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BACKGROUND: The VITALITY-HFpEF trial (Evaluate the Efficacy and 
Safety of the Oral sGC Stimulator Vericiguat to Improve Physical 
Functioning in Daily Living Activities of Patients With Heart Failure and 
Preserved Ejection Fraction) is designed to determine the efficacy and 
safety of a novel oral soluble guanylate cyclase stimulator, vericiguat, 
on quality of life and exercise tolerance in heart failure patients with 
preserved ejection fraction (HFpEF). Impaired physical functioning reduces 
the quality of life in patients with HFpEF. The primary goal of HF treatment 
along with improving survival is to improve function, reduce symptoms, 
and maximize quality of life. Abnormal cyclic guanosine monophosphate 
signaling may contribute to physical limitations in patients with HFpEF via 
central and peripheral mechanisms. Exploratory post hoc analyses from a 
prior trial showed that vericiguat can improve patient-relevant domains 
of the Kansas City Cardiomyopathy Questionnaire, especially the physical 
limitation score.

METHODS AND RESULTS: VITALITY-HFpEF is a placebo-controlled, 
double-blind, multi-center, phase IIb trial of ≈735 patients, ≥45 years 
with HFpEF and ejection fraction ≥45% who will be randomized 1:1:1 to 
placebo, 10 mg, or 15 mg vericiguat. The primary end point is change in 
Kansas City Cardiomyopathy Questionnaire physical limitation score from 
baseline to week 24 and change in 6-minute walk test from baseline to 
week 24 is the secondary end point.

CONCLUSIONS: VITALITY-HFpEF is the first trial designed to assess 
the efficacy of vericiguat in patients with HFpEF using the Kansas City 
Cardiomyopathy Questionnaire physical limitation score as a novel primary 
end point. This study will also extend the prior dosing experience with 
vericiguat in HF by studying the safety and efficacy of a 15 mg dose.

CLINICAL TRIAL REGISTRATION: URL: https://www.clinicaltrials.gov. 
Unique identifier: NCT03547583.

METHODS PAPER

Rationale and Design of the VITALITY-
HFpEF Trial

© 2019 American Heart Association, Inc.

Javed Butler, MD, MPH, 
MBA

Carolyn S.P. Lam, MD
Kevin J. Anstrom, PhD
Justin Ezekowitz, MBBCh
Adrian F. Hernandez, MD, 

MHS
Christopher M. O’Connor, 

MD
Burkert Pieske, MD
Piotr Ponikowski, MD, 

PhD
Sanjiv J. Shah, MD
Scott D. Solomon, MD
Adriaan A. Voors, MD
Yi Wu, PhD
Francine Carvalho, MD, 

PhD
Luke Bamber, MSc
Robert O. Blaustein, MD, 

PhD
Lothar Roessig, MD
Paul W. Armstrong, MD

Circulation: Heart Failure

https://www.ahajournals.org/journal/
circheartfailure

Key Words: heart failure ◼ quality of 
life ◼ safety ◼ soluble guanylate cyclase 
◼ survival

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 8, 2019



Butler et al; Rationale and Design of VITALITY-HFpEF Trial

Circ Heart Fail. 2019;12:e005998. DOI: 10.1161/CIRCHEARTFAILURE.119.005998 May 2019 2

Patients with heart failure with preserved ejection 
fraction (HFpEF) are not only at high risk for hospi-
talizations and mortality but also have significantly 

reduced functional capacity and quality of life.1,2 No 
pharmacological therapy has yet convincingly improved 
mortality or HF hospitalizations in these patients. More-
over, it is increasingly recognized that the impairment 
in functional capacity and quality of life on a daily basis 
imposes a burden that should be addressed by thera-
pies targeted at these patient-centric parameters.2 In 
the absence of approved therapies to reduce morbidity/
mortality or to improve functional status for patients 
with HFpEF, current management remains largely lim-
ited to diuretics and mitigating comorbidities.3

The cGMP (cyclic guanosine monophosphate) path-
way plays a pivotal role in regulating normal cardio-
vascular function and is insufficient in patients with HF 
including those with HFpEF. Endothelial dysfunction 
results in insufficient stimulation of sGC (soluble gua-
nylate cyclase) because of impaired bioavailability of 
nitric oxide (NO) that leads to a deficiency in cGMP. In 
turn, this promotes coronary microvascular dysfunction, 
myocardial stiffness,4 and systemic vascular dysregula-
tion, likely explaining, in part, the spectrum of HFpEF 
clinical manifestations (Figure 1).5–7 Previous attempts to 
increase intracellular cGMP signaling directly via nitrate/
nitrite or indirectly through PDE (phosphodiesterase) 
type 5 inhibition have been limited because of nitrate 
tolerance or the requirement for endogenous cGMP.8–10

Vericiguat, a novel oral sGC stimulator, was recently 
studied in a phase II dose-finding study in HFpEF, the 
SOCRATES-PRESERVED study (Vericiguat in Patients with 
Worsening Chronic Heart Failure and Preserved Ejection 
Fraction).11 Although the highest dose of vericiguat (10 
mg daily) did not change the prespecified primary end 
points of NT-proBNP (N-terminal pro-B-type natriuretic 
peptide) or left atrial volume over a 12-week treat-
ment period, an exploratory post hoc analyses showed 
clinically significant improvements in patient-relevant 
domains of Kansas City Cardiomyopathy Questionnaire 
(KCCQ) as well as both patient-reported and physician-
assessed end points.12 Improvements in the KCCQ 
overall summary score and the clinical summary score 
were also observed. Consistent improvements in other 
domains of the KCCQ were noted, including symptoms 
as well as EQ-5D (a standardized 5 dimension instru-
ment for measuring patient’s self-rated health status 
comprising assessments of mobility, self-care, usual 
activities, pain/discomfort, and anxiety/depression) and 
clinician assessed New York Heart Association (NYHA) 
class changes and congestion score. Importantly, robust 
improvements were seen in the physical limitation 
score (PLS), which has previously been validated against 
changes in the 6-minute walking test, NYHA class, and 
physical limitation domains within other quality of life 
instruments.13

These findings led to the current study hypothesis, 
namely that vericiguat improves physical functioning 
in patients with HFpEF. Hence, the current prospective 
randomized parallel-group, placebo-controlled, dou-
ble-blind, multi-center trial was designed to VITALITY-
HFpEF (Evaluate the Efficacy and Safety of the Oral sGC 
Stimulator Vericiguat to Improve Physical Functioning in 
Activities of Daily Living in Patients With HFpEF).

Study Objectives
The primary objective of this trial is to determine 
whether vericiguat in doses of 10 mg or a novel higher 
dose of 15 mg daily improves the KCCQ PLS compared 
with placebo in patients with HFpEF after 24 weeks of 
treatment. The secondary objectives evaluate the effi-
cacy of vericiguat 10 mg and 15 mg in comparison to 
placebo on improving distance traveled on a 6-minute 
walking test from baseline to week 24. In addition, 
the proportion of patients with a clinically important 
response (defined as the amount of change a patient 
would have to report to indicate that a relevant treat-
ment benefit has been experienced)14 in KCCQ PLS will 
be determined in a blinded analysis on an interim datas-
et based on Patient Global Impression of Change (PGIC) 
at the 12-week visit after complete recruitment. Other 
exploratory objectives are listed in Table 1.

Study Design
The authors declare that the availability of the study 
protocol is planned to be arranged in line with the 
requirements of the publishing journal at the time of 
publication of study results. VITALITY-HFpEF is a ran-
domized parallel-group, placebo-controlled, double-
blind, multi-center trial of vericiguat in patients with 
HFpEF to be conducted according to Good Clinical Prac-
tice. Approximately 735 patients will be randomized in 
a 1:1:1 ratio to vericiguat 10 or 15 mg in comparison 
to placebo to evaluate changes in physical functioning 
on a background of guideline-based standard of care.

Screening and Randomization
Screening will be initiated any time after admission to 
the hospital for decompensated HF, before or after dis-
charge, and up to 6 months after hospitalization for HF 
(Figure 2). The rationale for only including those HFpEF 
patients with a previous HF decompensation includes 
additional confirmation in securing the HFpEF diagnosis 
and targeting patients most in need of treatment. As 
compared to SOCRATES-PRESERVED trial, the eligibility 
window was increased from 1 to 6 months in VITALITY-
HFpEF to allow a broader population of qualifying HF 
events to enter the trial. Use of intravenous diuretic 
treatment for HF during outpatient visits will be also 
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be considered indicative of HF decompensation and 
accepted as a qualifying HF event equivalent to hospi-
talization. Patients will be randomized within 4 weeks 
after the screening visit and within 6 months after the 
onset of the qualifying event of hospitalization for HF or 
treatment with an intravenous diuretic for HF. The pri-
mary end point assessment is at week 24. All patients 
will be followed until study completion to assess vital 
status and all study end points.

Study Intervention and Dose Regimen
Patients will be randomized 1:1:1 to daily doses of 
either as follows (Figure 2):

1. Placebo with sham uptitration at weeks 2, 4, and 
6;

2. Ten milligrams of vericiguat, which will be started 
at 2.5 mg at randomization and uptitrated to 5 
mg at week 2, and to 10 mg at week 4, with sham 
uptitration at week 6; or

3. Fifteen milligrams of vericiguat, which will be 
started at 2.5 mg at randomization and uptitrated 
to 5 mg at week 2, to 10 mg at week 4, and to 15 
mg at week 6.

Dose modification will depend on mean sitting systolic 
blood pressure and the absence of symptoms indicative 
of hypotension. The intention of the protocol is to reach 
and maintain the target study drug dose after comple-

tion of uptitration. If the patient does not reach the 15 
mg dose step by the time of the week 6 visit, uptitration 
to the target dose is encouraged at every subsequent 
visit as long as this target dose has not been reached. If 
the dose is temporarily interrupted, then resumption of 
study drug treatment and continued uptitration will be 
considered at any subsequent visit when the investiga-
tor feels it is medically appropriate.

Study Population
The study population includes patients with HFpEF ≥45 
years of age with ejection fraction ≥45%, NYHA func-
tional classes II–III, who are receiving standard of care 
therapy guided by national or international HF guide-
lines. Inclusion and exclusion criteria are described in 
Table  2. VITALITY-HFpEF is planned to be conducted 
at >200 study sites in 21 countries from the Americas, 
Europe, Africa, and Asia. Institutional review board 
approval was obtained from all participants at each site.

Study End Points
The primary end point is the change in KCCQ PLS 
from baseline to week 24. PLS measures the limita-
tions patients experience because of their HF symp-
toms (shortness of breath or fatigue) while perform-
ing routine activities of daily life (Table 3). The KCCQ 

Figure 1. Schematic representation of the nitric oxide (NO)/soluble guanylate cyclase (sGC)/cyclic guanosine monophosphate (cGMP) pathway.  
Oxidative stress, a risk factor for several cardiovascular diseases including heart failure with preserved ejection fraction, is associated with increased formation of 
reactive oxygen species that are known to oxidize and inactivate many biomolecules and subsequent pathways, resulting in tissue and organ damage. In particular, 
ONOO− (peroxynitrite) oxidizes sGC resulting in the loss of heme group. Heme free sGC is unable to respond to NO and is a dysfunctional form of the enzyme. 
Stimulators of sGC have a dual mode of action; they directly stimulate the native form of the enzyme and make it more sensitive to the endogenous NO, leading 
to increased formation of cGMP, which results in multi-dimensional protective effects. GMP indicates guanosine monophosphate; GTP, guanosine triphosphate; 
NOS, nitric oxide synthase; and PDE, phosphodiesterase. Adapted from Greene et al7 with permission. Copyright ©2010, Elsevier.
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PLS is calculated using an algorithm that applies equal 
weights to each of these aforementioned items and is 
transformed to a 0 to 100 scale. The secondary end 
point is the change in the 6-minute walking test from 
baseline to week 24.

Patient Global Impression of Change and 
Severity
The PGIC contains one question asking the patient to 
assess the degree of change in physical limitation due to 
HF compared with their perceived status at the start of 
the treatment and uses the following response options: 
much better, better, a little better, the same, a little 
worse, worse, or much worse. A subsequent question 
then asks the patient to indicate whether he/she feels 
the degree of change reported is important or not (yes/
no). The Patient Global Impression of Severity (PGIS) 
also contains one question asking the patient to assess 
the current severity of their physical limitations due to 
HF using the following response options: no limitations, 
mild, moderate, severe, or very severe. Data from these 
questions will be used to provide anchors for estimat-
ing responder definitions for important within-patient 
change in this population in physical limitations in HF.

Safety Assessment
Symptomatic hypotension and syncope are considered 
as special interest and medically important safety-relat-
ed events for this trial.

Sample Size
The sample size estimation of 735 participants (245 in 
each of the 3 arms) for this study, based on the analy-
sis of the primary end point of KCCQ PLS at 24 weeks 
comparing vericiguat 15 mg versus placebo and 10 mg 
versus placebo, yields 80% power to reject either of the 
2 primary hypotheses with a 2-sided α level of 0.05, 
assuming a mean difference from placebo in KCCQ PLS 
of 5 points for both dose groups and a common SD of 
21 points that has been assumed based on studies in 
which KCCQ PLS has been reported in the literature.15–21 
Under the same assumption of treatment effect and 
SD, the power to reject the primary hypothesis for any 
single comparison will be 65%. The patients will be fol-
lowed until the end of the study regardless of stopping 
study treatment; hence, the drop-out rate is considered 
to be minimal.

Interim Analysis
A single interim assessment by the Data Monitoring 
Committee to evaluate futility is planned to evaluate 
KCCQ data after 50% of patients complete their week 
12 visit. Prior data in this population suggest that the 
12-week time point will be sufficiently predictive of the 
24-week data to allow for an adequate interim assess-
ment of efficacy.22 An observed treatment effect of 0.6 
points difference in KCCQ PLS (vericiguat versus pla-
cebo) has been chosen to serve as the boundary for 
futility for both dose groups. The type II error rate spent 
with this futility rule will be <0.01. Stopping for futility 
will only be done if both treatment arms are deemed 
futile. Assuming a true treatment effect of a 5-point 
difference in KCCQ PLS, the probability of stopping at 
the interim is ≈1.3%.

Primary Efficacy End Point Analysis
The primary analysis will be performed using a repeated 
measure mixed model.23 Siddiqui et al23 compared the 
repeated measure mixed model versus the last observa-
tion carried forward approach and demonstrated that 
estimators from a repeated measure mixed model pro-
vide smaller bias without a significant inflation of Type 
I error rates.23 The model will include treatment group 
(vericiguat versus placebo), region, heart rhythm, study 
visit as fixed effects, interaction between study visit and 
treatment group, and adjustment for the baseline PLS 
values as covariates. An unstructured covariance matrix 
will be assumed for within-patient variability. The analy-
sis will be performed following the intention to treat 
principle. Missing data will be imputed based on a pat-
tern-mixture model with control-based pattern imputa-
tion. The imputation model will include only data from 
the control arm, while it imputes missing data in both 
control and treatment arms. For those patients who die 

Table 1. VITALITY-HFpEF Exploratory Objectives

Efficacy of vericiguat 10 and 15 mg in comparison to placebo in decreasing 
the proportion of patients with KCCQ PLS decline from baseline by >5 
points at 24 wk and the proportions with decline in the other KCCQ 
domains OSS, CSS, TSS, and SFS.

Efficacy of vericiguat 10 and 15 mg in comparison to placebo on 
improving:

    Symptom frequency as measured by the KCCQ SFS.

        Perceived exertion experienced by patients during 6MWT as measured 
by Borg CR 10.

        Other patient-reported outcomes such as the generic health-related 
quality of life measure.

Death including cardiovascular death and hospitalizations including HF 
hospitalizations, MI and stroke, and outpatient HF events.

Cumulative distribution function of KCCQ PLS, OSS, CSS, TSS, and SFS 
change from baseline.

Pharmacokinetic profile of 10 and 15 mg vericiguat in patients with HFpEF.

Evaluate the concentration-QTc relationship of vericiguat at the 15 mg 
dose.

6MWT indicates 6-minute walking test; CSS, clinical summary score; HF, 
heart failure; HFpEF, heart failure with preserved ejection fraction; KCCQ, 
Kansas City Cardiomyopathy Questionnaire; OSS, overall summary score; 
PLS, physical limitation score; SFS, symptom frequency score; sGC, soluble 
guanylate cyclase; TSS, total symptom score; and VITALITY-HFpEF, Evaluate the 
Efficacy and Safety of the Oral sGC Stimulator Vericiguat to Improve Physical 
Functioning in Activities of Daily Living in Patients With Heart Failure With 
Preserved Ejection Fraction.
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during the study, a worst-case outcome will be imput-
ed, that is, a zero score from the time of death onward.

Further, based on the anchor-based interim analy-
sis, the percentages of responders with mild, moder-
ate, and large KCCQ PLS response at each visit will be 
summarized and nominal P values will also be provid-
ed. In addition, the cumulative distribution function of 
change from baseline at 24 weeks for the KCCQ-PLS 
domain will be plotted to compare the distribution of 
response between the treatment arms, allowing com-
parison of responder thresholds previously established 
for KCCQ summary scores (ie, 5, 10, and 20 for mild, 
moderate, and large differences, respectively).

The graphical method of Maurer and Bretz24 will be 
applied for multiplicity control across the primary KCCQ 
PLS and secondary 6-minute walking test hypotheses. 
The 2 primary hypotheses will be tested with an equally 
split 2-sided α level of 0.025. The 2 secondary hypoth-
eses will be tested based on a parallel gatekeeping prin-
ciple.25 If the test of both primary and secondary end 
points at one of the dose groups is significant at the α 
level of 0.025, the primary and secondary end points 
at the other dose group can be tested at the α level of 
0.05, in an ordered manner. The trial will be claimed to 
have a positive outcome if at least one of the 2 primary 
hypotheses can be rejected.

Assessment of Clinically Meaningful 
Change: Anchor-Based Analysis
To establish a threshold for categorizing participants 
as either responders or nonresponders based on their 

KCCQ-PLS score, a clinically meaningful within-patient 
change in PLS score will be determined using an anchor-
based approach in which patients are categorized 
according to their responses from baseline to week 12 
to the PGIC by all trial participants and will take place 
before unblinding. Participants will be categorized 
according to their responses to the PGIC as follows:

1. Participants who report “a little better” to PGIC as 
well as yes to the question that this improvement 
in physical limitations was an important change; 
and

2. Participants who report a little worse to PGIC as 
well as yes to the question that this worsening 
in physical limitations was an important change.

Mean changes from baseline in KCCQ-PLS scores will 
be calculated for each group above to define an anchor-
based clinically meaningful within-patient change 
threshold. Further analysis, with alternative PGIC cat-
egory grouping will be explored such as patients who 
respond much better and better will be aggregated 
to the new category, much improved. Patients who 
respond the same, a little worse, worse, or much worse 
will be combined into the new category, not improved. 
Similarly, patients will be categorized by change in PGIS 
response from baseline and additionally, change in PGIS 
response between week 18 and 24 (when more sub-
jects are expected to rate themselves in the same sever-
ity category).

In addition, supportive analysis will be performed to 
provide further context for the evaluation of respond-
er definitions, including distribution-based methods 
and receiver operating curve assessing the ability of 

Figure 2. Study time course and study drug titration scheme.  
Approximate VITALITY-HFpEF study (Evaluate the Efficacy and Safety of the Oral sGC Stimulator Vericiguat to Improve Physical Functioning in Activities of Daily 
Living in Patients With Heart Failure With Preserved Ejection Fraction) timelines are shown with key inclusion criteria described in the left box. EF indicates ejection 
fraction; HF, heart failure; LAE, left atrial enlargement; LVH, left ventricular hypertrophy; NT-proBNP, N-terminal pro-B-type natriuretic peptide; and NYHA, New 
York Heart Association.
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the KCCQ PLS change to discriminant between cate-
gories of change reported by the patient via PGIC and 
PGIS responses.26 Supportive anchor-based analyses 
will be conducted by categorizing patients according 
to their change in PGIS responses from baseline to visit 
7 (week 12; eg, unchanged, improved by 1 response 
category, deteriorated by 1 response category, etc) 
and additionally, change in PGIS response between 

week 18 and 24 (when more subjects are expected 
to rate themselves in the same severity category). 
This approach complements the methodology for 
meaningful change thresholds established in previous 
studies for the overall summary score but with a key 
additional focus on the concept of interest: physical 
limitation because of HF as perceived by the patient 
with HFpEF.

Table 2. VITALITY-HFpEF Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

Provided written informed consent Clinical instability at randomization, defined by any of the following:

    Any IV treatment including IV diuretics or IV fluids within 24h before 
randomization

    SBP ≥160 mm Hg or SBP <110 mm Hg and/or DBP <40 mm Hg and/or 
symptomatic hypotension or resting HR <50 or ≥100 bpm

Aged 45 y and older Use of IV inotropes at any time between qualifying HF event and 
randomization

Previous history of chronic HF Previous diagnosis of reduced EF (EF <40%)

HF decompensation within 6 mo before randomization, defined as 
hospitalization for HF or IV diuretic treatment for HF without hospitalization

Hypertrophic obstructive cardiomyopathy, acute myocarditis, amyloidosis, 
cardiac sarcoidosis, or constrictive pericarditis

NT-proBNP ≥300 or BNP ≥100 pg/mL in sinus rhythm, or NT-proBNP ≥600 or 
BNP ≥200 pg/mL in atrial fibrillation within 30 d before randomization

Noncardiac comorbidity (any of the following)

    eGFR <30 mL/min per 1.73 m2

    Hepatic insufficiency classified as Child-Pugh B or C

    Morbid obesity with a BMI >45 kg/m2

    Malignancy or other noncardiac condition limiting life expectancy to <1 y

    Requires continuous home oxygen for severe pulmonary disease or has 
interstitial lung disease

    Patients with allergies, intolerance, or hypersensitivity to the investigational 
drug or any of the excipients

    Medical, psychiatric, or other condition or history thereof that in the 
opinion of the investigator would impair the ability to complete the 
planned study procedures

Diagnostic criteria of HFpEF by echocardiography assessed within 12 mo 
before randomization. LVEF ≥45% and structural changes indicated by at 
least one of the following parameters:
    LV hypertrophy (any of the following: intraventricular septal or posterior 

wall thickness ≥1.1 cm, and/or LV mass index ≥115 g/m2 in male and ≥95 
g/m2 in female), or

    LA enlargement (any of the following: LAV index ≥29 mL/m2, or LAV >58 
mL in male and >52 mL in female patients, or LA area >20 cm2, or LA 
diameter >40 mm in male and >38 mm in female patients)

Acute coronary syndrome (unstable angina, NSTEMI, or STEMI) or PCI or 
CABG within 60 d before randomization, or indication for PCI or CABG at the 
time of randomization

New York Heart Association class II or III at randomization Previous use of vericiguat

Complex congenital heart disease

Concurrent or anticipated use of PDE5 inhibitors, long/short acting nitrates or 
SGC stimulator

Previous (within 30 d of randomization) or concomitant participation in 
another clinical study with investigational medicinal product(s)

Illiteracy or inability to read the questionnaire for any reason, as the primary 
end point is based on data collected from a self-administered patient-reported 
questionnaire

Patients who are nonambulatory or in the view of the investigator are not 
able to perform a 6MWT

Pregnancy or lactation

6MWT indicates 6-minute walking test; BMI, body mass index; CABG, coronary artery bypass graft; DBP, diastolic blood pressure; EF, ejection fraction; 
eGFR, estimated glomerular filtration; HF, heart failure; HR, heart rate; IV, intravenous; LAV, left atrial volume; LV, left ventricle; MI, myocardial infarction; NT-
proBNP, N-terminal pro-B-type natriuretic peptide; NSTEMI, non–ST-segment–elevation myocardial infarction; PCI, percutaneous coronary intervention; PDE5, 
phosphodiesterase 5; SBP, systolic blood pressure; sGC, soluble guanylate cyclase; STEMI, ST-segment–elevation myocardial infarction; and VITALITY-HFpEF, 
Evaluate the Efficacy and Safety of the Oral sGC Stimulator Vericiguat to Improve Physical Functioning in Activities of Daily Living in Patients With Heart Failure 
With Preserved Ejection Fraction.
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Trial Organization
The VITALITY-HFpEF trial is co-sponsored by Bayer Phar-
maceuticals (Berlin, Germany) and Merck Sharp & Dohme 
Corp, a subsidiary of Merck & Co, Inc, Kenilworth, NJ, 
and conducted in collaboration with the Canadian 
VIGOUR Centre (Edmonton, Alberta, Canada) and the 
Duke Clinical Research Institute (Durham, NC). A Steer-
ing Committee from participating countries/regions 
consisting of international academic thought leaders as 
well as lead representatives from the joint sponsors will 
oversee all aspects of the VITALITY-HFpEF study.

A Data Monitoring Committee and external Data 
Monitoring Committee statistician(s) will have access to 
all data and randomization codes throughout the trial. 
A Clinical Events Committee will perform adjudication 
blinded to treatment assignment of all cardiovascular 
hospitalizations and all deaths as defined in the Clini-
cal Events Committee charter. In addition, a VITALITY-
HFpEF patient-reported outcomes (PRO) subcommittee 
reporting to and selected by the Steering Committee, 
will provide advice on the quality and progress of blind-
ed PRO data. This group consists of academic experts 
in the field of PRO, statisticians, and representatives of 
Health Economic and Outcomes Research, medical and 
PRO-related functions from the sponsors (membership 
of these committees is provided in Appendix A in the 
Data Supplement). Importantly, a patient expert repre-
sentative is also included in the PRO subcommittee to 
facilitate the important patient perspective in design-
ing and analyses of this important data. The sponsors 
and Executive Committee will have joint access to and 
possession of the data once it is unblinded. The Steer-
ing Committee will be primarily responsible for the cre-
ation, review, and submission of publications and pre-
sentations relating to the major aspects of the study.

Ancillary Genomics and Biomarker Study
Samples for genomic studies and novel biomarkers 
will be collected at baseline, 8, and 24 weeks corre-

sponding to the timing of the KCCQ assessments. We 
hypothesize that analysis of genomic variants combined 
with the discovery of novel soluble protein biomarkers 
as well as using established biomarkers relevant to the 
NO/cGMP signaling pathway and HF progression will 
(1) enrich the phenotyping of patients with HFpEF, 
(2) provide insight into vericiguat’s treatment-related 
mechanism of action in HFpEF, and (3) aid in assessing 
the relationship between vericiguat dose, tolerability, 
safety, and treatment effect.

Ancillary Accelerometry Study
A subset of trial sites will be participating in an explor-
atory accelerometry substudy. It is planned that ≈100 
patients may consent to undergo activity tracking 
before randomization, before the 12-week visit, and 
before the end of treatment visit at 24 weeks.

DISCUSSION
Targeting cGMP With Oral sGC Stimulator 
in HFpEF
Previous attempts in patients with HFpEF to increase 
cGMP with nitrates or nitrites have yielded subopti-
mal results. The NEAT trial (Nitrate’s Effect on Activ-
ity Tolerance in Heart Failure with Preserved Ejection 
Fraction) showed that isosorbide mononitrate did not 
improve quality of life or submaximal exercise capac-
ity in patients with HFpEF and may have decreased 
physical activity at the highest dose tested.9 Similarly, 
administration of inhaled organic nitrite in patients 
with HFpEF did not significantly improve exercise 
capacity either.27 Inhibition of PDE5 as an indirect 
means of increasing cGMP has also failed to improve 
invasive hemodynamics or clinical parameters in 
patients with HFpEF,10 and in another study 12 weeks 
of sildenafil treatment did not improve invasive hemo-
dynamic or clinical parameters in patients with HFpEF 
and pulmonary hypertension.28 Based on these data, 
the 2017 HF guidelines update stated that the routine 
use of nitrates or PDE5 inhibitors to increase activity 
or quality of life in patients with HFpEF is ineffective 
(a class III or no benefit recommendation).29 Reasons 
for failed clinical efficacy of prior approaches have 
been postulated to include limitations specific to the 
mode of action of NO substitution with nitrates (eg, 
tolerance, pseudotolerance, and paradoxical endothe-
lial dysfunction), as well as inadequate production of 
cGMP rather than its excessive breakdown by PDE5 
overexpression for PDE5 inhibitor treatment. These 
limitations may be overcome by the different mode of 
action of direct sGC stimulators as they do not require 
biotransformation and can increase cGMP production 
even in the absence of NO.30

Table 3. KCCQ Physical Limitation Domain Item Wording

Item Activity Description* Response Scale (for All Items)

(a) Dressing his/herself 1. Extremely limited

(b) Showering/bathing 2. Quite a bit limited

(c) Walking 1 block on level ground 3. Moderately limited

(d)  Doing yard work, housework or 
carrying groceries

4. Slightly limited

(e)  Climbing a flight of stairs 
without stopping

5. Not at all limited

(f)  Hurrying or jogging (as if to 
catch a bus)

6.  Limited for other reasons or did 
not do the activity

KCCQ indicates Kansas City Cardiomyopathy Questionnaire.
*The patient is asked to indicate how much he/she is limited by heart failure 

(shortness of breath or fatigue) in his/her ability to do the described activities 
over the past 2 weeks.
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Rationale for the Dose Selection of 
Vericiguat
Vericiguat is a novel sGC stimulator, optimized for once-
daily dosage, currently in development for chronic HF. 
Data from SOCRATES-PRESERVED have established 2.5 
mg as the safe starting dose, with uptitration by 2 dose 
doublings with 14-day intervals each to a target dose 
of 10 mg.11 This dose was well tolerated in patients 
with HFpEF without an increase in adverse events or 
changes in blood pressure compared with placebo. 
The 10 mg target dose was associated with more pro-
nounced improvement in health-related quality of life, 
physical limitations, NYHA class, signs and symptoms 
of congestion, and trends towards improved diastolic 
function.

Since no dose-limiting intolerabilities were observed 
within the dose range of up to 10 mg studied in 
SOCRATES-PRESERVED, VITALITY-HFpEF will explore a 
novel higher dose arm with a third uptitration step to 
15 mg in addition to the 10 mg arm. The objective of 
this additional dose arm is to test whether titration to 
the higher target dose of 15 mg is tolerable and safe 
over 24 weeks and associated with an even greater 
improvement in physical functioning. In the absence 
of existing data with 15 mg vericiguat in patients with 
HF, the risks of hypotension and syncope with 15 mg 
vericiguat require further characterization. Based on 
previous experience from SOCRATES-PRESERVED with 
doses up to 10 mg vericiguat, these risks or any other 
intolerability is expected to be manageable and mini-
mized through a nonforced titration for the 15 mg 
dose. This design will help establish the benefit/risk 
ratio of the 10 and 15 mg dose of vericiguat.

Rationale for the Study End Point
The VITALITY-HFpEF trial design represents an evolution 
that recognizes the need for developing novel patient-
centered outcomes for HFpEF by researchers, clinicians, 
regulatory agencies, and sponsors alike.2 While the 
general principle of patient-centered outcomes is self-
evident, the details of using such measures as a quan-
titative end point for drug approval is unclear. Hence, 
while the correlation of quality of life scores with hard 
clinical outcomes is well established, the actual mini-
mal clinically important difference in scores relevant to 
how patients feel has not been prospective determined. 
Thus, in addition to testing vericiguat as an interven-
tion, the VITALITY-HFpEF will also represent a pivotal 
contribution to the HFpEF drug development paradigm 
overall by defining minimal clinically important differ-
ence for PLS subdomain of the KCCQ score rigorously 
and prospectively designed.

As a result of constructive interdisciplinary discus-
sion focusing on regulatory perspectives, the VITALI-

TY-HFpEF protocol includes an anchor-based analysis 
to fill the current knowledge gap on the individual 
clinically important response of patients with HFpEF 
in the KCCQ-PLS domain. This approach intends to 
substantiate the clinical benefit of improved physi-
cal functioning in daily life measured by KCCQ PLS in 
patients with HFpEF via correlation with the patient-
reported global impression of change. Because the 
burden of disease manifests as physical limitation 
particularly in patients with HFpEF, such objective 
substantiation before trial unblinding can support 
the ambition to establish KCCQ PLS as a primary trial 
outcome in HFpEF that may be considered for future 
regulatory acceptance.

KCCQ PLS was selected as the primary end point in 
the trial as it is a direct previously validated measure 
of the hypothesized treatment effect; improvement in 
functional capacity in activities of daily life limited by 
HF symptoms. This end point gives a valid and appro-
priate measure of the limitations in activities of daily 
living that are impacted by HF symptoms of breath-
lessness and fatigue and represent the key burden of 
patients suffering from HFpEF. Based on the explor-
atory finding of a clinically meaningful improvement 
in KCCQ PLS (ie, an improvement compared with pla-
cebo larger than 5 points on 12 weeks treatment with 
a 10 mg target dose regimen) consistent with parallel 
improvements in EQ-5D-5L in SOCRATES-PRESERVED, 
the change in KCCQ PLS from baseline to week 24 is 
defined as the primary end point in the present study. 
A 5-point improvement in KCCQ overall summary 
score in patients with HF with reduced ejection frac-
tion is considered to represent a clinically significant 
change in HF status.15 Similarly, changes of +6.4 and 
−5.1 points in KCCQ PLS were associated with either 
small improvements or small deteriorations respectively 
in clinical status, as determined by a cardiologist, in the 
cardiovascular outcomes research consortium study 
cohort in patients with HF with reduced ejection frac-
tion.15,16 Previous studies have shown that KCCQ is a 
valid and reliable measure of health status in patients 
with HFpEF and has comparable performance to 
patients with HF with reduced ejection fraction.31,32 
As such, this study is powered to detect a placebo-
corrected change of at least 5-point improvement in 
KCCQ PLS from baseline to 24 weeks. NYHA class was 
not adjusted for in the primary end point because in 
subgroup analysis of SOCRATES-PRESERVED, there 
was no significant interaction for change in KCCQ PLS 
with baseline NYHA class.

The phase 2b VITALITY-HFpEF study is designed to 
collect data contributing to confirmatory testing of the 
study hypothesis with the intention to contribute piv-
otal data for registration of the study drug. This unique 
primary PRO end point may be considered as the pri-
mary end point for future phase 3 studies. To the best 
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of our knowledge, this is the first HF trial using a quality 
of life PRO as a primary end point. This approach facili-
tates the possibility, that when coupled with additional 
confirmatory data in a phase 3 trial, of acquiring regula-
tory approval of the study drug for its use in improving 
quality of life. In particular, it also establishes a potential 
pathway for future novel drug development programs 
targeting a quality of life.

Daily activities of patients with HFpEF are limited 
because of common HF symptoms. There is a need for 
more patient-centered outcome trials—those that can 
help inform patients about the benefits they would 
anticipate receiving from treatment. VITALITY-HFpEF is 
pioneering this approach and is also one of the first HF 
trials to plan patient representation on the PRO sub-
committee. Novel insights on the geographic variation 
in the KCCQ PLS will be among the learnings about 
patients with HFpEF from the participating 21 coun-
tries across the global footprint of VITALITY-HFpEF. In 
HF with reduced ejection fraction, regional variety of 
other KCCQ scores has been published as inserted.33,34 
Descriptive subgroup analyses will include next to 
region, sex, and atrial fibrillation status also randomiza-
tion time (before or after discharge from HF hospital-
ization or postintravenous diuretic treatment without 
hospitalization) and the time from HF hospitalization 
or intravenous diuretic treatment to randomization (<3 
versus ≥3 months).

As part of the analytical plan in this trial, an anchor-
based analysis has been prespecified to validate the 
clinical importance of the observed KCCQ PLS chang-
es by correlating these with changes in patient global 
impression on an interim dataset before unblinding of 
treatment codes. Together with the other anchor- and 
distribution-based methods described above VITALITY-
HFpEF takes a novel approach and tests not only the 
hypothesis whether vericiguat improves physical func-

tioning in patients with HFpEF with a mean difference 
between randomized groups but also quantifies the 
clinical importance of KCCQ PLS improvements in these 
patients.17–21

To demonstrate the durability of efficacy in improv-
ing physical functioning and to study safety beyond 
the previously studied time period of 12 weeks in 
SOCRATES-PRESERVED, the longer treatment dura-
tion of 24 weeks was chosen for this study. This 
end point will serve for confirmatory testing of the 
hypothesis that vericiguat improves KCCQ PLS com-
pared with placebo on top of background standard 
of care in a durable manner. Table 4 compares the key 
features between SOCRATES-PRESERVED, VICTORIA 
(Vericiguat Global Study in Subjects With Heart Fail-
ure With Reduced Ejection Fraction),35 and VITALITY-
HFpEF trials.

Conclusions
VITALITY-HFpEF will be the first trial designed to assess 
the efficacy of vericiguat in HFpEF using PLS as a prima-
ry end point, and it extends the prior dosing experience 
with vericiguat in HF by studying the safety and effi-
cacy of a 15 mg daily dose. This trial also represents an 
integrated academic-industry collaboration to address 
a major unmet need for pharmacological therapies to 
improve quality of life in patients with HFpEF.

 ARTICLE INFORMATION
The Data Supplement is available at https://www.ahajournals.org/doi/suppl/ 
10.1161/CIRCHEARTFAILURE.119.005998.
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Table 4. Comparison of Key Features Between SOCRATES-PRESERVED, VICTORIA, and VITALITY-HFpEF Trials

Variable SOCRATES-PRESERVED VICTORIA VITALITY-HFpEF

LVEF for inclusion ≥45% <45% ≥45%

NT-proBNP (pg/mL) for inclusion ≥300 (sinus rhythm) or ≥ 600 (atrial 
fibrillation)

≥1000 (sinus rhythm) or ≥1500 (atrial 
fibrillation)

≥300 (sinus rhythm) or ≥600 (atrial 
fibrillation)

SBP (mm Hg) for inclusion ≥110 and <160 >100 ≥110 and <160

BNP (pg/mL) for inclusion ≥100 (sinus rhythm) or ≥ 200 (atrial 
fibrillation)

≥300 (sinus rhythm) or ≥ 500 (atrial 
fibrillation)

≥100 (sinus rhythm) or ≥200 (atrial 
fibrillation)

Primary end point Change in NT-proBNP and left atrial 
volume at 12 wk

Composite end point of CV death and 
HF hospitalization

Change in KCCQ PLS from baseline to 
week 24

Sample size 470 4872 735

Maximum vericiguat dose 10 mg 10 mg 15 mg

Randomization relative to 
hospitalization

Up to 4 wk Up to 6 mo Up to 6 mo

CV indicates cardiovascular; HF, heart failure; KCCQ, Kansas City Cardiomyopathy Questionnaire; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal 
pro-B-type natriuretic peptide; PLS, physical limitation score; SOCRATES-PRESERVED, Vericiguat in Patients With Worsening Chronic Heart Failure and Preserved 
Ejection Fraction; VICTORIA, Vericiguat Global Study in Subjects With Heart Failure With Reduced Ejection Fraction; and VITALITY-HFpEF, Evaluate the Efficacy and 
Safety of the Oral sGC Stimulator Vericiguat to Improve Physical Functioning in Activities of Daily Living in Patients With Heart Failure With Preserved Ejection Fraction.
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