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Efficacy and Safety of Esaxerenone (CS-3150) for the
Treatment of Type 2 Diabetes with Microalbuminuria
A Randomized, Double-Blind, Placebo-Controlled, Phase II Trial
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Abstract
Background and objectives The progression of kidney disease in some patients with type 2 diabetes mellitus
may not be adequately suppressed by renin-angiotensin system inhibitors. Esaxerenone (CS-3150) is a nonsteroidal mineralocorticoid receptor blocker that has shown kidney protective effects in preclinical studies, and it
is a potential add-on therapy to treat diabetic kidney disease. This phase 2 study evaluated the efﬁcacy and safety of
esaxerenone in Japanese patients with type 2 diabetes mellitus and microalbuminuria.
Design, setting, participants, & measurements This multicenter, randomized, double-blind, placebo-controlled
trial enrolled 365 hypertensive or normotensive patients with type 2 diabetes mellitus and microalbuminuria
(urinary albumin-to-creatinine ratio $45 to ,300 mg/g creatinine) treated with renin-angiotensin system
inhibitor who had eGFR$30 ml/min per 1.73 m2. Participants were randomized to receive 0.625, 1.25, 2.5, or
5 mg/d esaxerenone or placebo for 12 weeks. The primary end point was the change in urinary albumin-tocreatinine ratio from baseline to week 12 (with last observation carried forward).
Results Esaxerenone treatment at 1.25, 2.5, and 5 mg/d signiﬁcantly reduced urinary albumin-to-creatinine ratio
by the end of treatment (38%, 50%, and 56%, respectively) compared with placebo (7%; all P,0.001). The urinary
albumin-to-creatinine ratio remission rate (deﬁned as urinary albumin-to-creatinine ratio ,30 mg/g creatinine at
the end of treatment and $30% decrease from baseline) was 21% in the 2.5- and 5-mg/d groups versus 3% for
placebo (both P,0.05). Adverse events occurred slightly more frequently with esaxerenone versus placebo, but
the frequencies of drug-related adverse events and discontinuation rates were similar in the placebo and the
0.625-, 1.25-, and 2.5-mg/d groups. Drug-related adverse events and treatment discontinuations were marginally
higher in the 5-mg/d group. The most common drug-related adverse event was hyperkalemia, which was dose
proportional.
Conclusions Adding esaxerenone at 1.25, 2.5, and 5 mg/d for 12 weeks to an ongoing renin-angiotensin system
inhibitor signiﬁcantly reduces urinary albumin-to-creatinine ratio in patients with type 2 diabetes mellitus and
microalbuminuria.
CJASN 14: 1161–1172, 2019. doi: https://doi.org/10.2215/CJN.14751218

Introduction
Diabetic kidney disease affects 20%–30% of patients
with type 1 or type 2 diabetes mellitus, and it is
the most common cause of ESKD requiring dialysis (1,2). Current treatment guidelines in Japan
recommend a multifactorial therapeutic approach,
including controlling blood glucose, lipids, and BP
and using renin-angiotensin system inhibitors (RASis)
to suppress the onset and progression of early
diabetic kidney disease (3–5). Despite the extensive
use of RASi to treat diabetic kidney disease, there is
insufﬁcient clinical efﬁcacy and therefore, a need
for the development of additional treatments. There
are reports that, to achieve normoalbuminuria in
diabetic kidney disease, treatment should be initiated during the early stages of disease (6–8). Aldosterone binds to the mineralocorticoid receptors in
www.cjasn.org Vol 14 August, 2019

the kidneys (9). Aldosterone-induced mineralocorticoid receptor activation impairs insulin sensitivity
and is associated with obesity, hypertension, and
diabetes mellitus (10,11). Mineralocorticoid receptor
blockers act on mineralocorticoid receptors in kidney
tubular epithelial cells and lower BP by inhibition of
urinary sodium reabsorption and potassium (K+) excretion. Excessive mineralocorticoid receptor activation
can lead to kidney damage independent of BP (12,13).
The existing mineralocorticoid receptor blockers spironolactone and eplerenone suppress mineralocorticoid
receptor–induced kidney damage (10), and when added
to an RASi, they can reduce albuminuria (13,14).
However, eplerenone and spironolactone increase
the risk of hyperkalemia compared with placebo,
and eplerenone is contraindicated for administration
in type 2 diabetes mellitus with albuminuria (15).
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Esaxerenone (CS-3150; Daiichi-Sankyo), a nonsteroidal
mineralocorticoid receptor blocker, showed kidney protective effects in preclinical studies and may be added to
existing treatments for patients with diabetic kidney
disease (16,17). In a phase 1 study, the safety of a single
dose and multiple doses of esaxerenone was conﬁrmed in
healthy Japanese subjects (18). The objective of this study
was to evaluate the dose-response, efﬁcacy, and safety of
esaxerenone and determine the optimal dose for decreasing
albuminuria in participants with type 2 diabetes mellitus
and microalbuminuria.

Materials and Methods
Study Design
This was a multicenter (71 sites) (Supplemental Appendix), randomized, double-blind, placebo-controlled phase
2 trial conducted in Japan from January 2015 to June 2016.
Participants were randomized to receive 0.625, 1.25,
2.5, or 5 mg/d of esaxerenone or placebo orally for 12
weeks, with 6 weeks of follow-up (Supplemental Figure 1).
Randomization was conducted by dynamic allocation
(minimization method) on the basis of the eGFR and
urinary albumin-to-creatinine ratio (UACR) obtained during the observation period.
This was a 12-week trial on the basis of previous trials of
eplerenone and spironolactone to ensure sufﬁcient time for
the efﬁcacy evaluation to be performed after the decrease in
UACR had reached a steady state (19,20). The highest dose
(5 mg/d) was on the basis of the safety data from a phase 2a
study (unpublished data) and a phase 1 study in healthy
adults (18).
Esaxerenone was administered orally once daily after
breakfast for 12 weeks, and all participants received the
same number of identical tablets to ensure blinding.
Participants meeting the following discontinuation
criteria were withdrawn from the study: one measurement of serum K+ $6.0 mEq/L or two consecutive
measurements of serum K+ $5.5 mEq/L, kidney dysfunction (deﬁned as a $50% increase in serum creatinine
for two consecutive measurements compared with baseline), severe hypotension, persistent sitting systolic BP of
$180 or ,90 mm Hg, and persistent sitting diastolic BP of
$110 or ,50 mm Hg.
Ethics
This study was conducted in accordance with the principles
of the Declaration of Helsinki, Good Clinical Practice, and
the laws of Japan. The study protocol was approved by the
institutional review boards of all participating institutions. All
participants provided written informed consent before enrollment. The trial is registered on JapicCTI (JapicCTI-152774) and
ClinicalTrials.gov (NCT02345057).
Participants
The inclusion criteria were as follows: hypertensive or
normotensive patients with type 2 diabetes mellitus, ages
.20 years old, prior treatment with an RASi (at the highest
usual dose) for at least 3 months, microalbuminuria (ﬁrst
urine in the morning measured; UACR$45 to ,300 mg/g
creatinine on at least two occasions during the observation period), and eGFR calculated from serum creatinine
of $30 ml/min per 1.73 m2 using the following equation

(eGFR =1943 serum creatinine21.9043 age20.287 [multiplied
by 0.739 for women]) (21).
The key exclusion criteria were as follows: presence of
type 1 diabetes, glycated hemoglobin (National Glycohemoglobin Standardization Program criteria) $8.4%, secondary
glucose intolerance, nondiabetic kidney disease, nephrotic
syndrome, secondary hypertension, or malignant hypertension; sitting systolic BP of $160 or ,110 mm Hg and sitting
diastolic BP of $100 or ,50 mm Hg measured at the second
and third visits; serum K+ level of ,3.5 or $5.1 mEq/L in
participants with eGFR of $45 ml/min per 1.73 m2; and a
serum K+ level of ,3.5 or $4.8 mEq/L in participants with
eGFR of $30 ml/min per 1.73 m2 and ,45 ml/min per
1.73 m2. The study permitted the re-enrolment of a single
participant withdrawn during the observation period.
End Points
Primary Efﬁcacy End Point. The primary end point was
the change in UACR from baseline to the end of treatment
(mean of values at weeks 11 and 12).
Secondary Efﬁcacy End Points. The secondary end point
was the proportion of participants in remission deﬁned as a
reversal of UACR to normoalbuminuria (,30 mg/g creatinine) and a reduction in UACR by $30% from baseline at
both weeks 11 and 12. Other end points assessed included
the proportion of participants who sustained remission
after treatment, had a $30% or $50% reduction in UACR,
and had a UACR that progressed to $300 mg/g creatinine
at the last two time points of the observation period.
Changes in BP from baseline, plasma aldosterone concentration, plasma renin activity, and levels of creatinine were
also analyzed.
Subgroup analyses of the primary end point stratiﬁed by
body mass index (BMI; $25 and ,25 kg/m2), systolic BP
(,140 and $140 mm Hg), eGFR ($60 and ,60 ml/min per
1.73 m2), and concurrent/nonconcurrent use of non-RASi
antihypertensive drugs were performed.
Pharmacokinetic End Point. Pharmacokinetic analysis
included the assessment of trough plasma esaxerenone
concentrations, and samples were collected on weeks 4
and 12. These plasma samples were analyzed using liquid
chromatography-tandem mass spectrometry as described
previously (18).
Safety End Points. The safety end points included
assessment of adverse events, laboratory tests, vital signs,
and changes in eGFR from baseline. The proportions of
participants with serum K+ $5.5 mEq/L observed at least
once and participants with serum K+ $6.0 mEq/L or two
consecutive measurements of serum K+ $5.5 mEq/L
observed during the treatment period were also assessed.
Additionally, the proportions of participants with decreased eGFR by $30%, $40%, and $50% at week 12 were
assessed. Adverse events were tabulated by frequency as
well as by preferred term and system organ class. For
serious adverse events, the likelihood of a causal relationship with treatment was assessed.
Statistical Analyses
The planned sample size of 65 participants per group was
designed to detect a statistically signiﬁcant difference in paired
comparisons between the placebo and each esaxerenone group
at esaxerenone dosages of $1.25 mg/d with a type 1 error of
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5% (two tailed) and at least 80% statistical power. It assumed
that change in UACR from baseline to week 12 of treatment would be 210% in the placebo group and 233% in the
esaxerenone 1.25 mg group, that the common SD for
logarithmically converted change in UACR would be
0.55, and that dropout rate would be 5%.
Primary efﬁcacy analyses were performed using the full
analysis set. For the primary end point, the last observation carried forward method was used to impute missing
UACR values. UACR values were log transformed, and the
change in UACR from baseline to the end of treatment was
calculated. These values were deﬁned as the averages of
weeks 11 and 12 after last observation carried forward
imputation. We compared each esaxerenone dosage group
with the placebo group and calculated the geometric least
squares mean ratio to baseline with corresponding 95%
conﬁdence intervals (95% CIs) and P values. This was on
the basis of an analysis of covariance (ANCOVA) model,
which included treatment group as a factor and baseline
log-transformed UACR, baseline eGFR, and baseline sitting systolic BP as covariates. When comparing the change
in UACR among groups, the ﬁxed sequence procedure
was used to adjust for the multiplicity: the comparison was
initially made between the high-dose esaxerenone groups
and the placebo group with two-sided 5% signiﬁcance
levels. The comparison for the other dosage groups was
continued at a 5% signiﬁcance level in descending order of
dosage but only when signiﬁcance was shown.
For the secondary end point, UACR remission rates
were calculated using point estimates for each group with
the exact 95% CI on the basis of the F distribution. We also
used a multivariable logistic regression model to compare
remission ratios. Here, we calculated the adjusted odds
ratio, its 95% CI, and P values for achieving remission.
For the primary and secondary end points, the same
analyses were conducted for the following subgroups: BMI
($25 and ,25 kg/m2), systolic BP (,140 and $140 mm Hg),
eGFR ($60 and ,60 ml/min per 1.73 m2), and concurrent use of non-RASi antihypertensive drugs. In addition, we
performed an ad hoc analysis to investigate treatmentsubgroup interactions using an ANCOVA model.
For eGFR, sitting BP, and renin-angiotensin aldosterone
system hormone, the summary statistics and change
from baseline were calculated by visit, and the least squares
means of the change from baseline were calculated on the
basis of the ANCOVA model, which included treatment
group as a factor and baseline value as a covariate. In
addition, we performed an ad hoc analysis to investigate the
association between UACR and sitting BP.
Safety analyses were conducted in a descriptive manner
and presented with the appropriate summary statistics by
treatment group. Statistical analyses were conducted using
SAS version 9.3 (SAS Institute Inc., Cary, NC).

Results
Participants
In total, 365 participants were randomized; seven
of them were excluded due to suspected Good Clinical
Practice violations, and 358 participants (men/women:
279/79) were included in the full analysis set (Supplemental Figure 2, Table 1).
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Participant baseline demographic and clinical characteristics
are summarized in Table 1. The mean age, baseline glycated
hemoglobin, and sitting systolic BP/diastolic BP were 65 years
old, 6.9%, and 138/76 mm Hg, respectively; the geometric
mean at baseline UACR was 110 mg/g creatinine. Overall,
96% of participants had hypertension. The proportions of
participants with eGFR$60 and ,60 ml/min per 1.73 m2 were
65% and 35%, respectively. There were no notable differences
between treatment groups in baseline demographics.
Efficacy
Primary Efﬁcacy End Point. Esaxerenone at 0.625, 1.25,
2.5, and 5 mg/d doses dependently reduced UACR at the
end of treatment (21%, 38%, 50%, and 56% from baseline,
respectively) compared with placebo (7%) (Figure 1A). The
geometric least squares mean ratios (95% CIs) of the value
at the end of treatment to the value before the ﬁrst dose
were 0.9 (95% CI, 0.8 to 1.1) for the placebo group, 0.8 (95%
CI, 0.7 to 0.9) for the esaxerenone 0.625-mg/d group, 0.6
(95% CI, 0.5 to 0.7) for the 1.25-mg/d group, 0.50 (95% CI,
0.4 to 0.6) for the 2.5-mg/d group, and 0.4 (95% CI, 0.4 to
0.5) for the 5-mg/d group (Table 2). Except for the 0.625mg/d group, the rate of decrease in UACR for all
esaxerenone groups was signiﬁcantly greater than for the
placebo group (all P,0.001). Approximately 10% of participants did not have their primary end point values
recorded (Supplemental Table 1). Therefore, we conducted
several sensitivity analyses to investigate the effect of
missing data on the primary end point analysis and found
that the data were consistent (Supplemental Table 2).
UACR Remission and Subgroup Analyses. The UACR
remission rates were signiﬁcantly higher for the esaxerenone 2.5-and 5-mg/d groups (both 21%) compared with
the placebo group (3%; both P=0.004; adjusted odds
ratios of 10; 95% CI, 2.1 to 49 and 10; 95% CI, 2.1 to 50,
respectively) (Figure 1B, Table 2). The number of participants achieving sustained remission ranged from two to 14
participants per group, and no set trend was observed.
The UACR progression rate was 0%–4% for all groups.
The percentages of participants who achieved a reduction of $30% in UACR increased as esaxerenone dose
increased and were higher than with placebo group
participants (placebo, 14%; 0.625 mg/d, 35%; 1.25 mg/d,
49%; 2.5 mg/d, 57%; and 5 mg/d, 65%). A similar effect
was observed for participants who achieved a $50%
reduction in UACR (placebo, 9%; 0.625 mg/d, 16%;
1.25 mg/d, 28%; 2.5 mg/d, 39%; and 5 mg/d, 40%).
There were no signiﬁcant treatment-subgroup interactions for the reduction in UACR in subgroups stratiﬁed
by BMI (P=0.12), sitting systolic BP (P=0.34), and eGFR
(P=0.19) or groups with and without concurrent use of
non-RASi antihypertensive drugs (P=0.89) (Supplemental Figure 3).
BP. Sitting BP decreased in all groups from week 2, and
all esaxerenone groups showed a steady trend to numerically greater reductions from baseline compared with the
placebo group (Figure 2).
Plasma Renin Activity and Plasma Aldosterone Concentration. Both plasma renin activity and plasma aldosterone concentration increased dose dependently in all
esaxerenone groups in the fourth week of dose administration, with a high level maintained until week 12 (data
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Table 1. Baseline characteristics of participants with type 2 diabetes and CKD in a clinical trial of esaxerenone (efficacy full analysis set)
Clinical Characteristics/Prior Treatment

Placebo, n=73

Esaxerenone
0.625 mg/d, n=71

Esaxerenone
1.25 mg/d, n=72

Esaxerenone
2.5 mg/d, n=70

Esaxerenone
5 mg/d, n=72

All, n=358

Sex, men
Age, yr
Weight, kg
Body mass index, kg/m2
Sitting systolic BP, mm Hg
Sitting diastolic BP, mm Hg
UACR (mg/g Cr), geometric mean
(95% CI)
HbA1c, %
Serum K+, mEq/L
eGFR, ml/min per 1.73 m2
LDL cholesterol, mg/dl
Duration of diabetes, yr
Other diabetic complications
Hypertension
Hyperlipidemia
Cardiac disorder
Other antihypertensive agents
Calcium channel blocker
Diuretics
Antihypertensive agents
ARB
ACEi
No. of antihypertensive agents
Monotherapy
Double therapy
Triple therapy or more
HMG-CoA reductase inhibitor
Hypoglycemic agent
DPP4 inhibitor
SGLT2 inhibitor

57 (78)
66610
70615
25.964.2
138611
7669
110 (98 to 123)

54 (76)
6669
69612
25.863.6
138611
7669
104 (92 to 116)

54 (75)
6668
68615
25.763.9
139610
7668
111 (98 to 125)

57 (81)
64611
70612
26.064.1
137613
7769
112 (100 to 126)

57 (79)
6569
69613
25.663.8
136612
7669
110 (101 to 126)

279 (78)
6569
69613
25.863.9
138611
7669
110 (104 to 115)

6.960.6
4.360.3
69619
109628
1469
29 (40)
71 (97)
56 (77)
14 (19)

6.860.7
4.260.3
66614
101628
1469
34 (48)
68 (96)
56 (79)
10 (14)

6.860.7
4.360.3
66618
107629
16610
39 (54)
70 (97)
53 (74)
13 (18)

7.060.6
4.360.3
68619
107630
16612
35 (50)
68 (97)
52 (74)
9 (13)

6.960.6
4.260.3
69618
109631
1468
36 (50)
68 (94)
53 (74)
13 (18)

6.960.6
4.360.3
67618
107629
15610
173 (48)
345 (96)
270 (75)
59 (17)

47 (64)
8 (11)

47 (66)
8 (11)

47 (65)
14 (19)

43 (61)
8 (11)

47 (65)
7 (10)

231 (65)
45 (13)

71 (97)
2 (3)

69 (97)
2 (3)

70 (97)
2 (3)

67 (96)
3 (4)

71 (99)
1 (1)

349 (97)
10 (3)

25 (34)
30 (41)
18 (25)
38 (52)
68 (93)
48 (66)
3 (4)

19 (27)
36 (51)
16 (23)
31 (44)
61 (86)
44 (62)
3 (4)

20 (28)
32 (44)
20 (28)
31 (43)
64 (89)
44 (61)
4 (6)

24 (34)
34 (49)
12 (17)
38 (54)
62 (89)
46 (66)
10 (14)

22 (31)
32 (44)
18 (25)
31 (43)
57 (79)
46 (64)
6 (8)

110 (31)
164 (46)
84 (24)
169 (47)
312 (87)
228 (64)
26 (7)

Data are n (%) or mean 6 SD unless otherwise stated. UACR, urinary albumin-to-creatinine ratio; Cr, creatinine; 95% CI, 95% conﬁdence interval; HbA1c, glycated hemoglobin; K+, potassium;
ARB, angiotensin receptor blocker; ACEi, angiotensin-converting enzyme inhibitor; HMG-CoA, 3-hydroxy-3-methylglutaryl-coenzyme; DPP4, dipeptidyl peptidase 4; SGLT2, sodium-glucose
cotransporter 2.
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–50

***
***

–60
–70

Placebo
n=71

2.5 mg/day
0.625 mg/day 1.25 mg/day
n=69
n=70
n=71
Esaxerenone dosage

5 mg/day
n=69
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***
20

***

10

***P=0.004
0

Placebo
n=66

0.625 mg/day 1.25 mg/day
2.5 mg/day
n=67
n=65
n=66
Esaxerenone dosage

5 mg/day
n=57

Figure 1. | Esaxerenone dose dependently reduced mean changes in urinary albumin-to-creatinine ratio (UACR) from baseline to the end of
treatment (A) and higher UACR remission rates were observed with esaxerenone 2.5- and 5-mg/d groups at the end of treatment (B). Data are
geometric mean (point estimates) 695% confidence interval (A); point estimate 6 exact 95% CI (B). Among the participants in the full analysis
set, those with UACR measurements at both weeks 11 and 12 were included in the calculation of the achievement rate of remission. ***P,0.001
versus placebo (A); ***P50.004 versus placebo (B).

not shown). The levels decreased almost to the baseline
values during the follow-up period.
Pharmacokinetics. Trough esaxerenone plasma concentrations increased in proportion with esaxerenone dose and
were approximately the same in weeks 4 and 12 of the
treatment period (Supplemental Table 3).
Safety
The overall rates of treatment-emergent adverse events
were 56% (40 of 72) in the placebo group and 54% (38 of 71),

69% (50 of 72), 67% (47 of 70), and 64% (47 of 73) in the
esaxerenone 0.625-, 1.25-, 2.5-, and 5-mg/d groups, respectively (Table 3). All reported treatment-emergent
adverse events, except for one serious case of intestinal
obstruction in a patient in the esaxerenone 1.25-mg/d
group, were mild to moderate in severity. The most
common treatment-emergent adverse events reported (experienced by $5% of participants) were nasopharyngitis,
serum K+ increase, bruises, dizziness when standing, and
kidney dysfunction. Among these treatment-emergent
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Table 2. Mean change from baseline to week 12 for primary and secondary outcomes
Outcome Measures

Placebo

UACR, mg/g Cr
Baseline, mean (SD)
Week 12, mean (SD)
Change from baseline, mean (SD)
Difference to baseline, geometric
LS mean ratio [95% CI]c
Difference to placebo, geometric
LS mean ratio [95% CI]c
UACR remission rate, n (%)
Treatment difference, OR [95% CI]d
eGFR, ml/min per 1.73 m2
Baseline, mean (SD)
Week 12, mean (SD)
Change from baseline, mean (SD)
Difference to baseline, LS mean [95% CI]e
Difference to placebo, LS mean [95% CI]e
Serum K+, mEq/L
Baseline, mean (SD)
Week 12, mean (SD)
Change from baseline, mean (SD)
Difference to placebo [95% CI]

a

b

Esaxerenone 0.625 mg/d

Esaxerenone 1.25 mg/d

Esaxerenone 2.5 mg/d

Esaxerenone 5 mg/d

a

a

a

b

b

b

n=73 ; 66
123 (58)
145 (191)
21 (181)
0.9 [0.8 to 1.1]

n=71 ; 68
117 (60)
113 (123)
24 (97)
0.8 [0.7 to 0.9]

n=72 ; 65
127 (69)
96 (110)
230 (104)
0.6 [0.5 to 0.7]

n=70 ; 66
125 (58)
81 (96)
239 (83)
0.5 [0.4 to 0.6]

n=72a; 58b
126 (62)
66 (63)
259 (65)
0.4 [0.4 to 0.5]

—

0.8 [0.7 to 1.0]

0.7 [0.5 to 0.8]

0.5 [0.4 to 0.7]

0.5 [0.4 to 0.6]

2 (3)
—
n=73a; 67b
69 (18)
71 (21)
1 (6)
1 [20.5 to 3.0]
—
n=72a; 66b
4.3 (0.3)
4.2 (0.3)
20.1 (0.3)
—

5 (8)
2.2 [0.4 to 12]
n=71a; 68b
65 (14)
66 (15)
0.3 (7)
0.4 [21.3 to 2.2]
20.8 [23.3 to 1.7]
n=71a; 68b
4.2 (0.3)
4.3 (0.4)
0.1 (0.3)
0.2 [0.1 to 0.3]

8 (12)
4.4 [0.9 to 22]
n=72a; 65b
66 (18)
64 (23)
22 (8)
22 [23.5 to 0.1]
23 [25.5 to 20.5]
n=72a; 65b
4.3 (0.3)
4.4 (0.5)
0.1 (0.4)
0.3 [0.1 to 0.4]

14 (21)
10 [2.1 to 49]
n=70a; 66b
68 (19)
66 (22)
22 (8)
22 [23.5 to 0.1]
23 [25.5 to 20.5]
n=70a; 66b
4.3 (0.3)
4.4 (0.4)
0.1 (0.4)
0.2 [0.1 to 0.4]

12 (21)
10 [2.1 to 50]
n=72a; 58b
69 (18)
65 (19)
26 (8)
27 [28.6 to 24.8]
28 [210 to 25.3]
n=73a; 59b
4.2 (0.3)
4.6 (0.5)
0.4 (0.4)
0.5 [0.4 to 0.6]

UACR, urinary albumin-to-creatinine ratio; Cr, creatinine; LS, least squares; 95% CI, 95% conﬁdence interval; —, not applicable; OR, odds ratio; K+, potassium.
a
Number of participants at baseline.
b
Number of participants at week 12.
c
On the basis of the analysis of covariance model, with treatment group as a factor and log-transformed baseline values of eGFR and sitting systolic BP as covariates. Estimates are back transformed
and expressed as the ratio in the original scale.
d
Adjusted for baseline UACR, eGFR, and sitting systolic BP.
e
Adjusted for baseline eGFR.
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Mean BP change from baseline (mmHg)

Esaxerenone dosage
5

Placebo
n=65

0.625 mg/day
n=66

1.25 mg/day
n=62

2.5 mg/day
n=65

5 mg/day
n=58

0
–1.1
–5

–1.5
–2.7

–2.3

–4.1 *

–3.7
–5.9

–10

–15

–3.8 *

*P<0.05
*** P<0.001

–9.7 ***
Systolic BP

–8.4 *

Diastolic BP

Figure 2. | Esaxerenone groups show numerically greater reductions in mean changes in systolic BP and diastolic BP compared with the placebo
group at the end of treatment. Data are least square means 695% confidence interval. *P,0.05 versus placebo; ***P,0.001 versus placebo.

adverse events, serum K+ increase was observed to be dose
dependent. Dizziness when standing and kidney dysfunction were observed only in the esaxerenone 5-mg/d group.
No sex hormone–related adverse events (gynecomastia)
were reported. Serious treatment-emergent adverse events
in patients included one case each of intestinal obstruction
(esaxerenone 1.25-mg/d group), cerebral infarction (esaxerenone 2.5-mg/d group), and carotid stenosis (esaxerenone 5-mg/d group). Only the cerebral infarction was
causally related to esaxerenone as judged by an investigator. No deaths occurred in the study.
Treatment-emergent adverse events that resulted in
discontinuation occurred in 3% (two of 72) of participants
in the placebo group and 3% (two of 71), 4% (three of 72),
4% (three of 70), and 15% (11 of 73) in the esaxerenone
0.625-, 1.25-, 2.5-, and 5-mg/d groups, respectively (Table
3). Serum K+ increase was the most commonly reported
treatment-emergent adverse event that resulted in discontinuation. Serum K+ levels increased dose dependently;
however, these returned to baseline during the follow-up
period (Figure 3). Serum K+ increases were reported in 3%
(two of 72) of participants in the placebo group, 3% (two of
71) in the esaxerenone 0.625-mg/d group, 7% (ﬁve of 72) in
the 1.25-mg/d group, 14% (ten of 70) in the 2.5-mg/d
group, and 21% (15 of 73) in the 5-mg/d group, showing
esaxerenone dose dependency. All events were mild, and
participants recovered without any treatment. The percentages
of participants with serum K+ $6.0 mEq/L or two consecutive
measurements of serum K+ $5.5 mEq/L were 1% (one of 72)
in the placebo group, 3% (two of 71) in the esaxerenone
0.625-mg/d group, 3% (two of 72) in the 1.25-mg/d group, 3%
(two of 70) in the 2.5-mg/d group, and 10% (seven of 73) in the
5-mg/d group (Table 3). The maximum serum K+ level
observed was 6.9 mEq/L, which occurred in the esaxerenone
5-mg/d group; however, this was reduced to 5.1 mEq/L after
esaxerenone treatment was ceased.
The percentage of participants showing a decrease in
eGFR of .30% (kidney dysfunction) after the observation
period was higher in the esaxerenone 5-mg/d group
compared with the other treatment groups. Although the

eGFR decreased after the administration of esaxerenone, it
returned to baseline value during the follow-up period
(Figure 4).
The mean (SD) changes in weight from baseline to week
12 for participants in the placebo group and the 0.625-,
1.25-, 2.5-, and 5-mg/d esaxerenone groups were 0.04 (2),
0.1 (1), 0.2 (1), 20.08 (1), and 0.1 (1) kg, respectively.

Discussion
Current therapies for the treatment of diabetic kidney
disease have limited efﬁcacy, and they are unable to
prevent progressive decline in kidney function after the onset
of overt diabetic kidney disease. Therefore, there is an unmet
need for novel therapies or therapeutic combinations that can
slow the progression of diabetic kidney disease.
Esaxerenone is a nonsteroidal mineralocorticoid receptor
blocker that has exhibited kidney protective effects superior to eplerenone in preclinical trials (16,17). This study
showed that esaxerenone as add-on therapy to RASi in
Japanese participants for 12 weeks reduced UACR by
approximately one half in a dose-dependent manner. This
is the ﬁrst study to clearly demonstrate a dose-response
effect of a mineralocorticoid receptor blocker as an add-on
therapy to RASi in Japanese patients with type 2 diabetes
mellitus.
The remission of albuminuria has the potential to
improve patient outcomes by reducing the risk of kidney
and cardiovascular events and preserving kidney function
in patients with type 2 diabetes mellitus (6,22,23). Although
various limitations have been raised in the literature
regarding microalbuminuria changes alone as a surrogate
end point of diabetic kidney disease (24), two recent metaanalysis studies report that a .30% reduction in albuminuria confers substantial risk reduction for ESKD (25,26). In
this study, signiﬁcant remission rates were achieved with
esaxerenone 2.5 and 5 mg/d. The UACR-lowering effect
was also conﬁrmed in groups stratiﬁed by BMI, systolic BP,
and eGFR or groups with and without concurrent use of
non-RASi antihypertensive drugs. Our study showed that
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Table 3. Summary of treatment-emergent adverse events
Category of Treatment-Emergent Adverse Events

Placebo, n=72

Esaxerenone
0.625 mg/d, n=71

Esaxerenone
1.25 mg/d, n=72

Esaxerenone
2.5 mg/d, n=70

Esaxerenone
5 mg/d, n=73

All, n=358

Participants with at least one treatment-emergent
adverse event
Participants with at least one drug-related
treatment-emergent adverse event
Participants with at least one serious treatmentemergent adverse event
Participants with at least one drug-related serious
treatment-emergent adverse event
Participants who discontinued treatment because
of a treatment-emergent adverse event
Participants who discontinued treatment because
of a drug-related treatment-emergent adverse
event
Participants who discontinued treatment because
of increased serum K+ ($6.0 mEq/L or two
consecutive measurements of $5.5 mEq/L)
Treatment-emergent adverse events reported in
‡3% of participants
Nasopharyngitis
Dizziness postural
Upper respiratory tract inﬂammation
Abdominal discomfort
Nausea
Periodontal disease
Back pain
Blood uric acid increased
C-reactive protein increased
White blood cell count increased
Blood K+ increased
Bruises
Kidney dysfunction

40 (56)

38 (54)

50 (69)

47 (67)

47 (64)

222 (62)

8 (11)

6 (9)

11 (15)

9 (13)

21 (29)

55 (15)

0 (0)

0 (0)

1 (1)

1 (1)

1 (1)

3 (0.8)

0 (0)

0 (0)

0 (0)

1 (1)

0 (0)

1 (0.3)

2 (3)

2 (3)

3 (4)

3 (4)

11 (15)

21 (6)

0 (0)

1 (1)

1 (1)

3 (4)

9 (12)

14 (4)

1 (1)

2 (3)

2 (3)

2 (3)

7 (10)

14 (4)

9 (13)
0 (0)
1 (1)
0 (0)
3 (4)
0 (0)
0 (0)
1 (1)
3 (4)
1 (1)
2 (3)
1 (1)
0 (0)

11 (16)
0 (0)
2 (3)
1 (1)
0 (0)
0 (0)
0 (0)
1 (1)
0 (0)
0 (0)
2 (3)
0 (0)
0 (0)

15 (21)
0 (0)
0 (0)
3 (4)
0 (0)
3 (4)
3 (4)
3 (4)
0 (0)
0 (0)
5 (7)
5 (7)
0 (0)

15 (21)
0 (0)
2 (3)
0 (0)
0 (0)
0 (0)
2 (3)
0 (0)
3 (4)
3 (4)
10 (14)
2 (3)
0 (0)

11 (15)
4 (6)
3 (4)
0 (0)
0 (0)
0 (0)
0 (0)
2 (3)
0 (0)
0 (0)
15 (21)
0 (0)
4 (6)

61 (17)
4 (1)
8 (2)
4 (1)
3 (0.8)
3 (0.8)
5 (1)
7 (2)
6 (2)
4 (1)
34 (9)
8 (2)
4 (1)

Data are n (%). System Organ Classes and Preferred Terms are coded using MedDRA/J version 18.0. The percentage was calculated using the number of participants in the column heading as the
denominator. K+, potassium.
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Figure 3. | Serum potassium (K+; A) and serum K+ from baseline (B) increased dose dependently with esaxerenone during treatment visits but
returned to baseline during the follow-up (safety analysis set). Data are means 6 SD.

the reduction in UACR (ranging from 38% to 56%) was
comparable with the ﬁndings of Epstein et al. (27), who
showed that eplerenone 50 and 100 mg coadministered
with enalapril reduced UACR by 41% and 48%, respectively. Furthermore, this reduction in UACR was similar to
that in the phase 2 study analyzing the nonsteroidal
mineralocorticoid receptor blocker ﬁnerenone (28). In
the Mineralocorticoid Receptor Antagonist Tolerability
Study–Diabetic Nephropathy (ARTS-DN) Study, ﬁnerenone (10–20 mg/d) reduced UACR by 27%–42% in a patient

subgroup with a baseline UACR of 30–299 mg/g creatinine
(28). In addition, as add-on therapy to an RASi, ﬁnerenone also
signiﬁcantly reduced systolic BP versus placebo, although this
reduction seemed to be inferior to that of esaxerenone when
administered at a dose of 2.5 or 5 mg/d.
The mechanism of how esaxerenone induces an antialbuminuric effect is not clear from this study. Because
lowering sodium intake or adding a thiazide diuretic to
treatment can potentiate an antiproteinuric effect in response to an RASi (29), sodium depletion may be one
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Figure 4. | Mean change in eGFR from baseline decreased with esaxerenone administration but returned to baseline during the follow-up.
Data are least square means 695% confidence interval.

possible mechanism. Our post hoc analysis revealed that the
association between UACR and change in systolic BP at 12
weeks was not statistically signiﬁcant in the esaxerenone
group (Spearman rank correlation coefﬁcient: 0.16–0.20).
However, signiﬁcance was observed in the placebo group
(r=0.32, P,0.01), which suggests that the esaxerenoneinduced reduction in UACR would be independent of a
hemodynamic effect (Supplemental Figure 4). In addition,
preclinical studies have shown that the mineralocorticoid
receptor is involved in salt-induced organ damage that is
independent of plasma aldosterone levels (30). Thus, the
observed reductions in UACR may be largely owing to
blockade of the mineralocorticoid receptor.
The development of hyperkalemia is associated with
diabetic complications, reduced kidney function, and the
concomitant use of RASi (31), and a similar trend was also
observed in this study. To carefully observe serum K+
levels, 11 measurements were performed during the
12-week administration period and follow-up period,
and this revealed a dose-dependent change in serum K+
levels. However, the frequency of withdrawal because of
increased serum K+ (serum K+ $6.0 mEq/L or two
consecutive measurements of serum K+ $5.5 mEq/L)
with esaxerenone administration up to 2.5 mg/d (3%)
was not remarkably different from that of placebo. Esaxerenone up to a dosage of 2.5 mg/d showed a similar risk
of a clinically signiﬁcant increase in serum K+ compared
with placebo. It has been reported that the chances of
detecting hyperkalemia increase with the number of
measurements (32). Nevertheless, serum K+ levels were
measured 11 times in this study, and similar incidences of
hyperkalemia were observed in the placebo and esaxerenone groups of up to 2.5 mg/d.
A slight decrease in eGFR was observed in the early
stages of treatment, but the level plateaued and returned to
baseline after cessation of treatment. These changes seemed
to correspond with alterations in BP, indicating that the
decrease in eGFR was associated with hemodynamic
changes. It was surmised that this reduction in eGFR did
not represent a safety issue. Overall, these ﬁndings indicate

that the efﬁcacy of esaxerenone at clinically acceptable doses
was conﬁrmed even in an eplerenone-contraindicated
population.
Because of the short study period (12 weeks), a longerterm study with a larger sample size is required to evaluate
the efﬁcacy of esaxerenone and its safety with regards to
hyperkalemia and other concerns in patients with type 2
diabetes mellitus and albuminuria.
In patients with type 2 diabetes mellitus and microalbuminuria currently taking an RASi, esaxerenone resulted in a dose-dependent and signiﬁcant decrease in UACR.
Rates of hyperkalemia at esaxerenone doses of #2.5 mg/d
were equivalent to those in the placebo group. Efﬁcacy and
safety results indicate that esaxerenone 2.5 mg/d could be a
suitable dose for use in a phase 3 trial in patients with type
2 diabetes mellitus and microalbuminuria.
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Nilsson E, Gasparini A, Ärnlöv J, Xu H, Henriksson KM, Coresh J,
Grams ME, Carrero JJ: Incidence and determinants of hyperkalemia and hypokalemia in a large healthcare system. Int J
Cardiol 245: 277–284, 2017

Received: December 18, 2018 Accepted: May 28, 2019
Published online ahead of print. Publication date available at
www.cjasn.org.

