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Aims Many patients with heart failure (HF) have chronic kidney disease (CKD) and may not tolerate mineralocorticoid
receptor antagonists. We investigated the efficacy and safety of the novel mineralocorticoid receptor modulator
balcinrenone in combination with dapagliflozin in a phase 2b study.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Methods
and results

From January 2021 to October 2023, we randomized 133 adults with symptomatic HF, ejection fraction <60%,
estimated glomerular filtration rate (eGFR)≥30 to ≤60 ml/min/1.73 m2 and urinary albumin-to-creatinine ratio
(UACR) ≥30 to <3000 mg/g, to receive balcinrenone 15, 50 or 150 mg/day plus dapagliflozin 10 mg/day, or
dapagliflozin 10 mg/day plus placebo, for 12 weeks. Enrolment was stopped early because of slow recruitment.
Relative reductions in UACR from baseline to week 12 (primary endpoint) were not significantly different between
the balcinrenone plus dapagliflozin groups versus dapagliflozin plus placebo. There was no clear balcinrenone
dose–response relationship. There were possible dose-dependent increases in serum potassium levels, reduced
eGFR in the highest dose group, and non-significant trends towards reduced N-terminal pro-B-type natriuretic
peptide levels. Hyperkalaemia adverse events led to discontinuation in two participants receiving balcinrenone plus
dapagliflozin and none in those receiving dapagliflozin plus placebo.
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Conclusion While the smaller than planned sample size limits interpretation, we did not see significant reduction in UACR in
patients treated with balcinrenone plus dapagliflozin compared with dapagliflozin plus placebo.
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Graphical Abstract

Mineralocorticoid receptor antagonists are a mainstay of treatment in patients with heart failure (HF) with reduced ejection fraction, but are
underused in those who also have chronic kidney disease (CKD). Balcinrenone is a novel mineralocorticoid receptor modulator that may reduce
the risk of hyperkalaemia. MIRACLE was an international, randomized, double-blind phase 2b trial that aimed to investigate the efficacy and safety of
three different doses of balcinrenone plus dapagliflozin compared with dapagliflozin plus placebo in patients with HF (left ventricular ejection fraction
[LVEF] <60%) and CKD. Enrolment was terminated early because of slow recruitment and the planned statistical power was not achieved. For the
primary endpoint, reductions in relative change in urinary albumin-to-creatinine ratio (UACR) from baseline to week 12 were not significantly
different between the balcinrenone plus dapagliflozin groups versus dapagliflozin plus placebo. There was no clear balcinrenone dose–response
relationship. There were possible dose-dependent increases in serum potassium levels, reduced estimated glomerular filtration rate (eGFR) in the
highest dose group, and non-significant trends towards reduced N-terminal pro-B-type natriuretic peptide (NT-proBNP) levels. Investigator-reported
hyperkalaemia adverse events occurred in 3/98 participants (3.1%) receiving balcinrenone plus dapagliflozin (two participants discontinued) and in
3/33 (9.1%) receiving dapagliflozin plus placebo. These findings support further clinical investigation of mineralocorticoid receptor modulation in
patients with HF and CKD. CI, confidence interval; IQR, interquartile range; LS, least-squares; NYHA, New York Heart Association.
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Keywords Heart failure • Chronic kidney disease • Mineralocorticoid receptor • Balcinrenone •
Dapagliflozin • Urinary albumin-to-creatinine ratio

Introduction
In patients with heart failure (HF), concomitant renal dysfunction
is common and negatively affects prognosis and complicates HF
treatment.1 Although mineralocorticoid receptor (MR) antago-
nists are a foundational therapy for HF with reduced ejection
fraction, they are substantially underused in patients with chronic
kidney disease (CKD)2 and are not recommended in those with an
estimated glomerular filtration rate (eGFR) <30 ml/min/1.73 m2.3,4

Balcinrenone (previously AZD9977) is a selective MR modulator
with partial antagonist activity due to its distinct interaction
with the receptor, and potential to separate organ-protective ..
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.. effects from urinary electrolyte excretion.5 Balcinrenone may offer

advantages in patients with HF and CKD who are already receiving
standard-of-care treatment with sodium–glucose cotransporter
2 (SGLT2) inhibitors (e.g. dapagliflozin). We present the results
of MIRACLE (MIneRAlocorticoid reCeptor moduLator and
sodium–glucosE cotransporter 2 inhibitor in HF and CKD), an
international, randomized, double-blind, phase 2b trial of the
efficacy and safety of balcinrenone and dapagliflozin in patients
with HF and CKD.

The 12-week MIRACLE study aimed to assess the effect of
balcinrenone plus dapagliflozin on urinary albumin-to-creatinine
ratio (UACR) compared with dapagliflozin plus placebo (primary
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Balcinrenone plus dapagliflozin in HF and CKD 3

objective); to assess the dose–response relationship of three doses
of balcinrenone (15, 50 or 150 mg/day) plus dapagliflozin 10 mg/day
with UACR effects (secondary objective); and to assess safety and
tolerability of balcinrenone plus dapagliflozin (safety objective). See
online supplementary Table S1 for complete objectives.

Methods
The study was conducted at 160 sites in Asia, Europe and North
America from January 2021 to October 2023, in accordance with
the Declaration of Helsinki, Good Clinical Practice (GCP) and local
regulations with independent ethical review board approval at each
site. The study was sponsored by AstraZeneca (ClinicalTrials.gov
NCT04595370). A protocol amendment removed study arms not
involving dapagliflozin in response to HF guideline updates.3,4

Patients
Eligible patients were aged ≥21 years with New York Heart Associ-
ation (NYHA) class II–III HF, left ventricular ejection fraction (LVEF)
<60%, serum N-terminal pro-B-type natriuretic peptide (NT-proBNP)
levels≥300 pg/ml (≥600 pg/ml in those with atrial fibrillation/flutter),
CKD (eGFR ≥30 to ≤60 ml/min/1.73 m2),6 serum potassium levels
≥3.5 and<5.0 mmol/L and centrally assessed UACR ≥30 to
<3000 mg/g (online supplementary Table S2). All patients provided
written informed consent. ..
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Following a 1-week screening period, eligible patients underwent a
4–7-week dapagliflozin run-in, with those already receiving SGLT2
inhibitors switching to dapagliflozin. Participants were then randomized
1:1:1:1 to oral dapagliflozin 10 mg/day plus oral balcinrenone 15, 50 or
150 mg/day, or matching placebo. Randomization was stratified by type
2 diabetes (yes or no) and eGFR (≥30 to <45, or≥45 ml/min/1.73 m2).
Participants, investigators, study staff and the sponsor were blinded to
study treatment. Participants attended clinic visits at screening; run-in;
before and at randomization (baseline); on day 3 and the end of weeks
1, 2, 3, 6, 9 and 12 (end of treatment); and end of follow-up (online
supplementary Figure S1).

Endpoints
The primary endpoint was relative change in UACR from baseline
to week 12, with dose–response assessment as a secondary objec-
tive (see online supplementary Methods for detail). Safety endpoints
included adverse events (AEs), safety laboratory assessments (includ-
ing change in serum potassium and eGFR), safety topics of interest
(hyperkalaemia, hypotension and deteriorating kidney function),
vital signs and electrocardiography. Serum potassium levels were
analysed centrally and locally according to pre-specified confir-
matory methods and thresholds at all study visits. Exploratory
endpoints included NT-proBNP levels and aldosterone levels (target
engagement).

Screened N=1033

Excluded N=880
• Screen failurea n=697
• Failure to meet randomization criteria n=149
• Withdrawal by patient n=15
• Lost to follow-up n=2
• Other n=17

J1$#2/.'/8/'

OI$1#'@8(/(*(5P(
QRS4455(;C,(9K(/(*(5T

Balcinrenone 150mg monotherapy (n=7) 
and placebo (n=7)c

Randomized N=153

n = 33

Discontinued treatment
n=8

Balcinrenone 50mg
+ Dapagliflozin 10mg

n=33

Received IP n=33
Did not receive IP n=0

Included in efficacy analyses n=31
Included in safety analyses n=31

Balcinrenone 15mg
+ Dapagliflozin 10mg

n=35

Discontinued treatment
n=1

Received IP n=34

Site closed due to GCP
misconductb n=1

Site closed due to GCP
misconductb n=2

Did not receive IP n=1

Included in efficacy analyses n=34
Included in safety analyses n=33

Discontinued treatment
n=8

Balcinrenone 150mg
+ Dapagliflozin 10mg

n=36

Received IP n=35
Did not receive IP n=1

Included in efficacy analyses n=35
Included in safety analyses n=34

Discontinued treatment
n=6

Dapagliflozin 10mg 
+ placebo

n=35

Received IP n=35
Did not receive IP n=0

Included in efficacy analyses n=33
Included in safety analyses n=33

Site closed due to GCP
misconductb n=1

Site closed due to GCP
misconductb n=2

Figure 1 Participant disposition and analysis sets. GCP, Good Clinical Practice; IP, investigational product. aThe most frequent reasons for
participants not meeting the screening or randomization criteria were estimated glomerular filtration rate, urinary albumin-to-creatinine ratio
or N-terminal pro-B-type natriuretic peptide levels outside the required ranges. bDecision to exclude patients at sites closed owing to GCP
misconduct from analyses made during study and before unblinding. cBalcinrenone 150 mg monotherapy and placebo groups dropped by
protocol amendment; patients in these groups were not included in the presented efficacy or safety analyses.

© 2024 AstraZeneca and The Author(s).
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Statistical methods
The planned sample size of ∼500 (125/arm) provided 80% power
to detect at least 30% relative reduction in UACR compared with
dapagliflozin plus placebo (α= 0.05), assuming 5% drop-out. Efficacy
analyses were to include all randomized participants, according to
intended treatment. Safety and pharmacodynamic analyses were to
include all participants who received study drug, according to treat-
ment received. In the pre-specified primary efficacy analysis, a mixed
model for repeated measures was applied to the change from base-
line in log-transformed UACR with treatment and visit as fixed effects,
baseline log-transformed UACR, cohort variable and stratification fac-
tors as covariates, and treatment-by-visit as an interaction term (online
supplementary Methods). Exploratory endpoints and post hoc analyses
were considered hypothesis-generating.

Results
Participants
Study enrolment was terminated early owing to slow recruitment.
Of 1033 patients screened, 153 were randomized into the initial
six study arms. After excluding 14 patients in the two removed
study arms without dapagliflozin and another 6 patients from
two sites with GCP misconduct, 133 were included in efficacy ..
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. analyses and 131 in safety analyses related to the four remaining
treatment arms (Figure 1). Mean LVEF was 46%, median eGFR was
39.7 ml/min/1.73 m2, and median UACR was 103.4 mg/g. Demo-
graphics and baseline characteristics were generally balanced
among groups (Table 1).

Efficacy
Primary and secondary endpoints

Descriptive unadjusted geometric mean percentage changes in
UACR from baseline to week 12 were−54.9% in the balcinrenone
15 mg plus dapagliflozin group, −52.5% in the balcinrenone 50 mg
plus dapagliflozin group, −47.6% in the balcinrenone 150 mg plus
dapagliflozin group, and−29.9% in the dapagliflozin plus placebo
group. For the primary endpoint, reductions in UACR from base-
line to week 12 were not significantly different in the balcinrenone
15, 50 and 150 mg plus dapagliflozin groups versus the dapagliflozin
plus placebo group. Dapagliflozin-plus-placebo-adjusted geometric
mean percentage changes in UACR from baseline to week 12
were−33.6% (95% confidence interval [CI] −62.5,+17.6) in the
balcinrenone 15 mg group, −11.8% (−52.2,+62.6) in the 50 mg
group, and−36.1% (−64.9,+16.1) in the 150 mg group (Figure 2A).
Median changes in UACR from baseline to week 12 for the three

Table 1 Baseline demographics and characteristics

Balcinrenone
15 mg+dapagliflozin
10 mg (n= 34)

Balcinrenone 50 mg+
10 mg dapagliflozin
(n= 31)

Balcinrenone
150 mg+dapagliflozin
10 mg (n= 35)

Dapagliflozin
10 mg+placebo
(n= 33)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age, years, mean (SD) 70.9 (7.1) 72.4 (8.4) 73.7 (8.1) 72.2 (9.4)
Female sex, n (%) 11 (32.4) 5 (16.1) 8 (22.9) 10 (30.3)
Race, n (%)

Asian 4 (11.8) 3 (9.7) 7 (20.0) 3 (9.1)
Black/African American 0 1 (3.2) 1 (2.9) 2 (6.1)
White 30 (88.2) 27 (87.1) 27 (77.1) 28 (84.8)

Type 2 diabetes, n (%) 22 (64.7) 21 (67.7) 22 (62.9) 22 (66.7)
NYHA functional class, n (%)

I 0 0 1 (2.9) 0
II 25 (73.5) 19 (61.3) 27 (77.1) 26 (78.8)
III 9 (26.5) 12 (38.7) 7 (20.0) 7 (21.2)

Systolic blood pressure, mmHg, mean (SD) 128.7 (15.8) 132.3 (14.1) 135.0 (15.8) 130.9 (15.6)
Atrial fibrillation, n (%) 17 (50.0) 16 (51.6) 27 (77.1) 20 (60.6)
eGFR, ml/min/1.73 m2, mean (SD) 41.9 (13.1) 38.6 (10.2) 43.6 (15.9) 42.2 (12.7)
UACR, mg/g, median (range) 64 (2.4–2216) 138 (14–2355) 64 (18–773) 109 (7.2–1696)
Serum potassium, mmol/L, mean (SD) 4.60 (0.38) 4.44 (0.61) 4.43 (0.45) 4.51 (0.46)
LVEF, %, mean (SD) 44 (9) 46 (10) 48 (8) 46 (9)
Serum NT-proBNP, pg/ml, median (range) 1594 (71–17 136) 1109 (72–12 610) 1329 (212–10 900) 984 (213–11 460)
Previous/concomitant medication, n (%)

ACE inhibitor 13 (38.2) 10 (32.3) 11 (31.4) 14 (42.4)
ARB 7 (20.6) 11 (35.5) 15 (42.9) 12 (36.4)
ARNI 6 (17.6) 7 (22.6) 7 (20.0) 4 (12.1)
β-blocker 24 (70.6) 21 (67.7) 28 (80.0) 19 (57.6)
Loop diuretic 32 (94.1) 29 (93.5) 35 (100.0) 32 (97.0)
SGLT2 inhibitora 10 (29.4) 11 (35.5) 10 (28.6) 13 (39.4)

Data are from all randomized participants analysed according to intended treatment (n=133), excluding those randomized to discontinued treatment arms (see online
supplementary Figure S1). Participants from sites where there were breaches of Good Clinical Practice were also excluded (see online supplementary Figure S1).
ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor; eGFR, estimated glomerular filtration rate; LVEF,
left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; SD, standard deviation; SGLT2, sodium–glucose
cotransporter 2; UACR, urinary albumin-to-creatinine ratio.
aPrevious only.

© 2024 AstraZeneca and The Author(s).
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Study visit

Dapagliflozin-corrected
change to week 12,
LS mean (95% CI)

–33.606% (–62.530, 17.644)
p=0.1588

–11.826% (–52.195, 62.634)
p=0.6846

–36.127% (–64.850, 16.066)
p=0.1398

Week 12
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Balcinrenone 15mg + dapagliflozin 10mg

Balcinrenone 15mg
+ dapagliflozin 10mg

n=32

Balcinrenone 50mg
+ dapagliflozin 10mg

n=23

Balcinrenone 150mg
+ dapagliflozin 10mg

 n=25 

Dapagliflozin 10mg
+ placebo

n=28

Balcinrenone 150mg + dapagliflozin 10mg
Balcinrenone 50mg + dapagliflozin 10mg

Dapagliflozin 10mg + placebo

Figure 2 Change from baseline in urinary albumin-to-creatinine ratio (UACR): (A) pre-specified primary endpoint analysis and (B) observed
values. Data in (A) are from a mixed model repeated measures of the change from baseline in log-transformed UACR with fixed factors of
treatment, visit, type 2 diabetes (yes/no), estimated glomerular filtration rate (≥30 to <45, or≥45 ml/min/1.73 m2) and treatment-by-visit
interaction, plus covariates of log-transformed baseline value and protocol amendment cohort (before or after removal of non-dapagliflozin
groups). Data in (B) are observed values for percentage change from baseline in UACR from baseline to week 12. Lines represent median,
boxes represent interquartile range (IQR), whiskers represent 1.5× IQR (excluding outliers) and symbols indicate outliers. Balcinrenone 15 mg:
median−24.5 (IQR: −64.4,+3.5; 1.5× IQR: −99.4,+102.1). Balcinrenone 50 mg: median−33.1 (IQR: −52.5,+1.7; 1.5× IQR: −97.7,+63.1).
Balcinrenone 150 mg: median− 55.1 (IQR: −69.8,−6.6; 1.5× IQR: −99.2,+75.5. Dapagliflozin alone: median−5.8 (IQR −43.8,+55.0; 1.5× IQR:
−95.0,+149.2). In (A) and (B), geometric changes are expressed as percentage changes by back-transformation from the log scale. Baseline was
defined as the geometric mean of three values from first morning void urine samples collected on 3 consecutive days (ideally day of visit and
preceding 2 days). CI, confidence interval; LS, least-squares.
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Table 2 Adverse events

Balcinrenone
15 mg+dapagliflozin
10 mg (n= 33)

Balcinrenone
50 mg+dapagliflozin
10 mg (n= 31)

Balcinrenone
150 mg+dapagliflozin
10 mg (n= 34)

Dapagliflozin
10 mg+placebo
(n= 33)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Any adverse event, n (%) 9 (27.3) 12 (38.7) 18 (52.9) 14 (42.4)
Possibly related to study drug 1 (3.0) 2 (6.5) 5 (14.7) 4 (12.1)
Leading to study drug discontinuation 0 4 (12.9) 3 (8.8) 1 (3.0)
Leading to study withdrawal 0 5 (16.1) 2 (5.9) 1 (3.0)

Serious adverse event, n (%) 1 (3.0)a 3 (9.7)b 2 (5.9)c 4 (12.1)d

Death 0 2 (6.5) 0 1 (3.0)
Adverse events in ≥2 participants overall, n (%)

Hyperkalaemia 0 1 (3.2) 2 (5.9) 3 (9.1)
CKD 1 (3.0) 1 (3.2) 2 (5.9) 1 (3.0)
Urinary tract infection 0 1 (3.2) 1 (2.9) 3 (9.1)
Glomerular filtration rate decreased 1 (3.0) 1 (3.2) 1 (2.9) 1 (3.0)
Nasopharyngitis 0 0 3 (8.8) 1 (3.0)
Urinary tract infection bacterial 0 2 (6.5) 1 (2.9) 0
Anaemia 0 1 (3.2) 1 (2.9) 1 (3.0)
Atrial fibrillation 1 (3.0) 0 1 (2.9) 1 (3.0)
Fall 0 0 1 (2.9) 2 (6.1)
Cardiac failure 0 1 (3.2) 1 (2.9) 0
Diarrhoea 0 0 2 (5.9) 0
Hypertensive crisis 0 0 2 (5.9) 0
Muscle spasms 1 (3.0) 0 1 (2.9) 0
Nausea 0 0 2 (5.9) 0
Contusion 0 1 (3.2) 0 1 (3.0)
Gout 0 1 (3.2) 0 1 (3.0)

Adverse events in safety topics of interest, n (%)
Deteriorating renal function 1 (3.0)e 3 (9.7)f 3 (8.8)g 2 (6.1)h

Hyperkalaemia 0 1 (3.2)i 2 (5.9)i 3 (9.1)i

Hypotension 0 0 2 (5.9)j 0

Adverse events with onset or worsening on the day of or after first dose of study drug and within 28 days after last dose of study drug. Data are from all participants who
received study drug (n=131), excluding those randomized to discontinued treatment arms (see online supplementary Figure S1). Serious adverse events occurred in two
participants in the discontinued treatment arms, both receiving placebo alone (one with angina pectoris and cardiac failure, one with COVID-19). Adverse events were coded
using MedDRA version 26.0 preferred terms.
CKD, chronic kidney disease; MedDRA, Medical Dictionary for Regulatory Activities.
aHepatic enzyme increased (reported as unrelated to study drugs).
bCOVID-19 (leading to death 6 days after latest study drug), cardiac failure (leading to death 34 days after latest study drug), both left ventricular failure and osteoarthritis in
one participant (all reported as unrelated to study drugs).
cTransient ischaemic attack (possibly related to balcinrenone), cardiac failure (reported as unrelated to study drugs).
dSudden cardiac death (2 days after latest study drug), cardiac failure congestive, lower gastrointestinal haemorrhage, peripheral swelling (all reported as unrelated to study
drugs).
eCKD and glomerular filtration rate decreased, both in one participant.
fAcute kidney injury in one participant, CKD in one participant and glomerular filtration rate decreased in one participant.
gCKD in two participants and glomerular filtration rate decreased in one participant.
hCKD (leading to discontinuation) in one participant and glomerular filtration rate decreased in one participant.
iHyperkalaemia (leading to discontinuation in two participants, one in each of the balcinrenone 50 and 150 mg plus dapagliflozin groups); one participant met the
protocol-mandated hyperkalaemia discontinuation criteria.
jHypotension in one participant and syncope in one participant.

balcinrenone plus dapagliflozin groups were−24.5% (interquartile
range −64.4,+3.5) in the 15 mg group, −33.1% (−52.5,+1.7) in
the 50 mg group and−55.1% (−69.8,–6.6) in the 150 mg group,
compared with −5.8% (−43.8,+55.0) in the dapagliflozin plus
placebo group (Figure 2B). There was no clear dose–response
relationship. Trends towards return of UACR to baseline levels at
safety follow-up were observed (online supplementary Table S3).

Safety
Adverse events

AEs occurred in 9/33 (27.3%), 12/31 (38.7%) and 18/34 (52.9%)
participants in the balcinrenone 15, 50 and 150 mg plus ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.. dapagliflozin groups, respectively, and in 14/33 (42.4%) in the
dapagliflozin plus placebo group; serious AEs were infrequent
(Table 2). AEs led to discontinuation of study drugs or withdrawal
from the study in small numbers of participants. Three deaths were
reported. AEs in safety topics of interest led to discontinuation
of study drugs in three participants (hyperkalaemia in two and
deteriorating renal function in one) (Table 2).

Potassium, estimated glomerular filtration rate
and other safety outcomes

Serum potassium levels appeared dose-dependently elevated in the
balcinrenone 50 and 150 mg plus dapagliflozin groups (Figure 3A).

© 2024 AstraZeneca and The Author(s).
European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 3 Change from baseline in (A) serum potassium levels, (B) estimated glomerular filtration rate (eGFR), (C) N-terminal pro-B-type
natriuretic peptide (NT-proBNP) levels, and (D) aldosterone levels. Data are from mixed model repeated measures of the change from baseline
with fixed factors of treatment, visit, type 2 diabetes (yes/no), eGFR (≥30 to <45, or≥45 ml/min/1.73 m2) and treatment-by-visit interaction,
plus covariates of log-transformed baseline value and protocol amendment cohort (before or after removal of non-dapagliflozin groups). Data
are from exploratory or post hoc analyses. CI, confidence interval; LS, least-squares.

Confirmed serum potassium levels >5.5 mmol/L were reported
in 0, 1 and 1 participant in the balcinrenone 15 and 50 mg plus
dapagliflozin groups and the dapagliflozin plus placebo group,
respectively, and in 3–4 participants in the balcinrenone 150 mg
plus dapagliflozin group, depending on the confirmation method
(online supplementary Table S4). Trends towards reductions in
eGFR were observed in all groups, and appeared greatest in the
highest balcinrenone dose group (Figure 3B, online supplementary
Table S5).

One participant met the pre-specified discontinuation criteria
for hyperkalaemia (confirmed potassium level>6 mmol/L) and one
for deteriorating renal function, both in the balcinrenone 150 mg
plus dapagliflozin group (online supplementary Tables S4 and S5).
There were no findings of concern in other safety parameters,
including clinical chemistry, haematology and electrocardiographic
findings. ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

. Exploratory and pharmacodynamic
endpoints
Reductions in NT-proBNP levels in the balcinrenone plus
dapagliflozin groups were not significantly different versus the
dapagliflozin plus placebo group. Mean changes from baseline to
week 12 in the balcinrenone plus dapagliflozin groups were−12.7%
(95% CI −29.9,+8.8) in the 15 mg group, −7.35% (−28.2,+19.6)
in the 50 mg group and−4.4% (−24.6,+21.1) in the 150 mg group,
and+20.8% (−3.9,+51.8) in the dapagliflozin plus placebo group
(Figure 3C, online supplementary Table S6). In a post hoc analysis,
aldosterone levels increased from baseline to week 12 in the bal-
cinrenone plus dapagliflozin groups, and were stable or increased in
the dapagliflozin plus placebo group (mean changes of+85.4 pmol/L
[95% CI +17.7,+153.1] in the 15 mg group, +54.1 pmol/L
[−26.7,+134.9] in the 50 mg group, +143.8 pmol/L [+69.4,+218.3]

© 2024 AstraZeneca and The Author(s).
European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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in the 150 mg group and+33.1 pmol/L [−36.6,+102.8] in the
dapagliflozin plus placebo group) (Figure 3D, online supplementary
Table S6). Systolic blood pressure decreased in the balcinrenone
plus dapagliflozin groups during weeks 1–4 and was maintained
during weeks 3–12, but was stable in the dapagliflozin plus placebo
group (online supplementary Figure S2, Table S6).

Discussion
UACR was chosen as the primary endpoint because it is an estab-
lished biomarker of cardiovascular risk in multiple populations,
and is known to be modifiable by MR antagonists.7–12 MIRACLE
aimed to test the hypothesis that balcinrenone plus dapagliflozin
10 mg for 12 weeks leads to a greater reduction in albuminuria
than dapagliflozin monotherapy in patients with HF and CKD. In
the primary endpoint analysis, reductions in UACR from baseline
to week 12 with balcinrenone plus dapagliflozin were not sig-
nificantly different to reductions observed with dapagliflozin plus
placebo. Accompanying trends towards reduced NT-proBNP levels
in the balcinrenone plus dapagliflozin groups, and evidence of tar-
get engagement by balcinrenone (increased aldosterone), were also
observed. Within the limitations of the small sample size and short
treatment period, balcinrenone tolerability appeared acceptable.

Patients with HF and CKD represent a high-risk population
with continued unmet needs. Concomitant renal dysfunction in
patients with HF severely limits the use of HF medications, with
hyperkalaemia as the main AE of concern. In the present study,
hyperkalaemia was infrequent, especially at the lower balcinrenone
doses. Premature termination of enrolment in MIRACLE reduced
sample size and statistical power. Whether balcinrenone would
have reduced UACR or NT-proBNP if this study had recruited the
originally planned number of patients and whether balcinrenone
would result in improvements in clinical outcomes in this popula-
tion warrants further study.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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