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Danicamtiv Enhances Systolic Function and
Frank-Starling Behavior at Minimal Diastolic
Cost in Engineered Human Myocardium
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a disease with poor prognosis, particularly when

complicated by diastolic dysfunction. A new class
of drugs known as myotropes may provide positive
inotropy by directly modulating myosin cross-bridge
kinetics, augmenting contractility without significant
adrenergic, electrophysiological, or calcium effects.
Indeed, the phase 3 trial of omecamtiv mecarbil (OM)
improved systolic function in the patient population with
heart failure with reduced ejection fraction.! Surprisingly,
these systolic gains did not improve patient mortality.
One possible explanation is that OM may exacerbate
diastolic dysfunction by prolonging crossbridge attach-
ment, an effect that has been reported in molecular and
animal models. Danicamtiv, a second myotrope, has
phase 2a clinical trial results that parallel those of OM
but with potentially less diastolic impact.?

To provide a detailed comparison of the systolic
versus diastolic impacts of OM and danicamtiv, we
have measured the acute effects of both myotropes
in human engineered heart tissues (EHTSs). The result-
ing data have implications for defining patient sub-
sets for whom these agents may have the greatest
therapeutic efficacy. Note that all supporting data not
directly included within the article are available upon
request.

Heart failure with reduced ejection fraction remains
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EHTs were created by seeding human induced plu-
ripotent stem cell-derived cardiomyocytes onto de-
cellularized porcine myocardial slices.® All EHTs were
derived from a single cell line (GM23338, 55-year-old
man, Coriell Institute). Real-time mechanical measure-
ments were conducted on EHTs to characterize the
effects of OM and danicamtiv on both systolic and dia-
stolic components of force production, using methods
previously described.* During drug infusion, records
were periodically collected to ensure attainment of
steady-state behavior at each drug concentration
(<80 minutes). Statistical analyses were performed in
Prism (GraphPad Software, La Jolla, CA), with P<0.05
as the threshold for significance.

As expected, both myotropes had dose-dependent
positive inotropic effects with associated changes to con-
traction kinetics (h=6 per group; Figure [A through CJ). At
its maximally effective dose of 3.16 pmol/L, OM increased
systolic force production by an average of 45%, while pro-
longing time to peak contraction by 13% and time from
peak contraction to 50% relaxation by 50%. At its own
maximally effective dosage of 10.6 umol/L, danicamtiv in-
creased systolic force production by an average of 74%
while prolonging time to peak contraction 13% and in-
creasing time to 50% relaxation similarly by 50%. We fur-
ther noted that both OM and danicamtiv had measurable
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Figure. Systolic and diastolic comparison between omecamtiv mecarbil (OM) and danicamtiv
(DAN).

A and B, Representative systolic force responses (normalized to predrug force) in human engineered
myocardium under increasing concentrations of OM and DAN. Responses were measured at culture length
and 1 Hz stimulation. C, Total force increases (relative to baseline) as a function of drug concentration,
fitted with Hill curves to establish half-maximal concentration (EC50). D and E, Representative total force
responses (including both diastolic and systolic components) normalized to predrug levels for OM and
DAN, respectively. F, Time to 50% relaxation (RT50) as a function of peak systolic force percentage
change in response to increasing concentrations of OM and DAN (ANCOVA). G, Diastolic force change
normalized to predrug baseline systolic peak force vs peak systolic force change (ANCOVA). H,
Normalized peak systolic forces measured from —3% to 3% stretch at 1-Hz pacing, before and after EC50
concentrations of OM and DAN. I, Paired peak systolic force percentage change before and after EC50

concentrations of OM and DAN from -3% to 3% stretch at 1-

measures). “P<0.05, **P<0.01, ***P<0.0001.
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effects on diastolic force production (Figure [D and EJ),
with OM increasing baseline force by 44% and danicam-
tiv by 35% at their respective maximally inotropic doses.
Beyond 3.16 and 10.6 pmol/L, respectively, OM and dani-
camtiv actually decreased the active twitch force (data not
shown).

Despite similarities in these results, when the lus-
itropic effects of these compounds are plotted as a
function of inotropic effects, it was apparent that OM
incurred a significantly steeper lusitropic cost for a
similar gain in systolic contractile function (Figure [F];
ANCOVA, P<0.01). Worsening relaxation effects of OM
at =35% systolic force change may reflect its complex
molecular action.® Diastolic force was also greater in
OM-treated tissues for the same increase in systolic
force, compared with danicamtiv (Figure [G]; ANCOVA,
P<0.05).

Additionally, for the dose-dependent effect on force
production at a given preload, we sought to under-
stand whether these myotropes would affect length-
dependent force regulation, given the critical importance
of Frank-Starling behavior in normal physiology. In new
experiments (n=5 per group), length-dependent force
production was studied in OM- and danicamtiv-treated
EHTs at their respective half-maximal dosages (Figure [C];
0.5 and 1 pmol/L, respectively). The 2 compounds ex-
hibited markedly different effects on the relationship be-
tween tissue stretch and isometric twitch force (Figure [H
and []). Specifically, danicamtiv resulted in more robust
Frank-Starling slope than OM. OM actually caused a de-
crease in length sensitivity compared with baseline con-
ditions (Figure [I]; 2-way ANOVA, P<0.0001).

We present here for the first time a detailed compar-
ison of the effects of 2 novel myotropes on contractile
mechanics in a preclinical model of human engineered
myocardium. Compared with OM, danicamtiv may
have a wider therapeutic index, achieve a significantly
larger augmentation of systolic contraction at a smaller
lusitropic cost, and enhance Frank-Starling behavior.
All of these point toward a fundamentally different
mode of molecular action and distinct clinical profile
between the 2 compounds.

These findings could drive further analysis of ex-
isting trial data or help guide investigations going
forward. For example, it may be worth conducting a
post hoc analysis of GALACTIC-HF (Global Approach
to Lowering Adverse Cardiac Outcomes Through
Improving Contractility in Heart Failure) to examine
responder effect by Tajik diastolic function class. The
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data could also guide prospective trial design and even
molecular screening in the preclinical phase. Additional
mechanistic investigation (once molecular targeting of
danicamtiv is disclosed) and testing of compounds in
EHTs derived from >1 individual should be considered
in future studies. In summary, mechanistic analysis
using this EHT model highlights specific differences
between OM and danicamtiv that shed new light on
clinical trial findings and underscore complex, mul-
tifaceted effects of both compounds on contractile
function.
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