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Circulation: Heart Failure

ADVANCES IN HEART FAILURE, MECHANICAL CIRCULATORY SUPPORT
AND TRANSPLANT 3]

Developments in Exercise Capacity Assessment
in Heart Failure Clinical Trials and the Rationale

for the Design of METEORIC-HF

Gregory D. Lewis®, MD; Kieran F. Docherty(®, BSc, MBChB; Adriaan A. Voors(®, MD, PhD; Alain Cohen-Solal, MD;
Marco Metra®, MD; David J. Whellan, MD, MHS; Justin A. Ezekowitz2, MBBCh, MSc; Piotr Ponikowski®, MD;
Michael Bohm2, MD; John R. Teerlink, MD; Stephen B. Heitner, MD; Stuart Kupfer, MD; Fady I. Malik, MD, PhD;
Lisa Meng, PhD; G. Michael Felker®, MD

ABSTRACT: Heart failure with reduced ejection fraction (HFrEF) is a highly morbid condition for which exercise intolerance is a major
manifestation. However, methods to assess exercise capacity in HFrEF vary widely in clinical practice and in trials. We describe
advances in exercise capacity assessment in HFrEF and a comparative analysis of how various therapies available for HFrEF
impact exercise capacity. Current guideline-directed medical therapy has indirect effects on cardiac performance with minimal
impact on measured functional capacity. Omecamtiv mecarbil is a novel selective cardiac myosin activator that directly increases
cardiac contractility and in a phase 3 cardiovascular outcomes study significantly reduced the primary composite end point of time
to first heart failure event or cardiovascular death in patients with HFrEF. The objective of the METEORIC-HF trial (Multicenter
Exercise Tolerance Evaluation of Omecamtiv Mecarbil Related to Increased Contractility in Heart Failure) is to assess the effect
of omecamtiv mecarbil versus placebo on multiple components of functional capacity in HFrEF. The primary end point is to test
the effect of omecamtiv mecarbil compared with placebo on peak oxygen uptake as measured by cardiopulmonary exercise
testing after 20 weeks of treatment. METEORIC-HF will provide state-of-the-art assessment of functional capacity by measuring
ventilatory efficiency, circulatory power, ventilatory anaerobic threshold, oxygen uptake recovery kinetics, daily activity, and quality-
of-life assessment. Thus, the METEORIC-HF trial will evaluate the potential impact of increased myocardial contractility with
omecamtiv mecarbil on multiple important measures of functional capacity in ambulatory patients with symptomatic HFrEF.

REGISTRATION: URL: https://clinicaltrials.gov; Unique identifier: NCTO3759392.
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worldwide," half of whom have HF with reduced
ejection fraction (HFrEF).2® Although a growing
array of therapies has led to improvements in overall
mortality, HFrEF remains a highly morbid condition for
which exercise intolerance is a cardinal manifestation.
It has been underrecognized that virtually all of the
many pharmacological agents definitively shown to
decrease clinical events in HFrEF have modest, if any,

Heart failure (HF) affects over 64 million people

benefit for the important, clinically relevant outcome of
objectively measured exercise capacity.* Oral pharma-
cotherapies that improve systolic function may augment
functional capacity in individuals in whom left ventricu-
lar systolic dysfunction (LVSD) is a major mechanism
by which cardiorespiratory performance is limited (Table
S1). However, such therapies have previously led to
increased adverse clinical event rates. Omecamtiv mecar-
bil is a selective cardiac myosin activator® that improves
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Nonstandard Abbreviations and Acronyms

6MWT 6-minute walk test
ACE angiotensin-converting enzyme

COSMIC-HF Chronic Oral Study of Myosin
Activation to Increase Contractility
in Heart Failure

CPET cardiopulmonary exercise testing

CRT cardiac resynchronization therapy

GALACTIC-HF Global Approach to Lowering
Adverse Cardiac Outcomes
Through Improving Contractility in
Heart Failure

HF heart failure

HFrEF heart failure with reduced ejection
fraction

KCCcQ Kansas City Cardiomyopathy

Questionnaire
Lv left ventricular
LVSD left ventricular systolic dysfunction

METEORIC-HF Multicenter Exercise Tolerance
Evaluation of Omecamtiv Mecarbil
Related to Increased Contractility
in Heart Failure

NYHA New York Heart Association

pVo, peak oxygen uptake

SGLT2i sodium-glucose cotransporter 2
inhibitor

cardiac function in patients with chronic HFrEF" and
was recently shown to improve the combined end point
of cardiovascular death or HF events in the GALACTIC-
HF (Global Approach to Lowering Adverse Cardiac Out-
comes Through Improving Contractility in Heart Failure)
trial® The double-blind, randomized, placebo-controlled
trial METEORIC-HF (Multicenter Exercise Tolerance
Evaluation of Omecamtiv Mecarbil Related to Increased
Contractility in Heart Failure; NCT03759392) will test the
hypothesis that omecamtiv mecarbil can improve exercise
capacity in patients with HFrEFR This review highlights
the clinical relevance of exercise capacity as an objec-
tive outcome measure in trials while summarizing results
of previous approaches to exercise capacity assessment
in relation to both guideline-directed therapies and posi-
tive inotropic agents. Finally, we describe the design of
METEORIC-HF trial in the context of conveying the
importance of exercise capacity assessment in HF clini-
cal trials, particularly for interventions that directly impact
cardiac performance.

HFrEF AND EXERCISE INTOLERANCE

Exercise intolerance is a common initial presentation of
HFrEF. Thereafter, exertional dyspnea, fatigue, increased

Circ Heart Fail. 2022;15:e008970. DOI: 10.1161/CIRCHEARTFAILURE.121.008970
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need to rest, and difficulty ambulating are dominant
symptoms in HF patients for the vast majority of time
when they are not hospitalized for pulmonary edema
or hemodynamic instability. While exercise intolerance
is associated with reduced quality of life and correlates
with higher mortality risk,%'° interventions that improve
HF event rates have not translated to improved exercise
capacity. Moreover, symptoms related to exercise intol-
erance often remain severe, even when patients with
HFrEF are nonedematous on guideline-directed thera-
pies. The extent to which specific activities elicit symp-
toms is often used to grade HF severity (ie, New York
Heart Association [NYHA] class) and inform the use
of certain HF therapies.'" Additionally, measurement of
exercise capacity is guideline directed and mandated
by the Centers for Medicare and Medicaid Services for
consideration of advanced HF interventions.’? Given the
inextricable link between exercise intolerance and HF,
there is a need for standardized approaches for assess-
ment of exercise tolerance in relation to HF therapeutics.

Clinical trials that have directly measured maximum
exercise capacity (peak oxygen uptake [pVo,]) in patients
with symptomatic HFrEF have shown that the patients’
average pVo, best approximates the metabolic costs of
routine activities of daily living (Figure 1)."® The degree of
functional impairment in symptomatic patients with HFrEF
frames the need to pursue therapies that even modestly
improve exercise capacity (by 0.7—1.0 mL/kg per minute),
which can significantly mitigate symptom burden and per-
mit performance of routine activities of daily living."

Comparison of Methods to Measure Exercise
Capacity in HF Trials

Unlike focused assessments of outcomes such as mor-
tality in HF clinical trials, metrics to assess functional
capacity vary widely. Relative strengths, limitations, and
complementarity of functional capacity assessments are
summarized in Figure 1.

Self-Assessed and Physician-Reported
Categorization

This approach relies on what the patient perceives as the
limits of his/her daily activities. While NYHA classification
is widely rooted in guidelines, clinical trial entry criteria,
Food and Drug Administration labeling, and clinical deci-
sion-making, it lacks objectivity and has poor reproduc-
iblity.'> Across 4 National Institutes of Health trials with
multimodality assessments of functional capacity, NYHA
class did not reliably predict clinical outcomes and poorly
differentiated patients across HF severity with substantial
(>b50%) overlap in the 2 most common classes (Il and Il1)
compared with the Kansas City Cardiomyopathy Ques-
tionnaire (KCCQ) scores, 6-minute walk test (BMWT) dis-
tances, pVo,, and measured exercise duration.'®
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Exercise Capacity Assessment in Heart Failure Trials

Figure 1. Functional capacity
assessments.

A, Oxygen uptake (Vo,) required for
activities of daily living relative to average
Vo, observed in 42 heart failure with
reduced ejection fraction (HFrEF) trials

in which peak Vo, (pVo,) was measured.
B, Comparison between commonly used
assessments of functional capacity in
heart failure (HF) clinical trials. C, Relative
exercise intensity levels associated with
measures of functional capacity in patients
with HF. BMWT indicates 6-minute

walk test; CPET, cardiopulmonary
exercise testing; KCCQ, Kansas City
Cardiomyopathy Questionnaire; MAU,
mean accelerometer unit; MLHF,
Minnesota Living With Heart Failure
Questionnaire; and NYHA, New York
Heart Association.

Health-related quality of life is defined as the overall  patients with HF, the KCCQ'*'® emerged as the highest
effect and outcome of an illness and its treatment on an rated overall instrument according to a standardized tool
individual's physical, psychological, and social well-being,  for evaluating patient-reported outcomes.'® The KCCQled
as perceived and reported by the patient. Of the 7 health-  other instruments in validity and sensitivity to change, with
related quality-of-life instruments used in evaluation of  the Minnesota Living With Heart Failure Questionnaire®
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and Chronic Heart Failure Questionnaire also performing
relatively well compared with other HF-specific health-
related quality-of-life assessment tools.' The KCCQ has
a specific physical limitation section that aims to capture
physical activity intensity and perceived level of difficulty.

Accelerometry

Accelerometer-derived daily physical activity has been
shown to correlate with established measures of HF sever-
ity and performance metrics?'?? and may serve to bridge
the gap between discrete measures of functional capac-
ity?$24 and high-density assessments of daily activity levels.
Additionally, accelerometer-derived daily physical activity
data are continuous and independent of patient or clini-
cian perception, interpretation, or recollection. Increased
daily activity, as measured by accelerometer-derived daily
physical activity, has been associated with improved out-
comes in patients with and without heart disease® %" and
has been shown to correlate with the efficacy of therapeu-
tic interventions.#2262° However, standardized approaches
to accelerometer-derived daily physical activity (including
device type, body placement site, monitoring duration, han-
dling of missing data) are lacking as highlighted by a recent
review of actigraphy use in HF clinical trials.3° Furthermore,
accelerometry devices represent a significant burden to
some patients, while compliance with devices and trouble-
shooting device malfunction pose additional challenges to
their routine incorporation into trials as metrics to assess
the impact of a given therapy on functional capacity.

Six-Minute Walk Test

The BMWT offers convenience and low cost as a simple test
that does not require specialized equipment or advanced
training, though standardized methodology should be fol-
lowed.2' Limitations of the BMWT include the lack of infor-
mation provided about the proportion of maximum volitional
effort expended and training effects of repeated GMWT
performance in HF32 Moreover, cardiospecific information
is lacking without electrocardiography, blood pressure, or
imaging during exercise to permit assessment of cardiac
and other organ-specific responses that can limit walk
distance. There is a mild-to-moderate inverse correlation
between BMWT distance and NYHA, with similar averages
of 400 m for NYHA I and Il, reflecting a ceiling effect, com-
pared with 320 and 225 m for NYHA IIl and IV, respec-
tively3 Correlation between 6MWT and pVo, assessed
during incremental ramp exercise across 16 HF studies
was only moderate (=0.59+0.13 [mean+SD]).3

Cardiopulmonary Exercise Testing

Cardiopulmonary exercise testing (CPET) permits mea-
surement of pVo,, the gold standard indicator of cardiorespi-
ratory fitness."? Less well appreciated is the simultaneous
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ability to ascertain breath-by-breath gas exchange patterns
that reflect O, onset kinetics upon exercise initiation, dur-
ing low-level exercise (oxygen uptake/work slope), during
submaximal exercise (ie, ventilatory anaerobic threshold),
and during peak exercise and recovery. Integration of ven-
tilation measurements provides complementary prognostic
information.? Moreover, independent of metabolic cart mea-
surements and their potential variability, exercise time and
workload are readily available within standardized CPET
protocols. CPET is associated with a higher cost than
BMWT or health-related quality of life, requires site exper-
tise, staff distinct from study coordinators/principal investi-
gators to conduct studies, and core laboratory oversight to
ensure uniformity. However, the multiple mechanisms that
contribute to exercise intolerance in HF support the prem-
ise of capturing comprehensive physiological responses
to graded-intensity exercise with CPET to reliably assess
exercise capacity as an outcome in clinical trials.

Cardiac and Extracardiac Contributions to
Exercise Intolerance in HFrEF

Despite the prominence of exercise intolerance in HFrER
sole attribution of exercise intolerance to the degree of
LVSD should be avoided in clinical practice and in trial
design. Unlike discrete events that abruptly compromise
cardiac function and exercise capacity, such as ventricular
tachycardia or myocardial infarction, chronic LVSD influ-
ences exercise tolerance through multiple mechanisms. 3-8
Anemig, iron deficiency, and pulmonary vascular adverse
remodeling, thought to be related to chronic elevations
in left-heart filling pressures, are prevalent in HFrEF94°
These abnormalities compromise convective delivery of
0, to exercising skeletal muscle. Upon delivery of O, to
the periphery, diffusive O, conductance and utilization is
limited by impaired capillary and mitochondrial function
within skeletal muscle.*! Histochemical changes in skeletal
muscle in chronic HFrEF include a shift to type Il glyco-
lytic fibers that fatigue rapidly and a reduction in oxidative
enzymes.*? An early transition from oxidative to glycolytic
metabolism, combined with glycolytic end products, in turn
stimulates exaggerated ventilatory responses to exercise
through intramuscle afferents sensitive to products of skel-
etal muscle work (eg, ergoreflex signaling).** The question
of whether cardiospecific interventions can overcome the
impairments at multiple levels of the O, cascade that arise
in chronic HFrEF, and how quickly they can do so, merits
careful consideration when developing and evaluating inter-
ventions aimed at improving functional capacity in HF.

Impact of Interventions on Exercise Capacity in
Patients With HFrEF

To understand whether cardiospecific interventions can
impact global metabolic reserve reflected in pVo,, both
device-based and pharmacological interventions merit

May 2022 513



€20z ‘TT Afenuer uo Aq Bio'sfeuinofeye//:dny woly pspeojumod

Lewis et al

consideration. Cardiac resynchronization therapy (CRT)
and cardiac contractility modulation are both cardiospe-
cific and result in immediate improvement in left ven-
tricular (LV) systolic function. Both interventions have
improved NYHA functional class as well as objective
measures of pVo, in the majority of studies to date, typi-
cally by =1.0 mL/kg per minute, which represents an
improvement of 7% in average baseline pVo,,.
Pharmacotherapies are often mechanistically more
nonspecific, with cardiac and extracardiac influences that
can impact exercise capacity. HF pharmacotherapies
approved by the Food and Drug Administration, including
[-blockers, renin-angiotensin-aldosterone system block-
ade, and SGLT2i (sodium-glucose cotransporter 2 inhibi-
tors), lack cardiospecificity. Hence, it is not surprising that
the ability to more than double cardiac output commensu-
rate with physiological needs of acute exercise exposure
are not significantly altered by neurohormonal blockade.
Among the current pillars of HFrEF pharmacotherapy (-
blockade, ACE [angiotensin-converting enzyme]/angio-
tensin receptor blocker/angiotensin receptor-neprilysin
inhibitor, mineralocorticoid receptor antagonist, SGLT2i),

Exercise Capacity Assessment in Heart Failure Trials

composite weighted average effect sizes on exercise
ability compared with placebo are minimal (Figure 2).
Despite potent effects on reverse LV remodeling, f3-
blockers are known to limit chronotropic responses and
do not benefit exercise capacity.* As shown in Table S1,
results are mixed for SGLT2i, with the 2 largest studies of
empagliflozin showing no improvement in the 6MWT#445
and 1 smaller study indicating a marked improvement.*
Evidence of exercise capacity benefits with ACE inhibi-
tors and angiotensin receptor blockers is mixed,**® and
improvements observed with spironolactone are modest
(Figure 2).4950

Milrinone has both positive inotropic and vasodila-
tory properties and has been shown to improve exercise
duration and pVo, by >15%; other positive inotropic
agents have shown mixed success in improving exer-
cise capacity (Figure 2; Table S1). One of the major
reasons for the failure of these so-called calcitropes®
in intermediate to long-term studies is increased myo-
cardial oxygen consumption and subsequent cell
injury, adverse cardiac remodeling, proarrhythmia, and
increased mortality.®'~%3
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Figure 2. Sample size weighted average percentage change in exercise capacity relative to placebo in randomized placebo-
controlled trials with exercise end points consisting of 6-minute walk test distance, exercise time, or peak oxygen uptake.

ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; CRT, cardiac
resynchronization therapy; GDMT, guideline-directed medical therapy; LBBB, left bundle branch block; MRA, mineralocorticoid receptor

antagonist; and SGLT2i, sodium-glucose cotransporter 2 inhibitor.
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Omecamtiv mecarbil is a selective cardiac myosin acti-
vator that increases cardiac contractility by specifically
binding to myosin at an allosteric site that results in a
greater number of cardiac myosin heads being primed for
engagement with actin before onset of cardiac contrac-
tion.5"®* The mechanism of action is unique, and preclinical
studies have demonstrated that the increase in contractil-
ity is calcium-independent and not associated with altera-
tion in oxygen demand.” Furthermore, in conjunction with
increases in systolic ejection time and stroke volume, the
COSMIC-HF study (Chronic Oral Study of Myosin Activa-
tion to Increase Contractility in Heart Failure) in patients
with chronic HFrEF demonstrated a reduction in LV cham-
ber size and decreased plasma concentration of N-termi-
nal pro-B-type natriuretic peptide.” In addition, omecamtiv
mecarbil did not exacerbate exertional angina in patients
with ischemic cardiomyopathy and angina despite reduc-
tion in diastolic time during exercise.’® Recently, treatment
with omecamtiv mecarbil has also been shown to lower
the composite end point of HF events and cardiovascular
mortality in the GALACTIC-HF study.®

METHODS

Study Design: METEORIC-HF

METEORIC-HF is a randomized, placebo-controlled, double-
blind, multicenter study in participants with HFrEF. Patient
selection criteria (Table 1) are intended to produce a cohort
of patients with severe LVSD that serves as the predominant
reason for exercise limitation (Figure 3). Patients must be
symptomatic and functionally impaired despite receiving opti-
mal guideline-directed medical therapy and have been clinically
stable for at least 3 months before enroliment.

Approximately 270 eligible participants are to be random-
ized in a 2:1 ratio to receive either omecamtiv mecarbil or
placebo, respectively. Each study site must be prequalified
by the Massachusetts General Hospital CPET core labora-
tory; in addition, each patient must qualify for randomization
based on evaluation of their CPET at the same core laboratory.
Randomization is stratified based on the respiratory exchange
ratio on the baseline CPET (1.05-1.15 and >1.15) and pres-
ence or absence of persistent atrial fibrillation at screening. The
proportion of patients with persistent atrial fibrillation at screen-
ing is capped at 20%, and patients with paroxysmal atrial fibril-
lation are excluded. Investigational product is started at 25 mg
orally twice a day, titrated based on predose plasma concentra-
tions at week 2 and week 6 to doses of 25, 37.5, or 50 mg BID,
and continued for a total of 20 weeks (Figure 4).

Investigational Product Dosage and Administration

As shown in Figure 4, omecamtiv mecarbil or placebo is admin-
istered orally twice a day (1243 hours apart) in the morning
and evening and can be taken under fasted or fed conditions.
Participants randomized to omecamtiv mecarbil initiate admin-
istration at 26 mg twice a day. Blood samples from all partici-
pants are collected at study visits on weeks 2, 6, 14, and 20 to
determine the predose omecamtiv mecarbil plasma concentra-
tion. The results are blinded to investigators, the study sponsor

Circ Heart Fail. 2022;15:e008970. DOI: 10.1161/CIRCHEARTFAILURE.121.008970
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Table 1. Entry Criteria

Inclusion criteria

Male or female, >18 to <85 y of age at signing of the informed consent

History of chronic HF, defined as requiring continuous treatment with
medications for HF for a minimum of 3 mo before screening

NYHA class Il or lll at screening

LVEF <35% per participant’s most recent medical record or an echocar-
diogram at screening

The qualifying LVEF must be the most recent assessment of LVEF in the
chronic, stable setting and must be within 12 mo before screening

On maximally tolerated SoC HF therapies consistent with regional clinical
practice guidelines, if not contraindicated and according to investiga-

tor judgment of the participant’s clinical status; 3-blocker dose must be
stable for 30 d before randomization

NT-proBNP level 2200 pg/mL at screening assessment by the central
laboratory

pVo, <75% of the predicted normal value with RER >1.05 on the screen-
ing (week —2) CPET, confirmed by CPET core laboratory

Exclusion criteria (designed to limit the impact of comorbidities on the
primary end point)

Major medical event or procedure within 3 mo before randomization, includ-
ing hospitalization, surgery, renal replacement therapy, or cardiac procedure

This includes episodes of decompensated HF that require IV HF treat-
ment

Minor hospitalizations or procedures that are not expected to impact
the safety of the participant or the integrity of the study results, per
investigator, are allowed

Resting systolic BP >140 or <85 mm Hg or diastolic BP >90 mm Hg
(mean of triplicate readings) at screening

Resting HR >90 or <50 bpm (mean of triplicate readings) at screening

Room air oxygen saturation <90% at screening

Hemoglobin <10.0 g/dL at screening

eGFR <80 mL/min per 1.73 m? (by the modified Modification of Diet in
Renal Disease equation) at screening

Hepatic impairment defined by a total bilirubin >2xULN or alanine amino-
transferase or aspartate aminotransferase >3xULN at screening

Severe uncorrected valvular heart disease

Paroxysmal atrial fibrillation or flutter requiring treatment documented
within the 6 mo before randomization

Participants with persistent atrial fibrillation and no sinus rhythm docu-
mented in the previous 6 mo are permitted

Untreated severe ventricular arrhythmias

Symptomatic bradycardia, second-degree Mobitz type I, or third-degree
heart block without a pacemaker

Recipient of a major organ transplant (eg, heart, lung, liver, bone marrow,
renal) or ventricular assist device or anticipated transplantation or chronic
mechanical circulatory support within 12 mo from randomization

BP indicates blood pressure; bpm, beats per minute; CPET, cardiopulmonary
exercise testing; eGFR, estimated glomerular filtration rate; HF, heart failure; HR,
heart rate; IV, intravenous; LVEF, left ventricular ejection fraction; NT-proBNP, N-
terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; pVo,,
peak oxygen uptake; RER, respiratory exchange ratio; SoC, standard of care; and
ULN, upper limit of normal.

(Cytokinetics Inc), and study participants. In an identical fashion
to that used in the GALACTIC-HF study, a pharmacokinetic-
directed dose adjustment algorithm is implemented to target
a plasma drug concentration of >300 to <1000 ng/mL based
on week 2 and week 6 predose omecamtiv mecarbil plasma
concentration, with participants continuing on the adjusted
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Figure 3. Oxygen uptake cascade that is activated by initiation of exercise.
METEORIC-HF trial (Multicenter Exercise Tolerance Evaluation of Omecamtiv Mecarbil Related to Increased Contractility in Heart Failure) exclusion
criteria were selected to minimize the influence of extracardiac comorbid conditions on exercise capacity and to isolate left ventricular systolic

dysfunction that is being targeted by omecamtiv mecarbil. AFib indicates atrial fibrillation; bpm, beats per minute; C(a-v)

op arterial-venous O, content
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rate; IV, intravenous; Q. ,,, metabolic quotient; Q
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alveolar volume; V.,

omecamtiv mecarbil dose for the remainder of the study.
Participants with plasma concentration 21000 ng/mL at any
point after the titration stage will have drug discontinued.®

Study Duration for Participants

After signing the informed consent, participants are random-
ized within 6 weeks for an on-study drug period of ~20 (£4)
weeks and safety follow-up of 4 weeks. The entire duration of
the study is 26 to 30 weeks (Figure 4).

All participants are followed according to the Schedule of
Assessments, from randomization through the date of their
final visit, irrespective of whether the participant is continuing
to receive study treatment, unless the participant has discontin-
ued prematurely from the study or withdrawn consent.

Study End Points

The primary end point is change from baseline in pVo,, mea-
sured by CPET, for omecamtiv mecarbil compared with pla-
cebo groups. CPET offers a wealth of information beyond pVo,
that will be captured in secondary end points (Table 2); these
include indicators of cardiac performance during exercise (ie,
cardiac power, ventilatory efficiency), indicators of cardiorespi-
ratory fitness that are independent of volitional effort (oxygen
uptake efficiency slope, ventilatory anaerobic threshold), as
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oxygen consumption rate; RER, respiratory exchange ratio; sat., saturation; SBP, systolic blood
rate of elimination of CO,; V,

o expiratory volume; and Vo,, rate of elimination of O,,.

well as recovery O, kinetic patterns post-exercise.® Actigraphy
measurements, KCCQ scores, and workload achieved during
exercise will complement CPET measures for assessment of
functional capacity.

Statistical Considerations

Sample size was calculated assuming a difference in change
from baseline in pVo, of 1.0 mL/kg per minute for omecamtiv
mecarbil compared with placebo (which is clinically meaning-
ful in the setting of depressed Vo, [Figure 1A]),'* an SD of
2.5 mL/kg per minute in participants receiving omecamtiv
mecarbil, and 2.0 mL/kg per minute in participants receiving
placebo. Assuming 15% of participants missing change from
baseline data for the primary end point, a sample size of 270
participants (=180 randomized to omecamtiv mecarbil and 90
randomized to placebo) provides 90% power to detect the
difference in pVo, change from baseline to week 20, with a
2-sided type | error of 0.05.

Unless specified otherwise, efficacy analyses will be per-
formed on the full analysis set, which includes all randomized
participants who receive at least 1 dose of randomized study
medication, by randomized treatment group. The primary anal-
ysis is to test the null hypothesis that there is no treatment
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Subjects

chronic
HFrEF and

reduced
exercise
capacity

Screening

with Starting dose 25 mg bid; titrated by PK to
25, 37.5, or 50 mg bid

Omecamtiv mecarbil

End of study

oo b

Echocardiogram* A

Actigraphy

Study visits Screen w-2 D1 w2 W4 W6 W8 W14 W20 W24
OM concentration A A A A
Dose adjustment A A
CPET A A

Lo oL

Figure 4. METEORIC-HF study (Multicenter Exercise Tolerance Evaluation of Omecamtiv Mecarbil Related to Increased

Contractility in Heart Failure) overview.

After an initial screening period of up to 2 weeks, eligible participants are randomized to omecamtiv mecarbil (OM) with pharmacokinetic (PK)-
guided levels or placebo titrated to maintain the study blinding. Cardiopulmonary exercise test (CPET) occurs before randomization and then at
week 20. D indicates day; HFrEF, heart failure with reduced ejection fraction; SoC, standard of care; and W, week. *The echocardiogram refers
to the most recent assessment in the chronic, stable setting and was required to be within 12 months before screening.

difference in the change in pVo, from baseline at week 20
between participants randomized to placebo and those ran-
domized to omecamtiv mecarbil in the full analysis set during
the placebo-controlled double-blind treatment. The analysis will
be performed using an ANCOVA model that will include terms
of treatment, baseline pVo,, respiratory exchange ratio random-
ization stratum (<1.15 and >1.15), persistent atrial fibrillation

Table 2. End Points

(Y/N), age, sex, and baseline hemoglobin level. Missing pVo,
at week 20 regardless of the type of intercurrent event will
be imputed using multiple imputation methodology under
the missing at random assumption for the primary analysis.
Sensitivity analyses of the primary analysis will be performed
by excluding week 20 CPET scores for participants who are
infected with COVID-19 or have a major protocol deviation due

End point Description
Primary Change in pVo, on CPET from baseline to week 20
Secondary Change in total workload during CPET from baseline to week 20
Change in V. /V_, slope during CPET from baseline to week 20
Change in the average daily activity units measured over a 2-week period from baseline (week —2 to day 1) to weeks 18-20
Exploratory Change from baseline to week 20 in Vo,/logVE slope, ventilatory threshold (by the V-slope method), Vo, recovery
kinetics, pVo, predicted percentage, circulatory power (Vo,xsystolic BP), and exercise duration
Change from baseline in the average daily activity units at weeks 6-8 and at weeks 12-14
Change from baseline in the KCCQ Total Symptom Score and its subdomains from baseline to week 20
Safety Incidence of reported adverse events and serious adverse events
Major adverse CV events will be adjudicated by a CEC, including all-cause death, CV death, major cardiac isch-
emic events (myocardial infarction, hospitalization for unstable angina, percutaneous coronary intervention, and
coronary artery bypass graft), HF events, and stroke

BP indicates blood pressure; CEC, Clinical End Points Committee; CPET, cardiopulmonary exercise testing; CV, cardiovascular; HF, heart

failure; KCCQ, Kansas City Cardiomyopathy Questionnaire; pVo,, peak oxygen uptake; V,

o rate of elimination of CO,; VE, ventilatory ef-

ficiency; and Vo,, oxygen uptake.
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to COVID-19 per the mitigation strategy described in the next
section. The safety analyses will be performed on the safety
analysis set, which includes all dosed participants. Additional
sensitivity analyses will be performed to take into account the
potential impact of COVID-19 and prolonged exposure to the
investigational product.

Impact of COVID-19 Pandemic and Mitigation
Strategy

Like almost all contemporary cardiovascular clinical trials,
the ongoing conduct of the METEORIC-HF study was sig-
nificantly impacted by the COVID-19 pandemic. The chal-
lenges of cardiovascular clinical trials during COVID-19 have
been discussed in detail elsewhere.®® The nature of the
METEORIC-HF trial, in particular, the primary end point of
change in pVo, from baseline to 20 weeks using CPET, cre-
ated unique challenges requiring specific mitigation strategies.
First, the CPET requires specialized equipment and expertise,
and data cannot be collected remotely without direct face-to-
face interaction with the research participant. These challenges
are in contrast to event-driven trials, for which procedures to
collect primary event data (such as deaths or hospitalizations)
could be done remotely by investigators or through centralized
call centers. Second, the requirement for follow-up CPET at
20 weeks (£7 days) from baseline created an imperative not
only for testing at a specific location but also within a specific
time window. Given that research sites in some locations were
temporarily unable to conduct in-person research activities
during the COVID-19 pandemic, this created significant issues
with potential protocol deviations for out-of-window evalua-
tions. Furthermore, the nature of conducting CPET with requi-
site high-volume unobstructed air expulsion into indoor testing
facilities led to further challenges in CPET-based research
protocols due to concerns for airborne spread of COVID-19.
These challenges required specific mitigation strategies and
adaptions to maintain study integrity, which are described in
the following sections.

Specific Mitigation Strategies for COVID in
METEORIC-HF

Protocol Adjustments

The METEORIC-HF protocol specified 9 in-person visits
(including a screening visit) over the 24 weeks of study follow-
up. Given the challenges with in-person follow-up at many sites
during the pandemic, a number of these were allowed to be
done virtually as remote televisits (at weeks 4, 8, and 24) or
removed from the protocol altogether (week 14), and direct
shipment of investigational product to patients was imple-
mented. Temporary suspension of enroliment was implemented
at sites unable to conduct any in-person research activities due
to COVID-19 restrictions.

Steps Taken to Maximize CPET-Based Primary End Point
Data Acquisition

Regular communication with participating CPET laboratories
was implemented to understand operational modifications
during COVID-19 and share information about phone-based
screening for symptoms of active COVID-19, sanitation prac-
tices, extended time between tests, and use of air filters.>® Due
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to the obvious importance of minimizing missing data for the
primary CPET end point, we implemented an extended window
for the week 20 follow-up CPET, from =7 days to up to 90 days
beyond the week 20 time point. While recognizing that this
prolonged time window between baseline and follow-up could
introduce other sources of variability (eg, participants could
develop noncardiovascular issues that could interfere with or
limit CPET), we opted for maximizing timing flexibility to mini-
mize missing data. Study participants who needed an extended
time window for follow-up CPET continued on blinded investi-
gational product until follow-up testing was completed.

DISCUSSION

The METEORIC-HF trial is an international, multi-
center, randomized, double-blind, placebo-controlled trial
designed to test the hypothesis that omecamtiv mecar-
bil can improve exercise capacity and quality of life in
patients with HFrEF. The study rationale is based on
preclinical and clinical trial data demonstrating the abil-
ity of omecamtiv mecarbil to safely enhance cardiac
contractility.

Omecamtiv mecarbil serves as an ideal physiological
probe to test the effects of an intervention that safely
improves cardiac function on exercise capacity. Device
therapies that are cardiospecific and deployed in appro-
priate patient populations (Figure 2) provide proof of
principle that exercise capacity can be augmented com-
mensurate with improvement in other metrics of cardio-
vascular performance 596

As shown in Figure 2, the heterogeneity in pVo,
responsiveness to CRT is partially due to the fact that
appropriate patient selection for CRT was still being
defined when these studies were conducted. For
example, there was no change in pVo, (0.1 mL/kg
per minute, —19%) in patients with normal QRS dura-
tion studied in the RethinQ trial, intermediate changes
in the sample size weighted average effect size in stud-
ies that selected patients on the basis of QRS prolon-
gation >120 ms (+9%) independent of bundle branch
block type, and the greatest average increment in pVo,
(+199%) in studies that only included patients with left
bundle branch block and QRS >150 ms, directly mirror-
ing what is now known about optimal CRT responsive-
ness and patient selection for CRT.

For cardiac contractility modulation, immediate
improvements in +dP/dt and stroke volume are evident
with variable influence on LV ejection fraction (up to
17% with a fall in systolic volume by 12% in 1 trial®?),
with a meta-analysis of studies of pVo, showing average
improvement in pVo, of 0.71 mL/kg per minute (=5%).
Correction of cardiac output deficit during exercise may
only translate to partial improvement in Vo, deficits when
other components of the O, cascade are impaired and
there is less transit time for O, uptake and extraction.®
Although it stands to reason that correction of abnor-
mal cardiac function would eventually lead to reversal of
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abnormalities arising secondary to LVSD (which has been
the case with a 24-month CRT study in which pVo, per-
centage change was similar to the percentage change in
LV ejection fraction®), the plasticity of physiological and
anatomic changes is variable. These considerations do
not reduce the merit of targeting improvement in impaired
overall functional capacity in HF with novel therapies but
do provide a context in which to interpret trial results.

In contrast to device therapies for HF, current Food
and Drug Administration—approved drug therapies for HF
have more wide-ranging physiological effects that are not
cardiospecific, and their impact on functional capacity
tends to be minimal (Figure 2). For a pharmacotherapy to
augment exercise capacity, it must augment stroke vol-
ume, heart rate, or peripheral O, utilization during exercise.
Importantly, the magnitude of Vo, augmentation during
moderate-to-vigorous exercise is typically more than
4-fold, reflecting acute adaptation to a distinct physiologi-
cal state. Hence, it should not be assumed that a drug that
confers chronic cardioprotection or favorably influences
HF prognosis will necessarily permit greater exercise
capacity. Use of ACE inhibitors and angiotensin recep-
tor blockers is associated with lower hemoglobin levels®®
and lower LV end-diastolic volume, which can negatively
impact convective O, delivery during exercise. Heart rate
lowering at rest and during exercise with 3-blockade is a
clear example in which chronic cardioprotective effects
do not align with promoting higher aerobic capacity. Fur-
thermore, if a drug helps to prevent sudden cardiac death,
in part, via counteracting potassium losses from loop
diuretic use (ie, spironolactone), it would be expected to
improve clinical event rates without necessarily improving
cardiac performance during physical activity.

The effect on exercise capacity following correction of
iron deficiency with ferric carboxymaltose was compared
with standard of care in EFFECT-HF (Effect of Ferric
Carboxymaltose on Exercise Capacity in Patients With
Iron Deficiency and Chronic Heart Failure)—a prospec-
tive, randomized controlled trial enrolling 172 patients
with HF®® Although correction of iron deficiency had a
favorable effect on pVo,, this effect was highly sensitive
to the imputation strategy for pVo, among patients who
died, further showing the challenges of demonstrating a
favorable effect on exercise capacity in patients with HF
When considering further polypharmacy among symp-
tomatic HF patients with exercise intolerance, there is
an unmet need not only to understand safety and effects
on clinical event rates but also to determine whether
novel therapies will improve exercise tolerance. This will
become increasingly important as more drugs are shown
to improve hospitalization and mortality outcomes, par-
ticularly if their use comes at a high cost and a shared
price for limited blood pressure, for example.

Finally, whether improved cardiac performance pro-
motes mitigation of, or permits compensation for, other
abnormalities that may arise secondarily due to HF
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highlights the importance of accounting for each compo-
nent of the O, cascade in designing HF trials with func-
tional capacity end points (Figure 3).

Clinical Trial Design to Detect Benefits in
Exercise Performance

Technical variance in repeated measures is important to
consider in trials investigating the impact of therapeu-
tic interventions on exercise capacity. An HF trial that
measured both 6MWT and pVo, in the same individu-
als showed SDs for repeated measures in the placebo
arm for BMWT versus pVo, of 2.6-fold versus 1.6-fold
the minimal clinically important difference of 10%,”
respectively, which translates to higher requisite sample
sizes for trials assessing 6BMWT versus pVo,. However,
unlike trials powered to detect differences in mortality
or cardiovascular hospitalizations, HF trials assessing
functional end points to date vary widely in sample size
(n=14-950; Table S1). Notably, <30% of placebo-con-
trolled trials of interventions summarized in Table S1 had
adequate sample size. Such studies are predisposed to
type Il error in attempting to draw conclusions about how
interventions impact functional capacity.

Accounting for extracardiac contributions to
functional capacity will also influence the degree to
which improving cardiac performance during exer-
cise translates to improved functional capacity, as will
accounting for physical activity level, which is criti-
cally important for generating improvements in exer-
cise capacity. Therefore, the METEORIC-HF trial is
designed to minimize the influence of predominant
extracardiac limitations and to permit assessment of
exercise capacity dictated by cardiac performance. To
this end, METEORIC-HF excludes fixed low HR that
is anticipated to remain adynamic and also excludes
patients with marked anemia, severe lung disease, and
primary orthopedic limitations (Figure 3). In addition,
the trial accounts for other conditions, such as iron
deficiency and activity exposure, and objectively mea-
sures exercise intolerance at different intensity levels
through high-density home-based measures (actigra-
phy) and gold standard assessments of cardiorespira-
tory fitness (CPET; Figure 1).

GALACTIC-HF: Results and Implications for
METEORIC-HF

During the conduct of the METEORIC-HF trial, the
results of the GALACTIC-HF trial were published?®
Briefly, GALACTIC-HF compared omecamtiv mecarbil
to placebo in a broad population of 8256 patients with
symptomatic HF (NYHA classes I1-1V) and ejection frac-
tion <35%. The primary outcome event of time to first HF
event or cardiovascular death was less common in the
omecamtiv mecarbil group compared with the placebo
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group (hazard ratio, 0.92 [95% Cl, 0.86-0.99]; P=0.03).
Subgroup analyses demonstrated significant heteroge-
neity by ejection fraction (lower ejection fraction having
greater benefit)®® and atrial fibrillation (patients without
atrial fibrillation having greater benefit than those with
atrial fibrillation who were treated with digoxin). The entry
criteria for GALACTIC-HF were less stringent than those
for METEORIC-HF with regard to ensuring cardiospe-
cific limitations to functional capacity (Figure 3) such that
symptoms and hospitalizations may have been influenced
by other comorbidities. The results from GALACTIC-HF
only increase the importance of the METEORIC-HF trial
to further define the net clinical benefits of omecamtiv
mecarbil in the population of patients with symptomatic
HFrEF in whom improving functional capacity represents
an unmet clinical need despite optimal guideline-directed
medical therapy.

Additional Limitations/Challenges

Anticipated findings will be limited to participants with
HFrEF who meet entry criteria and will not be gener-
alizable to those with comorbidities that compete with
predominantly cardiac limitations to exercise. Ensur-
ing comorbidities do not predominate in limiting func-
tional capacity and insisting on minimal peak respiratory
exchange ratio levels at baseline does not preclude
comorbidities becoming predominant at week 20 or sub-
maximal effort with week 20 testing. Despite mitigation
efforts, unforeseen impacts of COVID-19 are possible.

Conclusions

In conclusion, HFrEF is associated with marked limi-
tations in functional capacity that are not substantially
improved by current guideline-directed medical therapy.
The design, implementation, and analysis of METEORIC-
HF will determine the impact of augmenting cardiac con-
tractility with omecamtiv mecarbil on multiple measures
of functional capacity in HFrEF.
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