q3 (38.3 vs. 32.3%;
P = 0.0001), driven mainly by the placebo group. Adverse events leading to death were more frequent in Q4 than Q1–Q3
(5.8 vs. 2.4%; P < 0.0001).
Conclusions Plasma NT-proBNP may help identify patients with worsening HF with reduced ejection fraction, in whom the
beneficial effects of vericiguat may be highest. Patients with highest NT-proBNP values are probably too far advanced, suffer-
ing more co-morbidities, or still clinically unstable after decompensation to derive benefit from vericiguat.
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Introduction

Increased N-terminal pro-brain natriuretic peptide (NT-
proBNP) values are associated with worse outcomes in

patients with heart failure (HF).1 Primary analysis of the
VICTORIA trial confirmed that, in patients with HF, vericiguat
reduced the risk of the primary composite endpoint of car-
diovascular (CV) death or time to first HF hospitalization,2
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with generally consistent results across subgroups of baseline
characteristics, including patients in New York Heart Associa-
tion (NYHA) Class I or II, Class III or IV, and in patients receiv-
ing sacubitril/valsartan.

The results of the pre-specified primary analysis showed
potential heterogeneity of treatment effect by NT-proBNP
at randomization; patients who received vericiguat in each
of the lower three baseline NT-proBNP quartiles appeared
to experience a numerically different treatment effect to that
seen in patients in the highest baseline NT-proBNP quartile.2

In a post hoc model to evaluate the relationship of increasing
NT-proBNP values vs. hazard ratio (HR) for the primary com-
posite, the treatment effect of vericiguat compared with pla-
cebo on the primary composite endpoint was greatest in pa-
tients with NT-proBNP levels <8000 pg/mL at randomization,
which was further amplified if these levels were <4000 pg/
mL.3 The US Food and Drug Administration-approved label in-
dicates that, among patients in the highest baseline
NT-proBNP quartile (>5314 pg/mL), the estimated HRs for
both CV death and first HF hospitalization were unfavourable,
in contrast to the estimated HRs for patients in the three
quartiles with lower NT-proBNP levels (≤5314 pg/mL).4 To
better understand the discrepancies in outcomes and safety
in response to vericiguat, a post hoc analysis of outcomes,
safety, and clinical profiles of patients in the combined lower
baseline quartiles (Q1–Q3) and the highest NT-proBNP quar-
tile (Q4) was conducted.

Methods

Study patients

The design, baseline characteristics, and results of the VICTO-
RIA trial have been previously reported.2,5 In brief, 5050 pa-
tients with symptomatic worsening chronic HF, left ventricu-
lar ejection fraction (LVEF) <45%, and elevated natriuretic
peptide levels, who were receiving guideline-directed medi-
cal therapy, were randomized, within 6 months after a HF de-
compensation, in a 1:1 ratio to receive vericiguat or placebo.
Eligibility criteria mandated brain natriuretic peptide (BNP)
levels of ≥300 pg/mL or NT-proBNP levels of ≥1000 pg/mL
for patients in sinus rhythm, and, for patients with atrial fi-
brillation, higher levels of BNP (≥500 pg/mL) or NT-proBNP
(≥1600 pg/mL) were required. The study protocol encour-
aged investigators to use guideline-based HF therapies, in-
cluding sacubitril/valsartan.

Natriuretic peptide sampling and assessment

This analysis was restricted to the subset of patients who had
evaluable levels of NT-proBNP, as measured by a central
laboratory using a Roche Elecsys assay system (Roche

Diagnostics, Mannheim, Germany) during screening, 30 days
prior to randomization. Baseline NT-proBNP levels used in
this analysis were those measured at randomization. The sen-
sitivity of the assay was 10–175 000 pg/mL (175 000 pg/mL is
not a truly measured NT-proBNP value in any of the patients,
but was extrapolated for patients above the upper limit of
detection).

Clinical outcomes

The primary outcome of the VICTORIA trial was the compos-
ite endpoint of time to CV death or first HF hospitalization. In
addition, the individual components of the composite out-
come (CV death and HF hospitalization), as well as total HF
hospitalizations (first and recurrent), CV hospitalization, and
all-cause death, were analysed. Time to pre-specified index
events (qualifying worsening HF event) was also monitored.

Safety assessments

Adverse events (AEs) and laboratory changes were reported
by NT-proBNP subgroup, overall and by region (America,
Asia, and Europe). The following events were considered
events of clinical interest: symptomatic hypotension, syn-
cope, and hepatic events.

Statistical analysis

Patients were divided into two groups, with NT-proBNP Quar-
tiles 1–3 combined into one group and Quartile 4 into a sep-
arate group. The NT-proBNP quartiles were pre-specified sub-
groups; however, the analysis of Q1–Q3 and Q4 was post hoc.
Baseline characteristics were summarized as percentages,
means and standard deviation (SD), or medians. Comparisons
of baseline characteristics, AEs, and laboratory changes be-
tween NT-proBNP subgroups, and between treatment and
NT-proBNP subgroups, were conducted based on F-test for
continuous variables and chi-squared test for discrete vari-
ables. In addition, we evaluated the relationship between
time to index event and randomization.

Kaplan–Meier (KM) estimates for time-to-event data for
the primary outcome and its components were reported.
HRs with 95% confidence intervals (CIs) were calculated and
added to a forest plot. Treatment group and the stratification
factors (defined by region and race) used for randomization
were included in the model as fixed effects: Eastern Europe
plus Israel and South Africa, Western Europe, North America
(Black), North America (non-Black), Latin and South
America, and Asia Pacific (including Australia). Efficacy and
safety of vericiguat, according to NT-proBNP quartile group
(Q1–Q3 or Q4), were examined. Analyses were conducted
with SAS version 9.4.
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Results

Patient characteristics

Of the 5050 randomized patients in the VICTORIA trial, 4805
(95.1%) patients had evaluable NT-proBNP levels at random-
ization and were included in this analysis, 3604 had baseline
NT-proBNP levels ≤75th percentile (Q1, ≤1556 pg/mL; Q2,
>1556–2816 pg/mL; and Q3, >2816–5314 pg/mL), and
1201 had baseline NT-proBNP levels >75th percentile (Q4,
>5314 pg/mL). Table 1 shows the patient demographics
and clinical baseline characteristics by quartile group. At ran-
domization, patients in Q4, as compared with patients in Q1–
Q3, tended to be older (69.2 vs. 66.6 years) and have a lower
body mass index (BMI; 26.3 vs. 28.2 kg/m2). Mean baseline
ejection fraction was lower in patients in Q4 than those in
Q1–3 (27.2 vs. 29.5%; P < 0.0001), and more patients in Q4
had ejection fraction ≤40% compared with Q1–Q3 (94.4 vs.
92.0%; P = 0.0062). Mean heart rate was higher at baseline
in patients in Q4 compared with those in Q1–Q3 (74.9 vs.
72.5 bpm; P < 0.0001). Patients in Q4, compared with pa-
tients in Q1–Q3, were also more likely to have a lower mean
estimated glomerular filtration rate (eGFR; 51.5 vs. 65.0 mL/
min/1.73 m2; P < 0.0001) and an eGFR of ≤30 mL/min/
1.73m2 (20.1 vs. 6.6%). Haemoglobin (mean 12.8 vs. 13.6 g/
dL; P < 0.0001) and baseline haematocrit (40.1 vs. 42.3%;
P < 0.0001) were lower in patients in Q4 than those in Q1–
Q3. In comparison with those in Q1–Q3, patients in Q4 were
more likely to be classified as NYHA Class III (51.8 vs. 35.6%)
or Class IV (2.4 vs. 1.0%), respectively, and have a higher
Meta-Analysis Global Group in Chronic Heart Failure
(MAGGIC) risk score (27.3 vs. 23.5; P < 0.0001). Compared
with patients in Q1–Q3, patients in Q4 were more likely to
have atrial fibrillation (48.7 vs. 43.1%; P = 0.0007). Overall,
median NT-proBNP was 2694, 2892, and 2881 pg/mL for
America, Asian, and Europe regions, respectively. In each re-
gion, median NT-proBNP was similar between patients ran-
domized to vericiguat and placebo (Table S1).

Patients in Q4, compared with those in Q1–Q3, were more
likely to have experienced HF hospitalization within 3 months
prior to randomization (73.6 vs. 64.7%; P < 0.0001) and be
randomized while hospitalized (14.8 vs. 9.9%; P < 0.0001),
respectively. Patients randomized while hospitalized had
higher median baseline NT-proBNP values relative to outpa-
tients (3742 and 2679 pg/mL for vericiguat, respectively,
and 3483 and 2785 pg/mL for placebo, respectively).

Overall, median time from index event of HF hospitaliza-
tion to randomization was similar in both quartile groups
[median (range): 34.5 (2–621) days and 32.0 (2–253) days
for Q1–Q3 and Q4, respectively]. Similarly, median time from
index event of intravenous diuretics treatment to randomiza-
tion was 25.0 (range, 2–180) days and 28.0 (range, 2–89) days
for Q1–Q3 and Q4, respectively.

Primary outcomes by NT-proBNP baseline
quartile group

KM curves of the primary outcome (CV death or first hospital-
ization for HF) and its components by baseline NT-proBNP
group are presented in Figure 1. The primary outcome oc-
curred in 506 (28.1%) patients receiving vericiguat and in
619 (34.3%) patients receiving placebo in the Q1–Q3 group
(HR 0.78; 95% CI 0.69–0.88, P < 0.001) (Figure 1A). The pri-
mary outcome occurred in 355 patients (57.6%) receiving
vericiguat and in 302 patients (51.6%) receiving placebo (HR
1.15; 95% CI 0.99–1.34, P = 0.070) in Q4 (Figure 1B).

Death from CV causes occurred in 190 (10.6%) patients re-
ceiving vericiguat and in 240 (13.3%) patients receiving pla-
cebo (HR 0.78; 95% CI 0.65–0.94, P = 0.011) within the Q1–
Q3 group (Figure 1C). In the Q4 group, death from CV causes
occurred in 208 (33.8%) and 169 (28.9%) patients receiving
vericiguat and placebo, respectively (HR 1.16; 95% CI 0.95–
1.43, P = 0.145) (Figure 1D). In the Q1–Q3 group, first hospi-
talization occurred in 406 (22.6%) patients receiving
vericiguat and in 504 (27.9%) patients receiving placebo (HR
0.77; 95% CI 0.67–0.88, P < 0.001) (Figure 1E). In the Q4
group, first hospitalization occurred in 251 (40.7%) patients
receiving vericiguat and in 209 (35.7%) patients receiving pla-
cebo (HR 1.19; 95% CI 0.99–1.44, P = 0.058) (Figure 1D). For
total HF hospitalization events, the annualized rate in the
Q1–Q3 group was 30.2% in patients receiving vericiguat and
37.7% in patients receiving placebo (HR 0.80; 95% CI 0.72–
0.89, P < 0.001). In the Q4 group, the annualized rate was
66.8% in patients receiving vericiguat and 63.1% in patients
receiving placebo (HR 1.08; 95% CI 0.93–1.25, P = 0.329)
(Table 2).

In Table 2, event rates per 100 patient-years and annual-
ized absolute risk differences for 1 year of treatment with
vericiguat are shown for the primary composite endpoint, to-
tal HF hospitalizations (first and recurrent), CV hospitaliza-
tion, and all-cause death. Event rates for the primary com-
posite endpoint were 24.5 and 31.7 per 100 patient-years
for vericiguat and placebo, respectively, in Q1–Q3 and 73.6
and 63.6 for vericiguat and placebo, respectively, in Q4.

CV death and time to first HF hospitalization, as well as to-
tal HF hospitalization, CV hospitalization, and all-cause mor-
tality, in patients with baseline NT-proBNP levels in Q1–Q3
were significantly lower in the vericiguat group than with pla-
cebo. A trend (not statistically significant) for increased inci-
dence of the primary outcome was noted in the Q4 popula-
tion (Figure 2).

Interaction analysis of outcomes by quartile category (Q1,
Q2, Q3, and Q4) and treatment indicated a statistically signif-
icant interaction for the primary composite endpoint
(P = 0.0010), HF hospitalization (P = 0.0021), and all-cause
death or HF hospitalization (P = 0.0016). Interactions
approached statistical significance for CV death (P = 0.0503)
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and all-cause death (P = 0.0544). When this analysis was re-
stricted to Q1, Q2, and Q3 only, no interactions were ob-
served for any outcome.

Study medication dose following titration is shown in Table
S2 for both subgroups. In Q1–Q3, 2335/3604 (64.8%) patients
were titrated to the target dose of 10 mg and remained at
this dose for 80% of the treatment period (63.5% of the
vericiguat arm and 66.2% of the placebo arm). In Q4,
680/1201 (56.7%) patients (56.8% of the vericiguat arm and
56.5% in the placebo arm) were titrated to vericiguat
10 mg. Overall, a larger proportion of patients in Q1–Q3 than
Q4 reached the target dose of 10 mg (vericiguat and placebo;
72.4 vs. 63.8%, P < 0.0001) and spent a greater number of
days at the target dose [median (range): 289 (0–960) days
vs. 179 (0–916) days; P < 0.0001].

Safety by baseline NT-proBNP quartile group

Table 3 presents safety events (AEs including symptomatic
hypotension, syncope, and hepatic events and changes in lab-
oratory parameters), by baseline NT-proBNP subgroup.

Overall, the proportion of patients with an AE was similar
between treatments and NT-proBNP subgroups. The propor-
tion of AEs leading to death was higher in patients in Q4 com-
pared with Q1–Q3 (5.8% vs. 2.4%; P < 0.0001), and it was
similar between patients treated with vericiguat and placebo.
Compared with Q1–Q3, larger proportions of patients in Q4
had a serious AE (SAE; 38.3 vs 32.3%; P = 0.0001), mainly
driven by a larger proportion of SAEs in the Q4 placebo group
(42.5 vs. 32.2, 32.4, and 34.3% for Q1–Q3 placebo, Q1–Q3
vericiguat, and Q4 vericiguat, respectively; P = 0.0101). There
were more treatment discontinuations due to an AE in Q4
than in Q1–Q3 (8.3 vs 5.8%) and more treatment discontinu-
ations due to a SAE in the placebo Q4 subgroup compared
with other subgroups (5.8 vs. 2.9, 2.7, and 2.9% for Q1–Q3
vericiguat, Q1–Q3 placebo, and Q4 vericiguat, respectively;
P = 0.0254). These differences were not related to AEs of clin-
ical interest (Table 3), and the proportions of drug-related
AEs and SAEs were similar between Q1–Q3 and Q4 and be-
tween vericiguat and placebo. For events of clinical interest,
the proportion of patients with symptomatic hypotension
and syncope did not differ significantly between Q1–Q3 and
Q4 overall. The proportion of patients experiencing syncope
or symptomatic hypotension was increased with vericiguat
relative to placebo (P = 0.002) in Q1–Q3, as expected.2,6 How-
ever, no differences in symptomatic hypotension were ob-
served in Q4 (P = 0.210).

The incidence of haemoglobin decrease ≥3.0 g/dL and
value <lower limit of normal (LLN) were similar in Q4 and
Q1–Q3; however, the proportion of patients with the AE
anaemia was lower in Q4 than Q1–Q3 (P = 0.0224). eGFR de-
ceases of ≥50% were more frequent in patients in Q4 than in
Q1–Q3 (4.8 vs. 2.7%; P = 0.0025). There was a trend for moreTa
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Figure 1 Kaplan–Meier curves of clinical outcomes for the primary composite endpoint and its components in patients with baseline NT-proBNP levels
in Quartiles 1–3 (Q1–Q3) and Quartile 4 (Q4). Primary outcome was composite of death from cardiovascular causes or first hospitalization for HF. Cu-
mulative incidences of composite endpoint by NT-proBNP group (Q1–Q3 and Q4) are shown in Panels A and B, respectively. Cumulative incidences of
cardiovascular death by NT-proBNP group (Q1–Q3 and Q4) are shown in Panels C and D, respectively. Cumulative incidences of first hospitalization by
NT-proBNP group (Q1–Q3 and Q4) are shown in Panels E and F, respectively. CI, confidence interval; CV, cardiovascular; HF, heart failure; NT-proBNP,
N-terminal pro-brain natriuretic peptide.
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Table 2 Event rates per 100 patient-years, annualized absolute risk reduction, and elevation for 1 year of treatment with vericiguat are
shown for the primary composite endpoint, total HF hospitalizations (first and recurrent), CV hospitalization, and all-cause death

N (%)
Per 100

patient-years N (%)
Per 100

patient-years
Per 100

patient-years

Vericiguat (n = 1798) Placebo (n = 1806) Annualized ARR (%)
Patients with baseline
NT-proBNP in Q1–Q3

Primary composite 506 (28.1) 24.5 619 (34.3) 31.7 7.2
CV death 190 (10.6) 7.9 240 (13.3) 10.1 2.2
HF hospitalization (first) 406 (22.6) 19.6 504 (27.9) 25.8 6.2
Total HF hospitalizations
(first and recurrent)

725 (40.3) 30.2 891 (49.3) 37.7 7.5

CV hospitalization 594 (33.0) 31.4 698 (38.6) 39.7 8.3
All-cause death 237 (13.2) 9.8 286 (15.8) 12.1 2.3

Vericiguat (n = 616) Placebo (n = 585) Annualized ARR (%)
Patients with baseline
NT-proBNP in Q4

Primary composite 355 (57.6) 73.6 302 (51.6) 63.6 �10.0
CV death 208 (33.8) 32.0 169 (28.9) 27.1 �4.9
HF hospitalization (first) 251 (40.7) 52.0 209 (35.7) 44.0 �8.0
Total HF hospitalization
(first and recurrent)

432 (70.1) 66.8 392 (67.0) 63.1 �3.7

CV hospitalization 304 (49.4) 68.0 271 (46.3) 63.0 �5.0
All-cause death 256 (41.6) 39.4 211 (36.1) 33.8 �5.6

ARR, annualized absolute risk reduction; CV, cardiovascular; HF, heart failure; NT-proBNP, N-terminal pro-brain natriuretic peptide.

Figure 2 Forest plot of hazard ratios with 95% confidence intervals are shown for the primary composite endpoint and its components, CV death and
time to first HF hospitalization, as well as total HF hospitalization, CV hospitalization, and all-cause mortality, in patients with baseline NT-proBNP levels
in Quartiles 1–3 (Q1–Q3) and Quartile 4 (Q4). CI, confidence interval; CV, cardiovascular; HF, heart failure; HFH, heart failure hospitalization; HR, hazard
ratio; NT-proBNP, N-terminal pro-brain natriuretic peptide. *Calculated using the Anderson–Gill model.
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frequent eGFR deceases of ≥50% in patients treated with
vericiguat compared with placebo in Q4 (6.1 vs. 3.6%) that
was not apparent in Q1–Q3 (2.7 vs. 2.7%); however, this dif-
ference between treatments and subgroups was not statisti-
cally significant.

Analyses of safety parameters for each region separately
were generally consistent with the findings overall (Table S3).

Discussion

This post hoc analysis, using a combination of the NT-proBNP
quartile subgroups that were pre-specified in the protocol,
adds to our understanding of the results of the VICTORIA trial
in patients with worsening HF. It is complementary to find-
ings in a post hoc analysis of this landmark study published
previously by Ezekowitz et al.,3 in which NT-proBNP was
analysed as a continuous variable. In their study, Ezekowitz
et al. reported an association between treatment effects in
patients with NT-proBNP levels <4,000 pg/mL, which re-
mained evident up to 8000 pg/mL, with both cut-offs being
based on visual inspection of the continuous relationship be-
tween outcomes and NT-proBNP, and where the curve or the
upper bound of the CI hits HR = 1.

Our analysis provides relevant novel insights into the data
from VICTORIA in two respects. First, the NT-proBNP cut-offs
in the analysis by Ezekowitz et al. were derived from post-hoc
analysis of the data. By contrast, the cut-off in this analysis
(5314 pg/mL) results from the prospectively pre-specified
NT-proBNP quartiles in the study protocol, of which Q1, Q2,
and Q3 were very similar in terms of outcomes but differed
from Q4. Second, we explore the patient characteristics of
Q1–Q3 and Q4 and the safety outcomes according to
NT-proBNP subgroup in greater detail, thereby extending
findings published in Armstrong et al.2 Understanding the
clinical profile of patients who comprise NT-proBNP Q1–Q3
and Q4 provides important insights to help us recognize un-
der which clinical circumstances patients with HFrEF and a re-
cent decompensation will benefit from vericiguat.

Outcomes

In line with previous analyses of the VICTORIA trial,2,3 this
post hoc evaluation demonstrated a reduction in the risk of
CV death and HF hospitalization under vericiguat treatment
in patients with baseline NT-proBNP ≤5314 pg/mL (the Q1–
Q3 group); and no significant difference in outcomes in pa-
tients with baseline NT-proBNP>5314 pg/mL (the Q4 group).
No interaction between treatment and NT-proBNP quartile
was observed across Quartiles 1–3, confirming that the effect
of treatment differed in Q4 only.

The benefit of vericiguat on HF hospitalization and CV
death in the Q1–Q3 group was similar in magnitude to the

benefit in patients below the inflection point reported by
Ezekowitz et al. (<4000 pg/mL). At the same time, Ezekowitz
et al. demonstrated that clinical benefit remains evident and
statistically significant up to a cut-off of 8000 pg/mL, indicat-
ing that many patients in our protocol pre-specified Q4 group
still derived benefit from treatment with vericiguat. Although
these results further corroborate the notion that plasma
NT-proBNP levels may help to identify patients with worsen-
ing HF with reduced ejection fraction (HFrEF) in whom the
beneficial effects of vericiguat may be highest, they also
add to the understanding that there is no single cut-off value
that can reliably identify patients who do not respond to
treatment. This is consistent with the knowledge that
NT-proBNP levels are subject to dynamic intra-individual
changes but are also sensitive to factors unrelated to HF sta-
tus, such as the deterioration of renal function.7,8

Safety

A possible trend for increased incidence of the primary out-
come was observed in the vericiguat group relative to pla-
cebo. Although the potential for risk of adverse outcomes
with vericiguat in patients with the highest baseline levels
of NT-proBNP cannot be excluded based on these data, the
HR for Q4 did not reach statistical significance, despite analy-
ses not being corrected for multiplicity.

The rates of SAEs and discontinuations due to a SAE were
higher in Q4 than in Q1–Q3, and this was not related to AEs
of clinical interest associated with the mode of action of
vericiguat. The higher rate of SAEs in Q4 overall was driven
mainly by the placebo group; however, this finding may have
been confounded by differences in the mortality rate be-
tween the treatment groups. The notably higher occurrence
of SAEs in the placebo group in Q4 when compared with
the vericiguat group warrants investigation in future analyses
evaluating specific events by organ systems.

A non-statistically significant trend for more frequent de-
creases in eGFR ≥50% in patients treated with vericiguat
compared with those receiving placebo was observed in Q4.
In a separate analysis of the VICTORIA trial, which addressed
whether the beneficial effects of vericiguat were maintained
across the full spectrum of eGFR, no significant interaction
between baseline eGFR and the overall reduction of the pri-
mary endpoint by vericiguat was observed.9 This analysis also
demonstrated that the beneficial effects of vericiguat on the
primary endpoint were similar, both in those patients who
developed worsening renal function and those who did not.
The higher rate of eGFR decreases of ≥50% with vericiguat
in our analysis is consistent with a small initial eGFR decrease
observed with other drugs, including sodium–glucose
co-transporter 2 (SGLT2) inhibitors, renin–angiotensin system
blockers, and mineralocorticoid receptor blockers.10–13 This
decrease is believed to reflect a haemodynamic effect, occurs
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more often in patients with advanced kidney disease,10 and
does not negatively affect the benefit of treatment on
long-term clinical outcomes.10–13

Of note, the titration regimen in the VICTORIA trial was
blood pressure and symptom guided, and no differences in
blood pressure changes or hypotension were seen in our
analysis. In Q4, the lack of a treatment effect on symptomatic
hypotension, an AE of clinical interest related to the mecha-
nism of action of vericiguat, supports the conclusion that
vericiguat is unlikely to pose a haemodynamic safety risk. This
is consistent with the findings of Lam et al., who found
vericiguat to be safe and haemodynamically tolerated, even
in high-risk subgroups of the VICTORIA trial population.6

Factors relating to outcomes and safety

Differences in baseline characteristics between Q1–Q3 and
Q4 indicated that patients in Q4 comprised a higher risk sub-
group, which makes them more difficult to treat. This is evi-
denced by the fact that they were older, with lower eGFR,
lower haemoglobin levels, higher heart rate, and higher inci-
dence of atrial fibrillation, comprised a slightly larger propor-
tion of patients with NYHA Class III/IV, and had a higher
MAGGIC risk score. They were also more likely to be random-
ized while still hospitalized for HF. None of these differences
was large enough individually to plausibly explain the ob-
served large difference in treatment effect. Of note, a prog-
nostic model developed using the VICTORIA dataset that in-
cluded these factors as covariates did not identify any
evidence of treatment modification stronger than that ob-
served with baseline NT-proBNP.2,3 The higher rates of the
primary outcome and its components, as well as all-cause
deaths in Q4 compared with Q1–Q3, which were apparent
in both the placebo and vericiguat groups, also indicate a
greater severity of disease in patients in Q4. The data pre-
sented in this paper demonstrate that, while the entire pop-
ulation in the VICTORIA trial was a high-risk population (hav-
ing had a recent HF decompensation), the subgroup of
patients in Q4 were at particularly high risk.

It is possible to hypothesize that some patients in Q4 may
have been too far advanced in their HF pathophysiology to
derive significant benefit from pharmacotherapy. The out-
comes in the highest quartile are comparable to the
INTERMACS study, Profiles 5–6.14 By contrast, time-to-event
rates and absolute risk reduction (ARR) for CV death in Q1–
Q3 are similar to those reported in lower risk trials.15–17

The improvement in clinical outcomes in Q1–Q3 only, and
lack of clinical response in Q4, underlines our limited under-
standing of the trajectory of patients in the range of baseline
NT-proBNP in Q4, as they are not frequently seen in clinical
practice and are under-represented in other recent HF trials
(PARADIGM-HF, DAPA-HF, and EMPEROR-REDUCED),15–18 or
proving refractory to treatment, as in the advanced HF trial

LIFE (although the patients in LIFE still had far lower
NT-proBNP than the patients in Q4 of the current analysis).19

Consistent with the hypothesis that patients with very ad-
vanced disease are unable to benefit from pharmacotherapy,
clinical trials with other HF therapies have shown that pa-
tients in NYHA Class IV are less likely to benefit from
treatment.16,20 The VICTOR study (NCT05093933) will further
examine the efficacy and safety of vericiguat in patients with
HFrEF without a recent decompensation event, who may be
considered at lower risk than the VICTORIA population.

The magnitude of benefit relative to proximity to the index
event and whether the patient was clinically stable following
decompensation are further interesting questions. A separate
analysis of VICTORIA trial data that examined outcomes by
pre-specified index event subgroups (<3 months after HF
hospitalization, 3–6 months after HF hospitalization, and
those requiring outpatient intravenous diuretic therapy only
for worsening HF), as well as more finely divided subgroups,
indicated that the risk of the primary outcome was greater
in patients closest to their index hospitalization.21 Vericiguat
reduced the risk of the primary outcome in all pre-specified
subgroups, without evidence of treatment heterogeneity;
however, analysis of the continuous association between
time since index event and treatment effect showed a trend
towards increased benefit of vericiguat with longer time since
index event. In the VICTORIA trial, patients after a HF decom-
pensation event were required to be stabilized on adequate
background HF therapy according to local standard of care,
prior to initiation of vericiguat therapy. Rapid changes in hae-
modynamics and fluid status in this period may have influ-
enced the treatment outcomes. As patients in Q4 were more
likely to have experienced HF hospitalization within 3 months
and be randomized while hospitalized, a larger proportion of
patients in this quartile may have been insufficiently clinically
stabilized to derive a benefit from treatment. Trial data are
not available to fully elucidate changes in therapy in this nar-
row time window. Future analyses should elucidate whether
more thorough optimization of background HF therapy in
the Q1–Q3 group was associated with the more favourable
treatment benefit with vericiguat.

A further potential reason for lower drug efficacy in the Q4
group could be suboptimal dosing. The proportion of patients
able to reach the maximum dose of 10 mg of study medica-
tion was lower in Q4 than in the Q1–Q3 group. As the rates
of target-dose achievement were similar for vericiguat and
placebo in both Q1–Q3 and Q4, the lower rate in Q4 was
likely a result of greater severity of HF compared with Q1–
Q3. Minimal differences in the pharmacokinetics of vericiguat
were reported in Q4 relative to other NT-proBNP quartiles,4

with individual predicted areas under the concentration–time
curve being comparable across the four quartiles (results
pending publication). These findings indicate that the hetero-
geneity of treatment effect did not result from a difference in
exposure to vericiguat in Q4.
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Limitations

The cut-off used to compare patients below vs. those above
the 75th percentile of baseline NT-proBNP was among
pre-specified quartiles in the original study protocol and anal-
ysis plan. Nevertheless, it is a post hoc analysis and results
presented must be regarded as exploratory and hypothesis-
generating. We presented analyses adjusted for the stratifica-
tion factors, as in the original analysis plan, and did not con-
duct multivariable analyses. However, it is unlikely that such
analysis would have changed the conclusions, given that
Ezekowitz et al.3 confirmed NT-proBNP as the strongest inde-
pendent predictor of treatment effect in the VICTORIA trial,
after multiple adjustments (including the MAGGIC score and
the VICTORIA risk model that that adjusted for a comprehen-
sive list of baseline parameters).

We did not evaluate pharmacokinetics to relate drug expo-
sure to treatment effect and the influence of up-titration and
down-titration of study drug after the initial period. Analysis
of change in NT-proBNP is limited by intercurrent events in
this high-mortality population. There is also a lack of data
on congestion and oedema, which would be clinically rele-
vant in optimizing patient volume status after a worsening
chronic HF event. Differences between the Q1–Q3 and Q4
groups in the number of dose adjustments of other
HF-related medications may have affected the findings. Com-
prehensive analysis of these dose adjustments is beyond the
scope of this article; however, it will be addressed in a future
dedicated manuscript. There may be additional confounders
of the relationship between vericiguat treatment effect and
NT-proBNP and other biomarkers. All these factors should
be subject to future analyses.

Conclusion

Evidence of the positive clinical benefit on reducing HF hospi-
talization and CV mortality observed in the overall high-risk
HFrEF study population appears strongest in patients with
baseline plasma NT-proBNP below the 75th percentile in
the VICTORIA trial. These results further corroborate the no-
tion that plasma NT-proBNP levels may help to identify pa-
tients with worsening HFrEF in whom the beneficial effects
of vericiguat may be highest. There is no single cut-off value
that can reliably identify patients who do not respond to
treatment. We hypothesize that patients with the highest
NT-proBNP values are probably too far advanced, suffering
more co-morbidities, or may not have been sufficiently clini-
cally stabilized to derive benefit from vericiguat. Therefore,
very high NT-proBNP may indicate the requirement to first
optimize the volume status before initiation of vericiguat will
be beneficial. Moreover, the patient clinical journey with po-
tential changes in NT-proBNP plasma levels over time should
be taken into consideration.
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