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Abstract

Purpose Reversible mean increases in serum creatinine
(approx. 10%) have been observed during clinical inves-
tigations of the oral direct thrombin inhibitor AZD0837.
The aim of this study was to evaluate whether the increase
in s-creatinine is due to a decrease in renal glomerular
filtration rate (GFR) or an inhibition of the tubular secretion
of creatinine.

Methods Thirty healthy subjects aged 60-71 years were
enrolled in an open-label, randomised, placebo-controlled,
two-way crossover study (D1250C00033) in which they
received AZD0837 450 mg extended-release formulation
once daily for 8 days. Cimetidine was co-administered on
Days 68 during both treatment periods. Blood and urine
samples were collected for assessment of s-creatinine,
s-cystatin C, endogenous creatinine clearance (CrCl) and
urinary markers of renal damage. GFR was measured by
the plasma clearance of iohexol.

Results A 6% increase in mean s-creatinine, but no increase
in s-cystatin C, was observed during treatment with
AZD0837. Co-administration of cimetidine resulted in a
21% increase in s-creatinine. A significant decrease in CrCl
was found during AZDO0837 treatment compared with
placebo [—5.73 ml/min; 95% confidence interval (CI) —11.3
to —0.12]. No significant difference in GFR (—1.6 ml/min/
1.73 m%; 90% CI —3.7 to 0.5) was seen during treatment with
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AZDO0837 versus placebo. No changes in renal damage
markers were found during the treatment periods.
Conclusions An increase in s-creatinine and a decrease in
CrCl, but no decrease in GFR, were found during treatment
with AZDO0837. These findings suggest that inhibition of
the renal tubular secretion of creatinine is the likely cause
of the observed increase in s-creatinine.
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Introduction

Creatinine is a non-protein waste product of creatine
phosphate metabolism by skeletal muscle tissue. Its
production is continuous and proportional to muscle mass.
Creatinine is freely filtered in the kidney and, therefore, the
serum creatinine (s-creatinine) level is dependent on
glomerular filtration rate (GFR), but it is also influenced
by active renal tubular excretion of creatinine, diet and
muscular mass [1, 2]. S-creatinine is often used as an
indicator of renal function both in clinical practice and
during drug development [3].

Elevations in s-creatinine are occasionally found during
the testing of drugs in the developmental stages, raising
the question of nephrotoxicity. In some cases, this
elevation may indeed be a reflection of adverse renal
effects, while in others it may be due to a beneficial renal
functional effect, such as renal haemodynamic alterations
of angiotensin-converting enzyme inhibitors and angio-
tensin receptor blockers [4], or to a reversible benign
inhibition of the renal tubular secretion of creatinine, as
seen with cimetidine [5-7].
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AZDO0837 is an oral direct thrombin inhibitor current-
ly under clinical development for stroke prevention in
atrial fibrillation [8, 9]. It is rapidly absorbed and
bioconverted into its active form, AR-H067637, via an
intermediate metabolite, AR-H069927 [10-12]. AZD0837
is only to a minor degree excreted into the urine [13].
During the clinical development of AZD0837, a reversible
increase in mean s-creatinine of approximately 10% has
been found. The objective of the study reported here was
to investigate potential mechanisms for this increase in s-
creatinine and to evaluate whether it is likely due to a
decrease in renal GFR or an inhibition of tubular secretion
of creatinine.

Methods
Subjects

Healthy men and women, aged 60-75 years, with normal
clinical and laboratory findings, including a normal renal
function (>70 ml/min), as estimated by creatinine clearance
(CrCl) according to the Cockcroft—-Gault formula [14], and
a body mass index (BMI) of 18-30 kg/m? and who gave
written, informed consent prior to enrolment were eligible
to participate in the study. Exclusion criteria included
significant recurrent illness, a history of bleeding or
thrombotic disorder, a history of, or ongoing, severe allergy
or hypersensitivity, hypersensitivity to X-ray contrast
medium, cardiovascular, hepatic or significant gastrointes-
tinal disease or a positive result for the human immunode-
ficiency virus (HIV) or hepatitis B or C test. The use of
anticoagulant, antiplatelet (including aspirin), fibrinolytic or
non-steroidal anti-inflammatory drugs was not permitted
from 2 weeks prior to the study until completion.

The study was approved by the independent Institutional
Review Board/Research Ethics Committee Berlin, Ger-
many and the national medical agency BfArm, Germany.
The study was performed in compliance with the Declara-
tion of Helsinki.

Study design

This was an open-label, randomised, placebo-controlled,
two-way crossover Phase I study (D1250C00033) with two
treatment periods of 8 days each that were separated by a
washout period of 10-21 days, as shown in Fig. 1.
Repeated doses of AZDO0837 450 mg extended-release
formulation (three 150 mg tablets) were given as a once-
daily administration in the morning for 8 days in one
period, and corresponding placebo tablets were given
during the other period. Cimetidine (Tagamet®, GlaxoS-
mithKline, Brentford, UK) was co-administered on Days
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6-8 in both periods in a three-times-daily regimen of 400+
400+800 mg as a positive control for the inhibition of
tubular secretion of creatinine. A pre-entry screening visit,
including an overall health examination, was conducted
within 14 days prior to the first study day. This comprised a
medical history, history of bleeding and thrombotic occur-
rences, physical examination, 12-lead electrocardiogram
and measurement of blood pressure, heart rate and
laboratory status [haematology, clinical chemistry, urinaly-
sis and coagulation analysis (activated partial thromboplas-
tin time, APTT)]. Laboratory measurements were repeated
during both treatment periods: before the administration of
the study drug on Day 1, on Day 5 and Day 8 before
administration, and 7-10 days after completion of the last
treatment period. Subjects whose 24-h APTT values after
last dose were more than 10 s greater than their pre-dose
values were required to remain at the study site until the
values had normalised.

Assessments of renal function
Serum creatinine

S-creatinine was measured before every AZD0837/placebo
dose on Days 1-8 and in the mornings of Days 9 and 10. In
addition, s-creatinine was measured 12 h after AZD0837/
placebo dose on Days 5 and 8. S-creatinine was analysed by
routine spectrophotometry methods (Architect c8000; Abbott
GmbH & Co. KG, Wiesbaden-Delkenheim, Germany).

Serum cystatin C

Serum cystatin C (s-cystatin C), an additional glomerular
filtration marker, was determined before every AZD0837/
placebo dose on Days 1, 5 and 8 and in the morning of
Day 10 [15]. S-cystatin C was analysed by routine
methods (Image immunochemistry system; Beckman
Coulter GmbH, Krefeld, Germany).

Glomerular filtration rate

The GFR was determined by the plasma clearance of iohexol
(iCl) (four-sample method) on Day 5 in each treatment period.
Iohexol 300 mg/ml was given as a 5-ml intravenous injection
3 h after the AZD0837/placebo dose. Blood (7.5 ml in
heparinised tubes) for determination of the plasma concentra-
tion of iohexol was taken at pre-dose and at 1, 2 and 4 h after
the injection of iohexol. A standardised high water intake
(>1000 ml) was provided to each subject before the injection
of iohexol (Omnipaque®; Nycomed Amersham Health, Cork,
Ireland) to ensure an adequate urine production. The plasma
samples for iCl were analysed using high-performance liquid
chromatography (Renalyzer PRX 90; Provalid AB, Lund,
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Fig. 1 Study flow chart. The Study period 1 Study period 2
glomerular filtration rate was
determined on Day 5 in each AZDO0837 o.d. AZDO0837 o.d.
period by the plasma clearance —— = — :
of iohexol. Endogenous creati- Clmggsslng_gl.d. C|mdet|d|n6e_g.|.d. 7210
nine clearance was measured on Pre-entry ays d;ys Follow-up
Days 5 and 8. o.d. Once daily, R
randomised, t.i.d. three times 14 days
daily Placebo o.d. Wash-out Placebo o.d.
10-21 days
Cimetidine t.i.d. Cimetidine t.i.d.
days 6-8 days 6-8
8 days 8 days

Sweden) at the Department of Clinical Chemistry, Sahlgren-
ska University Hospital, Sweden.

Endogenous creatinine clearance

Endogenous CrCl was measured by the analysis of 24-h urine
collections on Days 5 and 8. The bladder was emptied before
the urine collection period started. A 10-ml sample was taken
from all urine from the total collection period (0-24 h). A
blood sample for the analysis of creatinine (2.7-ml serum-
separating tube) was drawn after 12 h (mid-period). The urine
and serum analyses of creatinine were carried out using
routine spectrophotometry methods (Architect c8000; Abbott
GmbH & Co. KG).

Urinary markers of renal damage

Urinary albumin, immunoglobulin G, o;-microglobulin and
{3,-microglobulin were determined in a 12-h urine collection
starting in the evening before the AZD0837/placebo dose on
Days 1 and 5. Urinary albumin and creatinine (albumin/
creatinine ratio, ACR) were determined in the 24-h urine
collection on Days 5 and 8. Urinary markers were analysed
by standard methods at the Department of Clinical Chem-
istry, Sahlgrenska University Hospital, Gothenburg, Sweden.

Pharmacokinetics

Plasma samples for the measurement of AZD0837, AR-
H069927 (the intermediary metabolite) and AR-H067637
(the active form of AZDO0837) concentrations were ana-
lysed by Analytico Medinet B.V. (Breda, the Netherlands)
using a reversed-phase liquid chromatography—tandem
mass spectrometry after solid-phase extraction method.
The limit of quantification (LOQ) was 10 nmol/l for all
analytes. The method was developed for 250-ul human
citrate plasma samples, and plasma concentrations were
adjusted for the dilution of blood with citrate buffer in the
sampling tubes. AZD0837, AR-H069927 and AR-H067637
were extracted from human plasma by means of an
automated solid-phase extraction (extraction columns:

1 ml ISOLUTE Cé6-column 25 mg). Chromatography was
performed on an Hypersil HyPurity C18 column (5 pm,
100x2.1 mm; Thermo Hypersil, Runcorn, UK) protected
by a C18 pre-column at a flow of 0.75 ml/min. The mass
spectrometer used was an Applied Biosystems/MDS Sciex
API-3000 system with turbo-ion spray interface and
Analyst Software (Applied Biosystems, Foster City, CA).
Cimetidine concentrations in the plasma were determined
by the Bioanalytical Laboratory of PRA International-Early
Development Services (Zuidlaren, the Netherlands) using
liquid chromatography with ultraviolet detection after solid-
phase extraction. The LOQ was 0.10 pg/ml.

Statistical analysis

This trial set out to test whether AZD0837 would affect GFR.
A clinically relevant effect on GFR was considered to be 10%
(for example, a change in GFR of 7 ml/min/1.73 m® in a
population with a mean GFR of 70 ml/min/1.73 m?), and the
“no effect limit” was set to a difference of —5 ml/min/
1.73 m?. With 24 evaluable subjects, the power to conclude
“no effect” was 90%, given that AZD0837 did not affect
GFR, at the significance level of 5%, and assuming a
standard deviation (SD) of 8 ml/min of the difference in
GFR. Since the previously observed elevation in s-creatinine
with AZD0837 could correspond to a potential reduction in
GFR, only a reduction in GFR was considered to be
clinically relevant, and a one-sided test of significance was
therefore used. GFR was analysed in an analysis of variance
(ANOVA) model with fixed factors for treatment, sequence
and period, and a random factor for subject. To test for “no
effect” a two-sided 90% confidence interval (CI) for differ-
ences in treatment means was constructed. If the lower
bound of this CI (corresponding to the lower bound of the
one-sided 95% CI) was no less than —5 ml/min, it was to be
concluded that AZD0837 had no clinically relevant effect on
GFR. Endogenous CrCl, s-creatinine and s-cystatin C were
analysed using descriptive statistics. Pharmacokinetic param-
eters for AZD0837 and its metabolites (AR-H069927 and
AR-H067637) as well as for cimetidine were calculated by
means of non-compartmental analysis using WinNonlin
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Professional ver. 4.1 (Pharsight Corporation, Mountain
View, CA) and included the maximum plasma concentration
Chax) and area under the plasma concentration versus time
curve during the dosing interval (AUC,). Ratios of the true
geometric means for the pharmacokinetic parameters were
estimated to evaluate changes for the combination of
AZDO0837 and cimetidine versus when given alone. For
AZDO0837 and its metabolites, a mixed effect ANOVA
model was used with the logarithm of C,, or AUC; as
the response variable, period and day as fixed factors and
subject as a random factor. For cimetidine pharmacokinetics,
descriptive statistics were used.

Results
Demographics

Thirty subjects (21 men and 9 women) with a mean age of
64.1+3.2 years and a mean BMI of 26.6+2.2 kg/m? were ran-
domised. All subjects had a creatinine clearance >70 ml/min,
and only one subject was on chronic medication. In this latter
subject, treatment with an angiotensin-converting enzyme
inhibitor (enalapril) was recorded at study start and was
continued during the study. All subjects completed the study
within a 3-month period (first subject in 14 August and last
subject out 14 November 2006).

Assessments of renal function
Serum creatinine

S-creatinine levels over time in the two treatment periods are
shown in Fig. 2. A 6% increase in mean s-creatinine

Fig. 2 Mean and standard devi-
ation of S-creatinine in response
to AZDO0837 or placebo in co-
administration with cimetidine,
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(5 wmol/l) compared with baseline was observed as early
as on Day 1 of AZD0837 treatment; the mean concentration
then reached a plateau and was stable during the subsequent
days of administration of AZD0837. After co-administration
of cimetidine with AZD0837, a 21% increase (17 pmol/l)
compared with baseline was observed. During placebo
treatment s-creatinine remained stable until the start of
cimetidine treatment (Day 6) when a rapid 17% increase
(14 umol/l) was observed, reaching a plateau 2 days later. At
follow up, s-creatinine returned to baseline, and all subjects
had values within the normal range.

Serum cystatin C

No increase in s-cystatin C during the treatment period
with AZDO0837 was observed (Fig. 3).

Glomerular filtration rate

Individual GFR values on Day 5 of the AZD0837/placebo
treatment period are shown in Fig. 4. The diagonal
reference lines indicate a change from placebo by +10%.
Descriptive statistics for GFR on Day 5 by treatment
period and differences between treatments are given in
Table 1. A mean difference in GFR of —1.6 ml/min/
1.73 m? (90% CI: —3.7 to 0.5) was estimated at Day 5 of
the AZDO0837 treatment period compared with the placebo
period. One subject had an unreliable GFR measurement
when on AZD0837; upon excluding this subject from the
analysis, the mean difference in GFR between treatments
was —0.7 ml/min/1.73 m? (90% CI: —2.3 to 0.9). Since the
lower bound of the CI was no less than —5 ml/min, it could
be concluded that AZD0837 had no clinically relevant
effect on GFR.
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Fig. 3 Mean and standard devi-
ation of s-cystatin C in response
to AZD0837 or placebo in co-
administration with cimetidine,
Days 6 to 8. Reference values
are shown by the dotted hori-
zontal lines

S-cystatin C (mg/l)

Endogenous creatinine clearance

Endogenous CrCl was measured on Day 5 (without
cimetidine) and Day 8 (with cimetidine) in the placebo
and AZDO0837 treatment periods, respectively. Treatment
with AZD0837 resulted in a significant decrease in CrCl of
-5.7 ml/min/1.73 m? (95% CI —11.3 to —0.12) compared
with placebo treatment. Three days of cimetidine treatment
resulted in a significant decrease in CrCl of —15.1 ml/min/
1.73 m* (95% CI —20.9 to —9.2) during the placebo
treatment period and —13.5 ml/min/1.73 m* (95% CI
—19.2 to —7.7) during treatment with AZDO0837. The
numerically lowest CrCl was seen after co-administration
of cimetidine and AZDO0837, with the estimated mean
difference between placebo plus cimetidine and AZD0837
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Fig. 4 Individual glomerular filtration rate (GFR) values on Day 5 of
the AZD0837/placebo treatment period. Diagonal lines indicate the
study population mean GFR rate measured after treatment with
placebo (broken line) £10% (solid lines). Since the mean GFR was
89 ml/min/1.73 m?, these lines correspond to a change in GFR of
8.9 ml/min/1.73 m> *An erroneous result for AZD0837 was likely
obtained for this subject, explaining the difference in calculated GFR
in the study periods

Days

A &« 4 Placebo e—e—e AZD0837

plus cimetidine being —4.2 ml/min/1.73 m? (95% CI —10.1
to 1.8).

Urinary markers of renal damage

None of the urinary markers of renal damage (albumin,
immunoglobulin G, «;-microglobulin, 3,-microglobulin
and ACR) showed any treatment-related changes, and no
abnormal values were observed during the treatment
periods (data not shown).

Pharmacokinetics

Co-administration of AZDO0837 with cimetidine did not
alter the exposure (AUC; and C,,,) of AZDO0837, AR-
H069927 and AR-H067637. With respect to AR-H067637,
the estimated ratios (with vs. without cimetidine) of the
geometric means for AUC g o4y and Cpax were 0.971 (95%
CI 0.846 to 1.114) and 0.911 (95% CI 0.781 to 1.062),
respectively. Furthermore, there was no relevant difference
in the mean + SD of AUC,; and C,,,x of cimetidine when
co-administered with AZD0837 (11.5+2.84 pg-h/ml and

Table 1 Descriptive statistics for glomerular filtration rate (ml/min/
1.73 m?) on Day 5, and absolute and relative differences between
treatments

Descriptive statistics Means + SD Range
AZD0837 87.6+10.9 59"-108
Placebo 88.8+9.3 73-108
Difference (ml/min/1.73m?) —-1.5£7.2 —27-14
Difference (%) —-1.548.3 -31-17

SD, Standard deviation

*This subject most likely had an erroneous analysis result during
AZDO0837 administration according to the laboratory; the next higher
GFR value in a subject was 74
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2.98+0.750 ug/ml, respectively) versus placebo (12.0+
2.84 pug-h/ml and 3.11+0.819 pg/ml, respectively).

Safety evaluation

Overall, there were few adverse events reported in this
study, indicating that the study treatments were well
tolerated (data not shown). Most adverse events had single
occurrences, and there was no apparent difference in the
adverse event profile between the treatments. Diarrhoea,
which has previously been identified as a possible side
effect of AZDO0837 [8, 9], was reported by one subject
during the treatment period with AZD0837 alone. Due to
the pharmacodynamic effect, it cannot be ruled out whether
AZDO0837 contributed to one event of haematochezia;
however, one bleeding event was also noted with placebo.
One event of a thrombophlebitis can reasonably be
attributed to the indwelling cannula and the repeated
puncture of the vessels of the forearm.

Discussion

In this study, we observed an overall mean increase of
approximately 6% in s-creatinine—but no change in s-cystatin
C—in elderly healthy subjects treated with AZD0837. The
increase in s-creatinine was not accompanied by a decrease in
GFR, and since a simultaneous reduction in CrCl was found,
this result suggests that inhibition of the renal tubular secretion
of creatinine by AZD0837 is the likely mechanism explaining
the observed increase in s-creatinine during treatment with
AZD0837.

The increase in s-creatinine observed during AZD0837
treatment had a relatively rapid onset, similar to that found
during cimetidine treatment, and s-creatinine concentrations
reached a steady state within 24 h. The decline in s-creatinine
after withdrawal of AZDO0837 and/or cimetidine also
occurred rapidly, and s-creatinine concentrations were close
to pre-treatment values at 24 h after cessation of treatment.
Accounting for the time for the wash-out of AZD0837 and
cimetidine, the rates of onset and offset appeared to be
similar. The observed time pattern is consistent with an
inhibition of the tubular secretion of creatinine since
s-creatinine has a half-life of 6 h and a new steady-state
should therefore be reached by 24 h. Similar time patterns for
s-creatinine have also been found in previous studies with
AZDO0837 [8, 9].

Cystatin C is produced steadily by all types of nucleated
cells in the body and is freely filtered in the glomeruli
before being absorbed and degraded in the proximal tubuli.
Cystatin C is therefore used as a marker of glomerular
filtration [16]. In addition, it has been suggested that
s-cystatin C may be an earlier and more rapid indicator of
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change in GFR than s-creatinine [17]. We found no change
in s-cystatin C over time in any of the treatment groups. An
increase in s-creatinine—but not in s-cystatin C—has also
been shown in a Phase II study with AZD0837 [8]. These
findings taken together indicate that the increase in
s-creatinine is the result of an effect on tubular handling
of creatinine instead of a direct effect on GFR.

To evaluate a potential effect of AZD0837 on renal
function, in this study we measured the GFR by plasma iCl
(four-sample method). A clinically relevant effect of GFR
was set to 10%, taking into account the previously
described within-individual coefficient of variation for iCl
measurements [18]. No significant change in GFR was
found during treatment with AZD0837 as compared with
treatment with placebo.

Since an effect on the tubular handling of creatinine had
been suggested in previous studies with AZD0837, we tried
to further evaluate this by co-administrating cimetidine.
Cimetidine is a well-known competitive inhibitor of the
tubular secretion of creatinine via effects on the human
organic cation transporter-2 (OCT2) and does not have any
direct effect on GFR [5, 7]. Maximum inhibition of tubular
secretion of creatinine has been reported within 24 h after
the start of three-times-daily dosing with 800 mg cimetidine
in young healthy subjects [19]. A slightly lower dose (400+
400+800 mg) was chosen in our study, and this lower dose
was given for 3 days to ensure inhibition of the renal
tubular secretion of creatinine. The expected reduction in
endogenous CrCl by cimetidine was found both during
treatment with placebo and with AZD0837. The additive
effect on tubular creatinine secretion by cimetidine on top
of AZDO0837 suggests that secretion was only partially
blocked by 450 mg of AZDO0837 and that AZD0837 is a
weaker inhibitor of tubular creatinine secretion than
cimetidine. The numerically lowest CrCl was seen after
the co-administration of cimetidine and AZDO0837, thus
indicating that the cimetidine dose used in this study by
itself did not completely block tubular creatinine secretion.
A pharmacokinetic drug—drug interaction between
AZDO0837 and cimetidine is unlikely since no effect on
the AUC and C,,, of AZDO0837 or its metabolites was
found in this study.

An effect of AZD0837 on the inhibition of tubular
secretion of creatinine is further supported by in vitro data
from wild-type and OCT2-transfected HEK293 cells show-
ing that AZDO0837 is an inhibitor of the basolateral OCT2-
mediated transport of creatinine. AZD0837, AR-H069927
and AR-H067637 inhibited the OCT2-mediated transport
of creatinine (10 pM) with ICso values of 37, 27 and
0.7 uM, respectively. Cimetidine, used as a positive OCT2
inhibitor, inhibited the OCT?2 transport of creatinine with an
ICsq value of 21 uM (unpublished data). A benign effect on
renal handling of creatinine was further supported in our
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study by the fact that no treatment-related changes in renal
damage markers were found during the treatment periods.

The apical transporter system multidrug and toxin
extrusion-1 (MATE1) protein has recently been reported
to potentially be involved in the tubular secretion of
creatinine [20]. AZD0837 and its metabolites were identi-
fied as MATEI inhibitors of varying strength [with ICsq
values of 70.6, 29.0 and 0.28 uM for AZD0837, AR-
H069927 and AR-H067637, respectively (unpublished
data)]. Inhibition of MATE1 could thus be an additional
benign mechanism for the inhibition of creatinine secretion
in the kidney.

Another potential explanation to elevations in s-creatinine
is an increased production of creatinine. Unfortunately, no
markers of muscle metabolism were measured in this study;
however, none of the participating patients reported any
muscular symptoms. In addition, no significant mean differ-
ence in the total excreted amount of creatinine was found at
Day 5 between AZD0837 and placebo (—0.13 mmol; 95% CI
—0.90 to 0.63), arguing against a change in creatinine
production.

This study was conducted in healthy elderly subjects
in order to assess markers of renal function in a
population similar to the population that potentially will
be treated with AZDO0837 in the future. To minimise the
influence of other medications, the use of concomitant
medications in the study was restricted. A placebo-
controlled cross-over design was chosen to enable intra-
individual subject evaluation and to minimise the time
effects and increase the power to detect potential changes
in glomerular filtration. The length of the washout period
was chosen to minimise the potential carry-over effect
between the treatment periods. The lengths of the
treatment periods were selected to ensure that steady-
state conditions were achieved with regard to the plasma
levels of AZDO0837 and its metabolites on Day 5, the
first day of renal assessments.

In conclusion, an overall increase of approximately 6%
in s-creatinine but no change in s-cystatin C was found in
elderly healthy subjects treated with AZDO0837. The
increase in s-creatinine was not accompanied by a decrease
in GFR, as measured by the plasma clearance of iohexol.
These findings, together with unpublished in vitro data,
suggest that the inhibition of renal tubular secretion of
creatinine is a likely mechanism for the observed increase
in s-creatinine during treatment with AZD0837.
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