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ABSTRACT

Introduction: In contrast to the antihyperten-
sive effect of esaxerenone, there is little evidence
of its cardioprotective effect. We investigated the
efficacy and safety of esaxerenone in patients

with uncontrolled hypertension and left ven-
tricular hypertrophy taking a renin-angiotensin
system inhibitor (RASi) or calcium-channel
blocker (CCB).
Methods: This was a multicenter, open-label,
exploratory study with a 24-week treatment
period. Esaxerenone was orally administered at
an initial dose of 2.5 mg/day (maximum dose:
5 mg/day). The primary endpoints were the
change in morning home systolic blood pres-
sure (BP)/diastolic BP and change and percent-
age change in left ventricular mass index
(LVMI) from baseline to end of treatment (EOT).
Key secondary endpoints included change from
baseline in bedtime home and office BP,
achievement rate of target BP, and safety.

Prior presentation: The results in the present study
have been presented at the Late Breaking Poster Session
of the 29th Scientific Meeting of the International
Society of Hypertension (ISH 2022), Kyoto, Japan, 12–16
October 2022.
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Results: In total, 60 patients were enrolled.
Morning home systolic/diastolic BP was signif-
icantly decreased from baseline to EOT in the
total population (- 11.5/ - 4.7 mmHg,
p\0.001) and in both the RASi and CCB sub-
cohorts (all p\0.01). Significant reductions in
bedtime home and office BP were shown in the
total population and both subcohorts. LVMI
was also significantly decreased from baseline to
EOT in the total population (- 9.9 g/m2,
- 8.5%, both p\ 0.001) and both subcohorts
(all p\0.05). The incidences of treatment-
emergent adverse events (TEAEs) and drug-re-
lated TEAEs were 35.0% and 3.3%, respectively;
most were mild or moderate. No new safety
concerns were identified.
Conclusion: Esaxerenone showed favorable
antihypertensive and cardioprotective effects
and safety in hypertensive patients with cardiac
hypertrophy.
Trial Registration: Japan Registry of Clinical
Trials (jRCTs071190043).

Keywords: Blood pressure; Cardioprotective
effect; Esaxerenone; Hypertension; Left
ventricular hypertrophy; Mineralocorticoid
receptor blocker

Key Summary Points

Why carry out this study?

Attenuation of cardiac hypertrophy with
sustained antihypertensive treatment is
important to delay the progression to
heart failure; however, it is difficult to
achieve the target blood pressure with
existing antihypertensive drug
monotherapy such as renin-angiotensin
system inhibitors (RASis) and calcium-
channel blockers (CCBs).

Esaxerenone is a selective nonsteroidal
mineralocorticoid receptor blocker that
has shown favorable antihypertensive
effects in hypertensive patients with
various background characteristics, but
there is no clinical evidence in
hypertensive patients with cardiac
hypertrophy.

We investigated the antihypertensive and
left ventricular hypertrophy-regressive
effects and the safety of esaxerenone in
hypertensive patients with cardiac
hypertrophy who had inadequate
responses to a RASi or CCB.

What was learned from the study?

Esaxerenone demonstrated consistent
blood pressure-lowering and left
ventricular hypertrophy-regressive effects
in hypertensive patients with cardiac
hypertrophy regardless of the
concomitant use of a RASi or CCB.

Esaxerenone may be a
suitable antihypertensive treatment
option accompanied by cardioprotective
effects for hypertensive patients with left
ventricular hypertrophy.

Furthermore, esaxerenone can be used
safely in these patients without clinically
relevant serum potassium elevation and
reduction in creatinine-based estimated
glomerular filtration rate.

INTRODUCTION

Left ventricular hypertrophy (LVH) is associated
with a high risk of major cardiovascular events,
including ischemic heart disease, fatal
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arrhythmia, and sudden death [1]. Hyperten-
sion is an independent risk factor for the
development of LVH, and up to 60% of patients
with hypertension have concomitant LVH [2].
Reversal of LVH with antihypertensive drugs
significantly reduces the risk for cardiovascular
events [3]. Cardiac hypertrophy is a prognostic
factor in patients with hypertension, and
attenuation of hypertrophy with sustained
antihypertensive treatment is important to
delay the progression to heart failure [4, 5].

In the SPRINT trial, intensive blood pressure
(BP) reduction (systolic BP [SBP]\120 mmHg)
reduced the occurrence of new LVH compared
with standard BP reduction (target SBP\140
mmHg) and also increased the rate of LVH
regression in patients with a history of LVH [6].
Thus, antihypertensive therapy aimed at
achieving target BP leads to regression of the left
ventricular mass (LVM) [7]. Among antihyper-
tensive drug classes, renin-angiotensin system
inhibitors (RASis) and calcium-channel blockers
(CCBs) have been found to be the most effective
in the regression of LVH (LVM index [LVMI]
reduction: diuretics by 8%; b-blockers, 6%;
CCBs, 11%; angiotensin-converting enzyme
[ACE] inhibitors, 10%; angiotensin-receptor
blockers [ARBs], 13%) [8]; as such, RASis and
CCBs are recommended as the first-line treat-
ment option for hypertension complicated by
cardiac hypertrophy in The Japanese Society of
Hypertension (JSH) Guidelines for the Manage-
ment of Hypertension [9]. However, evidence
on LVH regression with concomitant use of
antihypertensive drugs is scarce, and there is
no mention of concomitant use of

antihypertensive drugs, including the combi-
nation of RASi and CCB, in the JSH guideline
[9]. Among Japanese, US, and European guide-
lines, only the European guideline recommends
the use of RASi in combination with CCB or
diuretics based on the results of a meta-analysis
that showed no significant difference in heart
failure risk reduction among antihypertensive
drug classes, although only CCBs were inferior
in preventing heart failure [4, 5, 9, 10]. Given
this background, it is important to present new
treatment options for hypertensive patients
with cardiac hypertrophy other than existing
antihypertensive drugs and to show the effect of
combining the new treatment option with RASi
or CCBs.

Evidence shows that blockade of mineralo-
corticoid receptors (MRs) is beneficial in
hypertensive patients with different character-
istics, regardless of their actual peripheral
aldosterone levels [11–13]. Furthermore, the
steroidal MR blockers (MRBs) spironolactone
and eplerenone have been demonstrated to
contribute to cardioprotection in cardiac
hypertrophy and heart failure beyond their
antihypertensive effects [14–17]. Therefore,
MRBs are recognized as antihypertensive agents
with cardioprotective properties. However,
existing steroidal MRBs have some limitations,
including hormone-related adverse effects such
as gynecomastia and menstrual abnormalities
with spironolactone [18, 19]. Furthermore,
eplerenone is contraindicated in patients with
hypertension with moderate or severe renal
impairment and in those with diabetes mellitus-
associated albuminuria because of the risk of
hyperkalemia [20, 21].

Esaxerenone, a selective nonsteroidal MRB,
has favorable antihypertensive effects in patients
with hypertension with various background
characteristics [22–30] and has good renoprotec-
tive effects including reduction and remission of
albuminuria in hypertensive patients with dia-
betic kidney disease [25, 26, 28–31]. Esaxerenone
is also expected to exert cardioprotective effects in
terms of regression of cardiac hypertrophy via its
mechanism of action [32]. To date, however,
there is insufficient clinical evidence to support
its antihypertensive and cardioprotective effects
in hypertensive patients with cardiac disease,
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although it has been validated in a few nonclin-
ical and retrospective clinical studies [33–37].

In the present study, we investigated the
antihypertensive and LVH-regressive effects of
esaxerenone and its safety in hypertensive
patients with cardiac hypertrophy who had an
inadequate response to RASis or CCBs.

METHODS

Study Design

This was a multicenter, open-label, prospective,
exploratory interventional study conducted
from June 2020 to March 2022 at 20 sites in
Japan. The list of all participating institutions
and ESES-LVH investigators is shown in Table S1
in the electronic supplementary material. This
study had a 4-week run-in period and a 24-week
treatment period (see Fig. S1 in the electronic
supplementary material). Details of the study
design have been reported previously [38].

The protocol was approved by the Kuma-
moto University Certified Clinical Research
Review Board (CRB7200002) and prospectively
registered with the Japan Registry of Clinical
Trials (jRCTs071190043; https://jrct.niph.go.jp/
en-latest-detail/jRCTs071190043). The study
was conducted in accordance with the Decla-
ration of Helsinki and the Clinical Trials Act in
Japan. All the study participants provided writ-
ten informed consent before enrollment.

Study Patients

The study included patients: aged C 20 years
who had been taking a RASi or a CCB at a fixed
dosage regimen from 28 days or earlier before the
start of esaxerenone administration; with a mean
sitting home SBP of 135 to B 159 mmHg and/or
diastolic BP (DBP) of 85 to B 99 mmHg using an
upper arm cuff sphygmomanometer in the past
5 days or more prior to the registration date and
within 14 days before the start of esaxerenone
administration; and with a diagnosis of LVH
meeting any of the following criteria: thickening
of the left ventricular posterior wall or intraven-
tricular septal wall of C 12 mm on

echocardiogram, LVH with Sv1 ? Rv5 C 35 mm
on electrocardiogram, and LVMI C 125 g/m2 for
men and C 110 g/m2 for women. Key exclusion
criteria were as follows: patients with secondary
or malignant hypertension, type 1 diabetes mel-
litus, complication or history of orthostatic
hypotension or cerebrocardiovascular disease
and those with symptoms or contraindications
for treatment with esaxerenone as indicated in
the esaxerenone package insert such as hyper-
kalemia, serum potassium level[5.0 mEq/l, or
severe renal impairment defined as a creatinine-
based estimated glomerular filtration rate
(eGFRcreat)\30 ml/min/1.73 m2 [39]. Of note,
according to 2019 JSH Guidelines for the
Management of Hypertension, target BP levels
should be achieved promptly (within several
weeks) in high-risk patients, such as those with
grade III hypertension (defined as home
SBP C 160 mmHg and/or DBP C 100 mmHg)
and multiple risk factors [9]. Because hyperten-
sive patients with LVH, the subjects of this study,
are considered high-risk patients, patients with
grade III hypertension were excluded from this
study for ethical reasons. Detailed inclusion and
exclusion criteria are shown in Table S2 in the
electronic supplementary material.

Drug Intervention

Esaxerenone was orally administered once daily
at an initial dose of 2.5 mg/day. If the efficacy
was inadequate, the dose could be titrated up to
5 mg/day from Week 4 onwards based on
patients’ BP and serum potassium level
monitoring. In patients with moderate renal
impairment and/or diabetes mellitus with
microalbuminuria or proteinuria, esaxerenone
was started at 1.25 mg/day and increased to
2.5 mg/day from Week 4 onwards depending on
their BP and serum potassium level. If the effi-
cacy was inadequate, the dose could be titrated
up to 5 mg/day at Week 8. Dose reductions were
considered based on the serum potassium
levels, the criteria for which have been descri-
bed previously [38]. During the study, no
changes were made in the dosage regimen of
basal antihypertensive medications (RASi or
CCB). The following concomitant drugs were
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prohibited from 4 weeks prior to starting treat-
ment to the end of treatment (EOT) or until
discontinuation: antihypertensive and antiang-
inal drugs (e.g., a-blockers, b-blockers, ab-
blockers, other sympatholytic agents, vasodila-
tors, or renin inhibitors), diuretics (e.g., thi-
azide, thiazide-like, loop, or potassium-sparing
diuretics), aldosterone antagonists, angiotensin
receptor-neprilysin inhibitors, potassium
preparations, serum potassium suppressants,
and hyperkalemia ameliorants.

Measurement of BP

Home BP was self-measured twice daily (in the
morning and at bedtime) as much as possible
throughout the study period, including the last
5–7 days before starting esaxerenone adminis-
tration. Patients used the same upper arm cuff
sphygmomanometer throughout the study
period. The average value of two-time BP mea-
surements at each timepoint was recorded.
Morning home BP was measured after urinating
within 1 h after waking up and before breakfast,
medication, and caffeine intake. Bedtime home
BP was measured before bedtime and at least 1 h
after bathing, drinking, or caffeine intake.
Office BP was measured twice at each visit (at
baseline; 4, 12, and 24 weeks; and at discon-
tinuation), and the average of two measure-
ments was recorded. Office BP was measured
after at least 5 min of rest in a sitting position
and at intervals of at least 3 h after meals. BP
measurements at Week 8 were used to deter-
mine whether the esaxerenone dose should be
increased for patients who had the dose
increased from 1.25 mg at Week 4.

Transthoracic Echocardiography

Details of the methodology for echocardio-
grams have been reported previously [38].
Transthoracic echocardiography measurements
were performed by sonographers at each medi-
cal institution at baseline, 12 weeks, 24 weeks,
and discontinuation and evaluated by one
independent blinded experienced observer in
the Echocardiographic Assessment Committee.
To reliably identify patients with LVH, the

Echocardiographic Assessment Committee
reviewed and validated all echocardiographic
data and analyses at each medical institution.
According to the recommendations of the
American Society for Echocardiography and the
European Association of Cardiovascular Imag-
ing [40], LVM and LVMI were calculated by the
following cube formula by two-dimensional
echocardiography [41]: LVM (g) = 0.8 9

1.04 9 [(interventricular septum thick-
ness ? left ventricular end-diastolic dimension
[LVDd] ? posterior wall thickness)3 - LV end-
diastolic dimension (LVDd)3] ? 0.6; body sur-
face area (m2) = 0.008883 9 height (cm)0.663 9

weight (kg)0.444; and LVMI (g/m2) = LVM
(g)/body surface area (m2). Left ventricular
ejection fraction (LVEF), left atrial volume
index (LAVI), the ratio between the E-wave
velocity and A-wave velocity of the pulsed-wave
Doppler mitral flow image (E/A), the ratio
between E-wave velocity and the average early
diastolic velocity of the lateral and septum at
the mitral annulus level (E/e0) on tissue Doppler
imaging, and tricuspid regurgitation velocity
(TRV) were also evaluated.

Measurement of Other Biomarkers

Plasma aldosterone concentration (PAC),
plasma renin activity (PRA), and serum N-ter-
minal pro-brain natriuretic peptide (NT-
proBNP) were measured at baseline, 12 weeks,
24 weeks, and discontinuation in a central
measurement laboratory (LSI Medience Corp.,
Tokyo, Japan) at intervals of at least 3 h after
meals and after resting in the supine position
for at least 30 min. The eGFRcreat was calcu-
lated as follows: 194 9 serum creatinine-1.094-

9 age-0.287, multiplied by 0.739 for women.

Outcomes

The primary efficacy endpoints were the change
in morning home SBP/DBP and the change and
percentage change in LVMI from baseline to the
EOT. Key secondary efficacy endpoints were as
follows: change in morning home SBP/DBP
from baseline to Week 12, change in bedtime
home and office SBP/DBP from baseline to
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Week 12 and EOT, time course change of home
(morning and bedtime) and office SBP/DBP
during the study period, achievement rate of
target BP levels (SBP/DBP,\ 135/85 mmHg for
home BP and\ 140/90 mmHg for office BP) at
Week 24, change and percentage change in
LVMI from baseline to Week 12, change in
echocardiographic parameters from baseline to
Week 12 and EOT (LVEF, LAVI, E/A, E/e0, and
TRV), and change in blood biomarkers from
baseline to Week 24 (PAC, PRA, and NT-
proBNP).

The following safety endpoints were further
evaluated: treatment-emergent adverse events
(TEAEs), laboratory values, vital signs (body tem-
perature and pulse rate), the incidences of serum
potassium level C 5.5 mEq/l and C 6.0 mEq/l,
and time course changes and changes from base-
line in serum potassium and eGFRcreat.

Statistical Analysis

This was an exploratory study, and the number
of cases was determined based on practicality;
the analysis was not adjusted for multiplicity of
testing caused by multiple evaluation groups
and multiple timepoints. The target sample size
was set at 120 patients in total (RASi, n = 60;
CCB, n = 60). Based on the BP measurements in
a long-term Phase 3 study of esaxerenone and
the HONEST study [23, 42], it was assumed that
the mean ± standard deviation (SD) change in
morning home SBP/DBP of esaxerenone would
be - 8.7/- 4.9 mmHg ± 19/11 mmHg. Based
on a previous study [43], a mean ± SD change
in LVMI of - 10 ± 22 g/m2 was also assumed.
Under this assumption, with a two-sided sig-
nificance level of 5% and 48 patients per cohort,
the power would be C 85% for both the change
in morning home SBP/DBP and the change in
LVMI. Therefore, the target number of patients
for each cohort was set at 60 patients per cohort
to account for exclusions from the analysis.

Analyses were conducted in the total popu-
lation and stratified by baseline antihyperten-
sive drugs (RASi and CCB subcohorts). No
statistical comparisons were performed between
subcohorts. Efficacy endpoints were evaluated
in the full analysis set (FAS), defined as all

patients from the safety analysis set who met
the inclusion criteria and had at least one effi-
cacy assessment during the treatment period.
The per-protocol set (PPS) was defined as FAS
patients who adhered to the esaxerenone
package insert [39]. Mean ± SD changes in pri-
mary and secondary efficacy endpoints were
calculated, along with the point estimate and
95% confidence interval (CI) for the percentage
change, and comparisons were made using the
paired t-test between baseline and each mea-
surement point. EOT values were calculated by
taking the average of measurements at the last
two visits in the treatment period. The missing
values at the EOT were imputed by the last
observation carried forward method. The 95%
CIs for achievement rate of target BP levels were
calculated using the Clopper-Pearson method.

Safety endpoints were evaluated in the safety
analysis set, defined as all patients who received
at least one dose of esaxerenone. TEAEs were
coded according to System Organ Class and
Preferred Term using the Medical Dictionary for
Regulatory Activities, version J.24.1.

Descriptive statistics were used to summarize
patients’ demographic and clinical characteris-
tics, including mean ± SD for continuous data
and n (%) for categorical data. All tests were two
sided with a significance level of 5%. All statis-
tical analyses were performed using SAS soft-
ware version 9.4 (SAS Institute Inc., Cary, NC,
USA).

RESULTS

Patients’ Characteristics

A total of 84 patients provided informed con-
sent, of whom 60 met eligibility criteria and
were enrolled in the study (21 in the RASi sub-
cohort and 39 in the CCB subcohort). The ini-
tial target population was 120 patients, but due
to the COVID-19 pandemic and torrential rain
in Kumamoto Prefecture, enrollment was ter-
minated at 60 patients. All 60 patients were
included in the safety analysis set. Two patients
were excluded for not meeting the inclusion
criteria; finally, 58 patients (19 in the RASi and
39 in the CCB subcohort) were included in the
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Table 1 Baseline demographic and clinical characteristics (full analysis set)

Total
N = 58

Subcohorts

RASi
n = 19

CCB
n = 39

Sex, male 41 (70.7) 16 (84.2) 25 (64.1)

Age, years 64.8 ± 12.7 64.5 ± 10.5 65.0 ± 13.7

Weight, kg 66.9 ± 14.2 65.9 ± 9.0 67.4 ± 16.2

Body mass index, kg/m2 25.2 ± 4.1 24.4 ± 2.9 25.6 ± 4.5

Morning home

SBP, mmHg 142.8 ± 8.1 142.7 ± 8.4 142.8 ± 8.1

DBP, mmHg 85.0 ± 10.0 86.3 ± 7.1 84.4 ± 11.2

Bedtime home

SBP, mmHg 141.0 ± 8.4 140.1 ± 8.5 141.4 ± 8.3

DBP, mmHg 81.9 ± 10.5 82.4 ± 7.7 81.6 ± 11.7

Office

SBP, mmHg 145.9 ± 14.3 144.9 ± 12.7 146.3 ± 15.1

DBP, mmHg 85.3 ± 12.8 85.4 ± 11.9 85.2 ± 13.3

PAC, pg/ml 37.6 ± 22.6 24.5 ± 9.1 44.0 ± 24.4

PRA, ng/ml/h 1.3 ± 1.3 1.7 ± 1.7 1.1 ± 1.0

Duration of hypertension, years 6.7 ± 8.4 6.4 ± 6.5 6.9 ± 9.3

eGFRcreat, ml/min/1.73 m2 71.3 ± 15.8 70.2 ± 12.8 71.8 ± 17.1

Serum potassium, mEq/l 4.1 ± 0.5 4.1 ± 0.3 4.1 ± 0.5

NT-proBNP, pg/ml 191.8 ± 249.4 165.9 ± 154.8 204.5 ± 285.4

LVMI, g/m2 118.1 ± 29.1 127.9 ± 27.4 113.9 ± 29.1

LVM, g 197.4 ± 50.9 216.9 ± 47.8 188.9 ± 50.5

LVEF, % 62.8 ± 6.1 61.8 ± 6.1 63.3 ± 6.1

Other complication

Diabetes mellitus 11 (19.0) 4 (21.1) 7 (17.9)

Dyslipidemia 22 (37.9) 6 (31.6) 16 (41.0)

Hyperuricemia 6 (10.3) 1 (5.3) 5 (12.8)

Dose at the end of treatment (last dose)

1.25 mg 5 (8.6) 1 (5.3) 4 (10.3)

2.5 mg 26 (44.8) 9 (47.4) 17 (43.6)
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FAS. The PPS included 46 patients (15 in the
RASi and 31 in the CCB subcohort). A total of 57
patients (18 and 39 in each subcohort, respec-
tively) completed the study.

Baseline demographic and clinical charac-
teristics are summarized in Table 1. In the total
population, most patients were male (70.7%),
and the mean age was 64.8 years. The mean
morning home SBP/DBP was 142.8/85.0 mmHg;
bedtime home SBP/DBP, 141.0/81.9 mmHg;
office SBP/DBP, 145.9/85.3 mmHg; mean
eGFRcreat, 71.3 ml/min/1.73 m2; mean serum
potassium level, 4.1 mEq/l; mean NT-proBNP,
191.8 pg/ml; mean LVMI, 118.1 g/m2; and
mean LVEF, 62.8%. Overall, patient character-
istics were well balanced between the RASi and
CCB subcohorts, with notable differences in the
proportion of male patients (84.2% and 64.1%)
and the mean LVMI (127.9 and 113.9 g/m2) in
the RASi and CCB subcohorts, respectively. In
the total population, the dose of esaxerenone at
EOT was 1.25 mg/day in five (8.6%) patients,
2.5 mg/day in 26 (44.8%) patients, and
5 mg/day in 27 (46.6%) patients, and these dose
proportions were similar in both subcohorts.

BP Measurements

In the FAS, a statistically significant decrease in
morning home BP levels from baseline to EOT
was shown in the total population (- 11.5/
- 4.7 mmHg, p\ 0.001) and RASi and CCB
subcohorts (- 11.6/ - 6.6 mmHg and - 11.5/
- 3.8 mmHg, respectively; all p\ 0.01) (Fig. 1a

and b, and Table S3 in the electronic

supplementary material). Similar to the morning
home BP, significant reductions were also shown
in bedtime home SBP/DBP (all p\ 0.01) and
office SBP/DBP (all p\0.01) from baseline to
EOT in the total population and RASi and CCB
subcohorts (Fig. 1c and d, and Table S3 in the
electronic supplementary material). Also, at
12 weeks, morning and bedtime home and office
BP measurements were significantly reduced
compared to baseline in the total population and
the RASi and CCB subcohorts (all p\ 0.01)
(Fig. 2, and Figs. S2 and S3, and Table S3 in the
electronic supplementary material). In the PPS,
each BP measurement showed a similar signifi-
cant reduction (Table S4 in the electronic sup-
plementary material).

Time course changes in morning home BP,
bedtime home BP, and office BP in the total
population and RASi and CCB subcohorts are
shown in Fig. 2, and Figs. S2 and S3 in the
electronic supplementary material. In the total
population, morning home and bedtime home
BP significantly decreased starting at Week 2,
continued decreasing up to Week 6, and there-
after remained constant until Week 24. Similar
results were shown in the RASi and CCB sub-
cohorts. Office BP significantly decreased up to
Week 12 and thereafter remained constant until
Week 24 in the total population and the RASi
and CCB subcohorts.

The achievement rate of target morning
home SBP/DBP level at Week 24 in the FAS was
56.9% in the total population, 63.2% in the
RASi subcohort, and 53.8% in the CCB subco-
hort, and the achievement rates of bedtime
home and office SBP/DBP levels also ranged

Table 1 continued

Total
N = 58

Subcohorts

RASi
n = 19

CCB
n = 39

5 mg 27 (46.6) 9 (47.4) 18 (46.2)

Data are n (%) or mean ± standard deviation
CCB calcium channel blocker, DBP diastolic blood pressure, eGFRcreat creatinine-based estimated glomerular filtration rate,
LVEF left ventricular ejection fraction, LVM left ventricular mass, LVMI left ventricular mass index, NT-proBNP
N-terminal pro-brain natriuretic peptide, PAC plasma aldosterone concentration, PRA plasma renin activity, RASi renin-
angiotensin system inhibitor, SBP systolic blood pressure
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from 50 to 70% in the total population and
both subcohorts (Table S5 in the electronic
supplementary material). Similar trends were
observed in the PPS (Table S6 in the electronic
supplementary material).

Echocardiographic Parameters

The changes and geometric percentage changes
in LVMI from baseline to EOT in the FAS are

shown in Table S7, and these results were sim-
ilar in the PPS (Table S8 in the electronic sup-
plementary material). A statistically significant
reduction from baseline in LVMI at EOT was
shown in the total population (mean
change: - 9.9 g/m2, p\ 0.001; Fig. 3a and
Table S7 in the electronic supplementary
material). Significant reductions were also
shown in the RASi (- 13.9 g/m2, p\0.01) and
CCB (- 8.2 g/m2, p\0.05) subcohorts (Fig. 3b

Fig. 1 Change from baseline in morning home BP level at
EOT in the total population (a) and RASi or CCB
subcohorts (b) and change from baseline in bedtime home
BP level (c) and office BP level (d) at EOT in the total
population and RASi or CCB subcohorts (full analysis

set). Data are mean (95% confidence interval). **p\ 0.01,
***p\ 0.001 vs. baseline, paired t-test. BP blood pressure,
CCB calcium channel blocker, DBP diastolic blood
pressure, EOT end of treatment, RASi renin-angiotensin
system inhibitor, SBP systolic blood pressure
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and Table S7 in the electronic supplementary
material). Similar trends were shown in the
geometric percentage change from baseline in
LVMI at EOT (total population: - 8.5%,
p\0.001; RASi subcohort: - 10.4%, p\ 0.01;

CCB subcohort: - 7.7%, p\ 0.05) (Fig. 3c and
Table S7 in the electronic supplementary
material). Also, at 12 weeks, changes and per-
centage changes from baseline in LVMI signifi-
cantly decreased from baseline in the total

Fig. 2 Time course changes (a) and changes from baseline
(b) in morning home BP throughout the study period in
the total population and RASi or CCB subcohorts (full
analysis set). Data are mean ± standard deviations.
*p\ 0.05, **p\ 0.01, ***p\ 0.001 vs. baseline, paired t-

test. BP blood pressure, CCB calcium channel blocker,
DBP diastolic blood pressure, EOT end of treatment, RASi
renin–angiotensin system inhibitor, SBP systolic blood
pressure
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population and the RASi and CCB subcohorts
(Fig. 3c and Table S7 in the electronic supple-
mentary material).

Changes in other echocardiogram measure-
ments from baseline to EOT in the FAS are
shown in Table S9 (see the electronic supple-
mentary material), and these results were simi-
lar in the PPS (Table S10 in the electronic
supplementary material). An increasing trend in
LVEF was shown in the total population and the
RASi and CCB subcohorts, with a statistically
significant increase shown only in the RASi
cohort. The LAVI tended to decrease in the total

population and the RASi and CCB subcohorts,
but the change did not reach statistical signifi-
cance. The E/A decreased significantly in the
total population and the RASi subcohort, but
the decrease did not reach statistical signifi-
cance in the CCB subcohort. The E/e0 decreased
significantly in the total population and the
CCB subcohort, but the decrease did not reach
statistical significance in the RASi subcohort.
No clinically meaningful change was observed
in the TRV.

Fig. 3 Change from baseline in LVMI at EOT in the total
population (a) and RASi or CCB subcohorts (b), time
course geometric percentage change from baseline in
LVMI in the total population and RASi or CCB
subcohorts (c), and geometric percentage change from
baseline in NT-proBNP at Week 24 (d) (full analysis set).

Data are mean (95% confidence interval). *p\ 0.05,
**p\ 0.01, ***p\ 0.001 vs. baseline, paired t-test. CCB
calcium channel blocker, EOT end of treatment, LVMI
left ventricular mass index, NT-proBNP N-terminal pro-
brain natriuretic peptide, RASi renin–angiotensin system
inhibitor
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Effects of Esaxerenone on Blood
Biomarkers

Changes in biomarker data from baseline in the
FAS are summarized in Table S11, and these
results were similar in the PPS (Table S12 in the
electronic supplementary material). NT-proBNP
decreased significantly from baseline to Week
24 in the total population and CCB subcohort
(geometric percentage change, - 13.9% and
- 15.7%, respectively; both p\0.05); in the
RASi subcohort, the geometric percentage
change decreased by - 9.3%, but the change
was not statistically significant (Fig. 3d). PAC
and PRA increased with esaxerenone adminis-
tration from baseline to Weeks 12 and 24 in the
total population (mean ± SD change: PAC,
77.7 ± 63.5 and 78.6 ± 60.0 pg/ml; PRA,
3.4 ± 4.7 and 3.1 ± 5.6 ng/ml/h, respectively).
Similar increases were observed in the RASi and
CCB subcohorts.

Safety

TEAEs are summarized in Table 2. The propor-
tion of patients with at least one TEAE was
35.0%. Drug-related TEAEs occurred in two
(3.3%) patients, of whom one (1.7%) discon-
tinued the study treatment (blood potassium
increased). Most TEAEs were mild or moderate.
Serious TEAEs occurred in two (3.3%) patients,
one with acute sinusitis and another with atrial
fibrillation and diabetes mellitus, which were
not related to esaxerenone treatment. Frequent
TEAEs that occurred in C 2 patients were
arthralgia and nasopharyngitis (5.0% each),
followed by blood potassium increased and liver
disorder (3.3% each).

The eGFRcreat decreased up to 4 weeks and
then was maintained up to 24 weeks (Fig. 4a).
The mean change in eGFRcreat from baseline to
Week 24 was - 6.9 ± 6.9 ml/min/1.73 m2

(Fig. S4a in the electronic supplementary
material). This trend was similar in both the
RASi and CCB subcohorts.

Serum potassium levels increased over the
first 2 weeks and then were maintained up to
24 weeks (Fig. 4b). The mean changes in serum
potassium from baseline to Weeks 2 and 24

were 0.19 ± 0.33 and 0.23 ± 0.38 mEq/l,
respectively (Fig. S4b in the electronic supple-
mentary material), and the trend was similar in
both the RASi and CCB subcohorts. The inci-
dence of serum potassium level C 5.5 mEq/l was
5.0% in the total population, occurring in three
patients. This included one (4.8%) and two
(5.1%) patients in the RASi and CCB subco-
horts, respectively (Table S13 in the electronic

Table 2 Summary of treatment-emergent adverse events
(TEAEs) (safety analysis set)

Total
N = 60

Subcohorts

RASi
n = 21

CCB
n = 39

Any TEAEs 21 (35.0) 4 (19.0) 17 (43.6)

Drug-related TEAEs 2 (3.3) 1 (4.8) 1 (2.6)

Serious TEAEs 2 (3.3) 0 (0.0) 2 (5.1)a

Drug-related serious

TEAEs

0 (0.0) 0 (0.0) 0 (0.0)

Discontinued study

treatment due to

TEAEs

1 (1.7) 1 (4.8)b 0 (0.0)

Discontinued study

treatment due to drug-

related TEAEs

1 (1.7) 1 (4.8)b 0 (0.0)

Frequent TEAEs

occurring in C 2

patients

Arthralgia 3 (5.0) 0 (0.0) 3 (7.7)

Nasopharyngitis 3 (5.0) 1 (4.8) 2 (5.1)

Blood potassium

increased

2 (3.3) 1 (4.8) 1 (2.6)

Liver disorder 2 (3.3) 0 (0.0) 2 (5.1)

Data are n (%)
CCB calcium channel blocker, RASi renin–angiotensin
system inhibitor
Medical Dictionary for Regulatory Activities, version J.24.1
aAtrial fibrillation and diabetes mellitus occurred in one
patient, and acute sinusitis occurred in the other patient
bBlood potassium increased
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supplementary material). No patients presented
with serum potassium level C 6.0 mEq/l.

DISCUSSION

The ESES-LVH study evaluated the efficacy and
safety of the nonsteroidal MRB esaxerenone in
uncontrolled hypertensive patients with LVH
taking a RASi or a CCB. Findings from this study
add to the evidence of the cardioprotective
effects of esaxerenone in patients with cardiac
hypertrophy regardless of the concomitant use
of RASi or CCB.

Esaxerenone significantly reduced the pri-
mary endpoint of morning home SBP/DBP from
baseline to EOT in the total population
(- 11.5/- 4.7 mmHg, p\0.001) and in the
RASi and CCB subcohorts (- 11.6/ - 6.6 mmHg
and - 11.5/ - 3.8 mmHg, respectively; all
p\0.01). Similar significant reductions in the
total population and both subcohorts were
observed in bedtime home and office SBP/DBP,
indicating that esaxerenone would exhibit a
consistent antihypertensive effect in this
patient population and that these effects would

be independent of concomitant use of RASis or
CCBs. The reduction in morning home SBP/
DBP in this study was comparable to the EX-
DKD study in hypertensive patients with dia-
betic kidney disease treated with a RASi alone or
a RASi plus CCB (- 11.6/- 5.2 mmHg) [30]. In
addition, the change in office SBP/DBP in this
study (- 15.1/ - 6.5 mmHg) was also similar to
that shown in phase 3 studies of esaxerenone in
RASi-treated hypertensive patients with moder-
ate renal dysfunction (- 17.8/ - 8.1 mmHg)
[25] and with type 2 diabetes associated with
microalbuminuria (- 13.7/- 6.2 mmHg) [26].
Together with the fact that the reduction in the
office SBP/DBP at Week 12 in the long-term
Phase 3 study in patients with essential hyper-
tension (with RASi - 16.8/- 9.6 mmHg and
with CCB - 14.8/- 8.2 mmHg) was also com-
parable to that of the ESES-LVH study [23],
esaxerenone may have a favorable antihyper-
tensive effect in hypertensive patients with
various complications, including cardiac
hypertrophy. Although this study did not
include a placebo control, its antihypertensive
effect has been already confirmed in two pla-
cebo-controlled clinical trials [28, 44].

Fig. 4 Time course changes in eGFRcreat (a) and serum
potassium levels (b) throughout the study period in the
total population and RASi or CCB subcohorts (safety
analysis set). Data are mean ± standard deviations. CCB

calcium channel blocker, eGFRcreat creatinine-based esti-
mated glomerular filtration rate, RASi renin–angiotensin
system inhibitor
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Furthermore, as in previous clinical studies of
esaxerenone and other MRBs [22, 23, 30,
45, 46], PAC and PRA, indicators of MR activity
inhibition, increased with the BP reduction in
this study. Based on these results, it was
deduced that the placebo antihypertensive
effect was not the main factor in the BP
reduction.

Esaxerenone also significantly reduced the
primary endpoint of LVMI from baseline to EOT
in the total population (- 9.9 g/m2, p\0.001)
and in the RASi and CCB subcohorts (- 13.9 g/m2

and - 8.2 g/m2, respectively; all p\0.05). Over
the 24-week study period, the change and per-
centage change in LVMI significantly decreased
from baseline in a time-dependent manner, with
percentage change in LVMI of - 6.5%, - 9.1%,
and - 8.5% (all p\0.01) by Week 12, Week 24,
and EOT, respectively. This similar time-depen-
dent decline was also observed in both subco-
horts. This reductive effect on LVMI is consistent
with the result of a previous retrospective study,
the only study to evaluate the cardioprotective
effect of esaxerenone over 6 months using
echocardiography in hypertensive patients with
heart failure with preserved ejection fraction
(HFpEF) [35]. LVH regression was also reported
with the other steroidal MRBs. In a randomized
placebo-controlled 4E-left ventricular hypertro-
phy study in patients with LVH and hypertension,
9-month treatment with eplerenone and epler-
enone/enalapril significantly reduced LVM from
baseline (- 14.5 g, - 27.2 g, respectively) [47].
This reduction with eplerenone/enalapril was
comparable to the 24-week reduction in the RASi
subcohortof this study (- 23.6 g). Spironolactone
has also been shown to reduce LVMI against
non-spironolactone therapy (- 9.5 g/m2 ver-
sus - 5.5 g/m2) in a retrospective propensity
score-matched cohort study for hypertensive
patients with HFpEF [48]. According to the meta-
analyses assessing the effect on LVM of antihy-
pertensive drug classes, ARBs, ACE inhibitors, and
CCBs have the strongest LVM-regressive effect
among ARBs, ACE inhibitors, CCBs, beta-block-
ers, and diuretics [8, 49]. Although MRBs were not
compared in these meta-analyses, studies exam-
ining the effect of olmesartan in combination
with azelnidipine or amlodipine in Japanese

hypertensive patients with baseline LVMI of
123 g/m2 showed a reduction in LVMI ranging
from - 3.0 to 6.5 g/m2 at 6 months [50]. Com-
pared with the change of - 13.9 g/m2 (baseline
127.9 g/m2) in the RASi subcohort and
- 8.2 g/m2 (baseline 113.9 g/m2) in the CCB
subcohort in this study, it is possible that
esaxerenone may also exert LVMI-lowering
effects that are comparable to those of ARBs and
CCBs. However, this will need to be clarified in
future comparative studies.

The following mechanisms may underlie the
marked reduction of LVMI by esaxerenone: (1)
via BP reduction, (2) the pleiotropic effects of
neurohormonal modulation, and (3) direct
effects on myocardium. Although BP reduction
is the primary mechanism, a previous report
comparing the BP- and LVMI-lowering effects of
esaxerenone before and after its administration
suggested that the LVMI-lowering effect of
esaxerenone might be also exerted by a mech-
anism independent of its antihypertensive
effect [35]. Indeed, in the present study, the
antihypertensive effect of esaxerenone reached
steady state at approximately 6 weeks, whereas
the LVMI-reducing effect persisted up to
24 weeks. This observation is consistent with
the 4E-left ventricular hypertrophy study, in
which the effect of eplerenone (alone or in
combination with enalapril) on the change in
BP and its effect on reducing LVM did not move
in parallel [47]. Considering these results and
the fact that the LVMI-lowering effect of esax-
erenone was accompanied by a decrease in
plasma BNP [35–37], we assume pleiotropic
effects through neurohormonal modulation
and/or direct effects on myocardium of esax-
erenone. Recently, esaxerenone was found to
reduce cardiac inflammation and oxidative
stress in high salt-loaded rats, leading to
improvement of cardiac remodeling and the
reduction of fibrosis [33]. Future clinical and
basic studies to elucidate the cardioprotective
mechanisms of esaxerenone will provide deeper
insights.

In this study, the baseline mean LVEF value
of the patients was 62.8% within the normal
range; however, LVEF tended to further increase
with esaxerenone treatment and was
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significantly increased in the RASi subcohort.
The previous reports of esaxerenone in hyper-
tensive patients with HFpEF have shown a sig-
nificant increase in LVEF at 6 months [35].
Moreover, esaxerenone prevented the deterio-
ration of LVEF as well as worsening of fractional
shortening and stroke volume in rats with salt-
induced myocardial injury [33]. Thus, esax-
erenone may have a favorable effect on left
ventricular systolic function. Regarding the
parameters recommended to assess left ventric-
ular diastolic function [51], the baseline mean
values except for LAVI were in the normal range
(E/e0 of 9.7, TRV of 2.2 m/s, and LAVI of
41.9 ml/m2) [52]. LAVI tended to decrease in
this study, but not significantly; E/A and E/e0

also tended to decrease, with significant
decreases in E/A in the total population and
RASi subcohort and in E/e0 in the total popula-
tion and CCB subcohort; no change in TRV was
observed. Esaxerenone has been reported to
significantly reduce E/e0 in hypertensive
patients with HFpEF [35], and a meta-analysis of
steroidal MRBs also found significant reductions
in E/A, E/e0, and LAVI for patients with HFpEF
[53]. Esaxerenone might contribute to the pre-
vention of left ventricular systolic and diastolic
dysfunction and transition to HFpEF in patients
with LVH.

Hypertensive patients with cardiac disease
were not included in the Phase 3 studies of
esaxerenone, and safety information was lim-
ited in this population. ESES-LVH was the first
study to follow this patient population for
24 weeks, especially during the first 12 weeks,
when serum potassium, eGFRcreat, and BP were
monitored every 2 weeks. In the present study,
the incidences of TEAEs and drug-related TEAEs
were 35.0% and 3.3%, respectively, and were
similar to those reported in a series of Phase 3
studies of esaxerenone including hypertensive
patients with essential hypertension [22, 23],
moderate renal impairment [25], type 2 diabetes
with albuminuria [26, 28, 29], and primary
aldosteronism [27]. In addition, new safety
concerns were not identified compared with
these previous studies. Regarding serum potas-
sium elevation, a well-known adverse effect of
MRBs [54], blood potassium increased occurred
as a TEAE in two (3.3%) patients and was one of

the most frequent TEAEs. All blood potassium
increased events were drug-related TEAEs, one
of which led to treatment discontinuation. The
incidence of serum potassium level C 5.5 mEq/l
(5.0%) was similar to those reported in previous
esaxerenone studies (3.0%-12.1% in hyperten-
sive patients with essential hypertension, mod-
erate renal dysfunction, and type 2 diabetes
with albuminuria) [54]. Although treatment
with a RASi is one of the risk factors for serum
potassium elevation during esaxerenone
administration [54], there was no difference in
the time course change in serum potassium
levels or the incidence of blood potassium
increased between the RASi and CCB subco-
horts. The time course change and the mean
change in eGFRcreat were similar to the find-
ings in previous studies of esaxerenone in
hypertensive patients with various complica-
tions [22, 23, 25–30]. These results suggest that
esaxerenone can be safely administered in
hypertensive patients with various complica-
tions, including cardiac hypertrophy.

The present study has some limitations. First,
because of the COVID-19 pandemic and
torrential rain in the area of participating
institutions, the sample size was small as
approximately half of the initial target popula-
tion could be enrolled. Therefore, the statistical
power in the RASi and CCB subcohorts may
have been insufficient. Second, this study had
a one-arm design, lacking a placebo arm or
an active comparator; as such, the reduction
in BP and LVMI observed might be partly
attributable to the placebo effect or factors
beyond the drug treatment. However, although
the LVMI-lowering effect remains to be addres-
sed, previous controlled clinical trials of
esaxerenone confirmed the significant antihy-
pertensive action of the drug [28, 44]. Because
this was an exploratory study, multiplicity was
not adjusted, and no comparisons were made
between the RASi and CCB subcohorts. The
findings in this study may be used as a basis for
future clinical studies with an active comparator
design. In addition, multivariate analyses to
identify factors affecting the efficacy and safety
of esaxerenone are also warranted in the future.
Third, as Japan is the only country that has
approved esaxerenone as an antihypertensive
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agent to date, the present study on esaxerenone
could only be conducted in Japan, and the
generalizability of our findings to non-Asian
populations should be interpreted with caution.

CONCLUSION

In hypertensive patients with cardiac hypertro-
phy who had an inadequate response to RASi or
CCB, esaxerenone clearly demonstrated consis-
tent BP-lowering and LVH-regressive effects
regardless of the concomitant use of RASi or
CCB. Furthermore, esaxerenone can be used
safely in these patients without clinically rele-
vant serum potassium elevation and eGFRcreat
reduction. Therefore, esaxerenone may be a
suitable antihypertensive treatment option
accompanied by cardioprotective effects for
hypertensive patients with LVH.
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