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Aim N-terminal pro-B-type natriuretic peptide (NT-proBNP) is predictive of both outcomes and response to treatment
in patients with heart failure with reduced ejection fraction (HFrEF). The aim of this study was to examine the effect
of the cardiac myosin activator omecamtiv mecarbil according to baseline NT-proBNP level in the Global Approach
to Lowering Adverse Cardiac outcomes Through Improving Contractility in Heart Failure trial (GALACTIC-HF).

Methods The primary outcome was the composite of a worsening heart failure event (urgent clinic visit, emergency department

and results visit, or hospitalization) or cardiovascular death. We prespecified analysis of the effect of treatment according to
baseline NT-proBNP (< median, > median), excluding individuals with atrial fibrillation/flutter (AF/AFL). Of the
8232 patients analysed, 8206 had an available baseline NT-proBNP measurement. Among the 5971 patients not
in AF/AFL, the median (Q1-Q3) NT-proBNP level was 1675 (812—3579) pg/ml. Hazard ratios (HR) for the effect of
omecamtiv mecarbil, compared with placebo, for the primary endpoint in patients without AF/AFL were: < median
0.94 (95% confidence interval [CI] 0.80—1.09), > median 0.81 (0.73—0.90) (p-interaction = 0.095); for the overall
population (including patients with AF/AFL) the HRs were < median 1.01 (0.90—1.15) and > median 0.88 (0.80—-0.96)
(p-interaction = 0.035). There was an interaction between treatment and NT-proBNP, examined as a continuous
variable, with greater effect of omecamtiv mecarbil on the primary outcome in patients with a higher baseline
NT-proBNP (p-interaction = 0.086).
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Conclusions

In GALACTIC-HF, the benefit of omecamtiv mecarbil appeared to be larger in patients with higher baseline

NT-proBNP levels, especially in patients without AF/AFL.
Clinical Trial Registration: ClinicalTrials.gov Identifier NCT02929329; EudraCT number, 2016-002299-28.
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Introduction

Natriuretic peptides are fundamental to the understanding of the
pathophysiology of heart failure, its diagnosis, assessment of prog-
nosis, and treatment. Elevation of N-terminal pro-B-type natri-
uretic peptide (NT-proBNP) is characteristic of heart failure with
reduced ejection fraction (HFrEF) and higher blood concentrations
of this and other natriuretic peptides are associated with higher
rates of non-fatal and fatal outcomes."™> Conversely, pharmaco-
logical therapies that are effective in reducing the risk of hospital-
ization for worsening heart failure or the risk of death in patients
with HFrEF also reduce natriuretic peptides.>~” A newly developed
therapy for HFrEF, omecamtiv mecarbil, directly augments cardiac
contractility by selectively binding to cardiac myosin, increasing
the number of myosin heads (force generators) that bind to the
actin filament and initiating the power stroke at the start of sys-
tole.2~"* In phase 2 trials in patients with HFrEF, both short-term
intravenous treatment and longer-term oral therapy with ome-
camtiv mecarbil improved cardiac performance.”"! In the latter,
oral omecamtiv mecarbil, over 20 weeks, reduced left ventricular
systolic and diastolic volumes, plasma natriuretic peptide concen-
trations, and heart rate.”’ As a result, the Global Approach to Low-
ering Adverse Cardiac outcomes Through Improving Contractility
in Heart Failure trial (GALACTIC-HF) was conducted to assess
whether treatment with omecamtiv mecarbil would improve out-
comes in patients with HFrEF, enrolled either as outpatients or
inpatients with decompensated heart failure."”>'* Over a median
of 22 months, omecamtiv mecarbil reduced the risk of the primary
composite outcome of a worsening heart failure event or cardio-
vascular death by 8% (hazard ratio [HR] 0.92; 95% confidence
interval [CI] 0.86-0.99; p = 0.025)." We pre-specified that the
effect of randomized treatment would be examined according to
baseline NT-proBNP (< median, > median), according to the ran-
domization setting (outpatient or inpatient), excluding individuals
with atrial fibrillation/flutter (AF/AFL). Here we report the effect
of omecamtiv mecarbil according to baseline NT-proBNP levels in
patients without AF/AFL and in the overall population. In addition,
we describe the effect of omecamtiv mecarbil using NT-proBNP
as a continuous as well as a categorical measure and describe the
effect of omecamtiv mecarbil on NT-proBNP level.

Methods

GALACTIC-HF was a randomized, double-blind, placebo-controlled
trial in patients with HFrEF, evaluating the efficacy and safety of
omecamtiv mecarbil, in addition to standard care. The design, baseline

characteristics, and primary results of the trial are published.'?~4
The Ethics Committee of each of the 945 sites (in 35 countries)
approved the protocol, and all patients gave written informed consent.
The corresponding author had full access to the trial data and takes
responsibility for its integrity and the data analysis. GALACTIC-HF is
registered at ClinicalTrials.gov NCT02929329.

Patients

Patients were eligible if aged 18-85 years, in New York Heart Associ-
ation (NYHA) functional class lI-IV and had a left ventricular ejection
fraction <35% despite optimized standard pharmacological and device
therapy. Participants were also required to have an NT-proBNP con-
centration >400 pg/ml or B-type natriuretic peptide (BNP) >125 pg/ml
(if in AF/AFL: NT-proBNP >1200 pg/ml or BNP >375 pg/ml). Patients
could be enrolled as inpatients (i.e. be hospitalized for heart failure) or
outpatients (but only if hospitalized for heart failure or had an urgent
visit to an emergency department in the previous year). Key exclu-
sion criteria included systolic blood pressure (SBP) <85mmHg and
estimated glomerular filtration rate (eGFR) <20 ml/min/1.73 m2. Full
details of the eligibility criteria are published elsewhere.'2~14

Randomized treatment

Participants were randomized 1:1 to either placebo or omecamtiv
mecarbil (pharmacokinetic-guided dosing: 25, 37.5, or 50 mg) twice
daily. Patients and investigators were blinded to plasma concentrations
and dose of omecamtiv mecarbil.

NT-proBNP measurements

NT-proBNP was measured at baseline and at 2, 6, 24, 48, and
96 weeks after randomization. Plasma NT-proBNP was measured in
a central laboratory (Q Squared Solutions) using the Roche Elecsys
NT-proBNP two-site electrochemiluminescence immunoassay (analyt-
ical range 50—35 000 pg/ml).

Study outcomes

The primary outcome was a composite of time to the first occur-
rence of a heart failure event or cardiovascular death. A heart failure
event was defined as an urgent clinic visit, emergency department visit,
or hospitalization for worsening heart failure leading to intensification
of treatment beyond the augmentation of oral diuretic therapy.'? All
deaths and heart failure events were centrally adjudicated by a blinded
Clinical Endpoint Committee. Secondary outcomes included: cardio-
vascular death; change in Kansas City Cardiomyopathy Questionnaire
total symptom score (KCCQ-TSS) from baseline to week 24; first
heart failure hospitalization; and all-cause death. As described in the

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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primary results paper, the safety outcomes analysed included: ventric-
ular arrhythmias (ventricular tachyarrhythmia, torsades de pointes or
QT prolongation, and serious adverse ventricular arrhythmia leading
to treatment), major cardiac ischaemic events (myocardial infarction,
hospitalization for unstable angina, and coronary revascularization) and
stroke.™

Statistical analysis

Although the primary outcome was a composite of a worsening heart
failure event or cardiovascular death, the trial was designed to pro-
vide 90% power to detect a hazard ratio of 0.8 for cardiovascular
death, giving a sample size of approximately 8000 patients. The trial
was event-driven, with a target of approximately 1590 cardiovascu-
lar deaths. Efficacy analyses were performed according to randomized
treatment group assignment (intention-to-treat) on the full analysis set
which included all randomized patients except for 24 subjects from
a single site excluded due to Good Clinical Practice violations. Base-
line characteristics were summarized as frequencies with percentages,
means with standard deviation (SD), or medians with interquartile
ranges. Differences in baseline characteristics were tested using the
Cochrane—Armitage trend test for categorical variables and the anal-
ysis of variance test for continuous variables. The difference between
treatment groups in NT-proBNP at the time points after randomiza-
tion in surviving patients was analysed using an analysis of covariance
model, with the treatment-group assignment as a fixed-effect factor
and baseline NT-proBNP as a covariate. The results of the analyses
of covariance are presented as least-squares mean differences with
the corresponding 95% Cl. Time-to-event data were evaluated with
Kaplan—Meier estimates and Cox proportional-hazards models with
baseline hazards stratified by randomization setting and region and with
treatment group and baseline eGFR as covariates. The safety analy-
ses were performed in patients who underwent randomization and
received at least one dose of omecamtiv mecarbil or placebo. All anal-
yses were conducted using STATA version 15.1 (College Station, TX,
USA) and SAS version 9.4 (SAS Institute, Cary, NC, USA). A p-value
of 0.05 was considered statistically significant.

Results

An NT-proBNP measurement at baseline was available for 8206
of the 8232 patients randomized. Of these, 5971 patients did
not have AF/AFL on their baseline electrocardiogram. The median
(Q1-Q3) NT-proBNP level at baseline was 1675 (812-3579)
pg/ml among patients not in AF/AFL and 1998 (993—-4079) pg/ml
in all patients randomized (including patients with AF/AFL).

Patient characteristics according
to median NT-proBNP level at baseline

Baseline characteristics according to median baseline NT-proBNP
concentration are presented in Table 7 for participants with-
out AF/AFL and in the overall population. Compared to those
with NT-proBNP level <median, patients with a level > median
were older, more often from Western Europe or Latin America,
and less frequently from Asia. Participants with an NT-proBNP
level > median had a lower mean body mass index, eGFR (and
a larger proportion of patients with eGFR <60 ml/min/1.73 m?),

and systolic blood pressure, but higher heart rate and troponin I.
They were also more likely to have a lower ejection fraction, and
considerably worse NYHA functional class and KCCQ-TSS. These
differences were seen both in participants without AF/AFL and in
the overall population.

Some differences were only seen in patients without AF/AFL and
not in the overall population. Participants without AF/AFL, with an
NT-proBNP level > median, were more likely to have diabetes and
an ischaemic aetiology, than those with an NT-proBNP < median
(these differences were not significant in the overall population).

Regarding heart failure treatment, patients with an NT-proBNP
level > median were less often treated with renin—angiotensin
system blockers (including sacubitril/valsartan), mineralocorticoid
receptor antagonists, and beta-blockers, but were often prescribed
a diuretic and digoxin (even in patients without AF/AFL) and were
more likely to have an implanted cardiac device.

Generally, these differences were also observed whether
patients were enrolled as an outpatient or an inpatient.

Hospitalization and mortality outcomes
according to baseline concentration
of NT-proBNP

Event rates were higher in patients with an NT-proBNP > median,
compared with <median, in participants without AF/AFL and the
overall population, as shown by a comparison of the placebo groups
in Table 2. When NT-proBNP was examined as a continuous
variable, the rate of the primary endpoint rose steeply with
increasing NT-proBNP concentration (Figure 7). The same was
observed whether patients were enrolled as an outpatient or an
inpatient (online supplementary Figure ST).

Effect of omecamtiv mecarbil
on outcomes according to baseline
concentration of NT-proBNP

Table 2 shows the effect of omecamtiv mecarbil on the pre-specified
morbidity and mortality endpoints, according to baseline
NT-proBNP level divided at the median, as pre-specified, in
patients without AF/AFL and in the overall trial population. Addi-
tional analyses of the effect of omecamtiv mecarbil examining
NT-proBNP as a continuous variable are shown in Figure 2.

Primary composite outcome

Among patients without AF/AFL, compared to placebo, omecamtiv
mecarbil had more benefit on the primary endpoint in partici-
pants with an NT-proBNP > median (HR 0.81, 95% CI 0.73-0.90)
than in patients with an NT-proBNP <median (HR 0.94, 95%
Cl 0.80-1.09; p for interaction = 0.095). A similar interaction
was seen in the overall population (HR 0.88, 95% CI 0.80-0.96
in patients with NT-proBNP >median and HR 1.01, 95% CI
0.90—-1.15 in participants with an NT-proBNP <median; p for
interaction = 0.035). We performed a sensitivity analysis in the
overall population using specific median values for patients with

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 1 Baseline characteristics of patients according to pre-randomization N-terminal pro-B-type natriuretic
peptide level (< median or > median) in the pre-specified analysis population (no atrial fibrillation/flutter at baseline)

and in all patients randomized

No AF/AFL

< median
(n =2987)

> median
(n =2984)

All patients

< median
(n = 4105)

> median
(n=4101)

Age (years), mean (SD)
Male sex, n (%)
Race, n (%)
Asian
Black
White
Other
Geographic region, n (%)
Asia
Western Europe
Eastern Europe
North America
Latin America
Randomized as an inpatient, n (%)

Physiological measures

Systolic blood pressure (mmHg), mean (SD)

Heart rate (bpm)
BMI (kg/m?)
eGFR (ml/min/1.73 m?), mean (SD)
eGFR <60 ml/min/1.73 m2, n (%)
Ischaemic aetiology, n (%)
LVEF, mean (SD)
NYHA class, n (%)
I
1]
v
KCCQ-TSS, mean (SD)
AF/AFL*, n (%)
Medical history, n (%)
Hypertension
Type 2 diabetes
Previous Ml
Treatment, n (%)
ACEI/ARB/ARNI
ARNI
Beta-blocker
MRA
Diuretic
Digoxin
ICD
CRT-P/CRT-D

61.6+11.4
2334 (78.1)

316 (10.6)
234 (7.8)
2238 (74.9)
199 (6.7)

300 (10.0)
587 (19.7)
972 (32.5)
586 (19.6)
542 (18.1)
569 (19.0)

119.0+14.8
69.9+10.9
29.6+6.2
67.4+21.8
1163 (38.9)
1624 (54.4)
274+6.0

1893 (63.4)
1045 (35.0)
49 (1.6)

7194233

2085 (69.8)
1188 (39.8)
1315 (44.0)

2752.0 (92.1)
629.0 (21.1)
2865.0 (95.9)
2377.0 (79.6)
2541 (85.1)
319 (10.7)
893.0 (29.9)
352.0 (11.8)

64.9+115
2300 (77.1)

240 (8.0)
249 (8.3)
2262 (75.8)
233 (822)

222 (7.4)
718 (24.1)
818 (27.4)
542 (182)
684 (22.9)
776 (26.0)

115.0+15.9
728+ 119
272+58
57.0+22.0
1764 (59.1)
1708 (57.2)
253+ 64

1454 (48.7)
1418 (47.5)
112 3.8)

64.4+25.7

2038 (68.3)
1288 (43.2)
1361 (45.6)

2481.0 (83.1)
536.0 (18.0)
2771.0 (92.9)
2238.0 (75.0)
2732 (91.6)
372 (12.5)
1012.0 33.9)
460.0 (15.4)

<0.001

<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
0.026

<0.001
<0.001

<0.001

0.21
0.008
0.22

<0.001
0.003

<0.001
<0.001
<0.001
0.031

<0.001
<0.001

625+113
3259 (79.4)

402 (9.8)
290 (7.1)
3159 (77.0)
254 (6.2)

382 (9.3)
827 (20.1)
1408 (34.3)
757 (18.4)
731 (17.8)
871 (21.2)

1185+ 148
708+11.4
29.6+6.3
66.0+214
1705 (41.5)
2185.0 (53.2)
274+6.0

2484 (60.5)
1539 (37.5)
82 (2.0)
70.7+23.8
725 (17.7)

2908 (70.8)
1662.0 (40.5)
1727 (42.1)

3752.0 (91.4)
862.0 (21.0)
3921.0 (95.5)
3279.0 (79.9)
3554 (86.6)
610 (14.9)
1222.0 (29.8)
480.0 (11.7)

66.5+11.0
3203 (78.1)

308 (7.5)
266 (6.5)
3220 (78.5)
307 (7.5)

288 (7.0)
1086 (26.5)
1273 (31.0)
611 (14.9)
843 (20.6)
1188 (29.0)

1144157
739+ 127
273458
549+21.0
2599 (63.4)
2216.0 (54.0)
25.7+ 6.4

1875 (45.7)
2060 (50.2)
166 (4.0)

62.3+25.7
1510 (36.8)

2854 (69.6)
1702.0 (41.5)
1696 (41.4)

3388.0 (82.6)
728.0 (17.8)
3819.0 (93.1)
3101.0 (75.6)
3801 (92.7)
771 (18.8)
1380.0 (33.7)
672.0 (16.4)

<0.001

<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
0.46

<0.001
<0.001

<0.001

0.22
0.35
0.51

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Percentages may not total 100 because of rounding.

ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; AFL, atrial flutter; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor—neprilysin
inhibitor; BMI, body mass index; CRT-P/D, cardiac resynchronization therapy with pacemaker/defibrillator; eGFR, estimated glomerular filtration rate; ICD, implantable
cardioverter-defibrillator; KCCQ-TSS, Kansas City Cardiomyopathy Questionnaire total symptom score (range from 0 to 100, with higher scores indicating fewer symptoms);
LVEF, left ventricular ejection fraction; MI, myocardial infarction; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Association; SD, standard deviation.
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Table 2 Outcomes according to baseline N-terminal pro-B-type natriuretic peptide level (< median or > median)
according to randomized treatment assignment in the pre-specified analysis population (no atrial fibrillation/flutter

at baseline) and all patients randomized

No AF/AFL (n = 5971)

Placebo OM HR
(n = 3006) (n = 2965) (95% CI)

Primary outcome

<median NT-proBNP 352 (23) 1342 328(22) 1242 0.94 (0.80, 1.09)
>median NT-proBNP 748 (50)  38.85 650 (44) 3130 0.81 (0.73, 0.90)

HF hospitalization
<median NT-proBNP 263 (17) 10.02 254 (17) 9.62

Cardiovascular death
<median NT-proBNP 141 (9) 4.85 135(9) 4.64

All-cause death
<median NT-proBNP 205 (14) 7.05 196 (13) 6.74

0.97 (0.82, 1.15)
>median NT-proBNP 570 (38) 29.62 483 (32) 2326 0.79 (0.70, 0.89)

0.96 (0.76, 1.22)
>median NT-proBNP 405 (27) 1632 363 (24) 1429 0.87 (0.75, 1.00)

0.96 (0.79, 1.17)
>median NT-proBNP 530 (35) 2135 474 (32) 1867 0.86 (0.76, 0.97)

All patients (n = 8206)

p-value Placebo OM HR p-value
(n = 4099) (n = 4107) (95% CI)
n (%) Rate n (%) Rate

0392  518(25) 1484 537(26) 1500 1.02(0.90,1.15) 0.790
0000 1080 (52) 41.59 981(48) 3652 0.88 (0.81,0.96) 0.003

0728  399(20) 1143 424(20) 11.84 1.04(091,1.19) 0565
0000  830(40) 3197 750(37) 2793 088(0.79,097) 0.008

0761  202(10) 513  227(11) 563  1.11(092 1.34) 029
0047  591(29) 1718 578(28) 1715 099 (0.88,1.11) 0.811

0.715 292 (14) 7.42 327 (16) 8.11 1.10 (0.94,1.29) 0.223
0.017 766 (37) 2227 737 (36) 21.87 0.97 (0.88,1.07) 0.544

Numbers of patients in subgroups. No AF/AFL: NT-proBNP < median: placebo = 1511/OM = 1476. NT-proBNP > median: placebo = 1495/OM = 1489. All patients: NT-proBNP < median:
placebo = 2032/OM = 2073. NT-proBNP > median: placebo = 2067/OM = 2034. The primary outcome was a composite of time to HF event or cardiovascular death, whichever came first. Rate

is per 100 person-years.

AF, atrial fibrillation; AFL, atrial flutter; HF, heart failure; Cl, confidence interval; HR, hazard ratio; NT-proBNP, N-terminal pro-B-type natriuretic peptide; OM, omecamtiv mecarbil.

or without AF/AFL (HR 0.86, 95% CI 0.79-0.94 in patients with
NT-proBNP > median and HR 1.05, 95% Cl 0.93—-1.18 in partici-
pants with an NT-proBNP < median; p for interaction = 0.007).

When NT-proBNP was examined as a continuous variable, the
increasing beneficial effect of omecamtiv mecarbil with increasing
NT-proBNP became clearer as shown in Figure 2.

Qualitatively similar findings were seen in participants enrolled
in both the outpatient and inpatient setting (online supplementary
Figure $2).

Secondary outcomes

Examination of the hospitalization and mortality secondary out-
comes in patients without AF/AFL suggested the interaction
between baseline NT-proBNP level and the effect of omecamtiv
mecarbil was more evident for heart failure hospitalization than
for cardiovascular or all-cause death (Table 2, Figure 2). While both
hospitalization and mortality were reduced by omecamtiv mecarbil
in participants without AF/AFL and an NT-proBNP > median, the
mortality benefits were lost when the overall population was anal-
ysed, because of the absence of an effect of omecamtiv mecarbil in
patients with AF/AFL. Even the larger benefit of omecamtiv mecar-
bil on heart failure hospitalization was attenuated by the addition
of patients with AF/AFL in the overall population.

Effect of omecamtiv mecarbil

on physiologic measures and plasma
biomarkers according to baseline
concentration of NT-proBNP

Table 3 shows the effect of omecamtiv mecarbil on physiologic mea-
sures and plasma biomarkers according to baseline NT-proBNP

level divided at the median, in patients without AF/AFL, and in
the overall trial population. Changes from baseline to the 24-week
visit are provided. Omecamtiv mecarbil did not have a significant
effect on systolic blood pressure in any subgroup but did reduce
heart rate, significantly, by 1-2bpm in all four patient subgroups.
Treatment with omecamtiv mecarbil also led to a small but sig-
nificant increase in troponin | in all subgroups other than non
AF/AFL patients with <median NT-proBNP (in whom there was
a smaller decrease with omecamtiv mecarbil as compared with
the placebo group) and the proportional between-group difference
was similar in all four patient subgroups. By contrast, omecam-
tiv mecarbil reduced NT-proBNP only in patients with a baseline
value NT-proBNP > median at baseline, as shown in more detail in
Figure 3.

Association between reduction
in NT-proBNP and effect of omecamtiv
mecarhbil

We conducted landmark analyses, in participants who had both a
baseline and a 6-week NT-proBNP level and were event-free at
that point. Among those without AF/AFL, the unadjusted HR for
the primary outcome after day 45 was 0.86 (95% Cl 0.78-0.95).
After adjusting for the change in NT-proBNP between baseline and
6 weeks, the HR was 0.91 (95% Cl 0.83—-1.00).

The corresponding HRs in the overall population were 0.91 (95%
Cl10.85-0.99) and 0.96 (95% Cl 0.89—-1.04), respectively.

Safety outcomes

The occurrence of adverse events according to treatment assign-
ment according to NT-proBNP category is shown in Table 4.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 1 Outcomes according to baseline N-terminal pro-B-type natriuretic peptide (NT-proBNP) level in (A) the pre-specified analysis
population (no atrial fibrillation/flutter at baseline) and (B) all patients randomized (including patients with atrial fibrillation/flutter at baseline).
The y-axis shows the incidence rate per 100 person-years and the x-axis NT-proBNP level (ng/L). CV, cardiovascular; HF, heart failure. Black

line = patients randomly assigned to placebo; blue line = patients randomly assigned to omecamtiv mecarbil.
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Figure 2 Effect of randomized treatment on outcomes according to baseline N-terminal pro-B-type natriuretic peptide (NT-proBNP) level
in (A) the pre-specified analysis population (no atrial fibrillation/flutter at baseline) and (B) all patients randomized (including patients with atrial
fibrillation/flutter at baseline). CV, cardiovascular; HF, heart failure. Solid black line = continuous hazard ratio; interrupted black lines = 95%
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mecarbil over placebo.
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Figure 3 Effect of omecamtiv mecarbil (OM), compared with placebo, on N-terminal pro-B-type natriuretic peptide (NT-proBNP) after
randomization. Figures show the percent change in NT-proBNP from baseline according to treatment assignment in (A) the pre-specified
analysis population (no atrial fibrillation/flutter at baseline) and (B) all patients randomized (including patients with atrial fibrillation/flutter at
baseline). In each population, three panels are shown — all patients, irrespective of NT-proBNP level, and patients with an NT-proBNP level
either above or at or below the median value.

Table 4 Adverse events according to baseline N-terminal pro-B-type natriuretic peptide level (< median or > median)
according to randomized treatment assignment in the pre-specified analysis population (no atrial fibrillation/flutter
at baseline) and all patients randomized

No AF/AFL (n = 5971)

All patients (n = 8206)

Placebo OoM RR p-value Placebo oM RR p-value
(n=3006) (n=2965) (n=4099) (n=4107)
Ventricular tachyarrhythmia
<median NT-proBNP 104 (8.1) 84 (6.7) 0.82 (0.62,1.09) 0.17 142 (8.2) 130 (7.3) 0.89(0.71,1.12) 032
> median NT-proBNP 112 (8.2) 115 (8.6) 1.05 (0.82, 1.35)  0.69 161 (84) 160 (8.7) 1.03(0.83,1.27) 0.79
Torsade/QT prolongation
<median NT-proBNP 57 (4.4) 47 (3.7) 0.84 (0.58,1.23) 037 86 (4.9) 78 (4.4) 0.88 (0.65,1.19) 0.41
> median NT-proBNP 72 (5.2) 71 (5.3) 1.01(0.73,1.39) 0.95 108 (5.6) 98 (5.3) 0.94 (0.72,1.23) 0.64
Ventricular tachyarrhythmia leading to treatment
<median NT-proBNP 44 (2.9) 29 (2.0) 0.67 (0.42,1.07) 0.09 58 (2.9) 51 (2.5) 0.86 (0.59,1.25) 0.43
> median NT-proBNP 43 (2.9) 49 (3.3) 1.15(0.77,1.72)  0.51 68 (3.3) 68 (3.4) 1.02(0.73,1.42) 091
Major cardiac ischaemic events
< median NT-proBNP 76 (5.0) 86 (5.8) 1.16 (0.86, 1.56)  0.34 101 (5.0) 114 (5.5) 1.10 (0.85, 1.43) 0.46
> median NT-proBNP 77 (5.2) 83 (5.6) 1.08 (0.80, 1.47) 0.60 87 (4.2) 85 (4.2) 0.99 (0.74,1.33)  0.97
Stroke
<median NT-proBNP 31 (2.1) 25(1.7) 0.83 (0.49,1.39) 047 52 (2.6) 36 (1.7) 0.68 (0.44,1.03)  0.07
> median NT-proBNP 40 (2.7) 29 (2.0) 0.73 (0.45,1.17)  0.19 59 (2.9) 40 (2.0 0.69 (0.46, 1.03)  0.07

Numbers of patients in subgroups. All patients: NT-proBNP < median: placebo = 2032/OM = 2073. NT-proBNP > median: placebo = 2067/OM = 2034. No AF/FL NT-proBNP
< median: placebo = 1511/OM = 1476. NT-proBNP > median: placebo = 1495/OM = 1489. Rate is per 100 person-years.
AF, atrial fibrillation; AFL, atrial flutter; NT-proBNP, N-terminal pro-B-type natriuretic peptide; OM, omecamtiv mecarbil; RR, relative risk.
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Comparison of the placebo groups showed no substantial dif-
ference in the incidence of any adverse event in patients with
a baseline NT-proBNP concentration > median compared to
< median. Similarly, there was no strong or consistent evidence
that any adverse event was more common with omecamtiv
mecarbil, compared to placebo, in any of the four subgroups of
patients.

Discussion

In this pre-specified analysis of patients without AF/AFL enrolled
in GALACTIC-HF, we found that omecamtiv mecarbil reduced the
risk of the primary endpoint to a greater extent in those who
had higher NT-proBNP levels, compared to lower NT-proBNP
levels, at baseline. Omecamtiv mecarbil reduced the risk of both
components of the primary endpoint in patients with higher
NT-proBNP levels. Omecamtiv mecarbil also reduced NT-proBNP
to a significantly greater extent in those with a baseline concen-
tration > median, compared to those with a baseline NT-proBNP
level <median. In other words, it appeared that NT-proBNP con-
centration at baseline identified patients likely to respond more
favourably to omecamtiv mecarbil (i.e. those with a high base-
line level), and reduction in NT-proBNP represented a surro-
gate for the efficacy of omecamtiv mecarbil, as seen with other
treatments.3~71

Plasma natriuretic peptide concentrations reflect cardiac cham-
ber wall stress, blood volume, heart rhythm, and kidney func-
tion.'"31¢ Therefore, in patients with HFrEF, natriuretic peptides
provide an integrated measure of cardiac preload and afterload,
chamber size, wall thickness, and systolic function, as well as the
systemic consequences of pump dysfunction. It is not surpris-
ing, therefore, that selectively targeting the cardiac sarcomere to
improve pump function might have the most benefit in those with
elevated NT-proBNP levels, by identifying the individuals with the
greatest cardiac dysfunction. The present observations are consis-
tent with and extend our findings that the benefits of omecamtiv
mecarbil were most evident in patients with the lowest ejection
fractions.!”

In the pre-specified analysis population (patients without
AF/AFL), treatment with omecamtiv mecarbil led to a relative
risk reduction of 19% (95% CI 10—27%) in the primary endpoint,
with a somewhat larger reduction in heart failure hospitalization
(21%, 11-30%) than in cardiovascular mortality (13%, 0—-25%),
in those with a baseline NT-proBNP > median, with no clear
benefit in participants with NT-proBNP <median. To explore
this interaction further, we conducted additional post hoc analyses
examining the effect of omecamtiv mecarbil using NT-proBNP as
a continuous measure. These analyses suggested a linear inter-
action above a threshold of around 2000 pg/ml (below which
there was no suggestion of benefit), with a steadily increasing
benefit of omecamtiv mecarbil as the NT-proBNP level increased
across the remaining range of baseline values (up to approxi-
mately 20 000 pg/ml). The benefits of omecamtiv mecarbil related
to NT-proBNP levels were consistent in both inpatients and
outpatients.

In the overall trial population, the benefits of omecamtiv mecar-
bil were smaller than seen in participants without AF/AFL, possibly
because of the interplay between AF/AFL, NT-proBNP level, and
left ventricular ejection fraction.'® Atrial arrhythmias elevate natri-
uretic peptides and, for a given natriuretic peptide level, the degree
of left ventricular systolic dysfunction is less in patients with AF/AFL
than in patients in sinus rhythm.'®?® Consequently, patients with
AF/AFL may have ‘diluted’ the prevalence of significant left ven-
tricular systolic dysfunction in the overall trial population with an
NT-proBNP > median, compared to participants without AF/AFL
with an NT-proBNP > median.

Just as natriuretic peptides increase with cardiac chamber dilata-
tion, elevated wall stress, and reduced systolic function, rever-
sal of these abnormalities with effective therapy is paralleled
by a decrease in natriuretic peptides. Consequently, the clinical
benefits of omecamtiv mecarbil should have been accompanied
by a corresponding reduction in NT-proBNP level during treat-
ment.3~7"> This is what we observed, and the greater clinical
benefits in patients with a baseline NT-proBNP > median was
reflected in a greater reduction in NT-proBNP in such patients
(and, indeed, little change in NT-proBNP in participants with
a value <median at baseline). In patients with an NT-proBNP
>median at baseline, the proportional reduction in NT-proBNP
in the omecamtiv mecarbil, compared with placebo, group was
approximately 17%. In a prior analysis of 18 therapeutic inter-
ventions in heart failure, a 17% reduction in natriuretic peptide
concentration was associated with an approximately 20% relative
risk reduction in heart failure hospitalization and 13% reduction
in mortality, estimates close to the actual reductions observed in
GALACTIC-HF?®

Although treatment with omecamtiv mecarbil led to a small,
but statistically significant, increase in troponin |, which has been
observed before, there was no associated increase in cardiac
ischaemic events or any other adverse event of interest.'%"

The findings presented have potentially important clinical impli-
cations. Patients with very high natriuretic peptide levels are at
especially high risk and often have other clinical features such as low
blood pressure and poor renal function causing intolerance of some
recommended therapies.?’2* Any additional therapeutic option
is attractive for these individuals and it is often in these patients
that inotropic therapy is resorted to, or even use of mechanical
support or transplantation.2’2* The present findings support
evidence from another analysis that omecamtiv mecarbil may be
of particular value in such patients with more advanced heart fail-
ure.?® In this context, it is of interest that a contrasting observation
was made with another new therapy, vericiguat, where treatment
efficacy declined at higher NT-proBNP concentrations.?

Limitations

The findings of this study should be viewed in the context of
potential limitations. Although NT-proBNP was a pre-defined
subgroup analysis, the utilization of baseline NT-proBNP as a
continuous measure was done post hoc. The pre-specified inclusion
and exclusion criteria, although less restrictive than most prior
HFrEF trials, reduce the generalizability of our results.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Conclusions

In GALACTIC-HF, the benefit of omecamtiv mecarbil appeared
to be larger in patients with higher baseline NT-proBNP levels,
especially in patients without AF/AFL.

Supplementary Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Funding

The GALACTIC-HF trial was funded by Amgen, Cytokinetics, and Servier.
Prof McMurray is supported by a British Heart Foundation Centre of
Research Excellence Grant RE/18/6/34217.

Conflict of interest: K.ED. reports personal fees from AstraZeneca,
research grants from Boehringer Ingelheim and support from Cytokinet-
ics to attend scientific meetings. J.J.V.M. reports payments to his employer,
Glasgow University, for work on clinical trials, consulting, lecturing and
other activities: Alnylam, Amgen, AstraZeneca, Bayer, Boehringer Ingel-
heim, BMS, Cardurion, Cytokinetics, Dal-Cor, GSK, lonis, KBP Biosciences,
Novartis, Pfizer, Theracos; personal lecture fees: Abbott, Hikma, Sun
Pharmaceuticals, Servier. B.L.C. reports personal consulting for Amgen,
Boehringer Ingelheim, Corvia, Myokardia, and Novartis. K.FA. reports
grants and personal fees from Amgen; grants and personal fees from Novar-
tis, Roche Diagnostics, grants from Boehringer Ingelheim Pharmaceuti-
cals Inc, Merck & Co. Inc, Otsuka, BMS, LivaNova, personal fees from
Relypsa, Cytokinetics, Windtree Therapeutics, Inc. |.G.EC. reports grants
and personal fees from Amgen, Bayer, Novartis, Pharmacosmos, Vifor, BMS,
Servier, personal fees from Abbott, personal fees and non-financial sup-
port from Medtronic. R.D. reports grants from Amgen, Dalcor, Amarin.
G.M.F. reports grants and personal fees from Amgen, personal fees from
Cytokinetics, Novartis, Medtronic, Cardionomic, BMS, Innolife, Novartis,
V Wave, EBR Systems, Arena, Abbott, LivaNova, Eidos, Rocket, Reprieve,
and grants from Merck, Myokardia, Bayer. C.F. reports personal fees from
Servier, AstraZeneca, Boehringer Ingelheim, Novartis, grants and per-
sonal fees from Vifor Pharma, other from Bayer. M.M. reports grants
and other from Amgen, Abbott Vascular, Edwards Therapeutics, Servier,
WindTree Therapeutics, Actelion, Livanova, Vifor Pharma. S.D.S. reports
research grants from Actelion, Alnylam, Amgen, AstraZeneca, Bellerophon,
Bayer, BMS, Celladon, Cytokinetics, Eidos, Gilead, GSK, lonis, Lilly, Lone
Star Heart, Mesoblast, MyoKardia, NIH/NHLBI, Neurotronik, Novartis,
NovoNordisk, Respicardia, Sanofi Pasteur, Theracos, and has consulted
for Abbott, Action Akros, Alnylam, Amgen, Arena, AstraZeneca, Bayer,
Boehringer Ingelheim, BMS, Cardior, Cardurion, Corvia, Cytokinetics,
Daiichi-Sankyo, Gilead, GSK, Ironwood, Lilly, Merck, Myokardia, Novar-
tis, Roche, Takeda, Theracos, Quantum Genetics, Cardurion, AoBiome,
Janssen, Cardiac Dimensions, Tenaya, Sanofi-Pasteur, Dinaqor;, Tremeau,
CellProThera, Moderna, American Regent. D.V. reports grants from
Amgen; grants and personal fees from Novartis, Boehringer Ingelheim,
and Bayer. F1.M,, L.M,, S.B.H., and S.K. are employees and shareholders of
Cytokinetics. J.R.T. reports grants, personal fees and non-financial support
from Amgen, AstraZeneca, Cytokinetics, Novartis, Servier, and Windtree
Therapeutics; grants and non-financial support from Abbott, Bayer, Boher-
hinger Ingelheim, Bristol-Myers Squibb, EBR Systems, St. Jude; grants from
Medtronic, personal fees from Merck. All other authors have nothing to
disclose.

References

1. lbrahim NE, Burnett JC Jr, Butler ], Camacho A, Felker GM, Fiuzat M, et al.
Natriuretic peptides as inclusion criteria in clinical trials: a JACC heart failure
position paper. JACC Heart Fail. 2020;8:347-58.

2. Burnett JC Jr. Atrial natriuretic peptide, heart failure and the heart as an
endocrine organ. Clin Chem. 2019;65:1602-3.

3. Mueller C, McDonald K, de Boer RA, Maisel A, Cleland JGF, Kozhuharov N,
et al.; Heart Failure Association of the European Society of Cardiology. Heart
Failure Association of the European Society of Cardiology practical guidance
on the use of natriuretic peptide concentrations. Eur | Heart Fail. 2019;21:
715-31.

4. Wessler BS, McCauley M, Morine K, Konstam MA, Udelson JE. Relation between
therapy-induced changes in natriuretic peptide levels and long-term therapeutic
effects on mortality in patients with heart failure and reduced ejection fraction.
Eur | Heart Fail. 2019;21:613-20.

5. Troughton RW, Frampton CM, Brunner-La Rocca HP, Pfisterer M, Eurlings
LW, Erntell H, et al. Effect of B-type natriuretic peptide-guided treatment of
chronic heart failure on total mortality and hospitalization: an individual patient
meta-analysis. Eur Heart J. 2014;35:1559-67.

6. Vaduganathan M, Claggett B, Packer M, McMurray ]V, Rouleau JL, Zile MR, et al.
Natriuretic peptides as biomarkers of treatment response in clinical trials of heart
failure. JACC Heart Fail. 2018;6:564—9.

7. Zile MR, Claggett BL, Prescott MF, McMurray JJV, Packer M, Rouleau L,
et al. Prognostic implications of changes in N-terminal pro-B-type natri-
uretic peptide in patients with heart failure. | Am Coll Cardiol. 2016;68:
2425-36.

8. Malik FI, Hartman J), Elias KA, Morgan BP, Rodriguez H, Brejc K, et al. Cardiac
myosin activation: a potential therapeutic approach for systolic heart failure.
Science. 2011;331:1439-43.

9. Cleland ]G, Teerlink JR, Senior R, Nifontov EM, McMurray J], Lang CC, et al. The
effects of the cardiac myosin activator, omecamtiv mecarbil, on cardiac function in
systolic heart failure: a double-blind, placebo-controlled, crossover, dose-ranging
phase 2 trial. Lancet. 2011;378:676—83.

10. Teerlink JR, Felker GM, McMurray ]}V, Ponikowski P, Metra M, Filippatos GS,
et al.; ATOMIC-AHF Investigators. Acute treatment with omecamtiv mecarbil to
increase contractility in acute heart failure: the ATOMIC-AHF study. | Am Coll
Cardiol. 2016;67:1444-55.

11. Teerlink JR, Felker GM, McMurray JJ, Solomon SD, Adams KF Jr, Cleland ]G, et al.
COSMIC-HF InvestigatorsChronic Oral Study of Myosin Activation to Increase
Contractility in Heart Failure (COSMIC-HF): a phase 2, pharmacokinetic, ran-
domised, placebo-controlled trial. Lancet. 2016;388:2895—903.

12. Teerlink JR, Diaz R, Felker GM, McMurray JJV, Metra M, Solomon SD,
et al. Omecamtiv mecarbil in chronic heart failure with reduced ejection
fraction: rationale and design of GALACTIC-HF. JACC Heart Fail. 2020;8:
329-40.

13. Teerlink JR, Diaz R, Felker GM, McMurray JJV, Metra M, Solomon SD, et al;
GALACTIC-HF Investigators. Omecamtiv mecarbil in chronic heart failure with
reduced ejection fraction: GALACTIC-HF baseline characteristics and compari-
son with contemporary clinical trials. Eur / Heart Fail. 2020;22:2160-71.

14. Teerlink JR, Diaz R, Felker GM, McMurray ], Metra M, Solomon SD, et al;
GALACTIC-HF Investigators. Cardiac myosin activation with omecamtiv mecar-
bil in systolic heart failure. N Engl | Med. 2021;384:105-16.

15. Grodin JL, Liebo M], Butler ], Metra M, Felker GM, Hernandez AF, et al.
Prognostic implications of changes in amino-terminal pro-B-type natriuretic
peptide in acute decompensated heart failure: insights from ASCEND-HF. | Card
Fail. 2019;25:703-11.

16. Rerth R, Jhund PS, Yilmaz MB, Kristensen SL, Welsh P, Desai AS, et al.
Comparison of BNP and NT-proBNP in patients with heart failure and reduced
ejection fraction. Circ Heart Fail. 2020;13:€006541.

17. Teerlink JR, Diaz R, Felker GM, McMurray ], Metra M, Solomon SD, et al;
GALACTIC-HF Investigators. Effect of ejection fraction on clinical outcomes in
patients treated with omecamtiv mecarbil in GALACTIC-HF. | Am Coll Cardiol.
2021;78:97-108.

18. Solomon SD, Claggett BL, Miao ZM, Diaz R, Felker GM, McMurray ]}V, et al.
Influence of atrial fibrillation on efficacy and safety of omecamtiv mecarbil in heart
failure: the GALACTIC-HF trial. Eur Heart J. 2022;43:2212-20.

19. Kristensen SL, Mogensen UM, Jhund PS, Rerth R, Anand IS, Carson PE, et al;
|-Preserve and TOPCAT Investigators. N-terminal pro-B-type natriuretic pep-
tide levels for risk prediction in patients with heart failure and preserved
ejection fraction according to atrial fibrillation status. Circ Heart Fail. 2019;12:
€005766.

20. Kristensen SL, Jhund PS, Mogensen UM, Rerth R, Abraham WT, Desai A, et al.
PARADIGM-HF and ATMOSPHERE Committees and InvestigatorsPrognostic

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

85U8017 SUOWWIOD 3AITERID 8ol |dde ayy Aq pausenof ae ssjoie O ‘8sn Jo Sajni 1o} Ariqi8uluQ A8|1M UO (SUONIPUOD-pUR-SWRWOY A8 |IM ATeiq 1 jBul |UO//:Sd1Y) SUORIPUCD PUe SWIB 1 8y 89S *[£202/50/22] Uo Akiqiiauliuo A8|1IM ‘Soli0 eaueD yBinquips ‘SIN pUeiods Joj uoieonp3 SHN Aq £9/2°1UB/Z00T 0T/I0p/woo A8 1M Areig 1 jpul|uo//:sdny woiy pepeojumoq ‘Z ‘€202 ‘v806.8T



Omecamtiv mecarbil and NT-proBNP

259

21.

22.

23.

value of N-terminal pro-B-type natriuretic peptide levels in heart failure patients
with and without atrial fibrillation. Circ Heart Fail. 2017;10:€004409.

Loungani RS, Mentz R, Agarwal R, AD DV, Patel CB, Rogers G, et al. Biomark-
ers in advanced heart failure: implications for managing patients with mechan-
ical circulatory support and cardiac transplantation. Circ Heart Fail. 2020;13:
€006840.

Cui D, Liao Y, Li G, Chen Y. Levosimendan can improve the level of B-type
natriuretic peptide and the left ventricular ejection fraction of patients with
advanced heart failure: a meta-analysis of randomized controlled trials. Am
J Cardiovasc Drugs. 2021;21:73-81.

Comin-Colet J, Manito N, Segovia-Cubero |, Delgado ], Garcia Pinilla M, Alme-
nar L, et al.; LION-HEART Study Investigators. Efficacy and safety of intermittent
intravenous outpatient administration of levosimendan in patients with advanced

24.

25.

26.

heart failure: the LION-HEART multicentre randomised trial. Eur | Heart Fail.
2018;20:1128-36.

Najjar E, Stalhberg M, Hage C, Ottenblad E, Manouras A, Haugen L6fman |, et al.
Haemodynamic effects of levosimendan in advanced but stable chronic heart
failure. ESC Heart Fail. 2018;5:302-8.

Felker GM, Solomon SD, Claggett B, Diaz R, McMurray JJV, Metra M, et al.
Assessment of omecamtiv mecarbil for the treatment of patients with severe
heart failure: a post hoc analysis of data from the GALACTIC-HF randomized
clinical trial. JAMA Cardiol. 2022;7:26—34.

Ezekowitz JA, O’Connor CM, Troughton RW, Alemayehu WG, Westerhout CM,
Voors AA, et al. N-terminal pro-B-type natriuretic peptide and clinical outcomes:
vericiguat heart failure with reduced ejection fraction study. JACC Heart Fail.
2020;8:931-9.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

85U8017 SUOWWIOD 3AITERID 8ol |dde ayy Aq pausenof ae ssjoie O ‘8sn Jo Sajni 1o} Ariqi8uluQ A8|1M UO (SUONIPUOD-pUR-SWRWOY A8 |IM ATeiq 1 jBul |UO//:Sd1Y) SUORIPUCD PUe SWIB 1 8y 89S *[£202/50/22] Uo Akiqiiauliuo A8|1IM ‘Soli0 eaueD yBinquips ‘SIN pUeiods Joj uoieonp3 SHN Aq £9/2°1UB/Z00T 0T/I0p/woo A8 1M Areig 1 jpul|uo//:sdny woiy pepeojumoq ‘Z ‘€202 ‘v806.8T



	Efficacy of omecamtiv mecarbil in heart failure with reduced ejection fraction according to N-terminal pro-B-type natriuretic peptide level: insights from the GALACTIC-HF trial
	Introduction
	Methods
	Patients
	Randomized treatment
	NT-proBNP measurements
	Study outcomes
	Statistical analysis
	Results
	Patient characteristics according to median NT-proBNP level at baseline
	Hospitalization and mortality outcomes according to baseline concentration of NT-proBNP
	Effect of omecamtiv mecarbil on outcomes according to baseline concentration of NT-proBNP
	Primary composite outcome
	Secondary outcomes
	Effect of omecamtiv mecarbil on physiologic measures and plasma biomarkers according to baseline concentration of NT-proBNP
	Association between reduction in NT-proBNP and effect of omecamtiv mecarbil
	Safety outcomes
	Discussion
	Limitations
	Conclusions
	Supplementary Information
	Funding
	References

