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ABSTRACT

Introduction: Clinical data of esaxerenone in
hypertensive patients with diabetic kidney dis-
ease (DKD) are lacking. We evaluated the effi-
cacy and safety of esaxerenone in patients with
DKD and an inadequate response to blood
pressure (BP)-lowering treatment.

Methods: In this multicenter, open-label,
prospective study, patients were divided into
urinary albumin-to-creatinine ratio subcohorts
(UACR\ 30, 30 to \300, and 300 to
\1000 mg/gCr). Esaxerenone was initiated at
1.25 mg/day and followed by incremental dose
escalation based on BP and serum potassium
level monitoring. The treatment period was
12 weeks. The primary endpoint was change in
morning home systolic BP/diastolic BP (SBP/
DBP) from baseline to end of treatment (EOT).
Secondary endpoints included achievement
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rate of target BP, change in UACR from baseline,
and safety.
Results: In total, 113 patients were enrolled.
Morning home SBP/DBP significantly decreased
from baseline to EOT in the total population
(- 11.6/- 5.2 mmHg, both p\0.001) and in all
UACR subcohorts (all p\0.001). The target BP
achievement rate was 38.5%. Significant reduc-
tions in bedtime home and office BPs were also
shown in the total population and all UACR
subcohorts. UACR significantly improved from
baseline to EOT in the total (- 50.9%,
p\0.001) and all UACR subcohorts (all
p\0.001). Incidence of serum potassium ele-
vation as drug-related treatment emergent
adverse events was 2.7%. The change from
baseline in estimated glomerular filtration rate
(eGFR) was - 4.8 mL/min/1.73 m2.
Conclusion: Esaxerenone demonstrated a BP-
lowering effect and improved albuminuria. The
effects were consistent regardless of the severity
of albuminuria without clinically relevant
serum potassium elevation and eGFR reduction.
Clinical Trial Registration: jRCTs06119002.

Keywords: Diabetic kidney disease;
Esaxerenone; Hypertension; Mineralocorticoid
receptor blocker; Urinary albumin-to-creatinine
ratio

Key Summary Points

Why carry out this study?

The progression of diabetic kidney disease
(DKD) is associated with many risk factors,
and the management of blood glucose
levels alone is not sufficient to suppress
DKD progression to more advanced stages;
reducing glomerular hypertension
through normalization of blood pressure
(BP) is also particularly important to
inhibit the progression.

In many DKD cases, BP cannot be
adequately controlled with BP-lowering
treatment; esaxerenone, a next-
generation mineralocorticoid receptor
blocker, may be of benefit in these
patients.

This study investigated the efficacy and
safety of esaxerenone in hypertensive
patients with DKD who have an
inadequate response to BP-lowering
treatment with a renin–angiotensin
system (RAS) inhibitor monotherapy or
combined therapy with a calcium channel
blocker (CCB).

What was learned from the study?

Esaxerenone reduced BP and improved
albuminuria regardless of the severity of
albuminuria and without clinically
relevant serum potassium elevation or
estimated glomerular filtration rate
reduction.

This is the first study to demonstrate that
esaxerenone reduced not only office BP
but also home BP in hypertensive patients
with DKD.

In hypertensive patients with DKD who do
not respond well to RAS inhibitor
treatment, esaxerenone may be a
suitable alternative antihypertensive
treatment option.

INTRODUCTION

Diabetic kidney disease (DKD), also known as
diabetic nephropathy, is caused by diabetes
mellitus (DM). DKD is characterized by
glomerular hyperfiltration in the early stage and
gradually progresses to microalbuminuria, overt
albuminuria, and nephrotic syndrome. In
recent years, the number of patients with DKD
manifesting with nephrotic syndrome has been
decreasing owing to advances in diabetes treat-
ment [1]. However, the number of patients with
reduced estimated glomerular filtration rate
(eGFR) without albuminuria is rising [2, 3].
Associated with eGFR decline in DKD, cere-
brovascular and cardiovascular morbidity and
mortality progressively increase; thus, thera-
peutic intervention from an early stage is cru-
cial. Unfortunately, the number of patients
with DKD is increasing worldwide, and the
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prevalence of DKD with micro- and macroal-
buminuria among Japanese patients with type 2
DM has been reported to be more than 40%
[4, 5].

The progression of DKD is associated with
many risk factors such as hyperglycemia [6],
hypertension [7], dyslipidemia [8], smoking [9],
and age [10]; therefore, the management of
blood glucose levels alone is not sufficient to
suppress DKD progression to more advanced
stages. In such cases, in addition to the man-
agement of blood glucose levels, inhibition of
DKD progression by reducing glomerular
hypertension through normalization of blood
pressure (BP) is particularly important. Guideli-
nes for antihypertensive treatment in patients
with DKD recommend strict control of systemic
BP (\ 130/80 mmHg) and the use of renin–an-
giotensin system (RAS) inhibitors as first-line
therapy to ameliorate glomerular hypertension
and reduce proteinuria [11–13]. However, in
clinical practice, there are many cases in which
BP cannot be adequately controlled with RAS
inhibitor monotherapy. In low renin hyper-
tension, which is common in elderly patients,
the antihypertensive effect of RAS inhibitors is
attenuated [14, 15]. Additionally, long-term use
of RAS inhibitors is associated with aldosterone
breakthrough [16], in which aldosterone causes
inflammation and interstitial fibrosis in kidney
tissue. In fact, the incidence of aldosterone
breakthrough has been reported to be 53% in
patients using RAS inhibitors for more than
1 year [17]. Therefore, there is a need for the
development of additional therapeutic options
for hypertension management in patients with
DKD.

Considering their antihypertensive and
albuminuria-lowering effects, mineralocorticoid
receptor blockers (MRBs) are expected to be a
new option for the treatment of hypertension
in patients with DKD. However, their clinical
application has been limited owing to the sex
hormone-related side effects of spironolactone
[18] and the contraindication of eplerenone due
to hyperkalemia in hypertensive patients with
DM and proteinuria [19, 20]. Esaxerenone,
which was approved as an antihypertensive
drug in Japan in 2019 [21], is a next-generation

MRB with high selectivity and with antihyper-
tensive and urinary albumin-to-creatinine ratio
(UACR)-lowering effects in hypertensive
patients with DKD [22, 23]. In a previous study
of hypertensive patients with moderate kidney
dysfunction, the antihypertensive effects of
esaxerenone on sitting systolic BP (SBP)/
diastolic BP (DBP) were - 17.8 (95% confidence
interval [CI] - 21.0, - 14.7)/- 8.1 mmHg (95%
CI - 9.7, - 6.5), and esaxerenone significantly
reduced the mean UACR from baseline to
week 12 by 28.6% (95% CI - 40.7%, - 14.0%,
p\0.001) when administered as add-on ther-
apy to RAS inhibitors [23]. In another study in
hypertensive patients with type 2 DM and
albuminuria on concomitant RAS inhibitors,
esaxerenone had high antihypertensive and
UACR-lowering effects (SBP/DBP, - 13.7/
- 6.2 mmHg; UACR, - 32.4%) [22]. However,
the number of patients with an eGFR between
30 and 60 mL/min/1.73 m2 in these two phase 3
trials was small, and clinical data on the efficacy
and safety of esaxerenone in patients with
moderate renal dysfunction are lacking. The EX-
DKD study, one of the first studies of esax-
erenone under the Clinical Trials Act, aimed to
evaluate the efficacy and safety of esaxerenone
in hypertensive patients with DKD who have an
inadequate response to BP-lowering treatment
with a RAS inhibitor or combination of a RAS
inhibitor and calcium channel blocker (CCB).

METHODS

Study Design

The EX-DKD study was a multicenter (22 sites),
open-label, prospective study conducted in
Japan from December 2019 to May 2022 (Fig. S1
in the supplementary material), and participat-
ing institutions and representative physicians
are listed in Table S1 in the supplementary
material.
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Compliance with Ethics Guidelines

The study protocol was approved by the
Okayama University Certified Review Board
(CRB6180001) and prospectively registered with
the Japan Registry of Clinical Trials
(jRCTs061190027; https://jrct.niph.go.jp/en-
latest-detail/jRCTs061190027). The study was
conducted in accordance with the principles of
the Declaration of Helsinki 1964, and its later
amendments, and the Clinical Trials Act in
Japan. All patients provided written informed
consent before enrollment.

Patients

The inclusion criteria were as follows: patients
aged 20 to\ 85 years, with a diagnosis of type 2
DM (glycated hemoglobin\9%), for whom
home BP measurements could be obtained, who
had received prior RAS inhibitor or RAS inhi-
bitor plus CCB treatment before obtaining
informed consent, had sitting office SBP of 130
to \180 mmHg and/or DBP of 80 to
\110 mmHg at the start and end of the pre-
study observation run-in period, had a UACR
of\ 1000 mg/gCr during the pre-study obser-
vational run-in period, and had a creatinine-
based estimate of the glomerular filtration rate
(eGFRcreat) of 30 to \ 60 mL/min/1.73 m2.
Major exclusion criteria were as follows:
patients with secondary or malignant hyper-
tension, type 1 DM, non-diabetic chronic kid-
ney disease with increased or decreased doses of
steroids or immunosuppressive drugs within
3 months before obtaining informed consent or
with plans to increase or decrease doses of these
drugs within the following 4 months, nephrotic
syndrome, acute glomerulonephritis, compli-
cation or history of orthostatic hypotension,
rapidly progressive glomerulonephritis, ankle-
brachial index B 0.9 in patients with symptoms
caused by arteriosclerosis obliterans, cerebro-
cardiovascular disease, severe hepatic dysfunc-
tion, and serum potassium level[ 5.0 mEq/L at
the end of the pre-study observation run-in
period. On the basis of baseline UACR, all
patients were divided into two albuminuria
subcohorts or three UACR subcohorts as

follows: patients with a UACR of\30 mg/gCr
and 30 to\ 1000 mg/gCr were assigned to the
no albuminuria and albuminuria subcohorts,
respectively, and patients with a UACR
of\ 30 mg/gCr, 30 to\300 mg/gCr, and 300 to
\1000 mg/gCr were assigned to the A1, A2,
and A3 subcohorts, respectively.

Treatments

After a 4-week run-in period, esaxerenone was
initiated at a dose of 1.25 mg/day, and then
could be gradually increased to 2.5 mg/day
(week 4) and to 5 mg/day (week 8) on the basis
of BP and serum potassium level monitoring.
The entire treatment period was 12 weeks. Prior
treatment with RAS inhibitor (or RAS inhibitor
plus CCB) was continued at a constant dose
throughout the study, and the dose and type of
antihypertensive and antihyperglycemic drugs
could not be changed. The following concomi-
tant drugs were prohibited from 4 weeks before
the treatment start to the end of the treatment
(EOT) period or the time of discontinuation:
antihypertensive and antianginal drugs (an-
giotensin receptor blockers [ARBs], angiotensin-
converting enzyme inhibitors, CCBs, renin
inhibitors, a-blockers, b-blockers, ab-blockers,
other sympatholytic agents, vasodilators),
diuretics (thiazide, thiazide-like, loop, potas-
sium-sparing diuretics), aldosterone antago-
nists, potassium preparations, non-steroidal
anti-inflammatory drugs, and calcium poly-
styrene sulfonate.

Measurement of BP

The office BP and pulse rate were measured
twice at each visit (at baseline; 2, 4, 8, and
12 weeks; end of the study; and discontinuation
of the study), and the average of the two mea-
surements was used. Office BP was measured at
intervals of at least 3 h after meals and after at
least 5 min of rest in a sitting position. When
the clinical blood sampling was carried out, the
BP and pulse rate were measured prior to the
blood sampling. Home BP was self-measured
twice (at morning and bedtime) using an upper
arm cuff sphygmomanometer within the last
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5 days of the patient’s visit, and the average of
the two measurements was used. The sphyg-
momanometer owned by the patients was used
throughout the study period. Morning home BP
was measured after urination within 1 h after
waking up and before breakfast, medication,
and caffeine intake. Bedtime home BP was
measured over 1 h after bathing, drinking, or
caffeine intake before bedtime.

Measurement of Other Outcomes

At each visit (at baseline; 4, 8, and 12 weeks; and
the time of discontinuation), the albumin and
creatinine concentrations in the collected spot
urine samples were measured by a central
measurement laboratory (SRL, Inc., Tokyo,
Japan), and the UACR was calculated using the
following formula: UACR (mg/gCr) = urinary
albumin (lg/mL)/urinary creatinine (mg/dL) 9
100. Plasma aldosterone concentration (PAC)
and plasma renin activity (PRA) were measured
at baseline, 12 weeks, and at discontinuation in
the central measurement laboratory (SRL, Inc.).
PAC and PRA were measured after resting in the
supine position for at least 30 min. Urinary
concentrations of sodium, potassium, crea-
tinine, protein/creatinine ratio, and biomarkers
including liver-type fatty acid binding protein,
N-acetyl-b-D-glucosaminidase, b2-microglobu-
lin, angiotensinogen, and 8-hydroxy-
deoxyguanosine were measured at baseline,
12 weeks, and at discontinuation in the central
measurement laboratory (SRL, Inc.). The eGFR-
creat was calculated as follows: 194 9 serum
creatinine-1.094 9 age-0.287, multiplied by
0.739 for female patients [24].

Efficacy Endpoints

The primary efficacy endpoint was the change
in morning home SBP and DBP from baseline to
EOT. Secondary efficacy endpoints were the
change in bedtime home and office SBP and
DBP from baseline to EOT, the time course
change of home (morning, bedtime) and office
SBP and DBP during the study, the achievement
rate of target BP levels (SBP/DBP, home\ 125/
75 mmHg and office\130/80 mmHg) at

12 weeks [11], the change and percentage
change in UACR from baseline to EOT, and
changes in serum and urinary biomarkers from
baseline to 12 weeks.

Safety Endpoints

The safety endpoints included treatment-emer-
gent adverse events (TEAEs), laboratory tests,
vital signs, and 12-lead electrocardiography.
The incidence of serum potassium level C 5.5
and C 6.0 mEq/L, time course changes in eGFR,
and change from baseline in eGFR were also
assessed as safety endpoints.

Statistical Analysis

We assumed that the change in sitting BP ± SD
with esaxerenone would
be - 8.7 ± 19.0 mmHg for SBP and
- 4.9 ± 11.0 mmHg for DBP based on previous
studies [25, 26]. Under this assumption, the
statistical power was calculated as more than
90% when the analysis population was 55, and
the significance level was set at a two-sided
p value\ 0.05. Considering five patients exclu-
ded from the analyses, the target sample size
was set at 60 patients in each subcohort (no
albuminuria and albuminuria subcohorts). Effi-
cacy endpoints were analyzed in the full anal-
ysis set (FAS) that included all patients who
provided informed consent, met the eligibility
criteria, took at least one dose of esaxerenone,
and had at least one efficacy measurement
recorded. Point estimates and 95% CIs for the
difference between baseline and EOT values
were calculated and compared using the paired
t test. 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 for sitting BP and UACR were imputed by
the last observation carried forward method.
Missing PAC, PRA, urinary biomarkers, and
safety endpoints were not imputed. Safety
endpoints were evaluated in the safety analysis
set, defined as all enrolled patients who took at
least one dose of esaxerenone, and were sum-
marized using descriptive statistics. TEAEs were
coded by System Organ Class and Preferred
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Term according to the Medical Dictionary for
Regulatory Activities (MedDRA), version 24.1.
Subgroup analysis was conducted according to
baseline UACR (A1, A2, and A3). Multiplicity
was not adjusted because of the small sample
size, as this was an exploratory study. The sig-
nificance level was set as 5% (two-sided). All
statistical analyses were performed using SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Patients

A total of 113 patients were enrolled in the
study (46, 43, and 24 in the A1, A2, and A3
subcohorts, respectively), of whom 109 were
included in the FAS and 112 were included in
the safety analysis set. A total of 95 patients
completed the study. In total, four patients
withdrew from the study because enrollment
was suspended owing to the declaration of a
state of emergency caused by the COVID-19
pandemic. One patient was excluded from the
safety analysis set for not receiving treatment
with esaxerenone, and three patients were
excluded from the FAS for not meeting the
inclusion criteria after taking esaxerenone.
Baseline characteristics of the study population
are shown in Table 1. In the total population,
the mean age was 72.6 years; morning, bedtime,
and office BP was 135.6/75.9 mmHg, 129.3/
71.0 mmHg, and 144.7/76.1 mmHg, respec-
tively; mean UACR was 184.0 mg/gCr; eGFR-
creat was 49.4 mL/min/1.73 m2; serum
potassium was 4.3 mEq/L; and glycated hemo-
globin was 6.9%. The BP tended to be higher in
the A3 subcohort compared with the other two
UACR subcohorts, and was similar in the A1
and A2 subcohorts. In the A1, A2, and A3 sub-
cohorts, the mean UACR was 13.8, 127.1, and
618.6 mg/gCr; mean eGFRcreat was 49.9, 49.8,
and 47.8 mL/min/1.73 m2; and mean serum
potassium was 4.3, 4.3, and 4.2 mEq/L, respec-
tively. There were no notable differences in
eGFRcreat and serum potassium levels between
the three UACR subcohorts. The proportion of
patients using RAS inhibitor plus CCB was
67.0% in the total population and 55.6%,

73.2%, and 78.3% in the A1, A2, and A3 sub-
cohorts, respectively. The dose of esaxerenone
was 1.25, 2.5, and 5 mg/day in 64 (58.7%), 36
(33.0%), and 9 (8.3%) patients, based on the
prespecified dosage titration method at EOT
(Table S2 in the supplementary material).
According to UACR subcohorts, the proportion
of patients with dose escalation to 2.5 or
5 mg/day was 20.0% in the A1 subcohort, 46.3%
in the A2 subcohort, and 60.9% in the A3
subcohort.

BP-Lowering Effects of Esaxerenone

In the FAS, there were significant reductions in
morning home SBP/DBP from the baseline to
EOT (- 11.6 ± 9.2/- 5.2 ± 5.4 mmHg, both
p\0.001) (Fig. 1a). A significant reduction in
SBP/DBP was also observed in the three UACR
subcohorts (A1, - 12.5/- 6.2 mmHg;
A2, - 11.5/- 4.2 mmHg;
A3, - 9.9/- 5.0 mmHg; all p\0.001) (Fig. 1b).
Similar to the morning home BP, significant
reductions were shown in bedtime home and
office SBP/DBP (all p\0.001, except for office
DBP in the A1 subcohort and SBP/DBP in the A2
subcohort, all p\0.01) (Fig. 1c, d). Morning
home SBP/DBP decreased incrementally
throughout the study period in the total popu-
lation and UACR subcohorts (Fig. 2, Fig. S2 in
the supplementary material). Similar reductions
were also obtained in bedtime home and office
BP (Table S3, Figs. S3 and S4 in the supple-
mentary material). The achievement rate of
target morning home SBP level at week 12 was
38.5% in the total population and 53.3%,
31.7%, and 21.7% in the A1, A2, and A3 sub-
cohorts, respectively (Table S4 in the supple-
mentary material).

Effects of Esaxerenone on UACR

The UACR decreased from baseline to EOT in
the total population (the mean change from
baseline to EOT was - 97.5 mg/gCr in the total
population and - 4.2, - 59.8, and - 327.8 mg/
gCr in the A1, A2, and A3 subcohorts, respec-
tively (Table S5 in the supplementary material).
The percentage change in UACR from baseline
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Table 1 Baseline patient characteristics (full analysis set)

Total
N = 109

A1 subcohorta

n = 45
A2 subcohorta

n = 41
A3 subcohorta

n = 23

Sex, male 59 (54.1) 16 (35.6) 28 (68.3) 15 (65.2)

Age, years 72.6 ± 7.0 73.9 ± 6.2 71.6 ± 7.4 71.8 ± 7.6

Weight, kg 63.9 ± 12.3 59.7 ± 12.4 66.3 ± 10.8 68.3 ± 12.4

Body mass index, kg/m2 25.0 ± 3.8 24.3 ± 4.5 25.4 ± 3.4 25.9 ± 2.6

Morning home SBP, mmHg 135.6 ± 12.1 133.1 ± 11.3 135.5 ± 9.5 140.7 ± 16.0

Morning home DBP, mmHg 75.9 ± 9.3 75.9 ± 7.7 74.0 ± 10.9 79.5 ± 8.5

Bedtime home SBP, mmHg 129.3 ± 13.8 126.3 ± 12.6 129.4 ± 11.7 134.9 ± 17.7

Bedtime home DBP, mmHg 71.0 ± 10.0 70.3 ± 7.7 69.0 ± 11.5 76.0 ± 9.5

Office SBP, mmHg 144.7 ± 10.8 144.3 ± 10.8 142.5 ± 8.7 149.8 ± 13.0

Office DBP, mmHg 76.1 ± 9.6 75.1 ± 10.0 76.3 ± 9.9 77.9 ± 8.1

UACR, mg/gCr 184.0 ± 257.1 13.8 ± 7.0 127.1 ± 78.3 618.6 ± 224.6

eGFRcreat, mL/min/1.73 m2 49.4 ± 7.6 49.9 ± 7.4 49.8 ± 8.3 47.8 ± 6.8

Serum potassium, mEq/L 4.3 ± 0.3 4.3 ± 0.3 4.3 ± 0.3 4.2 ± 0.4

Blood glucose, mg/dL 127.0 ± 31.4 120.9 ± 26.9 131.0 ± 35.5 131.6 ± 31.3

HbA1c, % 6.9 ± 0.7 6.9 ± 0.7 7.0 ± 0.7 7.0 ± 0.7

LDL cholesterol, mg/dL 98.6 ± 25.0 100.5 ± 24.8 95.6 ± 22.3 100.1 ± 30.0

Duration of hypertension, years 10.7 ± 7.9 10.0 ± 7.3 11.8 ± 7.6 10.2 ± 10.0

Duration of type 2 diabetes, years 11.2 ± 8.3 12.3 ± 8.6 11.2 ± 8.2 8.9 ± 7.7

Other complications 107 (98.2) 45 (100.0) 40 (97.6) 22 (95.7)

Diabetic retinopathyb 22 (20.2) 6 (13.3) 12 (29.3) 4 (17.4)

Diabetic neuropathy 20 (18.3) 5 (11.1) 9 (22.0) 6 (26.1)

Dyslipidemia 80 (73.4) 37 (82.2) 27 (65.9) 16 (69.6)

Hyperuricemia 32 (29.4) 9 (20.0) 13 (31.7) 10 (43.5)

Basal antihypertensive agents

RAS inhibitor 36 (33.0) 20 (44.4) 11 (26.8) 5 (21.7)

RAS inhibitor ? CCB 73 (67.0) 25 (55.6) 30 (73.2) 18 (78.3)

Data are n (%) or mean ± standard deviation
CCB calcium channel blocker, DBP diastolic blood pressure, eGFRcreat creatinine-based estimate of the glomerular fil-
tration rate, HbA1c glycated hemoglobin, LDL low density lipoprotein, RAS renin–angiotensin system, SBP systolic blood
pressure, UACR urinary albumin-to-creatinine ratio
aPatients with a UACR of\ 30 mg/gCr, 30 to\ 300 mg/gCr, and 300 to\ 1000 mg/gCr were assigned to the A1, A2,
and A3 subcohorts, respectively
bBased on the Davis classification; included patients diagnosed with simple retinopathy, pre-proliferative retinopathy, or
proliferative retinopathy
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to EOT was - 50.9% (p\0.001) (Fig. 3a,
Table S5), and also significantly improved in all
UACR subcohorts (- 34.2%, - 56.9%, and
- 63.6% in the A1, A2, and A3 subcohorts,
respectively; all p\0.001) (Fig. 3b, Table S5).

Effects of Esaxerenone on Biomarkers

Biomarker data at baseline and week 12 are
shown in Table S6 in the supplementary mate-
rial. PAC and PRA numerically increased from
baseline to week 12 in the total population
(PAC, mean ± SD change, 24.6 ± 37.4 pg/mL;
PRA, mean ± SD change, 4.0 ± 10.7 ng/mL/h),
and also increased in all UACR subcohorts.

Safety

The proportion of patients with at least one
TEAE was 23.2% (Table 2). Drug-related TEAEs
were reported in eight (7.1%) patients, of whom
four (3.6%) discontinued the study treatment
owing to drug-related TEAEs. A serious TEAE of
a fracture in the upper extremity was reported
in one (0.9%) patient as an accidental fall. The
most frequent TEAE was dizziness (2.7%). Drug-
related TEAEs related to serum potassium ele-
vation were hyperkalemia in two (1.8%)
patients and blood potassium increased in one
(0.9%) patient; the two patients with hyper-
kalemia discontinued the study. No cardiovas-
cular-related adverse events; treatment-related
trends regarding vital signs, 12-lead electrocar-
diogram, laboratory tests, or physical examina-
tions; or deaths were reported during the
treatment period. The eGFRcreat gradually

decreased during this study and the mean
change from baseline to week 12
was - 4.8 ± 5.4 mL/min/1.73 m2 (Fig. 4a;
Fig. S5a in the supplementary material). Mean
changes in eGFR from baseline to week 12 were
similar between the UACR subcohorts (Fig. 4b;
Fig. S5b in the supplementary material). Serum
potassium levels increased over the first 2 weeks
after starting esaxerenone treatment and
remained stable during the treatment period
(Fig. 4c, d; Fig. S5c, d in the supplementary
material). Three (2.7%) patients had serum
potassium levels C 5.5 mEq/L during the study
period, including two (4.3%) patients in the A1
subcohort and one (2.4%) patient in the A2
subcohort. No patients had serum potas-
sium C 6.0 mEq/L (Table S7 in the supplemen-
tary material).

DISCUSSION

The EX-DKD study is one of the first clinical
studies to evaluate the efficacy and safety of the
non-steroidal MRB esaxerenone in patients with
hypertension and DKD who have an inadequate
response to BP-lowering treatment with a RAS
inhibitor or combination of a RAS inhibitor and
CCB. In previous phase 3 studies of esax-
erenone, the study population of patients with
an eGFR of 30 to 60 mL/min/1.73 m2 has been
small [22, 23]. Thus, this study reinforces the
evidence for esaxerenone in patients with
moderate renal dysfunction.

Esaxerenone significantly reduced morning
home SBP/DBP, as well as bedtime home and
office SBP/DBP from baseline to EOT in the total
population and in the three UACR subcohorts,
indicating that esaxerenone exhibits an anti-
hypertensive effect despite the severity of albu-
minuria. Office BP measurements enable us to
compare the results of the present study with
studies of other MRBs including previous
phase 3 studies of esaxerenone. In the phase 3
studies of esaxerenone in hypertensive patients
with moderate renal dysfunction [23] and in
hypertensive patients with type 2 DM and
microalbuminuria [22], conducted with the
same dose-titration protocol as the EX-DKD
study in the presence of a RAS inhibitor, the

bFig. 1 Change from baseline in morning home BP levels
at EOT in the total population (a) and urinary albumin-
to-creatinine ratio subcohorts (b), and change from
baseline in bedtime home BP level (c) and office BP level
(d) (full analysis set). Patients with a urinary albumin-to-
creatinine ratio of\ 30 mg/gCr, 30 to \ 300 mg/gCr,
and 300 to\ 1000 mg/gCr were assigned to the A1, A2,
and A3 subcohorts, respectively. Data are mean [95%
confidence interval]. **p\ 0.001. BP blood pressure, DBP
diastolic blood pressure, EOT end of treatment, SBP
systolic blood pressure
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changes in office BP were - 17.8/- 8.1 mmHg
[23] and - 13.7/- 6.2 mmHg [22], respectively.
Study populations of these two studies are
comparable to the A1 and A2 subcohorts in the
EX-DKD study, and the reduction in office BP in
the current study in these two subcohorts
(A1, - 14.4/- 4.1 mmHg;

A2, - 9.1/- 6.0 mmHg) was lower compared
with the results of the previous phase 3 studies.
This may be because the baseline BP value of the
EX-DKD study was 144.7/76.1 mmHg, which is
approximately 13–16 mmHg lower than the
respective baseline office BP in these phase 3
trials (159.4/91.8 mmHg [23] and 158.7/

Fig. 2 Time course changes (a) and change from baseline
(b) in morning home SBP and DBP throughout the study
period (full analysis set). Data are mean ± standard

deviation. **p\ 0.001. BP blood pressure, DBP diastolic
blood pressure, EOT end of treatment, SBP systolic blood
pressure
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89.0 mmHg [22]). In fact, in another phase 3
placebo-controlled study (ESAX-DN) in hyper-
tensive patients with type 2 DM and microal-
buminuria [27] who were receiving treatment
with a RAS inhibitor, in which the baseline
office BP value was 140.2/83.1 mmHg, the
change in office BP from baseline to 12 weeks
was - 8.9/- 3.7 mmHg, which was similar to
that of the A2 population in the present EX-
DKD study. Although this study lacked a pla-
cebo control group, the obtained antihyper-
tensive effect was consistent with the placebo-
controlled ESAX-DN study associated with
similar increases in PRA and PAC, indicators of
MR activity inhibition [28]. Thus, a placebo
antihypertensive effect was not the main con-
tributor for the reduction in BP. Previous studies
evaluating the antihypertensive effect of MRBs
in patients with moderate kidney dysfunction
are lacking; therefore, available data are limited
to patients with type 2 DM and albuminuria,
and the direct comparison of our findings with
studies of other MRBs is difficult. However, as
far as we can consider from the current findings
and available data, the antihypertensive effect
of esaxerenone in these populations appears to
be similar to that of spironolactone [29–31], and
superior to those of eplerenone [32] and finer-
enone (FIDELIO-DKD trial) [33]. For example, in

the FIDELIO-DKD trial, finerenone showed a
modest effect on SBP in the presence of a RAS
inhibitor at month 1 and 12 after starting
treatment, and the mean changes in SBP from
baseline to month 1 and 12 were - 3.0 and
- 2.1 mmHg, respectively [33]. Furthermore, a
recent meta-analysis of randomized controlled
trials in patients with chronic kidney disease
and type 2 DM reported that esaxerenone has a
greater SBP-reducing effect than finerenone
[34].

In the present study, the doses of esax-
erenone at EOT remained at 1.25 mg in 58.7%
of patients, especially in the A1 subcohort
(without albuminuria), where 77.8% of patients
received a final dose of 1.25 mg. This was
attributed to the fact that morning home, bed-
time home, and office DBP at baseline were
nearly equal to or below the target BP in the
Japanese Society of Hypertension guideline [11],
and reached the target even at 1.25 mg; thus, no
dose increase was necessary. Another possible
reason for not increasing the dose is that the
average age of the subjects was relatively high in
the total population, 72.6 years (88.1% over
65 years), which may have caused physicians to
be cautious about excessive hypotension. Thus,
although more than half of the patients
remained at a dose of 1.25 mg, esaxerenone

Fig. 3 Geometric percentage change in UACR from
baseline to EOT in the total population (a) and UACR
subcohorts (b) (full analysis set). Patients with a UACR
of\ 30 mg/gCr, 30 to \ 300 mg/gCr and 300 to

\ 1000 mg/gCr were assigned to the A1, A2, and A3
subcohorts, respectively. Error bars indicate 95% confi-
dence intervals. **p\ 0.001. EOT end of treatment,
UACR urinary albumin-to-creatinine ratio
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exhibited a robust antihypertensive effect even
at small doses in patients with DKD and inad-
equate response to BP-lowering treatment,
especially in patients without albuminuria.

In patients with chronic kidney disease,
albuminuria is reported to be a strong prog-
nostic factor for the progression of kidney dis-
ease [35–37]. In patients with DKD, suppression
of the UACR is associated with a reduction of
the occurrence of end-stage renal disease. In the
current study, even in the presence of a RAS
inhibitor, esaxerenone significantly improved
the UACR from baseline to EOT both in the
total population (- 50.9%, p\0.001) and in all
the UACR subcohorts (- 34.2%, - 56.9%, and

- 63.6% in the A1, A2, and A3 subcohorts,
respectively; all p\ 0.001). This reduction of
UACR in the albuminuria subcohorts (A2 and
A3 subcohorts) was likely superior to the results
of previous phase 3 studies of esaxerenone in
patients with DM and albuminuria (J306 and
the ESAX-DN studies for microalbumin-
uria: - 32.4% [22] and - 43.8% [27] at
12 weeks; and J309 study for macroalbumin-
uria: - 34.4% at 12 weeks) [38] and also likely
superior to that of finerenone (FIDELIO-DKD
trial: 31% reduction in UACR from baseline to
month 4 [32]; FIGARO-DKD trial: the reduction
in UACR from baseline to month 4 was 32%
greater with finerenone vs placebo [39]). In the

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

Total
N = 112

A1
subcohorta

n = 46

A2
subcohorta

n = 42

A3
subcohorta

n = 24

Any TEAEs 26 (23.2) 16 (34.8) 5 (11.9) 5 (20.8)

Drug-related TEAEs 8 (7.1) 7 (15.2) 1 (2.4) 0 (0.0)

Serious TEAEs 1 (0.9) 0 (0.0) 1 (2.4) 0 (0.0)

Drug-related serious TEAEs 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Discontinued study treatment due to TEAEs 6 (5.4) 4 (8.7) 1 (2.4) 1 (4.2)

Discontinued study treatment due to drug-related TEAEs 4 (3.6) 3 (6.5) 1 (2.4) 0 (0.0)

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

Frequent TEAEs that occurred in C 2 patients

Dizziness 3 (2.7) 2 (4.3) 1 (2.4) 0 (0.0)

Dehydration 2 (1.8) 2 (4.3) 0 (0.0) 0 (0.0)

Tinnitus 2 (1.8) 1 (2.2) 0 (0.0) 1 (4.2)

Vomiting 2 (1.8) 2 (4.3) 0 (0.0) 0 (0.0)

Injection site pain 2 (1.8) 1 (2.2) 0 (0.0) 1 (4.2)

Pyrexia 2 (1.8) 1 (2.2) 1 (2.4) 0 (0.0)

Hyperkalemia 2 (1.8) 2 (4.3) 0 (0.0) 0 (0.0)

Blood potassium increasedb 1 (0.9) 1 (2.2) 0 (0.0) 0 (0.0)

Data are n (%)
MedDRA version 24.1
aPatients with a urinary albumin-to-creatinine ratio of\ 30 mg/gCr, 30 to\ 300 mg/gCr, and 300 to\ 1000 mg/gCr
were assigned to the A1, A2, and A3 subcohorts, respectively
bBlood potassium increased was included in this table even though it was only reported in one patient as it is a known
adverse event of mineralocorticoid receptor blockers
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previous phase 3 ESAX-DN study, it took
24 weeks for the albuminuria to reach a steady
state after treatment with esaxerenone [27], and
the UACR reduction observed at 12 weeks in
this study is expected to be further reduced by
continuous treatment with esaxerenone. The
difference between these studies and the EX-
DKD study is that the latter was limited to

patients with albuminuria and moderate renal
dysfunction. Considering that the present study
included relatively elderly patients (mean age
72.6 years), a stratified analysis with a detailed
patient background is needed.

Hyperkalemia is one of the known side
effects of MRBs [40]. In the present study,
hyperkalemia and blood potassium increased

Fig. 4 Time course changes in eGFRcreat (a, b) and
serum potassium levels (c, d) during the study period in
the total population (a, c) and urinary albumin-to-
creatinine ratio subcohorts (b, d) (safety analysis set).
Patients with a urinary albumin-to-creatinine ratio

of\ 30 mg/gCr, 30 to \ 300 mg/gCr, and 300 to
\ 1000 mg/gCr were assigned to the A1, A2, and A3
subcohorts, respectively. Data are mean ± standard devi-
ation. eGFRcreat creatinine-based estimate of the glomeru-
lar filtration rate
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were also observed as drug-related TEAEs in two
and one patients, respectively, and two patients
with hyperkalemia discontinued the study. Risk
factors for serum potassium elevation include
moderate renal dysfunction, elderly patients,
diabetes complications, high serum potassium
levels, and concomitant treatment with RAS
inhibitors [40]. Therefore, the patients enrolled
in the present study, who were relatively elderly
and had moderate renal dysfunction with RAS
inhibitor treatment, had a predisposition to
serum potassium elevation. However, the inci-
dence of serum potassium level C 5.5 and
C 6.0 mEq/L were 2.7% and 0%, respectively,
which were similar to or lower than those in the
previous phase 3 studies of esaxerenone in
hypertensive patients with moderate renal dys-
function and type 2 DM with microalbuminuria
(C 5.5 mEq/L, 3.9% [22] and 12.1% [23];
C 6.0 mEq/L, both 0% [22, 23]). Two main rea-
sons for the somewhat low incidence of serum
potassium elevation are as follows: first, more
than half of the patients received a final dose of
1.25 mg; second, the patients who received
more than 2.5 mg underwent a titrated dosing
regimen. With titrated dosing, serum potassium
rises at the beginning of dosing and remains
constant despite subsequent dose increases [40].
In this study, the same time-course transition of
serum potassium levels was observed. Stratified
analysis with the albuminuria subcohorts
showed that the changes in serum potassium
levels in each A1, A2, and A3 subcohort were
similar to those in the total population, result-
ing in no differences in trends by albuminuria
severity. These findings indicate that serum
potassium elevation due to the addition of
esaxerenone to therapy with an ARB or ARB plus
CCB can be considered clinically manageable by
adjusting the dosage from 1.25 to 5 mg/day in
patients with DKD and moderate renal dis-
function. The eGFR decreased to - 2.9 mL/
min/1.73 m2 during the first 2 weeks of treat-
ment, followed by a gradual decrease to
- 4.8 mL/min/1.73 m2 at 12 weeks. The time-
course transition of eGFR was not different in
the A1, A2, and A3 subcohorts, and was in the
same degree as previously reported studies of
esaxerenone. It is known that there was a small
and temporary reduction in eGFR after starting

treatment with an MRB or RAS inhibitor
[41, 42]. This decrease in eGFR is associated with
normalization of glomerular hyperfiltration due
to hemodynamic changes corresponding to BP
changes, and the decrease in eGFR observed in
this study was not considered a clinical safety
concern. Regarding other safety factors, the
incidence of TEAEs was similar to that reported
in previous studies [22, 23], and no new safety
concerns were raised. The findings of the pre-
sent study suggest that esaxerenone can be used
safely regardless of the UACR category,
although careful attention must be paid to ele-
vated serum potassium levels and decreased
eGFR.

Limitations

Some limitations should be considered when
interpreting the findings of this study. The
enrolled patient population was relatively
small, which may lead to a risk of low power of
detection. This study did not incorporate a
placebo control group, so it is possible that the
reduction in BP observed was partly
attributable to the placebo effect, or factors
beyond the drug treatment, including regres-
sion to the mean. This limitation may also
influence the observed UACR-lowering effect of
esaxerenone. However, a previous placebo-
controlled esaxerenone clinical trial has con-
firmed the significant antihypertensive and
UACR-lowering actions of the drug [27, 43]. The
duration of the study, with a 12-week evalua-
tion period, may not be sufficient to determine
the safety of esaxerenone in terms of its effect
on serum potassium and eGFR. RAS inhibitors
and sodium-glucose co-transporter 2 inhibitors
cause a transient decrease in eGFR in the early
phase of their administration and a subsequent
slower decrease in eGFR. Although this phe-
nomenon is known to have no clinical rele-
vance [44], long-term evidence is lacking for
esaxerenone. Additionally, patients with early
DKD and a slow rate of eGFR decline were not
enrolled in the study, and the long-term safety
in patients with early DKD remains elusive.
Similar long-term studies would be needed for
esaxerenone. Few clinical studies have
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measured the efficacy of MRB on home BP in
patients with DKD-associated hypertension,
and comparisons with previously published
studies can only be made using office BP.
Finally, this study was conducted in Japan, and
the outcomes may vary in other geographic
locations and ethnic groups.

CONCLUSION

In Japanese hypertensive patients with DKD
and moderate renal impairment who were
treated with a RAS inhibitor or RAS inhibitor
plus CCB, esaxerenone demonstrated a BP-low-
ering effect and improvement in albuminuria.
The beneficial effects were consistent regardless
of the severity of albuminuria. In addition,
esaxerenone can be used safely in these patients
without clinically relevant serum potassium
elevation and eGFR reduction. Esaxerenone
may be a suitable antihypertensive treatment
option for hypertensive patients with DKD with
inadequate response to BP-lowering treatment
with a RAS inhibitor.
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