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What is already known about this subject
• The initial indication for endothelin (ET) receptor

antagonism as a treatment strategy, primary pulmonary
hypertension, is now expanding to include scleroderma,
which can cause both pulmonary and renal disease.

• It is important to understand the effects of impaired renal
function on the pharmacokinetics of these drugs to allow
appropriate dosing in individuals with impaired renal
function.

What this study adds
• Sitaxsentan, an oral selective endothelin A receptor

antagonist, is licensed for the treatment of pulmonary
hypertension, and studies of this drug in CKD are planned.

• The pharmacokinetic profile of sitaxsentan is unchanged in
subjects with varying degrees of renal impairment.

• The results of this study will allow confident dosing of
sitaxsentan in individuals with renal impairment, and inform
future studies.
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Aim
To investigate the pharmacokinetic profile of a single 100-mg oral dose of sitaxsentan,
a selective endothelin type A receptor antagonist, in subjects with normal and impaired
renal function.

Methods
This was an open label, single oral dose study in subjects with normal [creatinine
clearance (CrCL) � 80 ml min-1] and impaired renal function (mild renal impairment
CrCL 51–80 ml min-1, moderate impairment CrCL 31–50 ml min-1, severe impairment
CrCL � 30 ml min-1). All subjects received a dose of 100 mg sitaxsentan.

Results
Twenty-four subjects were enrolled, six in each of the normal and three renal
impairment groups. The mean plasma sitaxsentan concentrations were comparable
across the groups, as were the mean values for Cmax (10.3–13.9 mg ml-1), AUC•

(18.7–22.5 h mg-1 ml-1), oral clearance (CL/F, 82.3–94.9 ml min-1), volume of
distribution (Vz/F, 64.8–69.6 l) and elimination half-life (t1/2, 8.6–9.6 h). There was
substantial overlap among the four groups in the individual subject values for CL/F and
Vz/F and no relationship between either of these parameters and CrCL.

Conclusion
After a single 100-mg oral dose of sitaxsentan there were no differences in its
pharmacokinetics among subjects with normal or impaired renal function.
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Introduction
The endothelin (ET) family of peptides are potent vaso-
constrictor and vasopressor agents [1], with ET-1 being
the major vascular isoform. ET-1 interacts with two
receptor subtypes, ETA and ETB [2, 3]. In human resis-
tance vessels, ETA and ETB receptors are found on vas-
cular smooth muscle cells, where they mediate
vasoconstriction [4]. The ETB receptor is also found on
vascular endothelial cells, where it mediates vasodilation
by the release of nitric oxide and prostacyclin [4]. In
addition, the ETB receptor has a role in ET-1 clearance
from the circulation [5]. The recognition of the ET system
as a new therapeutic target in the treatment of cardiovas-
cular disease has led to the rapid development of ET
receptor antagonists as potential vasodilator treatments,
with a number of these compounds, both ETA receptor
selective and nonselective ETA/ETB receptor antagonists,
currently being investigated in clinical trials [6, 7].

Sitaxsentan is an orally active ETA receptor antagonist
licensed for the treatment of pulmonary arterial hyper-
tension [8]. It is approximately 6500-fold more selective
as an antagonist for the ETA receptor than for the ETB

receptor [9]. In healthy subjects sitaxsentan displays
linear steady-state pharmacokinetics at the 100 mg
therapeutic dose (with nonlinear kinetics at higher
doses). It is rapidly absorbed, highly bound to plasma
proteins (>99.5%), predominantly albumin, and exten-
sively metabolized (CYP2C9 pathway). However, data
suggest that the metabolites of sitaxsentan are unlikely
to contribute significantly to its therapeutic efficacy. Fol-
lowing oral dosing with radiolabelled sitaxsentan at the
maximum clinically recommended dose of 100 mg,
~50–60% of the radioactivity is eliminated via the urine,
with only ~1.2% of this due to unchanged parent drug.
The balance is excreted via the faeces, in which there is
no detectable parent compound [10].

Because >50% of the administered dose of sitaxsen-
tan is excreted via the kidneys, impaired renal function
could potentially affect the pharmacokinetics of sitax-
sentan. We therefore evaluated the effect of impaired
renal function on the pharmacokinetics of total sitaxsen-
tan following a single oral dose of sitaxsentan at the
recommended human therapeutic dose of 100 mg. This
may be an important issue, because ETA receptor
antagonism shows therapeutic promise in the treatment
of chronic kidney disease (CKD) [7].

Methods
Subjects
Male or female subjects, aged 18–65 years, who were
willing and able to provide written informed consent,
were eligible for inclusion in the study. All subjects with

known or suspected ischaemic heart disease, elevated
liver enzymes (aspartate transaminase and alanine tran-
saminase) more than three times the upper end of the
reference range, positive results for hepatitis B, C or the
human immunodeficiency viruses, history of drug or
alcohol abuse, significant blood loss or donation
(>480 ml) within 30 days of the study, a history of organ
transplantation, the presence of the nephrotic syndrome,
or who had taken other investigational medication
within 1 month of the study medication, were excluded.
Additionally, all subjects were required to be surgically
sterile or using effective birth control. Pregnant or lac-
tating women were excluded. Subjects taking any medi-
cations known to interact with sitaxsentan (those drugs
metabolized by cytochrome P450, CYP2C9, e.g. mac-
rolide antibiotics or phenytoin, were excluded).

Subjects were allocated to a renal impairment group
on the basis of creatinine clearance (CrCL) calculated
from serum creatinine concentration during the screen-
ing period using the Cockcroft and Gault equation
[11]. Subjects without renal impairment (CrCL �
80 ml min-1) were classified as ‘normal’. Subjects
with ‘mild’, ‘moderate’ and ‘severe’ renal impairment
had a CrCL of 51–80 ml min-1, 31–50 ml min-1 and
�30 ml min-1, respectively.

Study design
This was an open label, single oral dose study in subjects
with normal and impaired renal function. All subjects
received a dose of 100 mg sitaxsentan after an overnight
fast.

The study was performed at two centres, the Clinical
Research Centre, University of Edinburgh and DaVita
Clinical Research, Minneapolis, in compliance with the
ethical principles of the revised Declaration of Helsinki.
The study was approved by the Lothian NHS board
Scotland and the Human Subjects Research Committee,
Hennepin County Medical Center, Minneapolis, USA.

Safety assessments included the incidence of adverse
events, clinical laboratory test results, haemodynamic
parameters, electrocardiogram, changes in physical
examination assessments from baseline, and the moni-
toring of concomitant medications.

Sample collection and analysis
Blood samples for the measurement of plasma concen-
trations of sitaxsentan were collected prior to and 0.25,
0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 8, 10, 12, 16, 24 (day 2),
36 (day 2), 48 (day 3) and 72 (day 4) hours after dosing.
Samples were collected into ethylenediamine tetraaceti-
cacid tubes and stored in wet ice. They were centrifuged
for 20 min at 2200 g at 4°C within 30 min of collection.
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Plasma concentrations of sitaxsentan were measured
using a validated liquid chromatography/mass spectrom-
etry (LC/MS) method (inter- and intraday assay variabil-
ity � 15%) by MDS Pharma Services. In brief, this
involved spiking plasma samples with a 13C415N isoto-
pically labelled internal standard and precipitating the
protein with acetonitrile. The supernatant was trans-
ferred to clean culture tubes and the samples evaporated
to dryness and reconstituted in acetonitrile/formic acid.
The reconstituted extract was then injected into a high-
performance liquid chromatography system coupled to a
MS/MS detector and the signal from the detector then
back calculated to a calibration curve to achieve a con-
centration value. The lower limit of quantification
(LLOQ) for sitaxsentan was 0.005 mg ml-1. The percent
unbound sitaxsentan (FU) in each sample was calculated
according to FU = 100% ¥ (Cu/Ct), where Cu and Ct
represent the unbound and total concentrations,
respectively.

Pharmacokinetic and statistical analysis
Pharmacokinetic parameters for sitaxsentan were calcu-
lated using noncompartmental analysis. Only plasma
concentrations greater than or equal to the LOQ for the
assays were used in the pharmacokinetic analyses.
Actual blood sampling times were used in all pharma-
cokinetic analyses. Per protocol times were used to cal-
culate mean plasma concentrations for graphical
displays.

Maximum observed plasma drug concentration (Cmax)
and time to maximum observed plasma drug concentra-
tion (Tmax) were taken directly from the data. The elimi-
nation rate constant (lz) was calculated as the negative
of the slope of the terminal log-linear segment of the
plasma concentration–time curve. The range of data to
be used for each subject and treatment was determined
by visual inspection of a semilogarithmic plot of con-
centration vs. time. Elimination half-life was calculated
according to the equation t1/2 = 0.693 lz-1. Area under
the curve to the last time with a concentration equal to or
greater than the validated LOQ of the bioanalytical
method (AUC0–t) was calculated using the linear trap-
ezoidal method and extrapolated to infinity (AUC•)
according to AUC• = AUC0–t + (Ctf lz-1), where Ctf is
the final concentration � LOQ. Apparent total body
clearance after oral dosing (CL/F) and volume of
distribution (Vz/F) were calculated according to CL/F =
dose/AUC•, and Vz/F = dose/(lz ¥ AUC•), respec-
tively. All pharmacokinetic calculations were done using
SAS® for Windows Version 9.1 (SAS Inc., Cary, NC,
USA).

The pharmacokinetic parameters Cmax, Tmax, AUC•,
t1/2, CL/F and Vz/F were compared among renal function
groups using an analysis of variance (anova) model
with renal function group as the classification variable.
Cmax and AUC• were natural log-transformed prior to
analysis; all other parameters were analysed on the
original scale.

Relationships between CL/F and Vz/F and renal func-
tion as measured by CrCL were examined using linear
regression.

Results
Demographics
A total of 24 subjects took part in the study, 15 male
and nine female. All subjects completed the study.
There were six subjects in all four CrCL groups. Mean
(range) age, weight, serum creatinine and CrCL for
the four groups were: normal renal function: 54.3
years (47–59), 72.8 kg (48–88), 73 mmol l-1 (45–100),
100.0 ml min-1 (91–116); mild renal impairment 56.8
years (41–66), 76.5 kg (66–92), 112 mmol l-1 (71–182),
67.0 ml min-1 (61–78); moderate renal impairment 49.2
years (38–58), 74.9 kg (68–80), 219 mmol l-1 (151–315),
38.6 ml min-1 (31–46); severe renal impairment 54.2
years (45–65), 81.9 kg (47–128), 423 mmol l-1 (181–
858), 22.2 ml min-1 (16–30).

Pharmacokinetics
As illustrated in Figure 1a (semilogarithmic axes), the
mean plasma sitaxsentan concentrations were compa-
rable across the four renal function groups, as were the
mean values for Cmax, AUC•, CL/F, Vz/F and t1/2

(Table 1). There were no significant differences in these
parameters amongst renal function groups (P > 0.05).
There was little difference in FU among the four renal
function groups (Table 1). There was substantial overlap
among the four renal function groups in the individual
subject values for CL/F and Vz/F and no relationship
between either parameter and CrCL, indicating no effect
of renal impairment on the pharmacokinetics of sitax-
sentan (Figure 1b,c).

Discussion
In this open label, two-centre study to determine the
effects of renal impairment on the pharmacokinetics of
sitaxsentan following a single 100-mg oral dose, we
have shown that plasma sitaxsentan concentrations were
very similar between groups separated on the basis of
CrCL. Furthermore, there was no apparent relationship
between any of the sitaxsentan pharmacokinetic param-
eters and increasing renal impairment (Table 1).
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Figure 1
(A) Mean plasma concentrations of sitaxsentan after oral administration

of single 100-mg doses to subjects with normal and impaired renal

function; semilogarithmic axes. (B) Relationship between CL/F and CrCL

after oral administration of single 100-mg doses to subjects with normal

and impaired renal function (r2 = 0.0255, P = 0.4560). (C) Relationship

between Vz/F and CrCL after oral administration of single 100-mg doses

to subjects with normal and impaired renal function (r2 = 0.0156,

P = 0.5610). Normal, (�); Mildly Impaired, (�); Moderately Impaired,

(�); Severely Impaired, (�)
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Although initially licensed for the orphan area of
primary pulmonary hypertension, the indications for
ET receptor antagonists are now expanding to include
conditions such as scleroderma that may cause both
pulmonary and renal disease [12]. Additionally, there is
increasing interest in the ET system and its antagonism
as a potential therapeutic target in CKD [7], and Phase
III studies are in progress in diabetic nephropathy [13].
It is therefore important to understand the pharmaco-
kinetics of such drugs in the CKD population. Clini-
cally, altered drug pharmacokinetics may require
changes in drug dosing and/or frequency of dosing.
The results of this study will inform dosing in any
future studies in CKD, as it is clear that no dosing
adjustment for sitaxsentan is required for declining
glomerular filtration rate based on these pharmacoki-
netic findings for sitaxsentan.

The range of renal impairment in this study, as mea-
sured by Cockcroft and Gault CrCL, encompassed the
full spectrum of CKD, allowing us to state confidently
that sitaxsentan pharmacokinetics are unchanged.
However, it is not possible to comment on the degree of
accumulation of sitaxsentan metabolites in renal impair-
ment, and the potential therapeutic and toxicological
consequences of this. Furthermore, study subjects had
serum albumin concentrations that were within the
normal range, and the nephrotic syndrome was a specific
exclusion criterion. This is important, becuase sitaxsen-
tan is highly protein bound (>99.5%), so the nephrotic
syndrome may significantly increase free plasma drug
concentrations. Finally, no patients established on dialy-
sis were included in the study. One would not expect this
population of patients, however, to have altered sitaxsen-
tan pharmacokinetics, because the high degree of protein
binding of drug would substantially limit clearance by
dialysis.

Finally, although plasma concentrations of sitaxsen-
tan did not vary significantly, we cannot comment on
whether the pharmacodynamics of ET system antago-
nism were affected similarly through the range of CKD.
Increased activity of the ET system is recognized in
CKD, and antagonism of ET in these patients may lead
to beneficial cardiovascular and renal effects such as
lowering of blood pressure, natriuresis and reduction in
proteinuria [7]. If clinical trials using sitaxsentan, and
ET antagonists more generally, are to proceed in CKD,
these specific clinical parameters would need to be
studied further.
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