
O
R
IG

IN
A
L

 A
R
T
IC

LE
 

Nephrol Dial Transplant , 2023, 0 , 1–12 

https://doi.org/10.1093/ndt/gfad183 
Advance access publication date: 25 August 2023 

Efficacy and safety of zibotentan and dapagliflozin in 

patients with chronic kidney disease: study design and 

baseline characteristics of the ZENITH-CKD trial 
Hiddo J. L. Heerspink 1 ,2 , Peter J. Greasley 3 , Christine Ahlström 

4 , Magnus Althage 5 , Jamie P. Dwyer 6 , Gordon Law 

7 ,
Emma Wijkmark 8 , Min Lin 

9 , Anne-Kristina Mercier 10 , Mikael Sunnåker 10 , Michelle Turton 

11 , David C. Wheeler 12 and Philip Ambery 13 

1 Department of Clinical Pharmacy and Pharmacology, University of Groningen, University Medical Center Groningen, Groningen, The Netherlands 
2 The George Institute for Global Health, Sydney, New South Wales, Australia 
3 Research and Early Development, Cardiovascular, Renal and Metabolism, BioPharmaceuticals R&D, AstraZeneca, Gothenburg, Sweden 
4 DMPK, Research and Early Development Cardiovascular, Renal and Metabolism, BioPharmaceuticals R&D, AstraZeneca, Gothenburg, Sweden 
5 Translational Science & Experimental Medicine, Research and Early Development Cardiovascular, Renal, and Metabolism, Biopharmaceutical R&D, AstraZeneca, 
Gaithersburg, MD, USA 
6 Division of Nephrology/Hypertension, University of Utah Health, Salt Lake City, UT, USA 
7 Early Biometrics & Statistical Innovation, Data Science and Artificial Intelligence, R&D, AstraZeneca, Gaithersburg, MD, USA 
8 Biometrics Late Development, Cardiovascular, Renal and Metabolism, BioPharmaceuticals R&D, AstraZeneca, Gothenburg, Sweden 
9 Biometrics Late Development, Cardiovascular, Renal and Metabolism, BioPharmaceuticals R&D, AstraZeneca, Gaithersburg, MD, USA 
10 Clinical Pharmacology and Quantitative Pharmacology, Clinical Pharmacology and Safety Sciences, R&D, AstraZeneca, Gothenburg, Sweden 
11 Biopharma Clinical Operations, Early CVRM, AstraZeneca, Cambridge, UK 
12 Department of Renal Medicine, University College London, London, UK 
13 Clinical Late Development, Cardiovascular, Renal and Metabolism, BioPharmaceuticals R&D, AstraZeneca, Gothenburg, Sweden 
Correspondence to: Hiddo J. L. Heerspink; E-mail: h.j.lambers.heerspink@umcg.nl 

Watch the video of this contribution at https://academic.oup.com/ndt/pages/author_videos 

ABSTRACT 

Background. Sodium–glucose co-transporter 2 inhibitors (SGLT2is) are part of the standard of care for patients with chronic kidney 
disease (CKD), both with and without type 2 diabetes. Endothelin A (ET A ) receptor antagonists have also been shown to slow pro- 
gression of CKD. Differing mechanisms of action of SGLT2 and ET A receptor antagonists may enhance efficacy. We outline a study 
to evaluate the effect of combination zibotentan/dapagliflozin versus dapagliflozin alone on albuminuria and estimated glomerular 
filtration rate (eGFR). 

Methods. We are conducting a double-blind, active-controlled, Phase 2b study to evaluate the efficacy and safety of ET A receptor 
antagonist zibotentan and SGLT2i dapagliflozin in a planned 415 adults with CKD (Zibotentan and Dapagliflozin for the Treatment of 
CKD; ZENITH-CKD). Participants are being randomized (1:2:2) to zibotentan 0.25 mg/dapagliflozin 10 mg once daily (QD), zibotentan 

1.5 mg/dapagliflozin 10 mg QD and dapagliflozin 10 mg QD alone, for 12 weeks followed by a 2-week off-treatment wash-out period. 
The primary endpoint is the change in log-transformed urinary albumin-to-creatinine ratio (UACR) from baseline to Week 12. Other 
outcomes include change in blood pressure from baseline to Week 12 and change in eGFR the study. The incidence of adverse events 
will be monitored. Study protocol–defined events of special interest include changes in fluid-related measures (weight gain or B-type 
natriuretic peptide). 

Results. A total of 447 patients were randomized and received treatment in placebo/dapagliflozin ( n = 177), zibotentan 

0.25 mg/dapagliflozin ( n = 91) and zibotentan 1.5 mg/dapagliflozin ( n = 179). The mean age was 62.8 years, 30.9% were female and 
68.2% were white. At baseline, the mean eGFR of the enrolled population was 46.7 mL/min/1.73 m 

2 and the geometric mean UACR 
was 538.3 mg/g. 

Conclusion. This study evaluates the UACR-lowering efficacy and safety of zibotentan with dapagliflozin as a potential new treatment 
for CKD. The study will provide information about an effective and safe zibotentan dose to be further investigated in a Phase 3 clinical 
outcome trial. 

Clinical Trial Registration Number: NCT04724837 

Keywords: chronic kidney disease, dapagliflozin, efficacy, safety, zibotentan 
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GRAPHICAL ABSTRACT 

KEY LEARNING POINTS 

What was known: 

• Sodium–glucose co-transporter 2 inhibitors (SGLT2is), including dapagliflozin, are used as an add-on therapy to angiotensin- 
converting enzyme inhibitors and angiotensin-receptor blockers for patients with chronic kidney disease (CKD).

• SGLT2is are part of the standard of care for patients with CKD and type 2 diabetes, and can exert diuretic effects.
• Zibotentan is an endothelin A receptor antagonist that can reduce albuminuria in patients with CKD and type 2 diabetes, and 

is also associated with an increased risk of fluid retention at high dose.

This study adds: 

• A combination of dapagliflozin and zibotentan may have a beneficially enhanced effect due to different mechanisms of action, 
and therefore could be a novel treatment option for CKD.

• The primary objective of the Zibotentan and Dapagliflozin for the Treatment of CKD (ZENITH-CKD) study is to evaluate the ability 
of combination zibotentan/dapagliflozin to reduce urinary albumin-to-creatinine ratio, compared with dapagliflozin alone.

• In this report, we describe the design of the Phase 2b ZENITH-CKD study and summarize the demographic and baseline char- 
acteristics of participants.

Potential impact: 

• The combination of zibotentan and dapagliflozin may offer greater therapeutic benefit for patients with CKD, compared with 
dapagliflozin alone.
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NTRODUCTION 

iabetes and hypertension are the main risk factors for the
evelopment of chronic kidney disease (CKD) [ 1 ]. Kidney fail-
re is the most obvious adverse outcome of CKD, but the dis-
ase is also associated with an increased risk of cardiovascular
vents [ 2 , 3 ]. 
c  
Angiotensin-converting enzyme (ACE) inhibitors and
ngiotensin-receptor blockers (ARBs) have been used as standard
f care (SoC) for CKD for many years; however, these drugs offer
ncomplete protection, and so there is an unmet need for new
reatment options [ 4 ]. 
Sodium–glucose co-transporter 2 inhibitors (SGLT2is) have re-

ently been included as an add-on to optimized SoC with ACE
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Figure 1: Effect of SGLT2is and ET A receptor antagonists in combination. 
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inhibitors and ARBs in treatment guidelines for patients with CKD
[ 5 ] and are now part of the SoC for patients with CKD with type 2
diabetes [ 6 ]. These agents decrease proximal tubule glucose and
sodium reabsorption, leading to natriuresis, osmotic diuresis and
a reduction in intra-glomerular pressure, which is associated with
a reduction in albuminuria [ 7 ]. This favourable effect in part ex-
plains the reduction in the risk of CKD progression and comorbidi-
ties observed in recent kidney outcome trials [ 8 –10 ]. Dapagliflozin
is a potent, selective and reversible SGLT2i that reduces kidney
failure and heart failure hospitalizations and prolongs survival in
patients with CKD with and without type 2 diabetes [ 11 –13 ]. 

Endothelial dysfunction, including an increased production of
the potent vasoconstrictor endothelin-1 (ET-1), contributes to car-
diorenal risk in patients with CKD [ 14 ], and therefore is a potential
therapeutic target. ET-1 signals through two receptors: endothelin
A (ET A ) and endothelin B (ET B ) [ 15 ]. Selective ET A antagonists are
attractive, since the ET B receptor works to clear circulating ET-1
via the lungs, whereas antagonizing the ET A receptor can lower
blood pressure, reduce fibrosis and decrease renal inflammation
[ 16 –18 ]. ET A receptor antagonists have also shown efficacy for re-
ducing albuminuria and the risk of kidney outcomes in patients
with type 2 diabetes and CKD [ 17 , 19 ], yet they are also associated
with fluid retention [ 20 , 21 ], and high doses of relatively unselec-
tive ET A receptor antagonists increase the risk of heart failure in
patients with diabetes and CKD [ 22 , 23 ]. 

As SGLT2is exert diuretic effects, and ET A receptor antago-
nists can increase fluid retention, the diuretic properties of SGLT2
inhibition could potentially abrogate fluid retention induced by
ET A blockade, whereas the albuminuria-lowering effects could be
enhanced, owing to the different mechanisms of action (Fig. 1 )
[ 24 ]. A small post hoc analysis of study of diabetic nephropathy
with atrasentan (SONAR) analysed combined treatment with the
ET A receptor antagonist atrasentan and an SGLT2i, which demon-
strated no increases in body weight—as a surrogate for fluid
retention—and enhanced albuminuria reduction after 6 weeks of
treatment [ 24 ]. 

The selective ET A receptor antagonist zibotentan was previ-
ously assessed as a treatment option for prostate cancer [ 25 ] and
is now under investigation as a treatment for CKD. The combi- 
nation of zibotentan and dapagliflozin represents a novel thera- 
peutic option for CKD, owing to different and potentially comple- 
mentary mechanisms of action. In an experimental rat study, we 
demonstrated that zibotentan-induced fluid retention was mit- 
igated with combined zibotentan/dapagliflozin treatment which 
suggests that adding dapagliflozin to zibotentan may be an ef- 
fective strategy to reduce fluid retention and maximize clinical 
utility of zibotentan [ 26 ]. Here, we report the design and baseline
characteristics of the Zibotentan and Dapagliflozin for the Treat- 
ment of CKD (ZENITH-CKD) trial. This trial evaluates combination 
zibotentan/dapagliflozin versus dapagliflozin alone, to assess the 
contribution of both components to the clinical benefit on kidney 
function and inform the appropriate zibotentan dose for further 
Phase 3 investigation. 

MATERIALS AND METHODS 

Study participants 
Eligible participants are males and females of non-childbearing 
potential aged 18 years or older, with a diagnosis of CKD defined
by an estimated glomerular filtration rate (eGFR) ≥20 mL/min/ 
1.73 m 

2 and urinary albumin-to-creatinine ratio (UACR) ≥150 and 
≤5000 mg albumin/g creatinine. Participants had no current or 
prior (within 1 month of enrolment) treatment with an SGLT2i or 
any fixed-dose combination with SGLT2i. All participants were re- 
quired to be receiving a stable dose of an ACE inhibitor or ARB
for at least 4 weeks before screening. However, participants with 
documented ACE inhibitor or ARB intolerance were allowed to 
participate. Key exclusion criteria included autosomal dominant 
or autosomal recessive polycystic kidney disease, acute coronary 
syndrome events within 3 months prior to screening, type 1 di-
abetes, unstable heart failure requiring hospitalization or B-type 
natriuretic peptide (BNP) ≥200 pg/mL or N-terminal-proBNP ≥600 
pg/mL (BNP ≥400 pg/mL or NT-proBNP ≥1200 pg/mL, respectively,
if associated with atrial fibrillation). Full inclusion and exclusion 
criteria are listed in Table 1 . 
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Table 1: Inclusion and exclusion criteria in ZENITH-CKD. 

Inclusion criteria 
Aged 18 years or older 
Diagnosis of CKD, defined as: 

eGFR ≥20 mL/min/1.73 m 

2 

UACR ≥150 and ≤5000 mg albumin/g creatinine based on a single first morning void spot urine sample at screening 
No current or prior medical treatment with: 

an SGLT2i, or any current fixed dose combination with SGLT2i (within 1 month of screening) 
cytotoxic/immunosuppressive therapy or other immunotherapy (within 6 months of screening) 

Body mass index ≤40 kg/m 

2 

Male or female of non-childbearing potential 
Capable of giving signed informed consent 

Exclusion criteria 
Evidence of medical conditions including: 

unstable, rapidly progressing renal disease or autosomal polycystic kidney disease 
acute coronary syndrome events within 3 months prior to screening 
unstable heart failure requiring hospitalization 
BNP ≥200 pg/mL or NT-proBNP ≥600 pg/mL (BNP ≥400 pg/mL or NT-proBNP) 
≥1200 pg/mL, respectively, if associated with atrial fibrillation) measured by local laboratory at screening 
heart failure owing to cardiomyopathies that would require other specific treatments 
uncontrolled diabetes (HbA1c > 12%) 
type 1 diabetes 
hyponatraemia, defined as serum Na + < 135 mmol/L at screening 
prolonged QT interval (QTcF > 470 ms) on ECG at screening or randomization 
cardiac surgery planned or within 3 months prior to screening 
heart transplantation 
kidney transplantation 
history of allergy/hypersensitivity to SGLT2is 
stroke, transient ischaemic attack, carotid surgery or carotid angioplasty within 3 months prior to screening 
active malignancy 
severe hepatic impairment at screening 
drug or alcohol abuse, current or within 12 months of screening 
positive hepatitis C antibody, hepatitis B virus surface antigen or HIV test 
confirmed COVID-19 infection by positive SARS-CoV-2 test at screening 

Participation in another clinical study with an investigational product administered in the last 3 months 
Involvement in the planning of the study 
Plasma donation within 1 month of the clinic visit, or any blood donation/loss > 500 mL during the 3 months prior to any visit at the clinic 

COVID-19: coronavirus disease 2019; ECG, electrocardiogram; HbA1c, glycated haemoglobin; HIV, human immunodeficiency virus; Na + , sodium; QT, QT interval; 
QTcF, QT interval corrected using Fridericia’s formula; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. 
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tudy design 

e are conducting a Phase 2b, multicentre, randomized, double-
lind, active-controlled, parallel-group dose-ranging study to as-
ess the efficacy, safety and tolerability of zibotentan and da-
agliflozin in participants with CKD (ZENITH-CKD). The study
s taking place across approximately 220 sites in North Amer-
ca, South America, Africa, Asia/Pacific and Europe. Under the
riginal study design, participants who met the eligibility crite-
ia were randomized to either Part A or Part B. In Part A, par-
icipants were randomized into four treatment arms: zibotentan
 mg/dapagliflozin 10 mg daily (QD), zibotentan 5 mg QD, da-
agliflozin 10 mg QD or placebo QD. In Part B, an additional co-
ort of eligible participants were randomized into six treatment
rms: the same four treatment arms as Part A, and two additional
reatment arms of zibotentan 0.25 mg/dapagliflozin 10 mg QD or
ibotentan 1.5 mg/dapagliflozin 10 mg QD. However, following an
d hoc safety review, a protocol amendment was implemented on
 April 2022. Owing to the rate of fluid-retention events in the zi-
otentan 5 mg QD and the zibotentan 5 mg/dapagliflozin 10 mg
D groups, randomization to these groups was closed. Addition-
lly, recent clinical guidelines establishing SGLT2is as SoC in the
anagement of CKD led to the closure of the placebo group [ 6 ]. As
 result, dapagliflozin 10 mg QD is used as the active comparator.
 planned 495 participants are being randomized into this study,
ncluding 106 participants randomized under the earlier study de-
ign before the most recent amendment; 415 are being random-
zed in a 1:2:2 allocation to zibotentan 0.25 mg/dapagliflozin 10 mg
D ( n = 83), zibotentan 1.5 mg/dapagliflozin 10 mg QD ( n = 166)
nd dapagliflozin 10 mg QD ( n = 166). 
Participants meeting the eligibility criteria are randomized to

2 weeks of treatment and 2 weeks of follow-up assessments
Fig. 2 ). The total duration of the study is approximately 17–
9 weeks for each participant, including a screening period of
 weeks. All participants are centrally assigned to randomized,
linded study intervention on a background of SoC, and treat-
ents are administered in the clinic at scheduled visits, or at
ome. Participants have no current or prior (within 1 month of
reatment) treatment with an SGLT2i or any fixed-dose combina-
ion with SGLT2i. Any prescribed SoC treatments for CKD (ACE
nhibitors, ARBs, mineralocorticoid receptor agonists) should have
een stable for at least 4 weeks prior to screening and remain sta-
le for the duration of the study. At randomization, participants
re stratified by diabetes status and baseline estimated glomeru-
ar filtration rate (eGFR) ( ≤45 versus > 45 mL/min/1.73 m 

2 ).
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Figure 2: ZENITH-CKD study design. a Following an ad hoc safety review, a protocol amendment was implemented on 5 April 2022. Owing to the rate of 
fluid-retention events in the zibotentan 5 mg QD and the zibotentan 5 mg/dapagliflozin 10 mg QD groups, randomization to these groups was closed. 
DAPA, dapagliflozin; R, randomization; ZIBO, zibotentan. 
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andomization in each stratum is monitored to ensure the
on-diabetic CKD subpopulation is a minimum of 30% and a
aximum of 50% of the total number of participants randomized.
To ensure blinding to treatment and zibotentan dose, daily dos-

ng for all participants consists of two dose units, one dapagliflozin
ablet, containing dapagliflozin 10 mg, and one capsule containing
ibotentan 0.25 mg, zibotentan 1.5 mg or placebo. When 50% of
articipants have completed 6 weeks of treatment, a pre-specified
nterim analysis will be performed; a second interim analysis will
e performed when 100% of participants have completed 6 weeks
f treatment or at a time selected by the sponsor/percentage of
articipants with a planned Week 6 visit before data cut selected
y the sponsor. 

bjectives, endpoints and assessments 
he primary objective is to evaluate the effect of zibotentan
.5 mg/dapagliflozin 10 mg versus dapagliflozin alone on UACR,
nd the primary endpoint is the change in log-transformed UACR
rom baseline to Week 12. Urine samples to determine albumin
nd creatinine levels, and subsequently calculate UACR, are col-
ected at multiple timepoints over the course of the study. 
Secondary endpoints include the change from baseline

o Week 12 in log-transformed UACR for the zibotentan
.25 mg/dapagliflozin 10 mg group versus dapagliflozin alone
omparison, and the change from baseline to Week 12 in of-
ce systolic and diastolic blood pressure, the change from base-
ine in eGFR at Weeks 1, 12 and 14, and from Week 1 to Week
2 in the zibotentan 0.25 mg/dapagliflozin 10 mg and ziboten-
an 1.5 mg/dapagliflozin 10 mg groups versus dapagliflozin alone.
lood pressure is measured at every clinic visit over the course
f the study. eGFR is calculated based on serum creatinine lev-
ls using the Chronic Kidney Disease Epidemiology Collaboration
quation [ 27 ]. 
The exploratory endpoints include change in body weight up

o Visit 8, changes in cardiovascular biomarkers at all visits,
hanges in total body water, extracellular water and intracel-
ular water volumes using bioimpedance spectroscopy (Imped-
Med SOZO Body Composition Analyser) at all visits from base-
ine, and plasma concentrations of zibotentan metabolites at Visit
. Plasma samples for pharmacokinetic analysis are collected at
eeks 1, 3, 6, 9 and 12. Participants measure their body weight at
ome each morning, using provided digital scales, and plasma or
erum samples are collected to assess the effect of zibotentan and
apagliflozin on cardiovascular biomarkers. Quantifications of ET-
, C-terminal pro-endothelin 1 (CT-proET-1) and endothelin-like
omain peptide (ELDP) are assessed at baseline and during follow-
p. To monitor body fluid volumes, bioimpedance spectroscopy is
erformed at all visits from baseline to follow-up [ 28 ]. 
Safety analyses include assessment of adverse events (AEs), vi-

al signs, clinical laboratory tests, 12-lead electrocardiogram, and
ther events of special interest such as changes in fluid-related
easures (body weight or BNP) (Table 2 ). AEs are collected from

he first dose of study drug, throughout the interventional period
ncluding follow-up, and serious AEs are collected from the time
f informed consent. Any AEs that are unresolved at the last AE
ssessment or other assessment/visit in the study are followed
p by the investigator for as long as medically indicated. Labora-
ory safety variables (Table 3 ) are assessed at screening, through-
ut the interventional period and at follow-up. As zibotentan is
ssociated with an increased risk of fluid retention [ 25 ], any par-
icipant who experiences a > 3% increase in body weight ( ≥2.5%
s total body water measured by bioimpedance) from the start
f treatment or who has BNP increase > 100% from baseline and
s > 200 pg/mL without atrial fibrillation, or BNP increase > 100%
rom baseline and is > 400 pg/mL with atrial fibrillation, will be
agged as a participant with an event of special interest. 

ationale for treatment assignment 
ibotentan dose selection was informed by an exposure UACR-
esponse model of clinical data from another ET A receptor an-
agonist, atrasentan [ 29 , 30 ]. Zibotentan was studied at a dose
f 10 mg in the previous oncology programme, but as ziboten-
an exposure is known to increase with decreasing renal func-
ion (in severe renal impairment, the area under the curve is 2.17-
old higher than in healthy controls) [ 31 ], the studied zibotentan
ange did not extend above 5 mg. Zibotentan 5 mg was predicted
o achieve a close-to-maximal UACR response. Zibotentan 1.5 mg
as predicted to give a clinically meaningful UACR response, and
ibotentan 0.25 mg was predicted to lie at the lower end of the
xposure–response curve. 

oncomitant therapy 

ll concomitant medications taken during the study are recorded
long with indication for use. Participants taking SGLT2is, di-
ect renin inhibitors, ciclosporin/tacrolimus, strong or moder-
te cytochrome P450 3A4 inhibitors or inducers, or cytotoxic/
mmunosuppressive therapies are excluded from the study.
edications that can induce hypoglycaemia, including insulin
nd sulfonylurea, are permitted, but participants may need to
educe the amount administered. 

tatistical considerations 
tatistical hypotheses 
he primary hypothesis tested in this study is that zibotentan
.5 mg/dapagliflozin 10 mg will reduce UACR compared with da-
agliflozin alone. The secondary hypothesis tested is that ziboten-
an 0.25 mg/dapagliflozin 10 mg will reduce UACR compared with
apagliflozin alone. 

ample size 
ith a one-sided type I error rate of 5%, assuming a 10%
rop-out rate, 150 evaluable participants in the zibotentan
.5 mg/dapagliflozin 10 mg group and dapagliflozin 10 mg group
300 participants in total) will have approximately 80% power to
etect a dapagliflozin-corrected UACR reduction of ≥25% assum-
ng a standard deviation of 1.0 on the natural log-scale, whereas
n participants with CKD and diabetes, which is expected to be
bout 70% of the total population, the power to detect the same
eduction is estimated to be 67%. For the dose–response mod-
ls, a sample size of 150 evaluable participants in the zibotentan
.5 mg/dapagliflozin 10 mg and dapagliflozin 10 mg groups, and
7 evaluable participants in the zibotentan 0.25 mg/dapagliflozin
0 mg group will have at least 78% power across multiple dose–
esponse models to detect dose–response significance. This as-
umes a one-sided type I error of 5% and a maximum UACR re-
uction of 25% for zibotentan 1.5 mg/dapagliflozin 10 mg rela-
ive to dapagliflozin alone. Participants are considered evaluable
f they have received at least one dose of study intervention, have
 baseline UACR and have at least one post-treatment UACR result
vailable. 
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Table 2: Collection of data during ZENITH-CKD. 

S
cr
ee

n
in
g 

Dosing Fo
ll
ow

-u
p
 

Week: –4 0 1 3 6 9 12 14 

Procedures 
Informed consent, demography 

√ 

Inclusion and exclusion criteria 
√ √ 

Screening in IRT/RTSM 

√ 

Randomization in IRT/RTSM 

√ 

Physical exam 

√ √ √ √ √ √ √ √ 

Medical and surgical history 
√ 

Serology 
√ 

FSH/LH 

√ 

SARS-CoV-2 local test 
√ 

Concomitant medication 
√ √ √ √ √ √ √ √ 

Study intervention dispensed 
√ √ √ √ 

Study intervention account 
√ √ √ √ 

Study intervention intake at the clinic 
√ √ √ 

Assessments 
Spot urine from first morning void: albumin and creatinine 

√ 

Spot urine from first morning void over three consecutive days: 
albumin and creatinine 

√ √ √ √ √ √ 

Spot urine from first morning void: Na + , K + , uric acid, urea, 
glucose, creatinine, osmolality and cortisol 

√ √ √ √ √ √ 

Body weight 
√ √ √ √ √ √ √ √ 

Echocardiography 
√ √ 

Bioimpedance spectroscopy 
√ √ √ √ √ √ √ 

Daily digital body weight measurement (home-based) Daily from (2 days before) randomization to end of follow-up 
Plasma/serum K + , Na + , uric acid, BUN, fasting plasma glucose, 
cystatin C, haematocrit, haemoglobin, ET-1, ELDP, CT-proET-1, 
copeptin, NT-proBNP and BNP 

√ √ √ √ √ √ √ 

Adverse event review 

√ a √ √ √ √ √ √ √ 

Vital signs 
√ √ √ √ √ √ √ √ 

Digital 12-lead safety ECG 
√ √ √ √ √ √ √ √ 

Clinical chemistry and haematology 
√ √ √ √ √ √ √ √ 

Urinalysis 
√ √ √ √ √ 

HbA1c, cholesterol and lipids 
√ √ √ √ 

Post-dose PK plasma sample 
√ √ √ 

4-h PK blood sample profile 
√ 

Pre-dose PK sample 
√ 

Exploratory metabolite evaluation 
√ 

Collect and store serum, plasma, and urine samples for 
exploratory assessment of biomarkers 

√ √ √ √ √ √ 

Optional genetic sampling (blood) 
√ 

a Serious adverse events only. 
BUN, blood urea nitrogen; ECG, electrocardiogram; FSH, follicle-stimulating hormone; HbA1c, glycated haemoglobin; IRT, interactive response technology; K + , 
potassium; LH, luteinizing hormone; Na + , sodium; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PK, pharmacokinetic; RTSM, randomization and trial 
supply management; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. 
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Statistical analyses 
Demographic baseline characteristics and efficacy data are anal-
ysed in the full analysis set (FAS), defined as all participants who
are randomized and receive any study intervention. Participants
in the FAS will be evaluated according to the arm to which they
are randomized. Safety data are analyzed in the safety analysis set
(SAS), defined as all participants who are randomized and receive
any study intervention. Participants in the SAS will be evaluated
according to the actual treatment they received. To assess the pri-
mary endpoint, UACR will be log-transformed, as it is assumed
to follow a log-normal distribution. Analysis will be via a mixed-
model repeated-measures (MMRM) method, with values back-
transformed onto the original scale to give the geometric mean
relative change from baseline to Week 12. The analysis model 
will include the fixed categorical effects of stratification factor,
Study protocol version (Amendment 2 versus pre-Amendment 2),
treatment, visit and treatment-by-visit interaction, plus the con- 
tinuous covariates of baseline log(UACR) and baseline log(UACR)- 
by-visit interaction. An unstructured covariance structure will be 
used for the within-participant errors. No imputation for miss- 
ing UACR values will be performed for the primary efficacy 
analysis. 

A similar MMRM model will be utilized for the secondary end- 
point of change from baseline to Week 12 in UACR for ziboten-
tan 0.25 mg/dapagliflozin 10 mg versus dapagliflozin alone. The 
dose–response relationship between different doses of zibotentan 
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Table 3: Clinical laboratory tests performed in ZENITH-CKD. 

Haematology Clinical chemistry Urinalysis Serology Other 

• White blood cell count • Serum sodium • Glucose • Hepatitis B virus surface antigen • Cystatin C 
• Red blood cell count 
• Haemoglobin 
• Haematocrit 

• Serum potassium 

• Serum urea 
• BUN 

• Erythrocytes 
• Protein 
• Albumin 

• Hepatitis C antibodies 
• HIV 

• Test for SARS-CoV-2 (at 
screening) 

• FSH and LH (women 
only, at screening) 

• Serum pregnancy test 
(women only, at 
screening) 

• Neutrophils (absolute) • Serum creatinine • Creatinine 
• Lymphocytes (absolute) • eGFR 
• Monocytes (absolute) • Uric acid 
• Eosinophils (absolute) • Albumin 
• Basophils (absolute) • Calcium 

• Platelets • Phosphate 
• International normalised ratio • Alkaline phosphatase 

• Alanine aminotransferase 
• Aspartate aminotransferase 
• Total bilirubin 
• Creatine kinase 
• Chloride 
• Magnesium 

• Fasting glucose 
• Fasting HbA1c 
• Fasting cholesterol and lipids 

BUN, blood urea nitrogen; FSH, follicle-stimulating hormone; HbA1c, glycated haemoglobin; HIV, human immunodeficiency virus; LH, luteinizing hormone; SARS- 
CoV-2, severe acute respiratory syndrome coronavirus 2. 

i  

b  

p  

f  

e  

s  

a  

f
 

s  

p  

b  

t  

p  

t  

p  

p  

e

E
E
Z  

d  

n  

G
G  

r  

a  

a  

m  

b  

a  

f  

s  

t

D
T  

A  

a
a  

w  

o  

a  

s

R
B
B  

w  

O  

t  

p  

w  

0  

(  

t
 

m  

o  

b  

c  

4  

m

D
Z  

t  

S  

a  

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/advance-article/doi/10.1093/ndt/gfad183/7251512 by KIM

 H
ohenheim

 user on 07 N
ovem

ber 2023
n combination with dapagliflozin 10 mg and UACR reduction will
e characterized by assessing the UACR reduction analyzed in the
rimary objective and first secondary objective. To select the dose
or future studies, additional dose– and exposure–response mod-
ls, and modelling of safety events will be performed based on
ubject-level data. To analyse changes in blood pressure and eGFR,
n analysis of covariance will be used, adjusting for stratification
actors, treatment arm and baseline. 
For the exploratory endpoints of body weight changes in re-

ponse to different doses of zibotentan/dapagliflozin versus da-
agliflozin alone and changes in body fluid volume, summaries
y treatment arm will be produced to show distribution over
ime. Safety analyses will also be summarized descriptively and
resented by treatment arm. The dose–response for the reduc-
ion in UACR, as a function of zibotentan dose on top of da-
agliflozin, will be modelled using the mixed models for re-
eated measures (DR-MMRM) method as described by Wellhagen
t al . [ 32 ]. 

thics and dissemination 

thics 
ENITH-CKD is conducted in accordance with ethical principles
erived from the Declaration of Helsinki and Council for Inter-
ational Organisations of Medical Sciences International Ethical
uidelines, applicable International Council for Harmonisation 
ood Publication Practice Guidelines, and applicable laws and
egulations. Before the study was initiated, the protocol, protocol
mendments, informed consent and other forms were reviewed
nd approved by a local independent review board/ethics com-
ittee. All study participants provide written informed consent
efore undergoing any study-specific procedures, and any who
re re-screened will be required to sign a new informed consent
orm. All participants are informed that their participation in the
tudy is voluntary, and they may withdraw their consent at any
ime. 
issemination 
he study is reported on ClinicalTrials.gov (NCT04724837).
 description of the study is available at https://
strazenecagrouptrials.pharmacm.com/ST/Submission/Search 
nd http://www.clinicaltrials.gov . A summary of the main results
ill also be included when available. The study and summary
f main findings may also be made available on other websites
ccording to the regulations of the countries in which the main
tudy is conducted. 

ESULTS 

aseline characteristics of participants 
etween 28 April 2021 and 17 January 2023, 1492 participants
ere assessed for eligibility of whom 525 were randomized.
verall, 76 participants were randomized in Part A or discon-
inued arms to zibotentan 5 mg, zibotentan 5 mg/dapagliflozin,
lacebo/dapagliflozin or placebo. A further 447 participants
ere randomized and received treatment in zibotentan
.25 mg/dapagliflozin ( n = 91), zibotentan 1.5 mg/dapagliflozin
 n = 179) or placebo/dapagliflozin ( n = 177). The baseline charac-
eristics of these 447 participants are shown in Table 4 . 
The mean age at baseline was 62.8 years, 138 (30.9%) were fe-
ale and 305 (68.2%) were white. The most common aetiology
f CKD was type 2 diabetes and CKD [ n = 225 (50.4%)] followed
y ischaemic/hypertensive nephrosclerosis [ n = 82 (18.4%)] and
hronic glomerulonephritis [ n = 55 (12.3%)]. The mean eGFR was
6.7 mL/min/1.73 m 

2 , geometric mean UACR was 538.3 mg/g and
ean systolic/diastolic blood pressure was 136.9/79.5 mmHg. 

ISCUSSION 

ENITH-CKD is the first clinical trial to evaluate the efficacy of
he ET A receptor antagonist zibotentan in combination with the
GLT2i dapagliflozin in participants with CKD. Both ET A receptor
ntagonists and SGLT2is, including dapagliflozin, are effective for

https://astrazenecagrouptrials.pharmacm.com/ST/Submission/Search
http://www.clinicaltrials.gov
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Table 4: Baseline demographic and disease characteristics. 

Characteristic 
Total 

(N = 447) 

Age, years; mean (SD) 62.8 (12.1) 
Female sex; n (%) 138 (30.9) 
Race; n (%) 
Asian 70 (15.7) 
Black or African American 46 (10.3) 
Native Hawaiian or Other Pacific Islander 2 (0.4) 
White 305 (68.2) 
Other 24 (5.4) 

Weight, kg; mean (SD) 85.3 (17.3) 
BMI, kg/m 

2 ; mean (SD) 30.0 (5.16) 
Current nicotine user; n (%) 59 (13.2) 
Blood pressure, mmHg; mean (SD) 
Systolic 136.9 (17.0) 
Diastolic 79.5 (9.8) 

eGFR, mL/min/1.73 m 

2 ; mean (SD) 46.7 (22.4) 
eGFR ≥60 mL/min/1·73 m2 – n (%) 99 (22.1) 
eGFR 45 to < 60 mL/min/1·73 m2 – n (%) 87 (19.5) 
eGFR 30 to < 45 mL/min/1·73 m2 – n (%) 151 (33.8) 
eGFR < 30 mL/min/1·73 m2 – n (%) 110 (24.6) 

Median UACR (Q1–Q3) 565.5 
(243.0-1212.6) 

UACR > 1000 mg/g; n (%) 145 (32.4) 
Type 2 diabetes diagnosis; n (%) 261 (58.4) 
CKD aetiology; n (%) 
Cystic kidney disease 4 (0.9) 
Type 2 diabetes and CKD 225 (50.4) 
Ischaemic/Hypertensive nephropathy 82 (18.4) 
Chronic glomerulonephritis 55 (12.3) 

IgA 19 (4.3) 
Others 36 (8.1) 

Unknown 43 (9.6) 
Other 37 (8.3) 

Family history of cardiovascular disease; n (%) 88 (19.7) 
Heart failure, n (%) 31 (6.9) 
Prior medication; n (%) 
ACE inhibitor 147 (32.9) 
ARB 242 (54.1) 
Diuretic 172 (38.5) 
Calcium Channel Blocker 226 (50.6) 
β-blocker 164 (36.7) 
Statin 315 (70.5) 

Data are from the FAS. 
a UACR inclusion criteria for the study is 150–5000 mg/g at screening; a partici- 
pant could be outside this at baseline and still be allowed to participate. 
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor 
blocker; BMI, body mass index; BNP, B-type natriuretic peptide; CI, confidence 
interval; CKD, chronic kidney disease; eGFR, estimated glomerular filtration 
rate; FAS, full analysis set; MRA, mineralocorticoid receptor antagonists; Q1, 
1 st quartile; Q3, 3 rd quartile; SD, standard deviation; UACR, urinary albumin- 
to-creatinine ratio. 
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CKD, as demonstrated in dedicated kidney outcome trials [ 8 , 11 ].
Owing to their different mechanisms of action targeting both key
pathophysiological pathways involved in CKD progression, com-
bining both drug classes may confer enhanced effects. 

Dapagliflozin acts on the proximal convoluted tubule and
thus facilitates glucosuria, which is associated with diuretic-
like effects demonstrated by reductions in 24-h blood pressure,
body weight, GFR and plasma volume [ 7 , 33 –35 ]. Despite its po-
tent albuminuria-lowering effect, residual severe albuminuria re-
mains present in a substantial number of people following SGLT2
inhibition, which is independently associated with a higher risk
of kidney failure and cardiovascular outcomes [ 36 ]. Consequently,
zibotentan may add to the nephroprotective effects offered by da- 
pagliflozin, as ET A receptor antagonists can significantly reduce 
albuminuria when given in combination with, or on top of, an 
SGLT2i [ 24 , 37 ]. On the other hand, high doses of the relatively
non-selective ET A receptor antagonist avosentan resulted in se- 
vere fluid retention, which was associated with congestive heart 
failure and cardiovascular death in a previous trial in patients 
with diabetic kidney disease [ 22 ]. This trial highlighted the im-
portance of careful dose selection, not only focusing on optimal 
albuminuria reduction, but also considering drug-related adverse 
outcomes, in particular sodium retention and oedema. Dose se- 
lection, considering both efficacy and safety outcomes, therefore,
is a key element of the ZENITH-CKD study. Importantly, a previ-
ous study with atrasentan indicated that the dose–response curve 
of fluid retention may be shifted to the right compared with the
UACR dose–response, suggesting that it is possible to select a dose 
with high UACR efficacy and minimal fluid retention [ 38 ]. A fur-
ther strategy to minimize the risk of sodium retention and ad- 
verse outcomes is to use a selective ET A receptor antagonist. Zi-
botentan is a selective ET A receptor antagonist demonstrating a 
> 100 000-fold greater selectivity for ET A than ET B and, therefore,
is more selective for ET A than avosentan [ 39 ]. In addition, owing
to the mild diuretic effects of dapagliflozin, ZENITH-CKD will as- 
sess combined treatment of zibotentan with dapagliflozin to fur- 
ther reduce potential risks of sodium retention and oedema, and 
maximize clinical applicability. Indeed, an experimental study in 
a rat model demonstrated that adding dapagliflozin to high-dose 
zibotentan reduced zibotentan-induced fluid retention [ 26 ]. 

In the current study, the efficacy of zibotentan and da- 
pagliflozin will be assessed by changes in UACR, which is a key
marker of kidney health and predictor of kidney disease out- 
comes, previously established as a potential surrogate endpoint 
for kidney outcomes in clinical trials [ 40 ]. A pre-specified analysis
from the SONAR trial with the ET A receptor antagonist atrasentan 
reported that larger reductions in albuminuria during treatment 
with atrasentan were associated with a lower risk of kidney fail- 
ure [ 41 ]. These data support a role for albuminuria as a surrogate
endpoint for kidney failure during treatment with ET A receptor 
antagonists. 

The ZENITH-CKD trial enrolled participants at high risk of CKD 

progression as reflected by the low eGFR and high UACR levels.
The majority of participants had diabetic nephropathy, followed 
by ischaemic/hypertensive nephropathy and chronic glomeru- 
lonephritis. Compared with the dapagliflozin and prevention of 
adverse outcomes in chronic kidney disease (DAPA-CKD) trial,
which assessed the efficacy and safety of dapagliflozin in patients 
with CKD with and without type 2 diabetes [ 11 , 42 ], participants
in the ZENITH trial were more likely to have other types of CKD
than diabetic nephropathy. In contrast to the SONAR trial, which 
assessed the efficacy and safety of the ERA atrasentan in par- 
ticipants with type 2 diabetes and CKD, ZENITH-CKD enrolled a 
broader cohort of patients with various CKD aetiologies. More- 
over, all participants in the SONAR trial had macroalbuminuria 
whereas in our study participants also had microalbuminuria [ 19 ].
The study of the effect and safety of sparsentan in the treat-
ment of patients with IgA nephropathy (PROTECT) trial demon- 
strated the albuminuria-lowering effect of the dual endothelin 
angiotensin receptor inhibitor sparsentan in patients with im- 
munoglobulin A nephropathy [ 43 ]. ZENITH enrolled a more het-
erogeneous population which allows exploration of the efficacy 
and safety of dapagliflozin/zibotentan in various aetiologies of 
CKD. 
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The strengths of this study include the larger sample size than
revious dose-finding studies with ET A antagonists in kidney dis-
ase [ 17 , 44 ]. Furthermore, the range of doses of zibotentan stud-
ed affords the opportunity to optimize the efficacy of albuminuria
eduction with the risk of fluid retention and related complica-
ions. A limitation of this study is the lack of true GFR measure-
ents to assess haemodynamic effects of zibotentan alone and in
ombination; however, this will be explored in a dedicated mech-
nistic study (NCT05570305). Other limitations include the rela-
ively short duration, which means that long-term efficacy and
afety cannot be addressed, although the follow-up period is suf-
cient to capture UACR and fluid-retention effects. 
Overall, this study evaluates zibotentan as a treatment for CKD

hrough combination with dapagliflozin. This study will provide
nformation about the safety as combination treatment and iden-
ify an effective zibotentan dose to progress to a full Phase 3 trial
o evaluate if zibotentan is efficacious. The design of the ZENITH-
KD study will identify whether there is any greater therapeutic
enefit for CKD patients of treatment with zibotentan in combi-
ation with dapagliflozin rather than treatment with dapagliflozin
lone. 
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