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Abstract

Background

Raised intracellular Na* impairs cardiac contractility in severe heart failure (HF). B3
adrenoceptor (B3 AR) agonists activate cardiomyocyte Na“™-K* pump-mediated Na* export.
Treatment with a selective B3 AR agonist in patients with severely reduced left ventricular
ejection fraction (LVEF) and stable HF improves LVEF. We examined effects of 3 AR
agonists on Na*-K* pump function in experimental severe HF characterized by organ
congestion and, in parallel, the clinical response in human treatment-refractory worsening
chronic HF (WCHF).

Methods

The circumflex coronary artery was ligated in rabbits to induce HF. Treatment with B3 AR
agonists was started 2 weeks later and effects on congestive signs were assessed, including
ascites and the primary outcome, lung: body weight ratio. Na*-K* pump current was measured
in voltage-clamped myocytes from non-infarcted myocardium. The B3 AR agonist
mirabegron was prescribed off-label to patients hospitalized with advanced HF (stage D) that
was refractory to maximally tolerated guideline-directed treatment and intravenous
furosemide, with or without inotropes, as assessed by >2 cardiologists.

Results

Rabbits developed severe HF with markedly increased lung:body weight ratio and ascites.
Na"™-K* pump current was decreased in myocytes from rabbits with HF. B3 AR agonists
eliminated pump inhibition, significantly reduced lung:body weight ratio and prevalence of
ascites. Mirabegron was given to 9 patients aged 74 = 7 years (mean + SD) with advanced
HF. LVEF was 26 + 5%. Signs and symptoms improved within 1-2 days of treatment.
Mirabegron was well-tolerated and improvement of >1 NYHA Class maintained by all early
after discharge. One patient died from HF at 16 months, 4 died from other causes at 2 — 30
months and 4 remain alive at 30 + 5 months with NYHA Class Il symptoms.

Conclusion

Treatment with B3 AR agonist in a pre-clinical model of severe HF can reverse Na*-K* pump
inhibition and improve organ congestion implicating pump inhibition as a reversible
myocardial dysfunction that is a useful treatment target. The changed in-hospital clinical
trajectory and a more favourable post-discharge course than expected in advanced HF,
suggests efficacy of 3 AR agonist shown in the animal model might translate into efficacy in
advanced human HF.
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Introduction

For the last 20 years, attempts at improving outcomes of decompensated heart failure have
generally been directed at unloading the heart by vasodilatation and have been largely
unsuccessful 2. An alternative strategy hypothesizes that cellular abnormalities in viable but
dysfunctional myocardium, found even in end-stage heart failure (HF) !, might be useful
treatment targets » 3. Contractile dysfunction in myocardium isolated from patients with
severe HF with reduced ejection fraction (HFrEF) is in part due to a pathologically raised
cytosolic Na* concentration ([Na*i]) # and drugs beneficial in chronic HFrEF stimulate

sarcolemmal Na*-K* pump-mediated Na*; export, as reviewed °.

The Na*-K* pump can be activated by agonists for the B3 adrenoceptor (B3 AR) ®. We have
previously reported a decrease in cardiac contractility indicated by hemodynamic indices
when a B3 AR agonist was given acutely by intravenous infusion to normal sheep . However,
after severe HFrEF was experimentally induced, the agonist caused a shift towards an
increase in contractility 8. While this shift suggests treatment with B3 AR agonists is
beneficial in HFrEF, hemodynamic indices are poor predictors of treatment outcomes in
decompensated heart failure 2. To address more relevant clinical objectives we have studied
effects of longer durations of treatment with two B3 AR agonists on congestive indices in a

rabbit model of HFrEF.

Mono-therapy with B3 AR agonists in the rabbit model was efficacious. However, this does
not indicate the agonists also add efficacy to guideline-directed drugs up-titrated to maximal
tolerated doses. No animal model can reproduce this standard clinical trial practice or the
setting of co-morbidities that often limits treatment options in decompensated human HF.
Here we complement our studies on the rabbits by reporting on outcomes of adding the f3 AR

agonist mirabegron to treatment of patients with advanced, stage D HF.
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The rationale for prescribing mirabegron was in part based on our previous study on patients
with stable, mostly Class Il NYHA HFrEF ’. Mirabegron seemed safe during treatment for 6
months, and an exploratory secondary analysis suggested the treatment increased left
ventricular ejection fraction (LVEF) in patients with a particularly low baseline EF, but not in
similar placebo treated patients 7. We felt this, combined with a mechanistically plausible
rationale and beneficial effects of B3 AR agonists on organ congestion we identified in the
rabbits, justified prescribing mirabegron to our patients. We also took into account that the
prognosis for advanced HF is very poor and that no effective medical treatment is available &
9.

Mirabegron is approved for treatment of overactive bladder and as such was prescribed off-
label to 9 patients who were hospitalized with advanced HF. At least two cardiologists had to
agree the HF was refractory to maximal tolerated conventional guideline-directed treatment
and that it was unlikely that the patients could be discharged from hospital. We report in-
hospital clinical trajectories before and after we started treatment with mirabegron and post-

discharge outcomes during maintained treatment.
Methods

Rabbits were used because 33 AR agonist affinities in rabbit cardiac myocytes and functional
effects of activation of it are similar to those in the human myocardium °. HFrEF was
induced by ligating the circumflex coronary artery. Details of anaesthesia and postoperative
analgesia for rabbits and experimental protocols are available in Expanded Methods in Online
Data Supplements. Protocols were designed to minimise the number of rabbits and were

approved by the Royal North Shore Hospital Animal Ethics Committee.
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Echocardiography was performed in anesthetised rabbits before coronary artery ligation or
sham operations and 7 days after surgery to measure LVEF. LVEF <25% was used to
determine if rabbits should enter the treatment protocols because we had found a value <25%
to be a reliable marker of heart failure at subsequent autopsy as indicated by organ congestion

and an increase in RNA levels for brain natriuretic peptide (BNP) in the LV.

We used pulmonary congestion as reflected by lung: body weight ratio as the primary
endpoint. This is supported by a strong correlation between lung weight at autopsy and
extravascular lung water which reflects pulmonary congestion in vivo and is robust across
diverse co-morbidities in humans . We also recorded liver and heart weights and presence or
absence of ascites. We expected rates of change in the BNP mRNA levels to be too slow for
detection within treatment periods of 3 or 14 days that were used. Furthermore, serum BNP
levels in clinical studies are poor surrogates for treatment efficacy in decompensated HF 2.

Therefore, BNP mRNA level in the LV was not used as an outcome variable.

We started treatment with the B3 AR agonists CL316,243 infused via subcutaneous osmotic
minipumps at 2 mg/kg/24 hours >2 weeks after coronary ligation. CL316,243 is a selective
agonist for the rabbit p3 AR !0 and stimulates the Na*-K* pump in isolated rabbit cardiac
myocytes ®. Duration of treatment was limited to 3 days due to prohibitive cost of the drug in
a medium sized animal like rabbit. We treated another group of rabbits for 2 weeks with the

B3 AR agonist ASP9531 (a gift from Astellas Pharma) via osmotic minipumps at a rate of 250
pg/kg/day.

Electrogenic Na*™-K* pump current (lp, arising from the 3: 2 Na*: K" exchange ratio) was
measured in myocytes from non-infarcted myocardium using the whole-cell patch clamp
technique. Patch pipette solutions perfusing the intracellular compartment included 10

mmol/L Na*. Myocytes were voltage clamped at -40 mV and I, was identified as the shift in
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holding current induced by 100 pumol/L ouabain according to pre-determined quality criteria

12 1, (in pA) is reported normalized to membrane capacitance (in pF) and hence myocyte size.

Patients

Patients had been admitted to hospital with worsening chronic HF (WCHF). They had no
valvular stenosis or regurgitation as the primary cause of HF and, as independently assessed
by >2 cardiologists, decompensated heart failure was refractory to treatment short of i.v.
inotropes or had relapsed after such treatment. At the treating physician’s discretion and
taking into account adverse effects the inotropes have on long-term outcomes 3 4 most

patients were not treated with inotropes before mirabegron was prescribed.

Mirabegron, which is approved by the Food and Drug Administration in the United States and
the Therapeutic Goods Administration in Australia for treatment of urinary incontinence and
overactive bladder, was prescribed off-label. A drug may be prescribed off-label in Australia
if, in the opinion of the prescriber, it is in the best interest of the patient and is supported by

reasonable evidence *°. Approval by the institutional review board was not required.

Reasoning for proposing treatment was explained to the patients and, when possible, to their
close relatives, and patients consented to treatment. Consent for publication of de-identified

case histories was obtained in accordance with institutional guidelines.

Mirabegron was given orally in a dose of 25 mg b.d. if the glomerular filtration rate (GFR)
was at least 30 ml/min/1.73 m?. With a GFR <30- but >15 ml/min/1.73 m? we reduced the
does to 25 mg daily and did not use the drug at GFRs <15 ml/min/1.73 m?. Clinical data
presented is observational, reflects the practice of the patients’ usual cardiologist and was not

acquired according to pre-determined protocols.

Statistics
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Results are expressed as mean + standard error (SE) unless indicated otherwise. Comparisons
are made with analysis of variance (ANOVA). A post-hoc Bonferroni test is used for multiple
comparisons as appropriate. Comparisons for categorical variables are made with a Fisher's

exact test.

Expanded Methods are available in Online Data Supplements.

Results

Hemodynamic Variables and Clinical Indices of Heart Failure in Rabbits
Treatment with CL316,243 did not alter heart rate or blood pressure significantly in sham-
operated rabbits or in rabbits with HF and there was no significant effect of HF or treatment

with CL316,243 on serum creatinine (Table 1).

Coronary ligation led to a severe HF phenotype with significantly increased lung: body
weight- (Figure 1A), heart: body weight- (Figure 1B) and liver: body weight ratios (Figure
1C). Most rabbits that had coronary ligation and were not treated with CL316,243 had ascites
(Figure 1D). None of the sham-operated rabbits or sham-operated rabbits treated with
CL316,243 had ascites (Figure 1D). Treatment with CL316,243 of rabbits that had coronary
ligation reduced lung- (Figure 1A), heart- (Figure 1B) and liver weight and reduced the

prevalence of ascites (Figure 1D).

Na*™-K* Pump Function in Heart Failure and Response to CL316,243 Treatment

Measurements of membrane currents of a myocyte from a rabbit with HF and from a rabbit
with HF treated with CL316,243 are illustrated in Figure 2A. 1, of myocytes from rabbits with
HF was significantly lower than I, of myocytes from sham-operated rabbits. I, of myocytes
from rabbits with HF treated with CL316,243 was significantly higher than that of myocytes

from untreated rabbits (Figure 2B). In vivo treatment with CL316,243 also increased I, of
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myocytes from sham-operated rabbits free of HF (Figure 2B) consistent with an increase in I,
after in vitro exposure to CL316,243 of myocytes isolated from normal rabbits that had not

undergone surgery .

The main Na*™-K* pump constituents are a large catalytic a subunit and a smaller B subunit
with the ol and B1 isoforms the most abundant in rabbit heart. There was no significant
difference between expression of al- or Bl subunits (Figure 2D) in myocardial homogenate
from sham-operated rabbits or from rabbits with HF, with or without CL316,243 treatment,

indicating that CL316,243 increased Na™-K* pump turnover rather than abundance.

Treatment with ASP9531

ASP9531 is highly potent and specific for the human 3 AR. We ascertained it stimulates the
Na*-K* pump in rabbit cardiac myocytes in vitro, similar to the stimulation caused by other
B3 AR agonists we previously examined °. Myocytes were isolated from normal rabbits as
they were in the previous study °. After establishing the whole-cell voltage clamp
configuration, myocytes were exposed to 200 nmol/L ASP9531 for ~5 min before 1, was
measured. Mean I, was 0.52 £ 0.07 pA/pF for 6 myocytes exposed to ASP9531 and 0.30 £

0.02 pA/pF for 8 control myocytes (P< 0.01).

We also measured I, in myocytes from normal rabbits that had been given ASP9531 (30
mg/kg/24 hours) orally for 7 days. Mean I, of myocytes isolated from 5 rabbits given
ASP9531 was 0.47 + 0.06 pA/pF and 0.30 £ 0.02 pA/pF in myocytes from 5 control rabbits (p
<0.05). These results indicate in vitro or in vivo exposure to ASP9531 stimulates the Na*-K*
pump. Oral treatment proved impractical (Online Data Supplements) and for rabbits with HF

we gave ASP9531 via osmotic minipumps.

Duration of treatment with ASP9531 was longer than that of treatment with CL316,243 (14

vs. 3 days) and accordingly there was a longer time between coronary ligation of the rabbits
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and the time of their sacrifice (28 days). To limit the number of rabbits undergoing

thoracotomy, a sham-operated control group was not used again.

ASP9531 did not significantly alter heart rate, blood pressure or serum creatinine (Table 1).
The lung: body weight ratio in rabbits with HF for 28 days (Figure 3A) was similar to that
after 14 days (Figure 2A) suggesting that severity of HF was stable after day 14. Treatment
with ASP9531 for 14 days reduced the lung: body- (Figure 3A) and heart: body weight ratios
(Figure 3B) but there was no statistically significant effect on the liver: body weight ratio

(Figure 3C -see comment to this in legend). Treatment eliminated ascites (Figure 3D).

Mirabegron in severe treatment-resistant human HFrEF

Nine patients aged 74 + 7 years (all clinical data here presented as mean + standard deviation)
had been admitted to hospital with WCHF. A cause precipitating cardiac decompensation was
not identified in any of them. They had been treated for HFrEF for > 6 months. All had
symptoms and clinical signs of pulmonary congestion or edema. Eight had leg and/or sacral
edema and 5 had abdominal distension attributed to ascites. Three were in New York Heart
Association (NYHA) Class 111 and 6 in NYHA Class IV and all had advanced, stage D HF &

° BNP, available for 7 patients, was 2385 + 2167 ng/L.

Four patients had bi-ventricular pacing and an implantable cardiac defibrillator. Two had a
defibrillator alone but not bi-ventricular pacing. The most recent LVEF measured by
echocardiography was 26 + 5%. The systolic blood pressure before starting treatment with
mirabegron was 110 = 13 mm Hg. This value includes the blood pressures of 2 patients while
they had a second course of i.v. inotropic support when early relapse of severe de-
compensation had occurred after a first course. Mirabegron was introduced during a bridging
period before inotropes were weaned off in these patients. Their serum creatinine was raised
to 221 and 310 umol/L before they were given the second course of inotropes. The inotropes
reduced these to levels that allowed use of mirabegron according to guidelines for the

9
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approved indication. The averaged serum creatinine for all 9 patients, including the 221 and
310 pumol/L levels, was 153 = 84 pmol/L. One additional patient had inotropic support during
an admission 4 weeks previously but was not given inotropes before mirabegron was started

during the index admission.

HF had been refractory to escalating treatment in hospital that included i.v. furosemide. Eight
patients were also treated with spironolactone and 2 additionally with a thiazide diuretic. ACE
inhibitors and B1 AR antagonists had been prescribed in maximal tolerated doses before
admission to hospital but ACE inhibitors were discontinued in 7 patients before mirabegron
was used due to low blood pressure and/or renal impairment. One patient had an ACE
inhibitor replaced with sacubitril/losartan in hospital. This caused marked symptomatic
hypotension needing immediate treatment with i.v. saline. Sacubitril/losartan was

discontinued before mirabegron was introduced.

With the addition of mirabegron to treatment there was no decrease in blood pressure in any
of the patients, physical signs and symptoms improved and all were stabilized and discharged
from hospital. This was achieved with a lower daily dose of furosemide than at the start of
treatment with mirabegron and with no increase in serum creatinine levels. Three patients

aged 68, 73 and 76 years resumed full- or part time work.

Five patients died 17 £ 13 months after starting treatment with mirabegron. One was
readmitted with WCHF 10 months after discharge and subsequently died from heart failure 16
months after treatment with mirabegron had been started. One died at 30 months from
pneumonia that he declined treatment for because serious co-morbidities markedly limited his
quality of life. Two have died from cancer and one had kidney disease that progressed to end-
stage. In contrast to what had been the case during his index admission, renal function had not

responded to i.v. inotrope treatment. He had required hemodialysis and died from a cardiac

10
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arrest 10 months after treatment with mirabegron was initiated. Mirabegron had been

discontinued before he died.

Four patients remain alive 32 = 5 months after treatment with mirabegron was initiated. While
co-morbidities for some patients preclude accurate assessment of cardiac limitation,
improvement > 1 NYHA Class was maintained post-discharge for all except for the patient
who died from heart failure 16 months after starting treatment with mirabegron and the

patient who had progressive kidney disease.

Clinical characteristics of the patients, their treatments and outcomes are summarized in Table
2. Case histories and co-morbidities are presented in Expanded Methods and Results in the

Online Data Supplements.
Discussion

Benefit of treating HFrEF with B3 AR agonists was previously suggested experimentally by a
dose-dependent improvement of hemodynamic indices when i.v. bolus injections of an
agonist were given to sheep °. Here, clinically relevant lung congestion and ascites 2 were

reversed in rabbits given B3 AR agonists continuously at a fixed rate over 3- or 14 days.

The mechanistic rationale for benefit of B3 AR agonists is based on the Na*™-K" pump
stimulation they cause and the adverse effects of a raised [Na‘i] on cardiac contractility.
While a modest increase above baseline increases contractility of normal human myocardium
in vitro, there is an inverse relationship between [Na®i] beyond already raised levels and
contractility in myocardium from patients with severe HFrEF “. This increases the
intracellular Ca2* concentration ([Ca2*i]) due to reduced export via Na*-Ca?" exchange, and
dysregulation of Ca?*i-dependent excitation-contraction coupling causes contractile

dysfunction 6. The high [Na*i] also causes mitochondrial dysfunction and energy deficiency

17
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Raised [Na'i] in the myocardium of patients with severe HFrEF is in part due to influx
through the late Na* current 8. Reduced Na*-K* pump-mediated Na*i efflux, here estimated
by ~40% in rabbit myocytes with [Na*i] clamped at 10 mmol/L, also contributes. Direct
measurement of [Na'i] and the relative contributions the late Na* current and Na*-K* pump
inhibition make to an increase of [Na'i] in the beating heart is not experimentally possible.
However, from in silico modelling *°, we estimate a decrease in Na*-K* pump-mediated Na*;

efflux by 40% contributes much more than increased Na* influx via the late Na* current.

Raised [Na'i] could become self-sustaining because it stimulates mitochondrial synthesis of
reactive oxygen species (ROS) % that in turn can activate the late Na* current 2! and inhibit
the Na*-K* pump 2. Na*-K* pump inhibition is expected to be countered by activation of the
B3 AR that mediates antioxidant effects via the classical NO-dependent signalling pathway 3.
This is experimentally supported by the reversal of pump inhibition caused by oxidative stress
with exposure of cardiac myocytes to CL316,243 ® 22, Reversal should mitigate Na*i-

dependent Ca2*j dysregulation and energy deficiency and hence contractile dysfunction.

The parallel reversal of Na*™-K* pump inhibition and organ congestion in rabbits treated with
CL316,243 is in keeping with the hypothesis that cellular and molecular abnormalities in
severe HFrEF are potential treatment targets * and with an inhibited Na*-K* pump as one such
target. However, Na"™-K* pump inhibition might not have remained a useful target in this
study if CL316,243 had been added to treatment with drugs used in guideline-directed clinical
practice because the most commonly used of these agents prevent Na“™-K* pump inhibition

22

caused by angiotensin Il receptor- 22 1 AR- 22 and aldosterone receptor activation 2,

effectively causing Na*-K* pump stimulation, as reviewed °.

The patients we report were given guideline-directed device therapy and drugs up-titrated as
tolerated before mirabegron was added. However, not all recommend drugs were tolerated
and those prescribed could not be given in target doses. With incomplete reversal of Na*-K*

12
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pump inhibition it is likely myocardial [Na*i] was raised. This is directly supported by an
abnormally high [Na'i] measured in the myocardium from patients with end-stage HFrEF.
Although use of ACE inhibitors, B1 AR- and aldosterone receptor antagonist was not reported
4 it is reasonable to assume they were prescribed as tolerated. For raised [Na'i] as a
pathophysiological determinant in HFrEF, those patients with WCHF most in need might be

the least likely to tolerate optimised guideline-directed treatment.

While sharing a putative raised [Nai] as a treatment target with mainstay conventional drugs,
B3 AR agonists-induced Na'™-K* pump stimulation actively reverses an increase in [Na'i]
regardless of source ' rather than incompletely countering inhibition of pump-mediated Na®i
export that the conventional drugs do. Consistent with this, treatment of patients with
mirabegron was associated with improved physical signs and symptoms on a time scale
compatible with the rapid resolution of Na*-K* pump inhibition and congestive features in the

rabbit model.

B3 AR agonist-induced Na*-K* pump stimulation depends on activation of “soluble”
guanylate cyclase (sGC) that is part of the classical NO-dependent signaling pathway 6. A
direct activator of sGC stimulates the pump in cardiac myocytes 12 and activators of SGC have
been trialed in HFrEF. Intravenous treatment of acute cardiac decompensation with cinaciguat
improved hemodynamic indices but frequently caused hypotension and a trend towards
increased re-admission rate 2°. Oral treatment with vericiguat for 12 weeks of patients who
were clinically stable after an episode of WCHF did not achieve the primary end point of a
change in N-Terminal proBNP levels but was well tolerated. An exploratory secondary
analysis suggested it might be beneficial 2 and an event-driven phase Il trial is now in

progress 2’.

While B3 AR agonists and sGC activators share downstream signaling pathways, they are not
expected to have identical effects in HF. Expression of sGC is virtually ubiquitous and its

13
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activation has a multitude of downstream effects 2. However, the p3 AR is differently
expressed and coupled to cellular signaling domains in different cells and organs 2. In
addition, myocardial expression of the 3 AR is up-regulated in severe human HFrEF # and,
in contrast to the other B ARs, does not desensitize to agonist activation *. These
characteristics should allow myocardial targeting with B AR agonists in HF with more

selectivity than activators of sGC and with fewer off-target effects.

Treatment of our patients with mirabegron was well tolerated. There was also a close
temporal relationship between a favourable change in the clinical trajectory and the treatment.
Our studies on rabbits showed mechanistic plausibility for treatment efficacy and there was
coherence with evidence-based therapies for HFrEF by the mechanistically shared stimulation
of myocardial Na*i export °. These features suggest treatment of patients with mirabegron

might be efficacious ®! but do not prove it.

There is a paucity of data describing outcomes for patients with advanced HF 8 To our
knowledge, only the REMATCH trial, that compared medical treatment with mechanical
circulatory support (MCS) %2, provides some insight. Sixty one medically managed patients
had a 75% 1-year mortality and by 2 years almost all had died, more than 90% from heart
failure. The mainstay of evidence-based treatments for the patients recruited to REMATCH
trial ~20 years ago has not changed since then and the cardiovascular outcome of the patients
we describe here seems to compare favourably with that in the trial. Nevertheless, efficacy of

mirabegron of course cannot be implicated from the outcome of 9 patients.

Cardiac transplantation or MCS as destination therapy is recommend in the management of
otherwise intractable advanced heart failure. However, many patients are not eligible for these
treatments and few options beyond supportive care are available to them. While continuous
infusion of inotropes at home may provide end-of-life symptomatic relief it probably also
reduces survival 8 °.
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The prevalence of advanced HF among all patients with HF is estimated at 1% to 10%. This

prevalence is expected to increase ° and treatment with mirabegron as an alternative to usual care
of those not eligible for transplantation or MCS might be attractive. Mechanistically a f3 AR
agonist addresses the need to target an identified myocardial abnormality in HF * 2 as shown
here. Clinically it integrates acute- with long-term management > 7 and it can be used with
renal function reduced to a level with a GFR of 15 ml/min/1.73 m?. In addition, as found here
and previously 7, the agonists do not cause the decrease blood pressure that often limits use of

current guideline-directed treatments.

Our use of mirabegron off-label in doses recommended for the approved indication might not
be optimal for treatment of HF and up to 6-fold higher doses have been used in studies on
overactive bladder 3 3, There were no effects expected to be adverse in HF and consistent
with this, none were apparent when patients with mostly NYHA Class Il HFrEF were given
the 6-fold higher dose. The responses in a subset of patients with a particularly low baseline
LVEF were consistent with benefit /. Mirabegron appears safe across the spectrum of severity

of HFrEF and, if efficacious, might have a wide therapeutic index.

A study is now in progress on patients with HFrEF and NYHA Class Il and V. Effects of
mirabegron on acute hemodynamics and remodelling after 3 months is being examined .
Relevant to heart failure with preserved ejection fraction (HFpEF) that also can progress to
advanced HF ° a study on the effect of mirabegron on cardiac hypertrophy is also in progress.
Cardiac hypertrophy has a raised myocyte [Na*i] *® as a treatment target in common with
HFrEF and the study is examining if mirabegron improves LV hypertrophy and diastolic

function in patients at high risk of developing HFpEF ¥'.

High event rate expected with advanced HF should allow a well powered randomized trial to
be conducted with short follow-up time- and a modest number of patients. If efficacy were to

be found, examining efficacy in patient in the broader cohort with worsening HFrEF should
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be considered. These patients usually improve with adjustment of conventional treatment,
allowing discharge from hospital, but nevertheless have a poor long term prognosis that no

current treatment improves * 3
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TABLE 1. Haemodynamic variables and serum creatinine in CL-316,243 and ASP9531
treated sham- and congestive heart failure rabbits.

Sham  Sham+CL CHE  CHF+CL CHF  CHF+ASP
Rabbits 10 8 13 8 6 6
(beatl:?nin'l) 233+2  230+5 205415 268+6 294+22 316+11
(n':/lmAl—Tg) 7947 7344 7046 7219 7244 7447
%Lﬁglr}[‘)e 76 +5 7144 900+£10 76+9 094+18  83+15

Hemodynamic data and serum creatinine levels from sham, CL-316,243 (CL) treated sham,
congestive heart failure (CHF), CL and ASP9531 (ASP) treated CHF groups. Result are
presented as mean = SEM.
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Table 2. Summary of Patient Characteristics and Outcomes

Patient # 1 2 3 4 5 6 7
Age (years) 84 70 73 68 84 76 80
Gender Male  Male Female Male Male Male Male
Diabetes - - - + - - -
Ischaemic

Cardiomyopathy * ) ) * * * )
Valvular disease - + + - - - -
LVEF (%) 35-40 28 20-25 25 25-30  25-30 20
BNP (ng/L, < 159) N/A 1553 7005 882 991 1033 N/A
NYHA Class v i v v i v v
Hyponatremia - - - - + - -
Previous inotropes - - + - - - +
Bi-V pacing/ICD - +/+ +/+ +/+ -/+ - +/+
Creatinine (umol/L) 135 89 85 70 131 95 221
Follow-up (months) 30% 27% 37 2% 33 32 167
Furosemide before! 120 160* 80 480* 100* 160* 120
Furosemide after" 40 100 40 240 40 80 80
Spironolactone before" 12,5 25 25 50 25 12.5 25
Spironolactone after" 125 25 25 50 25 12.5 25
Thiazide diuretic - - - + - - -
Beta blocker - + + + - + +
ACE inhibitor before + - - + - - +
ACE inhibitor after - - - + - - -

* Oral equivalent of iv administration assuming 50% bioavailability with oral dosing

 Cumulative daily dose in mg
+ Deceased from progressive cardiac failure
1 Deceased

68
Male

30
2642
i

240
26
40

60

64
Male
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Figure 1. Indices of heart failure in coronary ligation model and effects of treatment
with CL316,243. A. Lung: body weight ratio, B. Heart: body weight ratio, C. Liver: body
weight ratio. D. Ascites in sham-operated rabbits and rabbits with congestive heart failure
(CHF), with or without treatment with CL316,243 (CL). Numbers of rabbits are indicated in
columns. * indicates P < 0.05.
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Figure 2. Effects of heart failure and treatment with CL316,243 on Na*-K* pump
function and expression of its subunits. A. Membrane currents of myocytes isolated from
rabbits with CHF treated or not treated with CL. I was identified by the shift in the holding
current induced by ouabain. Cy, indicates membrane capacitance. B. Effects of CHF and
treatment with CL on mean l,. Number of myocytes are indicated in the columns (isolated
from > 5 rabbits for each treatment group). * indicates P < 0.05. C. Representative blots of the
effects of CHF and treatment with CL on expression of the a1 and B1 Na*-K* pump subunit.
GAPDH was used as the loading control. D. Effects of CHF and treatment with CL on
expression of the o1 and B1 pump subunit. Expressions of the a1- and 1 pump subunits were
measured for 6 rabbits in each treatment group.
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Figure 3. Indices of congestive heart failure with and without treatment with ASP9531.
A. Effect of treatment with ASP9531 on lung: body weight ratio. Ratios for sham-operated
rabbits in hatched columns are the same as those in Figures 1 A-C and are not used for
statistical comparisons here. B. Heart: body weight ratios. C. Liver: body weight ratios. One
rabbit in the CHF group had a congenitally small liver, reducing the mean ratio and increasing
variance of ratios. D. Prevalence of ascites at autopsy. Numbers of rabbits are indicated in
columns. * indicates P < 0.05.

25


https://doi.org/10.1101/804245
http://creativecommons.org/licenses/by-nc-nd/4.0/

