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Abstract
Mineralocorticoid receptor (MR) blockers are very beneficial for patients with hypertension and primary aldosteronism (PA).
We investigated the efficacy and safety of a newly available nonsteroidal MR blocker, esaxerenone, in Japanese patients
with hypertension and PA. A multicenter, open-label study was conducted in Japan between October 2016 and July 2017.
Patients with hypertension and PA received 12 weeks of treatment with esaxerenone, initiated at 2.5 mg/day and escalated to
5 mg/day during week 2 or 4 of treatment, based on individual response. The only other permitted antihypertensive therapies
were stable dosages of a Ca2+ channel blocker or α-blocker. The primary efficacy outcome was a change in sitting systolic
and diastolic blood pressure (SBP/DBP) from baseline to the end of treatment. Forty-four patients were included; dose
escalation to 5 mg/day was implemented for 41 of these patients. Significant decreases in SBP and DBP were observed
(point estimates [95% confidence interval] −17.7 [−20.6, −14.7] and −9.5 [−11.7, −7.3] mmHg, respectively; both p <
0.0001 at the end of treatment). Significant BP reductions were evident from week 2 and continued through to week 8; BP
remained stable until week 12. The antihypertensive effect of esaxerenone on SBP was significantly greater in females and in
patients receiving monotherapy. The major drug-related adverse events were serum K+ increase and estimated glomerular
filtration rate decrease (both 4.5%, n= 2); no gynecomastia or breast pain was observed. We conclude that esaxerenone is a
potent MR blocker with favorable efficacy and safety profiles in patients with hypertension and PA.

Keywords Esaxerenone ● Primary aldosteronism ● Hypertension ● Renin ● Aldosterone

* Fumitoshi Satoh
fsatoh@med.tohoku.ac.jp

1 Division of Clinical Hypertension, Endocrinology and
Metabolism, Tohoku University Graduate School of Medicine, 2-1
Seiryo-machi, Aoba-ku, Sendai, Miyagi 980-8575, Japan

2 Division of Nephrology, Endocrinology and Vascular Medicine,
Department of Medicine, Tohoku University School of Medicine,
2-1 Seiryo-machi, Aoba-ku, Sendai, Miyagi 980-8575, Japan

3 Katta General Hospital, 36 Shimoharaoki, Fukuokakuramoto,
Shiroishi, Miyagi 989-0231, Japan

4 Department of Endocrinology, Metabolism and Nephrology,
Department of Internal Medicine, Keio University School of
Medicine, 35 Shinano-machi, Shinjuku-ku, Tokyo 160-8582,
Japan

5 Department of Geriatric and General Medicine, Osaka University

Graduate School of Medicine, 2-2 Yamadaoka, Suita, Osaka 565-
0871, Japan

6 Department of Endocrinology, Metabolism, Rheumatology and
Nephrology, Faculty of Medicine, Oita University, 1-1 Idaigaoka,
Hasama, Yufu, Oita 879-5593, Japan

7 Department of Endocrinology and Hypertension, Tokyo Women’s
Medical University, 8-1 Kawada-cho, Shinjuku-ku, Tokyo 162-
8666, Japan

8 Minatomirai Medical Square, 3-6-3 Minatomirai, Nishi-ku,
Yokohama 220-0012, Japan

9 Showa General Hospital, 8-1-1 Hanakoganei, Kodaira,
Tokyo 187-8510, Japan

10 Daiichi Sankyo Co., Ltd, 1-2-58 Hiromachi, Shinagawa-ku,
Tokyo 140-8710, Japan

Supplementary information The online version of this article (https://
doi.org/10.1038/s41440-020-00570-5) contains supplementary
material, which is available to authorized users.

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-020-00570-5&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-020-00570-5&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-020-00570-5&domain=pdf
mailto:fsatoh@med.tohoku.ac.jp
https://doi.org/10.1038/s41440-020-00570-5
https://doi.org/10.1038/s41440-020-00570-5


Introduction

Primary aldosteronism (PA) is a well-recognized form of
secondary hypertension, and ~5–9% of all patients with
hypertension have PA [1]. The prevalence of PA is ~20% in
those with treatment-resistant hypertension [2, 3].

Compared with patients with essential hypertension,
patients with PA have an independent association with
higher risks of cerebro- and cardiovascular complications
(e.g., stroke, cardiac hypertrophy, atrial fibrillation, cor-
onary artery disease, and cardiac failure), metabolic dis-
turbances, and renal insufficiency [4–9].

Patients with unilateral PA can be successfully treated
with surgical adrenalectomy, but pharmacologic therapy is
suggested for those who do not want surgery or for those
with bilateral PA [10, 11]. Mineralocorticoid receptor (MR)
blockers are the principal agents shown to be beneficial in
patients with PA [12, 13], and a systematic review
demonstrated the superiority of MR blockers over adrena-
lectomy [14]. The benefits of add-on therapy with an MR
blocker in patients with resistant hypertension have also
been documented in several studies [15–18]. These findings
are reflected in PA clinical practice guidelines that recom-
mend treatment with an MR blocker to manage hyperten-
sion and prevent cardiovascular disorders and target organ
damage [10, 19].

Currently available MR blockers include spironolactone
and eplerenone [20], both of which have antihypertensive
effects in patients with PA [12, 13]. However, the clinical
use of these agents is limited by problematic adverse
effects. For example, spironolactone has low MR-binding
specificity and therefore is associated with sex hormone
receptor-related adverse events [21–23]. The use of either
agent is complicated by hyperkalemia [20, 23, 24], and
eplerenone is contraindicated in patients with type 2 dia-
betes mellitus and albuminuria or proteinuria and in those
with renal impairment (creatinine clearance <50 mL/min)
[24, 25]. Eplerenone is also contraindicated in combination
with K+ supplements [20]. Hence, there is currently an
unmet clinical need for an MR blocker with an improved
safety profile that can be administered to a wide range of
patients, including those with comorbidities.

Esaxerenone is an oral nonsteroidal MR blocker with high
MR-binding specificity [26]. Data from clinical studies [27–
29] have shown that esaxerenone inhibits MR activity, is well
tolerated and reduces BP in a dose-dependent manner in
Japanese patients with essential hypertension. The phase
3 study [29] also showed that esaxerenone 2.5 mg/day was
noninferior to eplerenone 50mg/day and that esaxerenone at
5 mg/day exhibited superior BP-lowering effects over esax-
erenone at 2.5mg/day. In a study of esaxerenone in patients
with moderate renal dysfunction with diabetes with albumi-
nuria [30], incremental dose escalation starting from a low

dose was able to manage serum K+ elevations and renal
function safely while exerting antihypertensive effects. Data
from these studies provide important guidance regarding the
role of esaxerenone in the management of hypertension with
related comorbidities.

The current clinical study investigated the efficacy and
safety of esaxerenone in patients with hypertension and PA.

Materials and methods

Study design

This multicenter, open-label, 12-week study (NCT02885662;
JapicCTI-163349) was conducted in Japan between October
2016 and July 2017 (Supplementary Fig. 1). The study
protocol was approved by the institutional review board at
each study center, and all patients provided written informed
consent prior to enrollment. All study procedures were con-
ducted in accordance with Good Clinical Practice, applicable
local regulations, and the ethical principles of the Declaration
of Helsinki.

Patients

The patients were aged ≥20 years and diagnosed with PA
within the previous 5 years based on a screening test
(plasma aldosterone concentrations [PAC] >120 pg/mL and
aldosterone-to-renin ratio [ARR] >200) and at least one
positive confirmatory PA test result from among the fol-
lowing: captopril test (ARR >200 at 60 or 90 min after
loading captopril 50 mg); physiological saline challenge test
(PAC >60 pg/mL 4 h after loading saline 0.9%); furosemide
standing test (plasma renin activity [PRA] <2.0 ng/mL/h 2 h
after loading furosemide 40 mg); or oral salt loading test
(24-h urinary aldosterone >8 μg/day, with urinary sodium
>170 mEq/day). All tests to confirm a positive diagnosis of
PA were conducted in accordance with the Japanese
Endocrine Society guidelines [31].

Additional inclusion criteria, as per Japanese Society of
Hypertension Guidelines [19], included stable sitting sys-
tolic BP (SBP) ≥140 and <180 mmHg and stable sitting
diastolic BP (DBP) ≥90 and <110 mmHg at the last two
assessments during the observation period. Eligible patients
had not taken antihypertensives for at least 4 weeks prior to
the start of the study or had been taking a stable dosage of
only one basic antihypertensive agent (a Ca2+ channel
blocker [CCB], except for cilnidipine, efonidipine, azelni-
dipine, and benidipine, or an α-blocker, which have reduced
effects on the secretion of renin and aldosterone) before and
during the treatment period.

Patients with other forms of secondary hypertension
(e.g., renovascular hypertension, Cushing’s syndrome,
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subclinical Cushing’s syndrome, pheochromocytoma, or
hypertension associated with a single kidney) or hyperten-
sive crisis were excluded. Other exclusion criteria included
type 1 diabetes mellitus, diabetic nephropathy, serious
hepatic disease, a history of stroke or transient ischemic
attack, orthostatic hypotension, cerebral or cardiovascular
diseases, adrenal surgery or revascularization of the carotid
or peripheral arteries in the previous 6 months, hospitali-
zation for severe hyperkalemia within the previous year,
history of adverse drug reactions to eplerenone or spir-
onolactone, and serum K+ level <3.0 or ≥5.1 mEq/L or an
estimated glomerular filtration rate (eGFR) <30 mL/min/
1.73 m2. Prohibited concomitant medications included
antihypertensive agents (other than the aforementioned
permitted concomitant medications), diuretics, other sym-
pathetic blocking agents, vasodilators, and renin inhibitors,
though the use of short-acting oral nitrates was permitted in
an emergency.

Study treatments and administration

After determination of eligibility and provision of informed
consent, primary enrollment was performed. The duration
of the pretreatment observation period was determined by
previous therapies. The washout period was 9 weeks for
diuretics and 4 weeks for any other antihypertensive med-
ication. As noted above, the use of one antihypertensive
agent (CCB or α-blocker) was permitted during the obser-
vation period if the dosage remained unchanged for at least
4 weeks prior to initiation of the study treatment.

The observation period was followed by secondary
enrollment (treatment initiation) and a 12-week treatment
period. The dosage of esaxerenone was based on the results
of a previous phase 2 clinical study [28]. Esaxerenone in the
present study was initiated at a dosage of 2.5 mg/day and
escalated to 5 mg/day during week 2 or 4 of treatment if
SBP/DBP was ≥120/≥80 mmHg, serum K+ level was <5.1
mEq/L, and decreases in eGFR from baseline were <30%.
There was a 1-week post treatment follow-up period after
the completion of the esaxerenone therapy, during which
follow-up tests and examinations were conducted.

Study endpoints

The primary efficacy outcome was a change in sitting SBP
and DBP from baseline to the end of esaxerenone treatment.
Secondary efficacy endpoints included changes in sitting
BP (SBP/DBP) over time and the percentage of patients
achieving the target sitting BP (Target 1: BP of <140/90
mmHg among all patients, Target 2: BP of <130/80 mmHg
among patients with type 2 diabetes mellitus and <140/90
mmHg among those without type 2 diabetes mellitus).
Safety endpoints included adverse events, laboratory test

values, and vital signs. Additionally, the proportions of
patients with serum K+ levels ≥5.5 mEq/L, ≥6.0 mEq/L, or
≥5.5 mEq/L on two consecutive occasions were determined.
Pharmacodynamic assessments included time-course and
change from baseline in PAC, PRA, and ARR.

Assessments

On each occasion, three sitting BP measurements were
taken at 1- to 2-min intervals in an office after a resting
period of a least 5 min, and the mean value was recorded as
the BP at that visit. All measurements were taken within
21–27 h of study drug administration, and the measurer and
measuring device (automatic blood pressure monitor) were
the same for each patient. The patients were questioned
about the occurrence of adverse events at each study visit.
PAC was determined using a radioimmunoassay and PRA
using an enzyme immunoassay [27].

Statistical analysis

The target sample size was set at 40 patients based on fea-
sibility; this was confirmed to be sufficient to detect a statis-
tically significant change from baseline in sitting BP (SBP/
DBP) assuming a true change of −10/−5mmHg with SD of
15/10mmHg. Patients who received at least one dose of study
drug and had at least one efficacy variable measured were
included in the full analysis set (FAS), and all patients who
provided informed consent and received at least one dose of
study drug were included in the safety analysis set (SAS).
Point estimates and corresponding 95% confidence interval
(CI) values for the difference in sitting BP between baseline
and the end of treatment were calculated and analyzed using a
paired t-test. The method of last observation carried forward
was used to impute missing BP data.

The geometric mean percent change (and 95% CI) in
PAC and PRA from baseline to week 12 was calculated
using log-transformed values. Missing PRA values, due to
the limit of quantification of the assay, were assigned using
the lower limit of quantification value (0.2 ng/mL/h).

Subgroup analyses were conducted based on sex, age
(<65 vs ≥65 years), body mass index (BMI; <25 vs ≥25 kg/
m2), baseline SBP (<160 vs ≥160 mmHg), baseline DBP
(<100 vs ≥100 mmHg), prior use of antihypertensive agents,
concomitant antihypertensive agents, ARR (above and
below the median), diabetes mellitus (yes vs no), PA sub-
type (including unilateral adrenal lesion, bilateral adrenal
lesions, and disease classification of either an aldosterone-
producing tumor or idiopathic hyperaldosteronism (IHA)),
and use of K+ supplements. Safety variables are summar-
ized in a descriptive manner.

Post hoc analyses consisted of the following: the statis-
tical significance of changes in BP, eGFR, and serum K+
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level over time, as assessed using paired t-tests; the
exploratory subgroup analysis by PRA at the end of the
treatment (<1 vs ≥1 ng/mL/h); and the statistical compar-
isons among each patient subgroup.

Categorical variables are presented as absolute values and
percentages and continuous variables as the mean ± SD,
unless otherwise specified. All reported p values are two-
sided; those <0.05 are considered to be statistically significant
(without adjustment for multiple testing). All statistical ana-
lyses were performed using SAS System Release 9.3 (SAS
Institute Inc., Cary, NC, USA).

Results

Patient demographics

A total of 44 patients were enrolled in the study (mean age
49.6 ± 9.68 years, 57% female) (Table 1). The majority of
patients had bilateral adrenal lesions and IHA (79.5%) and
had received prior antihypertensive therapy (86.4%). In
those with previous antihypertensive treatment, the most
commonly used agents were CCBs (72.7%); CCBs were
also the most commonly used concomitant antihypertensive
therapy (65.9%). Of the 44 enrolled patients, 41 completed
the study (two withdrew due to adverse events, and one
withdrew consent). All 44 patients were included in the
FAS and SAS.

Efficacy

In 41 of the 44 patients, the esaxerenone dosage was
increased to 5 mg/day. In the other three, the dose remained
at 2.5 mg/day. Of these, the dosage was not increased due to
a hypotensive effect in two patients, and the remaining one
patient discontinued the study treatment prior to the dosage
increase visit. Of the three patients who withdrew from the
study, esaxerenone dosages were titrated to 5 mg/day in
two, whereas one remained on esaxerenone 2.5 mg/day.

Mean ± SD sitting SBP values were 154.0 ± 9.8 mmHg at
baseline and 136.4 ± 13.6 mmHg at the end of treatment;
corresponding values for DBP were 100.0 ± 5.9 and 90.5 ±
8.6 mmHg. Significant decreases in SBP and DBP were
observed between baseline and the end of the esaxerenone
treatment period; point estimates (95% CI) for the changes
in sitting SBP and DBP from baseline to the end of the
treatment were −17.7 (−20.6, −14.7) mmHg and −9.5
(−11.7, −7.3) mmHg, respectively (both p < 0.0001)
(Fig. 1a). Significant decreases from baseline in sitting BP
were evident from week 2 of treatment; BP continued to
decrease through week 8 and remained stable until week 12
(Fig. 1b). In the analysis of final esaxerenone dosage,
changes from baseline to the end of treatment in SBP and

DBP were −20.7 and −15.3 mmHg with 2.5 mg/day (n=
3) and −17.4 and −9.1 mmHg with 5 mg/day (n= 41),
respectively.

Among all patients, the percentage (95% CI) of patients
who achieved a sitting BP of <140/90 mmHg at the end of
treatment (Target 1) was 47.7% (32.5, 63.3). The percen-
tage (95% CI) of patients who achieved a sitting BP of
<130/80 mmHg among those with type 2 diabetes and
<140/90 mmHg among those without diabetes was 40.9%
(26.3, 56.8) at the end of treatment (Target 2).

Table 1 Patient characteristics

Characteristics Patients (n= 44)

Age, years 49.6 ± 9.68

Female, n (%) 25 (56.8)

Weight, kg 65.3 ± 13.2

Body mass index, kg/m2 24.5 ± 3.3

Localization/PA subtype, n (%)

Unilateral adrenal lesion/aldosterone-
producing adenoma

4 (9.1)

Bilateral adrenal lesion/idiopathic
hyperaldosteronism

35 (79.5)

Bilateral adrenal lesion/unknown 3 (6.8)

Familial hyperaldosteronism 1 (2.3)

Unknown 1 (2.3)

SBP, mmHg 154.0 ± 9.8

DBP, mmHg 100.0 ± 5.9

eGFR, mL/min/1.73 m2 78.5 ± 13.8

<60 mL/min/1.73 m2, n (%) 2 (4.5)

Serum K+, mEq/L 4.01 ± 0.33

<3.5 mEq/L, n (%) 3 (6.8)

Diabetes mellitus, n (%) 5 (11.4)

LDL-C, mg/dL 127.9 ± 27.7

PAC, pg/mL 229.8 ± 396.7

PRA, ng/mL/h 0.49 ± 0.51

ARR 829.9 ± 2036.6

Urinary Na+/K+ ratio 2.3 ± 1.5

Prior antihypertensive treatmenta, n (%) 38 (86.4)

MR blocker 9 (20.5)

Ca2+ channel blocker 32 (72.7)

α-blocker 1 (2.3)

β-blocker 2 (4.5)

Concomitant antihypertensive agent, n (%) 30 (68.2)

Ca2+ channel blocker 29 (65.9)

α-blocker 1 (2.3)

K+ supplements, n (%) 6 (13.6)

Values are means ± standard deviations, or numbers of patients (%)

ARR aldosterone-renin ratio, LDL-C low-density lipoprotein choles-
terol, MR mineralocorticoid receptor, PA primary aldosteronism, PAC
plasma aldosterone concentration, PRA plasma renin activity
aIn the 4 weeks before screening
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In general, consistent antihypertensive effects were
observed, but numerically different trends were observed in
some subgroups (unilateral or bilateral adrenal lesions, PRA
at the end of the treatment <1 or ≥1) (Supplementary
Table 1). When differences between groups were examined
by sex and by use of concomitant antihypertensives, sig-
nificant differences in SBP reduction were observed between
females and males (p= 0.0156; Fig. 2a) and between patients
not receiving concomitant antihypertensive agents and those
who received concomitant antihypertensive agents (p=
0.0433; Fig. 2b). Fourteen patients did not receive any con-
comitant antihypertensives, and changes from baseline to the
end of treatment in SBP and DBP were −22.0 and −11.9
mmHg, respectively, in the subgroup receiving esaxerenone
monotherapy and −15.6 and −8.4 mmHg, respectively, in
the subgroup receiving esaxerenone with concomitant anti-
hypertensives (Supplementary Table 2). In subgroup analysis
by PRA at the end of the treatment, changes from baseline to

the end of treatment in SBP and DBP were−20.0 and−10.9
mmHg, respectively, in patients with PRA ≥1 ng/mL/h at
week 12 (n= 17) and −16.5 and −8.7 mmHg, respectively,
in patients with PRA <1 ng/mL/h (n= 24) (Supplementary
Table 1).

Plasma aldosterone and renin activity

Both PAC and PRA increased from baseline by 83.9 pg/mL
and 0.60 ng/mL/h, respectively, after 12 weeks of treatment
with esaxerenone. Based on percent change, both of these
values were statistically significant (p < 0.001, Supplemen-
tary Fig. 2).

Safety

The overall rate of treatment-emergent adverse events was
61.4% (27/44), the most common being dizziness (9.1%)

Fig. 1 Overall change (means ±
SDs) from baseline (A) and
change over time (B) in sitting
systolic blood pressure (SBP)
and diastolic blood pressure
(DBP) (full analysis set). *p <
0.0001 vs baseline (paired t-
test); †p < 0.05 vs BP at week 2;
‡p < 0.01 vs BP at week 2
(paired t-test)
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(Table 2). One female patient reported menorrhagia during
treatment with esaxerenone. Adverse events considered to
be related to the study treatment were reported in 25.0% of
patients (11/44); increased serum K+ levels and decreased
eGFR each occurred in two patients (4.5%) (Table 2).
One serious adverse event of moderate severity occurred in
one patient (bronchitis), though it was determined to be
unrelated to esaxerenone. Two patients discontinued esax-
erenone treatment due to adverse events, one due to a ser-
ious adverse event (bronchitis, described above) and the
other due to increased serum K+ levels. No deaths occurred
during the study.

Mean ± SD serum K+ levels increased from 4.01 ±
0.331 mEq/L at baseline to 4.34 ± 0.491 mEq/L at week 2,
but serum K+ levels did not continually increase throughout

the treatment period even after dose titration at week 2 or 4
(Fig. 3a). A serum K+ level of ≥6.0 mEq/L at 2 weeks after
initiation of therapy in one patient during treatment with
esaxerenone 2.5 mg/day was reported as an adverse event.
Esaxerenone was discontinued in this patient, and serum K+

decreased to 5.2 mEq/L 5 days later. Changes in serum K+

levels showed similar trajectories between patients who
were and were not receiving concomitant therapy with K+

supplements (Fig. 3b). The eGFR decreased by 8.1 mL/min/
1.73 m2 at week 8 compared with baseline, and this
decrease was maintained to week 12 (Fig. 4). There were no
marked changes in any other clinical laboratory test results,
vital signs, or ECG findings during esaxerenone treatment.

Discussion

This study is the first to investigate the antihypertensive
effects of a novel MR blocker, esaxerenone, in hypertensive
patients diagnosed with PA. Esaxerenone had a clinically
significant antihypertensive effect in Japanese hypertensive
patients with PA and was well tolerated, with consistent
efficacy across a range of patient subgroups. Additionally,
dose escalation from esaxerenone 2.5–5mg/day was feasible
and safe; this was achieved in 41/44 (93%) of the patients
of whom 37 (90%) underwent dose titration at week 2.
Significant decreases from baseline in sitting BP were evident
from week 2 of treatment, and additional significant reduc-
tions were observed at week 8 compared with week 2, indi-
cative of the effects of dose escalation to 5mg.

Medical therapy including an MR blocker is recom-
mended as first-line treatment in patients with bilateral PA
(IHA) and those with unilateral PA (aldosterone-producing
adenoma [APA]) who are unable or unwilling to undergo
surgery [10, 31]. Although the number of APA patients in

Fig. 2 Differences (means ±
95% confidence intervals) in
systolic blood pressure (SBP)
and diastolic blood pressure
(DBP) from baseline to the end
of treatment according to sex
(A) and administration of
concomitant antihypertensive
agents (B). Significant
differences in SBP reduction
were observed in the following
comparisons: females vs males
(p= 0.0156) and without vs
with concomitant
antihypertensive agents
(p= 0.0433)

Table 2 Adverse events (n ≥ 2) and major drug-related adverse events

Category Patients (n= 44)

Any adverse events 27 (61.4)

Dizziness 4 (9.1)

Viral upper respiratory tract infection 3 (6.8)

Bronchitis 2 (4.5)

Cystitis 2 (4.5)

Pharyngitis 2 (4.5)

Abdomen discomfort 2 (4.5)

Increase in serum K+ 2 (4.5)

Increase in γ-glutamyl transferase 2 (4.5)

Reduction in eGFR 2 (4.5)

Drug-related adverse events 11 (25.0)

Increase in serum K+ 2 (4.5)

Reduction in eGFR 2 (4.5)

Values are n (%)

eGFR estimated glomerular filtration rate
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this study was small, significant BP-lowering effects of
esaxerenone were observed in both APA and IHA.

Of note, the results of our study indicate that the
antihypertensive effect of esaxerenone on SBP was sig-
nificantly greater in female patients and in patients without
concomitant use of other antihypertensive agents, even
though the number of patients was small. These data are in
line with previous data from an international consensus
study investigating surgical treatment of unilateral PA
[32]. In that analysis, female patients were found to have a
higher likelihood of complete clinical success, defined as
normal blood pressure without the aid of antihypertensive
medication, than male patients (odds ratio 2.25, 95% CI
1.40, 3.62; p= 0.001). Furthermore, patients with
fewer antihypertensive medications were more likely to
achieve complete clinical success (p < 0.001) [32]. Female
hormones are known to have vasoprotective effects, and
differences in antihypertensive effect based on sex are
likely driven by the vasoprotective role of estrogen in
premenopausal women, which may be able to reduce
irreversible vascular damage [32]. In addition, BP may be
well controlled in these patients, and the duration of PA
may be relatively short [32].

The reductions in SBP and DBP achieved with esaxer-
enone in PA in the current study (−17.7 and −9.5 mmHg,
respectively) are clinically relevant; the effects are not less
than those achieved with eplerenone (100–300mg/day) in
patients with hypertension and PA in a previous study but are
smaller than those associated with spironolactone (75–225
mg/day) treatment [13]. However, in that study, both MR
blockers were administered as monotherapy at dosages higher
than the approved doses, and the study design and study
population differed markedly from those in our analysis. In
our study, SBP and DBP reductions were −22.0 and −11.9
mmHg, respectively, in the subgroup of 14 patients receiving
esaxerenone as monotherapy, which was almost comparable
to the effect of spironolactone 150mg/day at week 8 in the
prior study [13]. Regardless, we cannot yet draw any definite
conclusions regarding the antihypertensive effect of esaxer-
enone compared with these existing MR antagonists.

In previous studies, sex hormone-related side effects
(particularly gynecomastia and breast pain) were significantly
more common in patients treated with spironolactone com-
pared with eplerenone, and the rate of hyperkalemia was also
highest with spironolactone [12, 13]. In the present study,
no gynecomastia or breast pain was reported; however,
one female patient did report menorrhagia during treatment
with esaxerenone 5 mg/day. In clinical studies of
esaxerenone [28, 29], no sex hormone receptor-related AEs or
menorrhagia were observed in any patients treated with
esaxerenone.

Although serum K+ levels are normal in most patients,
up to 40% of Japanese patients with PA have hypokalemia
[10, 33]. The mechanism of hypokalemia in PA occurs via
stimulation of MRs by excessive aldosterone, which pro-
motes Na+ reabsorption and K+ excretion and contributes to
the development of hypertension. The PA patients in
the current study had a mean baseline serum K+ level of
4.01 mEq/L, and three patients (6.8%) had hypokalemia
(serum K+ <3.5 mEq/L) at initiation of the study treatment
despite taking K+ supplements. As a result of esaxerenone

Fig. 4 Change (means ± SDs) from baseline in estimated glomerular
filtration rate (eGFR) (safety analysis set)

Fig. 3 Change (means ± SDs) in
serum K+ levels over time
overall (A) and in the presence
or absence of concomitant K+

supplementation (B)
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treatment, serum K+ levels increased to ≥3.5 mEq/L in
two of the three patients at week 12. Elevated serum K+ to
≥5.5 mEq/L was observed in one patient during esaxerenone
therapy, and the overall incidence was within a clinically
acceptable range. In contrast, both spironolactone and
eplerenone have been associated with the development
of hyperkalemia when used to treat PA [34], and the use
of K+ supplements is contraindicated during treatment
with eplerenone. Our study protocol allowed the use of
concomitant K+ supplements; six patients received K+

supplements at the initiation of the study, no hyperkalemia
was observed, and increases in serum K+ levels were within
a preferable range in all patients.

Glomerular hyperfiltration is a predictor of excessive
aldosterone-related renal damage [35]. In patients with PA,
renal glomerular hyperfiltration is present due to an excess of
aldosterone, which causes elevation of eGFR. These eleva-
tions appear to be reduced by treatment with an MR blocker
due to improved glomerular hypertension [36, 37]. In our
study, the extent of reductions in eGFR during treatment of
PA with esaxerenone was similar to that seen with other MR
blockers, indicating that correction of hyperfiltration probably
contributed to the observed reduction in eGFR, which may
indicate recovery of the tubuloglomerular feedback damaged
by hyperaldosteronism [38]. Given that eGFR tended to
return to baseline levels after the end of esaxerenone treatment
in other studies [30, 39], the eGFR reductions in this study are
considered to be caused by hemodynamic changes rather than
organic renal damage.

Limitations

One important limitation of this study is the relatively short
duration of treatment. Other features of the study design,
including the small sample size, lack of randomization to
treatment, and absence of a placebo or comparator arm, are
also limitations. Nonetheless, this study contributes to a
wider comprehensive clinical development program cover-
ing multiple aspects of esaxerenone therapy.

Conclusions

The results of this open-label phase 3 study suggest that
esaxerenone has favorable efficacy and safety profiles in
hypertensive patients with unilateral or bilateral PA. Dose
escalation was successful in the majority of patients, and
esaxerenone was well tolerated. Guidelines recommend an
MR blocker as first-line therapy in PA patients with bilateral
adrenal lesions and in unilateral adrenal lesion patients unable
or unwilling to undergo surgery. Therefore, esaxerenone may
be widely used in PA patients regardless of PA subtype and

may have important applications in those whose tumor lesions
cannot be definitively diagnosed or in settings in which
facilities for definitive diagnosis are lacking. Esaxerenone is
also likely to be useful in patients with treatment-resistant
hypertension, of whom ~20% are suspected to have PA and in
whom diagnosis confirmation is difficult.
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