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Abstract

Background and Objective Zibotentan, a selective endothelin A receptor antagonist, is in development for chronic liver and
kidney disease. The pharmacokinetics (PK) of zibotentan were previously investigated in patients with either renal impair-
ment or hepatic impairment, but the impact of both pathologies on PK was not evaluated. This study evaluated the PK and
tolerability of a single oral dose of zibotentan in participants with concurrent moderate renal impairment and moderate
hepatic impairment versus control participants.

Methods Twelve participants with moderate renal and hepatic impairment and 11 healthy matched control participants with
no clinically significant liver or kidney disease were enrolled in an open-label, parallel-group study design. After administra-
tion of a single oral dose of zibotentan 5 mg, blood and urine sampling was performed. Pharmacokinetic parameters were
determined for each of the two cohorts and compared. Comparisons between the cohorts were based on the geometric least
squares mean ratio for the primary endpoints, which were area under the plasma concentration-time curve (AUC) from time
zero to infinity (AUC,,) and from time zero to the time of the last measurable concentration (AUC,,), and maximum plasma
drug concentration (C,,,,) on Day 1 through 120 h post-dose. Secondary endpoints included apparent total body clearance
(CL/F) on Day 1 through 120 h post-dose. Safety endpoints were assessed up to discharge.

Results In total, 11 participants with concurrent moderate renal and hepatic impairment, and 11 controls, completed the
study. Zibotentan was generally well tolerated, and no new clinically significant safety findings were observed. Total expo-
sure (AUC_, and AUC,, ) was approximately 2.10-fold higher in participants with concurrent moderate renal and hepatic
impairment versus controls, while C,,, and total nonrenal body clearance were similar among all groups. A regression-
based post hoc analysis, comparing exposure and CL/F in patients with concurrent impairment to patients with either renal
or hepatic impairment alone, showed that CL/F with concurrent impairment was approximately half of that in controls and
was positively correlated with reduction of renal function. Inclusion of the data on concurrent moderate renal and hepatic
impairment in the regression analysis led to a narrower confidence interval for the predicted mean CL/F in participants with
moderate hepatic impairment.

Conclusion The presented findings advance the understanding of the PK of zibotentan in both renal impairment and hepatic
impairment, with and without overlapping pathologies, and will thus increase the confidence of dose selection in future
studies, particularly in vulnerable patient populations with concurrent renal and hepatic impairment.

Trial Registration ClinicalTrials.gov identifier: NCT05112419.
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After taking a single dose of the drug zibotentan, in
patients with both kidney and liver disease, the body
removed the drug approximately half as fast as in healthy
people, so that approximately double the levels of the
drug were found within their blood.

These findings support the development of zibotentan in
patients with both kidney and liver disease by providing
important information that will help to decide whether
some patients require a lower dose.

1 Introduction

Liver cirrhosis represents a substantial health burden, with
the number of deaths and disability-adjusted life years as
well as the proportion of all global deaths due to cirrhosis
increasing since 1990 [1]. Liver cirrhosis is initially
described as ‘compensated’, which progressively worsens
as portal pressure increases and liver function decreases.
Clinically significant portal hypertension increases the
risk for decompensation events including ascites, variceal
bleeding, encephalopathy and associated complications,
such as renal impairment (i.e., acute kidney injury/
hepatorenal syndrome) [2, 3]. In addition to acute episodes
of impaired renal function, there is also an increased risk of
developing chronic kidney disease among patients with liver
cirrhosis [4], which further increases the risk of morbidity
and mortality [4-6]. Preventing cirrhosis progression by
targeting pathological changes, such as fibrosis and portal
hypertension, represents an attractive treatment strategy;
however, this remains an unmet need in patients with
cirrhosis [7].

Patients with liver cirrhosis have elevated circulating
levels of endothelin-1 [8], a potent vasoconstrictor with
effects mediated through binding to the endothelin A
(ET,) receptor [9, 10]. A single oral dose of a selective
ET, receptor antagonist has been shown to decrease the
hepatic venous pressure gradient in patients with cirrhosis
without affecting systemic haemodynamics [11], suggesting
that ET, receptor antagonism reduces portal pressure by
reducing hepatic vasoconstriction. Zibotentan is a selective
ET, receptor antagonist originally studied as a treatment
for cancer [12—-14] and currently under development as a
combination therapy with dapaglifiozin for chronic kidney
disease [15] and liver cirrhosis with features of clinically
significant portal hypertension. Fluid retention remains a
tolerability and safety concern with ET, receptor antagonists
[16, 17], including zibotentan [12, 18]. Dapagliflozin, a
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sodium-glucose cotransporter 2 inhibitor, may mitigate
the fluid retention risk associated with zibotentan [19-21].
Additionally, both dapagliflozin and ET, antagonists have
evidence of fibrosis progression attenuation [22, 23].

The plasma clearance of zibotentan is impacted by both
metabolism and renal excretion [24]. Zibotentan metabolism
was found to be mainly mediated by the CYP3A4 isozyme
[25]. Elimination of zibotentan and its metabolites occurs
predominantly renally, with approximately 58% of the
parent compound being eliminated unchanged in the
urine [24]. The pharmacokinetics (PK) of zibotentan
have previously been investigated in two separate studies
in patients with either hepatic or renal impairment [26].
In these populations, exposure, as evaluated by the area
under the plasma concentration curve [AUC] from time
zero to infinity [AUC_ ], was increased by up to 2.9-fold
for hepatic impairment and 2.2-fold for renal impairment,
compared with healthy participants. Exposure was greater in
patients with higher degrees of hepatic or renal impairment
due to slower clearance of zibotentan. No study to date has
investigated the PK of zibotentan in patients with concurrent
renal and hepatic impairment and the implications of PK
in these overlying pathologies. Concurrent moderate renal
and moderate hepatic impairment (as opposed to severe
impairment) was selected for this study as it was anticipated
to affect parts of the clinical target population, while patients
with—e.g., concurrent severe renal and severe hepatic
impairment—were regarded as too ill to be included into
the clinical programme.

The aim of this study was to evaluate the PK and
tolerability of zibotentan in patients with concurrent
moderate renal and moderate hepatic impairment compared
with a group of healthy matched controls. In addition, this
study aimed to compare these findings with data from
patients with either hepatic or renal impairment alone [26]
in a post hoc analysis.

2 Methods
2.1 Study Design

This was an open-label, parallel-group study
(NCTO05112419) conducted at a single centre in Bulgaria
from 10 November to 15 December 2021 in which partici-
pants received a single oral dose of zibotentan 5 mg (Fig. 1).
This dose was selected to be lower than the 10 mg used in
the previous separate renal impairment and hepatic impair-
ment studies [26], since an exposure increase was to be
expected, and creating particularly high exposures was not
required for this PK analysis. Food intake has been found to

decrease zibotentan C,,,,, which is not considered clinically
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Fig. 1 Study design. n number
of participants, PK pharmacoki-
netic

Screening period
Day -28 to Day -2

Informed consent
Day -28 to Day -2

relevant but may when not standardised increase variabil-
ity of PK; participants were therefore fasted from midnight
prior to dosing until 4 h after dosing and not allowed fluids
except water from 1 h prior to dosing until 2 h after dosing;
meals were standardised and given at scheduled timepoints
during the first 24 h after dosing.

The study consisted of 2 cohorts: 12 participants with
moderate renal and hepatic impairment in the first cohort
and 11 healthy participants in the second cohort, who were
matched for age (+ 10 years), sex and body mass index (BMI)
(£ 20%) on a group level to participants with impairment.
Following a screening period of < 28 days, participants were
admitted to the study centre for a residential period of 8
days, from 2 days before administration of zibotentan (Day
— 2) to discharge after their final study assessments, 120 h
post-dose (Day 6).

Pharmacokinetic blood sampling was performed pre-dose
and at post-dose intervals ranging from 30 minutes to 120
h. Pharmacokinetic urine sampling was performed at 0-6 h,
6-12 h and subsequent 12-h intervals from 12 to 72 h post-
dosing, with the sample volume recorded. Plasma and urine
samples were received frozen and stored at — 60 to — 80 °C
until analysis.

This study was conducted in accordance with the ethical
principles of the Declaration of Helsinki, consistent with
the International Conference on Harmonisation Guideline
for Good Clinical Practice and applicable regulatory
requirements, and all participants provided written informed
consent prior to enrolment. The study protocol and informed
consent documents were approved by the local Independent
Ethics Committee.

2.2 Participants
2.2.1 Eligibility Criteria

Females of non-childbearing potential and males aged 18-80
years with a body weight > 50 kg and BMI 18-35 kg/m?

Residential period of 8 days
Day -2 to Day 6 (120 hours post-dose)

Participants with hepatic and renal impairment

Single oral dose of zibotentan 5 mg (Cohort 1, n=12)

Matched healthy control participants

Single oral dose of zibotentan 5 mg (Cohort 2, n=11)

e PK:Day 1 (pre-dose) to 120 hours post-dose
e Tolerability and safety: Day -1 to final assessments
at discharge (Day 6 or 120 hours post-dose)

were enrolled. Full inclusion and exclusion criteria are
provided in the Supplementary Methods.

Specific inclusion criteria for participants with
impairment were as follows: estimated glomerular filtration
rate (éGFR) of 3045 mL/min/1.73 m? at screening (rather
than 30-59 mL/min/1.73 m? to prevent inclusion of patients
with mild-to-moderate renal impairment), using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)
formula; confirmed clinical diagnosis of cirrhosis with
either ascites or moderate hepatic impairment, classified as
Child—Pugh score of class B; and stable hepatic impairment
within 28 days prior to screening.

Participants with impairment were excluded for presence
of unstable medical or psychological conditions; fluctuating
or rapidly deteriorating hepatic function, as indicated by
clinical and/or laboratory signs, within 28 days prior to
dosing; severe hepatic impairment (Child—Pugh score of
class C), an isolated aspartate transaminase (AST) or alanine
transaminase (ALT) > 5 X the upper limit of normal (ULN),
total bilirubin >2 X ULN or a concurrent AST and ALT of
> 3 x the ULN together with a total bilirubin of >2 x ULN;
acute liver disease caused by drug toxicity or an infection;
presence of hepatocellular carcinoma; planned liver or renal
transplantation < 3 months; receiving renal replacement
therapy; recent acute or subacute deterioration of renal
function; New York Heart Failure Association functional
heart failure Class III/IV or unstable heart failure < 6
months prior to screening; abnormal resting supine systolic
or diastolic blood pressure; and change in dose of medically
required medication < 14 days prior to dosing.

Healthy controls included participants who were overtly
healthy as determined by medical evaluation including
medical history, physical examination and clinical laboratory
tests, who had an eGFR of > 90 mL/min/1.73 m? using the
CKD-EPI formula and no clinically significant liver or
kidney disease as judged by the investigator. Those with a
history of any clinically important disease or disorder were
excluded.
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2.3 Endpoints
2.3.1 Pharmacokinetic Endpoints

The primary endpoints were the PK parameters AUC,_, AUC
from time zero to the time of last measurable concentration
[AUC,,] and maximum plasma drug concentration [C,,,]
on Day 1 through 120 h post-dose in participants with renal
and hepatic impairment compared with healthy matched
controls.

Secondary endpoints included the following: plasma PK
parameters (time to reach the maximum observed plasma
concentration [#,,,. ], AUC from time zero to 24 h [AUC_,,],
concentration at 24 h post-dose [C,,], half-life associated
with terminal slope of a semi-logarithmic concentration-
time curve [f,,Az], terminal elimination rate constant [Az],
apparent total body clearance of drug from plasma after
extravascular administration [CL/F], apparent total nonrenal
body clearance of drug from plasma after extravascular
administration [CLy/F] and apparent volume of distribution
during the terminal phase after extravascular administration
[V,/F]) on Day 1 through 120 h post-dose in both cohorts and
urine PK parameters (amount of unchanged drug excreted
into urine [Ae], percentage of dose excreted unchanged in
urine [fe] and renal clearance of drug from plasma [CLg])
on Day 1 through 72 h post-dose in both cohorts.

2.4 Tolerability and Safety Endpoints

Treatment-emergent adverse events (TEAEs), routine
safety assessments and clinical laboratory evaluations were
assessed up to the final tolerability and safety assessments
at discharge (Day 6 or at 120 h post-dose).

2.5 Statistical Analyses

The PK analysis set included all participants with > 1
quantifiable post-dose concentration and no important
protocol deviations who received a single dose of zibotentan;
the safety analysis set included all participants with any post-
dose safety data who received a single dose of zibotentan. A
sample size of 24 participants (12 participants per cohort)
was selected to account for potential discontinuation,
assuming an interparticipant coefficient of variation of
30%, with 10 participants in each cohort expected to give a
relative precision of 1.8 (ratio between the upper and lower
limits of the 90% confidence interval [CI]) with a probability
of 80%.

Descriptive summary statistics are presented for all
endpoints, with frequency counts for TEAEs. For the
primary PK endpoints, differences between cohorts were

A\ Adis

analysed by analysis of variance using the natural logarithm
of the parameters as the response variables and cohort as
fixed effect; data are presented as geometric least squares
mean ratios (90% CI).

Results were compared with data from participants with
either renal impairment or hepatic impairment alone [26]
in a post hoc analysis. Ratios of geometric means of AUC
and C,,,, of each impairment group (concurrent moderate
renal and hepatic impairment, hepatic impairment only
[mild/moderate/severe] and renal impairment only [mild/
moderate/severe]) compared with respective healthy controls
and 90% Cls were calculated. A regression analysis of CL/F
versus eGFR was performed to examine confidence in the
data from the combined renal and hepatic impairment study.
The analysis used model averaging with Akaike Informa-
tion Criterion (AIC) based weights [27] and a model pool
consisting of the following three linear regression models:
(1) CL/F versus baseline eGFR independent of Child—Pugh
class, (2) CL/F versus baseline eGFR with a Child—Pugh
class-specific intercept and (3) CL/F versus baseline eGFR
with a Child—Pugh class-specific intercept and slope.

Child-Pugh class as a categorical covariate (none, class
A, class B, and class C) and eGFR as a continuous covariate
were the only covariates in the regression model. The model
pool was fit to a dataset containing data from participants
in the renal impairment and the hepatic impairment study
(n = 80) [26] (i.e., data available prior to conducting the
combined renal and hepatic impairment study) as well
as to a dataset containing data from participants in all
three available studies, i.e., the renal, the hepatic and the
combined impairment study (n = 103) (i.e., data available
after conducting the combined renal and hepatic impairment
study). Predictions for the mean CL/F versus baseline
eGFR and associated 95% CIs were obtained using both
fits for participants with no hepatic impairment as well as
for participants with Child—Pugh class B, by averaging the
predictions and standard errors from each model in the pool
with weights proportional to exp(— 0.5 * AAIC), where
AAIC is the difference to the lowest AIC in the pool.

All statistical analyses were performed using SAS®
version 9.4 or later; data were plotted and regression analysis
was performed in R version > 3.5.

3 Results
3.1 Participants

In total, 23 participants were enrolled in the study (par-
ticipants with impairment, n = 12; healthy controls,
n = 11) and 22 participants completed the study (participants
with impairment, n = 11; healthy controls, n = 11); one par-
ticipant was withdrawn from the cohort of participants with
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impairment and excluded from the PK analysis, as it was not
possible to collect repeated blood and urine samples, result-
ing in protocol deviations.

Participants with renal and hepatic impairment and
healthy controls were matched according to age, sex and
BMI (Table 1). All participants were White. All participants
with impairment had a Child-Pugh score of class B (range
of 7-8), and 9 participants with impairment had clinically
overt ascites. Mean (SD) eGFR was 37.1 (6.42) mL/
min/1.73 m? in participants with impairment versus 94.1
(4.61) mL/min/1.73 m? in healthy controls. No prohibited
concomitant medications were used by participants.
Concomitant medication in the group of participants with
impairment included one participant on angiotensin II
receptor blockade (Valsartan) and four participants on
paracetamol. In the matched control group, 4 participants
were on paracetamol, and no other medications. No medical
history events or concurrent illnesses were considered
likely to affect the outcome of the study as judged by the
investigator and sponsor.

3.2 Endpoints
3.2.1 Pharmacokinetic Endpoints
Geometric mean plasma concentration-time curves and

PK parameters for each cohort are presented in Fig. 2 and
Table 2.

3.2.1.1 Primary Endpoints Total exposure, as measured by
AUC, and AUC,,, was approximately 2.10-fold higher in

participants with renal and hepatic impairment compared
with healthy controls (Table 2), with geometric least squares
mean ratios (90% CI) of 211.0% (180.6, 246.5) and 210.6%
(180.3, 246.1). C,,,, Was similar in both cohorts (Table 2).

3.2.1.2 Secondary Endpoints: Plasma Pharmacokinetic
Parameters The median (min-max) ¢, was longer and
had a wider range in participants with renal and hepatic
impairment compared with healthy controls, 3.0 h (1.5—
10.0) versus 1.5 h (0.5-4.0), respectively (Table 2). In addi-
tion, the geometric mean concentration at 24 h post-dose
was approximately 4-fold higher and #,,Az was longer (14.66
vs 9.82 h) in participants with impairment compared with
healthy controls. The geometric mean CL/F in participants
with impairment was approximately half of the geometric
mean in healthy controls. In contrast, the geometric means
of CLygr/F were comparable in both cohorts.

3.2.1.3 Secondary Endpoints: Urine Pharmacokinetic
Parameters Geometric means of Ae and CLjy in partici-
pants with renal and hepatic impairment were 18.3 and 8.8%
of the healthy control values, respectively (Table 2). The
geometric mean (percentage coefficient of variation [CV%])
for fe was 10.01% (147.5) of the zibotentan dose in partici-
pants with impairment, ranging widely from 2.73 to 61.5%,
which was 18.3% of the geometric mean for healthy controls
(54.80% [15.45]).

3.2.1.4 Post Hoc Analysis: Comparison of Exposure
and Clearance in Participants with Concurrent Renal
and Hepatic Impairment Versus Those with Either Renal
or Hepatic Impairment Alone Total exposure of zibotentan,

Table 1 Participant

. . Demographic/characteristic
demographics and baseline

Participants with renal and Healthy controls Total (N = 23)

o hepatic impairment (N = 12) (N=11)
characteristics

Age (years), mean (SD) 58.7 (12.7) 58.1(7.7) 58.4(10.4)
Sex, n (%)

Male 6 (50.0) 6 (54.5) 12 (52.2)

Female 6 (50.0) 5 (45.5) 11 (47.8)
Race, n (%)

White 12 (100.0) 11 (100.0) 23 (100.0)
Ethnicity, n (%)

Not Hispanic or Latino 12 (100.0) 11 (100.0) 23 (100.0)
BMI (kg/mz), mean (SD) 29.7 (5.1) 28.6 (4.8) 29.2 (4.9)
Child—Pugh score for severity of cirrhosis

Median (range) 7 (7-8) N/A N/A

Mean (SD) 7.3 (0.45) N/A N/A
eGFR (mL/min/1.73 m?)

Mean (SD) 37.1(6.4) 94.1 (4.6) 64.3 (29.6)

Min-max 30-45 90-103 30-103

BMI body mass index, eGFR estimated glomerular filtration rate, SD standard deviation
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Fig.2 Geometric mean plasma a
zibotentan concentration-time
curves in linear (a) and semi-
logarithmic (b) scale. Verti-
cal lines represent geometric
mean*/geometric standard
deviation. /& hour, N number of
participants in the PK analysis
set for each treatment, PK phar-
macokinetic
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as measured by AUC_, increased approximately 2.10-fold
in participants with moderate renal and hepatic impairment;
the AUC_ in these participants could have been expected
to increase by 2.31-fold, based on multiplying the expected
AUC,, of participants with moderate renal impairment by
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that of participants with moderate hepatic impairment (val-
ues listed below).

Area under the plasma concentration-time curve from
zero to infinity in the previous renal impairment and
hepatic impairment studies were estimated to increase by
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Table2 Summary of PK
parameters

PK parameter® Participants with renal and hepatic

impairment (N = 11)

Healthy controls (N = 11)

AUC,, (h'ng/mL) 4736 (23.12) 2249 (19.51)
AUC,,, (h'ng/mL) 4720 (23.16) 2237 (19.53)
AUC, ,, (h'ng/mL) 3483 (23.07) 2032 (19.09)
C,ya (ng/mL) 279.1 (29.07) 261.3 (33.52)
C,, (ng/mL) 71.11 (35.09) 17.60 (46.00)
fae () 3.00 (1.50-10.00) 1.50 (0.50-4.00)
1,4z (h) 14.66 (20.94) 9.818 (40.94)

4z (/h) 0.04729 (20.94) 0.07060 (40.94)
CL/F (L/h) 1.056 (23.12) 2.224(19.51)
CLy/F (L/h) 0.8487 (42.97) 0.9716 (14.72)
V,JF (L) 22.32 (36.53) 31.50 (37.10)
CLg (L/h) 0.1080 (154.0) 1.224 (32.34)
Ae (0-72) (mg) 0.5007 (147.5) 2.740 (15.45)
Fe (0-72) (%) 10.01 (147.5) 54.80 (15.45)

Az terminal elimination rate constant, Ae amount of unchanged drug excreted into urine, AUC area under
plasma concentration-time curve, AUC,,_,, AUC from time zero to 24 h, AUC, AUC from zero to infinity,
AUC,,, AUC from time zero to time of last measurable concentration, C,, concentration at 24 h post-
dose, CL/F apparent total body clearance of drug from plasma after extravascular administration, CLy/F
apparent total nonrenal body clearance of drug from plasma after extravascular administration, CL, renal
clearance of drug from plasma, C,,,, maximum plasma drug concentration, CV% percentage coefficient of
variation, fe percentage of dose excreted unchanged in urine, PK pharmacokinetic, #,,4z half-life associated
with terminal slope of a semi-logarithmic concentration-time curve, #,, time to reach the maximum

> “max

observed plasma concentration, Vz/F apparent volume of distribution during the terminal phase after

extravascular administration

“Data are summarised as geometric mean (CV%) except ¢,

1.27-, 1.59- and 1.78-fold in participants with mild, mod-
erate and severe renal impairment, respectively, and 1.40-,
1.45- and 2.90-fold in participants with mild, moderate
and severe hepatic impairment, respectively, compared
with their respective healthy controls (Fig. 3a).

There was no clear difference in C,,, in participants
with concurrent renal and hepatic impairment, those
with only renal impairment and those with only hepatic
impairment, compared with their respective healthy
controls (Fig. 3b).

The CL/F in participants with concurrent renal and
hepatic impairment was positively correlated with reduc-
tion of renal function as measured by eGFR at screen-
ing (Fig. 3c). Including the data from participants with
concurrent hepatic and renal impairment resulted in a
reduction in the width of the CIs for the predicted mean
CL/F versus eGFR relationship in both subgroups, i.e.,
in participants with no hepatic impairment and, particu-
larly, in participants with Child—Pugh class B. Although
the regression lines of both subgroups were generally
parallel to one another, the CI was wider in participants
with Child—Pugh class B versus in those with no hepatic
impairment. The CIs in both subgroups overlapped in the
eGFR category G3b. Nonetheless, at similar eGFR levels,

‘max 1S presented as median (min—-max)

CL/F was at least 10 mL/h higher in participants with no
hepatic impairment versus those with Child—Pugh class B.

3.2.2 Tolerability and Safety Endpoints

In total, 11 (47.8%) participants experienced TEAEs (par-
ticipants with impairment, n = 7 [58.3%]; healthy controls,
n=41[36.4%]). All TEAEs were mild to moderate in inten-
sity and resolved before the end of the study. The most fre-
quently reported TEAE in both cohorts was headache (par-
ticipants with impairment, n = 6 [50.0%]; healthy controls,
n =41[36.4%])), all events of which were considered by the
investigators to be causally related to zibotentan. Other
TEAEs were diarrhoea (participants with impairment, n =
1 [8.3%]) and asthenia, dizziness, circulatory collapse and
hypotension (participant with impairment, n = 1 [8.3%]).
The latter TEAESs were reported within the first hour after
receiving zibotentan and resolved after 1 day, with the par-
ticipant completing the study as per protocol. There were
no serious TEAEs, TEAEs leading to discontinuation or
deaths throughout the study. No worsening of ascites was
observed, and there were no clinically significant changes
in laboratory values, clinical chemistry, urinalysis results,
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«Fig.3 Comparison of zibotentan exposure in participants with renal
or hepatic impairment and in those with renal and hepatic impairment
versus healthy controls without impairment of a AUC_, b C,,, and ¢
regression analysis of CL/F versus eGFR. Fig. 3a was adapted from
Fig. 2. Forest plot of the ratios of zibotentan exposure in Tomkin-
son et al. [26]. Available at: https://doi.org/10.1186/1472-6904-11-3,
licensed under CC BY 2.0 () and published under licence to BioMed
Central Ltd. Glomerular filtration rate categories (mL/min/1.73 m?)
were as follows: Gl—normal or high (> 90), G2—mildly decreased
(60-89), G3a—mildly to moderately decreased (45-59) and G3b—
moderately to severely decreased (30—44). Predictions for the mean
CL/F versus baseline eGFR, and associated 95% CIs, used model
averaging on a dataset containing data from participants in the renal
impairment and the hepatic impairment study (n = 80) (i.e., data
available prior to conducting the combined renal and hepatic impair-
ment study) as well as to a dataset containing data from participants
in the renal, the hepatic and the combined impairment study (n =
103) (i.e., data available after conducting the combined renal and
hepatic impairment study). AUC,, area under the plasma concentra-
tion-time curve from zero to infinity, CI confidence interval, CL/F
apparent total body clearance of drug from plasma after extravascu-

lar administration, C,,,, maximum plasma drug concentration, eGFR

estimated glomerular filtration rate, G,,,,,,, geometric mean

vital signs, electrocardiogram measurements and physical
examination, and none were reported as TEAE:s.

4 Discussion

Previous PK studies showed increased zibotentan exposure
in patients with hepatic impairment and in those with
renal impairment [26] but were not able to inform on
the effect of both impairments on the PK of zibotentan.
Pharmacokinetics are not generally studied in populations
with concurrent renal and hepatic impairment, as drugs that
are metabolised via both renal and hepatic routes may not
necessarily have target patient populations with both renal
and hepatic impairment. Exclusion criteria for hepatic and/
or renal impairment in clinical trials are also common [28,
29]. However, characterising the effect of impaired hepatic
and/or renal function on PK as well as safety and efficacy is
recommended to guide dosing and to ensure the applicability
of the trial findings in such patient populations [28-30].
Our study demonstrates that, despite reduced clearance
and higher exposure in participants with renal and hepatic
impairment compared with healthy controls, a single dose
of zibotentan 5 mg was generally well tolerated, in line
with previous PK studies examining renal impairment and
hepatic impairment as separate patient populations. The
current study is the first to investigate zibotentan in a patient
population with concurrent renal and hepatic impairment.
This study shows that concurrent renal and hepatic
impairment leads to an approximate 2.10-fold increase
in total exposure compared with healthy controls. This is
slightly lower than the assumed 2.31-fold increase, which

was based on the previously observed 1.45-fold AUC
increase in moderate hepatic impairment and 1.59-fold AUC
increase in moderate renal impairment [26]. Working out
the expected increase by multiplying the effects of isolated
impairment was a naive approach chosen to illustrate
intuitive expectations; more advanced approaches were not
employed as the underlying pathophysiology is complex and
renal and hepatic impairment are not independent conditions.
Lack of information about the interplay of concurrent
hepatic and renal impairment and the implications for the
zibotentan exposure formed the motivation for the presented
study. The similarity between the observed and the estimated
exposure increases should, therefore, not be interpreted as
confirmation of the simplistic approach.

The study results demonstrate that zibotentan AUC with
concurrent moderate renal and hepatic impairment does
not increase in a supra-additive way, even though both key
metabolic pathways are impacted. There was no difference
in C,,, between participants with impairment compared
with healthy controls, as seen similarly in the previous
studies of patients with renal impairment or with hepatic
impairment [26], suggesting that any C,,,-based evaluation
of tolerability and safety is independent of the presence of
renal or hepatic impairment. Moreover, no new clinically
significant tolerability or safety findings were observed
compared with previous studies [26].

The repeated observation that zibotentan AUC, but
not C,,,.. 1s increased compared with the control group in
patients with renal impairment alone, hepatic impairment
alone or overlapping pathologies, is characteristic of drugs
with low extraction by the liver. This suggests that any
potential dose adjustments to reach a defined target exposure
can be achieved by solely adjusting the maintenance dose,
without the need for modifying the initial dose, thereby
supporting adequate dosing strategies in future zibotentan
trials in patients with liver cirrhosis [31].

The increased exposure to zibotentan observed in
participants with concurrent renal and hepatic impairment
compared with healthy controls appears to be primarily
related to renal impairment and subsequent reduced renal
clearance. Similarly, data from previous studies of patients
with renal or hepatic impairment alone demonstrated that
both moderate and severe renal impairment had a large
impact on the PK profile of zibotentan in contrast to mild
renal impairment, while only severe hepatic impairment,
not mild or moderate hepatic impairment, had a large
impact on the PK profile [26]. In the current study, while
the geometric mean of CLyR/F (i.e., nonrenal clearance)
was comparable between the cohorts, CL/F (i.e., total
body clearance) in participants with impairment was
approximately half of that in healthy controls, which
was expected given total exposure was approximately
doubled in participants with concurrent renal and hepatic
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impairment. The amount of unchanged drug, percentage
of unchanged drug and renal clearance was 18.3, 18.3
and 8.8%, respectively, of that of healthy controls in
participants with impairment, indicating impaired renal
function mainly contributed to differences in clearance and
exposure. In addition, the majority of participants with
impairment had ascites, which may have contributed to a
longer t,,,,, and #,,4z [32, 33]. These findings demonstrate
how concurrent renal and hepatic impairment can impact
PK and highlight the importance of investigating the
effects of drugs in this patient population.

A strength of this study was the inclusion of patients
based on an eGFR of 30-45 mL/min/1.73 m? rather than
30-59 mL/min/1.73 m?, which ensured that participants
would be representative of those with moderate renal
impairment rather than milder renal impairment. This was,
therefore, a conservative design decision, putting the study
focus on the subpopulation where zibotentan exposure is
expected to be high. Furthermore, given the influence of
ascites on PK and volume of distribution, the inclusion of
participants with ascites was a further strength providing
additional information in this patient population. Patients
with concurrent moderate hepatic and moderate renal
impairment represent a previously unstudied patient pop-
ulation that may form part of study populations in future
clinical development of zibotentan. Greater confidence
in the predicted mean CL/F based on baseline eGFR in
participants with and without hepatic impairment, after
including data from patients with concurrent renal and
hepatic impairment, highlights the value of studying PK
in this population.

Limitations of the current study include the use of a single
dose of zibotentan. Although accumulation of zibotentan is
not expected in healthy participants, the effects of multiple
dosing in participants with concurrent renal and hepatic
impairment are less clear. Future studies should therefore
evaluate the repeated-dose PK of zibotentan in patients with
these impairments. Another limitation was that the study size
was limited to 11 patients and 11 healthy controls. Related
to this limited size, not the full spectrum of Child—Pugh B
was included, all patients had either a score of 7 or 8, and no
one had a score of 9. In addition, all participants were White,
with the study conducted at a single centre in Bulgaria;
hence, this study population may not be representative of
wide, more diverse patient populations. Including cohorts
with only hepatic impairment or only renal impairment
would have improved comparability between the different
patient populations, but this has been investigated previously
[26].

The data from this study may be applied to mechanistic or
physiology-based modelling to improve the understanding of
zibotentan PK. These findings also provide unique insights
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into the PK of zibotentan in patients with renal and hepatic
impairment both separately and combined, which may be
informative for studies of other drugs intended for use in
patients with renal and hepatic impairment or other ET,
receptor antagonists in development.

5 Conclusions

The findings from this study will support the future
clinical development of zibotentan by informing, together
with to-be-generated efficacy and safety information, the
dose strategy in the more vulnerable subpopulation of
patients with concurrent renal and hepatic impairment.
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