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Abstract Background: The renin system is an attractive target for antihypertensive therapy
in patients with diabetes mellitus. However, diabetes is associated with changes in
gastrointestinal, renal and hepatic function that may affect the absorption and
disposition of oral drugs. This study compared the pharmacokinetics and pharma-
codynamics of the orally active direct renin inhibitor, aliskiren, in healthy volun-
teers and patients with type 2 diabetes.

Methods: This was an open-label study conducted in 30 patients with type 2
diabetes and 30 healthy volunteers matched for age, bodyweight and race.
Following a 10-hour fast, all participants received a single oral dose of aliskiren
300mg. Blood samples were taken at frequent intervals for 96 hours post-dose for
determination of plasma concentrations of aliskiren (using a high-performance
liquid chromatography-tandem mass spectroscopy method). Plasma renin activity
(PRA) and renin concentration (RC) were also measured for 24 hours after dosing.
Results: Aliskiren exhibited similar pharmacokinetics in patients with type 2
diabetes and healthy volunteers. Exposure to aliskiren was slightly higher in
patients with type 2 diabetes compared with healthy volunteers (mean area under
the plasma concentration-time curve from 0 to 24 hours 1859 vs 1642 ng e h/mL,;
maximum observed plasma drug concentration 394 vs 348 ng/mL), while appar-
ent clearance corrected for bioavailability was slightly lower (205 vs 234 L/h) and
elimination half-life slightly longer (44 vs 39.9 hours), but there were no statisti-
cally significant differences for any pharmacokinetic parameters. There was no
significant correlation between glycaemic control (% glycosylated haemoglobin)
and any of the measured pharmacokinetic parameters in patients with type 2
diabetes. Aliskiren caused sustained suppression of PRA for at least 24 hours after
dosing despite increasing RC; there were no major differences in the pharmacody-
namic effects of aliskiren between patients with type 2 diabetes and healthy
volunteers. Aliskiren was well tolerated in both patient groups, with no clinically
significant changes in laboratory values and a low risk of adverse events.

Conclusion: Aliskiren showed a similar pharmacokinetic profile in healthy
volunteers and patients with type 2 diabetes, and administration of a single oral



1126 Zhao et al.
300mg dose of aliskiren was well tolerated by both patients and healthy volun-
teers. The pharmacodynamic effects of aliskiren were also similar in healthy
volunteers and diabetic patients, with sustained inhibition of renin system activity
observed for at least 24 hours after dosing.

Background dependent manner, with a safety and tolerability

The renin system plays a crucial role in the
regulation of blood pressure (BP) and the develop-
ment of hypertension, acting through the peptide
hormone angiotensin (Ang) IL['?! Increased tissue
renin system activity may also be a major factor in
the development of organ damage in diabetes mel-
litus.®# Nearly three-quarters of all patients with
diabetes have hypertension,'® and antihypertensive
agents that target the renin system, such as ACE
inhibitors and angiotensin receptor antagonists
(ARAS), are therefore recommended for the treat-
ment of patients with hypertension and diabetes.®
Clinical trials have shown that treatment with ACE
inhibitors or ARAsS to inhibit the renin system slows
the progression of diabetic renal disease.l””) Howev-
er, the absolute rate of decline in glomerular filtra-
tion rate (GFR) in the ARA trials remained 4- to
5-fold greater than the expected loss because of
aging.!'% Thus, there remains scope for new thera-
pies to provide greater BP reduction and associated
clinical benefits in patients with diabetes and hyper-
tension.

Aliskiren is a novel, orally effective direct renin
inhibitor that inhibits the renin system at its point of
activation.!'!! Orally administered aliskiren displays
linear pharmacokinetics over the dose range
75-600mg in healthy volunteers.['?! Aliskiren is ex-
creted primarily unchanged in the faeces, with me-
tabolism and renal excretion playing only a minor
role, and shows only moderate protein binding
(47-51%).131 In healthy volunteers, oral doses of
aliskiren were well tolerated and provided dose-
dependent and sustained suppression of plasma ren-
in activity (PRA) and inhibition of the production of
Ang I and Ang I1.'" Clinical studies in patients with
hypertension have demonstrated that aliskiren sig-
nificantly reduces both systolic blood pressure
(SBP) and diastolic blood pressure (DBP) in a dose-
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profile similar to placebo and ARAs.!'>191 Aliskiren
exhibited an elimination half-life from plasma of
25-30 hours in healthy volunteers, indicating that
the drug is suitable for once-daily oral administra-
tion.l1417]

The presence of diabetes is associated with
changes in renal and hepatic function and plasma
protein binding."'8! Moreover, approximately 30%
of patients with type 2 diabetes also commonly
exhibit alterations in gastrointestinal tract function
(including impaired motility and delayed gastric
emptying), caused by hyperglycaemia and autonom-
ic neuropathy.l'>201 Although changes in renal and
hepatic function would not be expected to influence
the disposition of aliskiren, changes in gastric emp-
tying may alter the rate and extent of absorption of
orally administered drugs. Therefore, the primary
aim of this study was to determine whether the
pharmacokinetics of aliskiren, following adminis-
tration of a single 300mg oral dose, differ between
patients with type 2 diabetes and healthy volunteers.
The safety, tolerability and pharmacodynamics of
aliskiren were also evaluated.

Methods

Study Participants

Healthy volunteers and patients with type 2 dia-
betes between 30 and 75 years of age were enrolled
in this study. All participants were non-smokers and
otherwise in good health as determined by medical
history, physical examination, ECG, blood tests and
urinalysis. Eligible healthy volunteers were required
to have a DBP of 50-90mm Hg and SBP of
90-140mm Hg. Patients with type 2 diabetes were
enrolled at screening if they exhibited a DBP of
50-100mm Hg and SBP of 100-160mm Hg, had
been diagnosed with diabetes for at least 1 year, had
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a fasting blood glucose level of 126-270 mg/dL
(7-15 mmol/L), a body mass index (BMI) of 20-35
kg/m2 and a glycosylated haemoglobin (HbAic)
level of 7-13%. Upon meeting the eligibility crite-
ria, each diabetic patient was paired with a healthy
volunteer matched according to age (5 years),
bodyweight (£10kg) and race.

Exclusion criteria for patients with diabetes in-
cluded a history of type 1 diabetes, diabetes secon-
dary to pancreatic injury or conditions such as Cush-
ing’s syndrome or acute metabolic diabetic compli-
cations (such as ketoacidosis or hyperosmolar state),
or chronic insulin treatment (>4 weeks of treatment
in the absence of an intercurrent illness) in the 6
months prior to the study. Patients with diabetes
were also excluded if they had a history of gastroin-
testinal surgery (e.g. partial bowel or gastric resec-
tions), or if they showed evidence of severe or
untreated symptomatic autonomic neuropathy or
gastroparesis.

This study was reviewed and approved by local
ethical review boards, carried out in accordance
with Good Clinical Practice, and adhered to the
principles of the Declaration of Helsinki of the
World Medical Association. All participants provid-
ed written informed consent.

Study Design

This was an open-label, single-centre, single-
dose study designed to assess the pharmacokinetics,
safety and tolerability, and pharmacodynamics of
aliskiren in healthy volunteers and patients with type
2 diabetes.

Following a 21-day screening period, healthy
volunteers (n = 30) and patients with type 2 diabetes
(n = 30) were enrolled in the study and underwent a
baseline evaluation at day —1. On day 1, a single oral
dose of aliskiren 300mg was administered to all
participants between 7:30am and 9:00am after a
10-hour fast. Over the following 96 hours, blood
samples were taken at frequent intervals for assess-
ment of pharmacokinetic and pharmacodynamic pa-
rameters. Participants were domiciled in the study
centre for at least 12 hours prior to dosing and at
least 48 hours after dosing. All participants under-
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went a study completion evaluation at 96 hours post-
dose.

Study participants were not permitted to engage
in strenuous physical exercise for 7 days before
dosing or take alcohol (ethanol) from 72 hours
before dosing until after the study completion evalu-
ation. Intake of xanthine-containing food or bever-
ages was discontinued 48 hours before dosing and
was not permitted during the domiciled period. Pa-
tients with diabetes continued to take antidiabetic
medication at a constant dosage throughout the
study; all other medications (except paracetamol
[acetaminophen] and drugs required to treat adverse
events) were prohibited from 14 days before dosing
until the study completion evaluation.

Pharmacokinetic Assessments

Blood samples were taken pre-dose and at fre-
quent intervals over a period of 96 hours following
the administration of aliskiren (0.25, 0.5, 1.0, 1.5, 2,
2.5,3,4,6,8, 12, 24, 36, 48, 72 and 96 hours post-
dosing) and plasma aliskiren concentrations were
measured by a high-performance liquid chromatog-
raphy-tandem mass spectroscopy (HPLC-MS/MS)
method. Briefly, the assay consisted of solid-phase
extraction of plasma samples on Oasis MCX car-
tridges (Waters Corporation, Milford, MA, USA)
using an automated system. After the conditioning
steps (200uL of methanol, then 200uL of buffer at
pH 12), 200uL of alkalinised sample was transferred
to the well. The sample was washed with 400uL of
methanol/water (25 : 75, v/v). After the elution step
(300uL of acetonitrile/water [90 : 10, v/v] contain-
ing 1% acetic acid), the extract was partially evapo-
rated (concentration by approximately 2-fold) and
then diluted with 200uL of 1% acetic acid in water.
Reversed-phase HPLC was performed using a
MetaSil Basic Sum column (Metachem, Palo Alto,
CA, USA) with gradient elution from 10 mmol/L
aqueous ammonium acetate/acetonitrile (75 : 25,
v/v) to 10 mmol/L aqueous ammonium acetate/
acetonitrile (40 : 60, v/v) over 0.4 minutes. Detec-
tion was performed in MS/MS using electro spray
ionisation (ESI) with an API 3000 mass spectrome-
ter (Applied Biosystems, Foster City, CA, USA). A
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derivative of aliskiren (gem-dimethyl de-aliskiren)
was used as an internal standard. The lower limit of
quantification (LLQ) of this assay for plasma sam-
ples was approximately 0.5 ng/mL.

Pharmacokinetic parameters calculated for alis-
kiren included area under the plasma concentration-
time curve from O to 24 hours (AUC24) and extrapo-
lated to infinity (AUCs), maximum observed plas-
ma concentration (Cmax), time to reach Cmax (tmax),
elimination half-life (t,) and apparent clearance
corrected for bioavailability (CL/F), and were deter-
mined by non-compartmental analysis using Win-
Nonlin Enterprise (version 4.1, Pharsight Corpora-
tion, Mountain View, CA, USA).

Safety and Tolerability Assessments

Safety and tolerability assessments were con-
ducted in all subjects, and included the monitoring
and recording of all adverse events and concomitant
medications or significant non-drug therapies. The
duration, severity (mild, moderate, severe), relation-
ship to the study drug and outcome were recorded
for all adverse events, whether volunteered by the
subject, discovered by investigator questioning, or
detected through physical examination, laboratory
test or other means. Evaluation of haematology,
blood chemistries and urinalysis was performed at
baseline, at 24 hours post-dose and at the end of the
study. ECG recordings were taken at baseline, pre-
dose and at 4, 12 and 24 hours post-dose.

The GFR was estimated for individual subjects
from baseline demographics and serum measure-
ments using the Modification of Diet in Renal Dis-
ease (MDRD) equation (equation 1).2!1 This equa-
tion has been validated as an accurate predictor of
GFR in patients with diabetes.??!

GFR = 170 x (SCr in mg/dL]>*” x (age in years)*'"
x gender factor x race factor x (SUN in mg/dL)fo'170
x (serum albumin in g/dL)*3'®
(Eq. 1)
where SCr is serum creatinine, SUN is serum urea
nitrogen, gender factor = 0.762 if subject is female
or | if male, and race factor = 1.18 if subject is Black
or 1 otherwise.
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Pharmacodynamic Assessments

PRA and renin concentration (RC) were mea-
sured in plasma samples taken at baseline and at 1,
2,4, 6, 12 and 24 hours post-dose. RC was measured
by immunochemiluminescence using the Nichols
Direct Renin assay (Nichols Institute, San Cle-
mente, CA, USA). The LLQ for this assay was
0.8 mU/L, and intra-assay precision was 3.7-7.2%.
PRA was measured using a radioimmunoassay
method by Specialty Labs (Valencia, CA, USA); the
LLQ for this assay was 0.5 ng/mL/h.

Statistical Methods

Log-transformed pharmacokinetic parameters
(AUC24, AUCs and Cmax) were compared between
the two groups using a linear model with group as a
fixed factor and matched pair as a random factor.
Point estimates and the corresponding 90% confi-
dence intervals (Cls) for the ratio of geometric
means (for patients with diabetes compared with
healthy volunteers) were calculated for AUC24,
AUCe and Cmax. Aliskiren AUC and Cmax exhibit-
ed a coefficient of variation (CV) of between 0.50
and 0.70; with a selected sample size of at least 28
subjects per group, the present study, therefore, had
at least 83% power to detect a treatment difference
of 40% between mean AUC and Cmax values, as-
suming a CV of 0.50.

Comparisons of log-transformed CL/F, Cmax/
AUCe and ty, values between groups were made
similar to AUC and Cmax. tmax values were com-
pared using a nonparametric test on the differences
of the matched pairs (Wilcoxon signed-rank test).
Correlations between baseline HbAjc values and
pharmacokinetic parameters were assessed by linear
regression. For pharmacodynamic parameters, PRA
and RC were analysed using log-transformed data;
geometric mean ratios and 90% Cls were calculated
for these data when comparing post-dose means
across groups or post-dose versus pre-dose values
within a group. Descriptive statistics were provided
for changes in supine BP.
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Table I. Baseline and demographic characteristics of study participants?

Characteristic Healthy volunteers Patients with type 2 diabetes mellitus
(n = 30) (n = 30)

Age (y) 57.2+85 57.9+9.3
Height (cm) 163.2 + 9.0 1624 +7.3
Bodyweight (kg) 73.1+10.8 747 +11.9
BMI (kg/m2) 274 +£3.0 282+26
Sex (n)

male 13 16

female 17 14
Race [n (%)]

Caucasian 6 (20.0) 6 (20.0)

Black 4 (13.3) 4 (13.3)

other® 20 (66.7) 20 (66.7)
Systolic BP (mm Hg)° 115+ 11 128 + 18
Diastolic BP (mm Hg)® 73+7 75+t6
Pulse rate (bpm)°© 63+6 69 + 11

Estimated GFR? (mL/min/1.73m2)

76 + 11 (62-100)°

75 + 9 (57-93)°

Time since diabetes diagnosis (y) NA

HbA1c (%) 57+04

Antidiabetic medication [n (%)] 0
sulphonylureas 0
metformin 0
metformin/sulphonylurea combination 0
thiazolidinediones 0

6.9 + 4.5 (1-20)°
8.6+ 1.6

29 (96.7)

15 (50.0)

8 (26.7)

8 (26.7)

2 (6.7)

Denotes neither Caucasian, Black nor Oriental.

o o0 T o

study equation, as described in the methods section.
e Mean £ SD (range).

Values are presented as mean + SD unless specified otherwise.

BP and pulse rate measurements were taken in the supine position.
GFR was estimated from baseline demographics and serum measurements using the Modification of Diet in Renal Disease (MDRD)

BMI = body mass index; BP = blood pressure; bpm = beats per minute; GFR = glomerular filtration rate; HbA1c = glycosylated

haemoglobin.

Results

Baseline and Demographic Characteristics
of Study Participants

A total of 60 participants were enrolled in this
study (30 healthy volunteers and 30 patients with
type 2 diabetes). Baseline and demographic data for
the two study groups are summarised in table I; with
the exception of HbAic levels and concomitant
treatment with antidiabetic medications, there were
no significant differences in baseline characteristics
between the two groups. The most common an-
tidiabetic medications were sulphonylureas, met-
formin and sulphonylurea/metformin combinations.
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Three of the patients with type 2 diabetes were
hypertensive (BP >130/80mm Hg) at baseline; one
of these patients was receiving antihypertensive
drug treatment (with irbesartan/hydrochlorothia-
zide). All subjects completed the study and were
included in the pharmacokinetic, safety and pharma-
codynamic evaluations.

Pharmacokinetic Parameters

Following the administration of a single 300mg
oral dose the plasma concentration-time profiles for
aliskiren showed no marked differences between
healthy volunteers and patients with type 2 diabetes
(figure 1). Pharmacokinetic parameters for aliskiren

Clin Pharmacokinet 2006; 45 (11)
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400 B Healthy volunteers
O Patients with type 2 diabetes

Mean plasma concentration of
aliskiren (ng/mL)

Time (h)

Fig. 1. Plasma concentration-time profile of aliskiren following the
administration of a single 300mg oral dose in healthy volunteers (n
= 30) and patients with type 2 diabetes mellitus (n = 30). Data are
presented as the mean + standard error of the mean.

are summarised in table II. Exposure to aliskiren
was slightly, but not significantly, higher in patients
with type 2 diabetes compared with healthy volun-
teers, whether assessed by AUCp4 (ratio of geomet-
ric means 1.15 [90% CI 0.89, 1.49]; p = 0.347),
AUC (ratio of geometric means 1.16 [90% CI 0.89,
1.50]; p = 0.349) or Cmax (ratio of geometric means
1.14 [90% CI 0.85, 1.51]; p = 0.455).

Mean ty, values for aliskiren were comparable
between healthy volunteers (40 hours) and patients
with type 2 diabetes (44 hours). Although tmax,
Cmax’/AUCw and CL/F were all slightly lower in
patients with type 2 diabetes compared with healthy
volunteers (table II), there were no significant dif-
ferences between groups.

There was no evidence of a significant corre-
lation between glycaemic control (baseline %
HbA|¢) in the patients with diabetes and any of
the aliskiren pharmacokinetic parameters. Figure
2 shows that there was no significant correla-
tion in the patients with type 2 diabetes between
HbA1c and AUC24 (r=-0.07; p=0.706), Cmax
(r=-0.08; p=0.684) or ty, (r=-0.26; p=0.163).
There was also no significant correlation be-
tween HbA ¢ and tmax (r = 0.23; p = 0.215) or CL/F
(r=0.15; p=0.421).

Patients with type 2 diabetes and healthy volun-
teers were not matched for sex in this study, but
overall there were no notable differences between
men and women in mean = SD AUC24 (men 1602 +
911 vs women 1889+ 1191 ng e h/mL), Cmax (317
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190 vs 421 £ 311 ng/mL), CL/F (240 £ 153 vs 201 £
118 L/h) or ty, (42.8 £ 8.6 vs 41.1 = 11.2 hours).

It was also notable that the majority of subjects
enrolled in this study were in the ‘other’ category for
race, which denotes not Caucasian, Black or Orien-
tal. However, there were no notable differences be-
tween the pooled group of Caucasian/Black subjects
and subjects of other racial origin for mean = SD
AUC24 (Caucasian/Black 1790 + 1112 vs other
1731 £ 1055 ng « h/mL), Cmax (427 + 350 vs 343 +
205 ng/mL), CL/F (200 £ 99 vs 230 + 152 L/h) or ty,
(42.4 £ 9.8 vs 41.7 £ 10.2 hours).

Pharmacodynamic Parameters

Administration of a single oral dose of aliskiren
300mg led to small reductions in mean supine SBP
and DBP that were apparent within 2 hours of dos-
ing in healthy volunteers and patients with type 2
diabetes (figure 3). The reductions in BP persisted
for at least 24 hours after dosing, but BP values had
returned to pre-treatment levels by 96 hours post-
dose. In the three diabetic patients who were hyper-
tensive (BP >130/80mm Hg) at baseline, BP was
lowered to normotensive levels at 24 hours after the
administration of aliskiren in each case (from 138/
85 to 107/69mm Hg, 139/83 to 112/67mm Hg and

Table Il. Pharmacokinetic parameters for aliskiren following the
administration of a single 300mg oral dose to healthy volunteers
and patients with type 2 diabetes mellitus?

Parameter Healthy Patients with
volunteers type 2 diabetes
(n =30) (n =30)

AUC24 (ng ® h/mL) 1642 £ 1031 1859 + 1106

AUC. (ng ® h/mL) 1783 £ 1114 2037 + 1198

Cmax (ng/mL) 348 £ 236 394 + 288

tmax (h) 1.25 (0.25-6.00)® 1.00 (0.25-4.00)°

Cmax/AUC. (h~1) 0.205 + 0.089 0.196 + 0.065

v, (h) 399+ 8.1 440+ 114

CL/F (L/h) 234 £ 137 205 + 136

a Values are expressed as mean + SD unless specified

otherwise.

b Median (range).

AUC24 = area under the plasma concentration-time curve from 0 to
24 hours; AUC.. = AUC from time zero to infinity; CL/F = apparent
clearance corrected for bioavailability; Cmax = maximum observed
plasma concentration; ty, = elimination half-life; tmax = time to reach
Cmax-
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Fig. 2. Correlation between baseline glycosylated haemoglobin
(HbA1c) and (a) area under the plasma concentration-time curve
from 0 to 24 hours (AUCz24), (b) maximum observed concentration
(Cmax) and (c) elimination half-life (t,) in patients with type 2 diabe-
tes mellitus. Figure shows mean HbAic values and respective
pharmacokinetic parameters for each subject with type 2 diabetes.
Correlation coefficients (r values) and respective p-values were
determined by linear regression; no statistically significant correla-
tions were observed (p > 0.05 for all parameters).

148/80 to 129/65mm Hg). Aliskiren caused no nota-
ble changes in pulse rate in healthy volunteers or
patients with diabetes.

RC and PRA were measured for 24 hours follow-
ing the administration of a single dose of aliskiren
300mg. Geometric mean RC pre-dose was higher
(p <0.05) in patients with type 2 diabetes (geometric
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mean 16.7 mU/L) compared with healthy volunteers
(10.1 mU/L). Aliskiren caused a significant increase
in geometric mean RC (figure 4a) that peaked at
approximately 6 hours post-dose in both groups (an
increase of 653% and 471% in healthy volunteers
and diabetic patients, respectively). RC values were
significantly increased from pre-dose levels (p <
0.001) throughout the 24 hours after dosing, but
there were no major differences in RC levels for
change from baseline between healthy volunteers
and patients with diabetes at any timepoint.

Geometric mean PRA was similar pre-dose in
patients with type 2 diabetes compared with healthy
volunteers (1.03 vs 1.07 ng/mL/h). Aliskiren signifi-
cantly reduced PRA (p < 0.001) to below the LLQ of
the assay (0.5 ng/mL/h) in both groups (figure 4b),
with PRA suppression being achieved at 1 hour
post-dose and sustained for at least 24 hours (p <
0.001 vs baseline at all post-dose timepoints in both
groups).

Safety and Tolerability

Aliskiren was well tolerated in healthy volunteers
and patients with type 2 diabetes. There were no
clinically significant changes in laboratory values,
vital signs (except for the small reductions in BP as
noted earlier) or ECG recordings following adminis-
tration of aliskiren, and no study discontinuations. A
total of 17 adverse events were reported by 7 sub-
jects during the study: 13 adverse events in 5 healthy
volunteers and 4 adverse events in 2 patients with
diabetes. The most frequently reported adverse
events were headache and diarrhoea (3 events each).
All adverse events reported were mild in severity.

Discussion

This study shows that the pharmacokinetics of
the novel direct renin inhibitor aliskiren following
administration of a single 300mg oral dose are simi-
lar in patients with type 2 diabetes and age-,
bodyweight- and race-matched healthy volunteers.
Patients with type 2 diabetes exhibited only small
and non-significant increases in Cmax and AUC
compared with healthy volunteers, and there was no
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Fig. 3. Supine blood pressure following administration of a single
300mg oral dose of aliskiren. Supine systolic and diastolic blood
pressure values are presented for healthy volunteers (n = 30) and
patients with type 2 diabetes mellitus (n = 30). Data are presented
as the mean + standard error of the mean.

correlation between glycaemic control (HbA1c) and
the pharmacokinetics of aliskiren.

The lack of significant differences in aliskiren
pharmacokinetic parameters between patients with
type 2 diabetes and healthy volunteers indicates that
the presence of diabetes had no notable effect on the
rate (tmax, Cmax/AUCs) or extent (AUCo, Cmax) of
absorption of aliskiren, or on the elimination (CL/F,
ty,) of the drug. Recent evidence suggests that hyper-
glycaemia resulting from poor glycaemic control
may contribute to disturbances in gastric function in
patients with diabetes.”’! However, the present
study found no significant correlations between gly-
caemic control (baseline HbA|c) and any aliskiren
pharmacokinetic parameters. Other physiological
changes associated with type 2 diabetes (such as
alterations in renal and hepatic function and plasma
protein binding)!'¥! would not be expected to alter
the pharmacokinetics of aliskiren, because aliskiren
exhibits only moderate protein binding and is elimi-
nated primarily unchanged in the faeces, with renal
clearance (<10% of total clearance) and metabolism
playing only a minor role.['4?4

It is notable that the ty, of aliskiren observed in
this study (40 and 44 hours in healthy volunteers and
patients with type 2 diabetes, respectively) was
somewhat longer than the value of 24 hours reported
for healthy males by Nussberger et al.'* and the
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25-30 hours observed by Azizi et al.l'” This most
likely reflects the longer sampling period employed
in the present study (96 hours) compared with stud-
ies by Nussberger et al.'* and Azizi et al.l'”! (both
48 hours). Although aliskiren ty, values showed
considerable inter-subject variability in the present
study, recent studies in healthy volunteers using a
sampling period of 72 or 96 hours post-dose (during
which time the majority of the aliskiren AUC is
captured) suggest that the ty, for aliskiren in the
therapeutically relevant concentration range is
30-40 hours.'>?] This is consistent with the fact
that steady state is achieved within 5-7 days of
once-daily administration, and with the approxi-
mately 2-fold accumulation of aliskiren at steady
state compared with administration of a single
dose.?!

Aliskiren treatment resulted in substantial reduc-
tions in PRA and increases in RC in healthy volun-
teers and patients with diabetes, consistent with the
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Fig. 4. (a) Plasma renin concentration and (b) plasma renin activity
following administration of a single oral dose of aliskiren 300mg in
healthy volunteers (n = 30) and patients with type 2 diabetes mel-
litus (n = 30). Data are presented as geometric mean + 95% confi-
dence interval.

Clin Pharmacokinet 2006; 45 (11)



PK of Aliskiren in Type 2 Diabetes Mellitus

1133

known pharmacology of aliskiren.!?! The rise in RC
occurs as a result of the loss of the normal Ang II-
mediated feedback inhibition of renin secretion by
the kidneys, and is therefore an indicator of renin
system suppression.?’28! Despite the increase in RC,
aliskiren effectively reduced PRA to below the LLQ
of the assay within 1 hour of dosing in healthy
volunteers and patients with diabetes, and PRA re-
mained suppressed for at least 24 hours. The effects
of aliskiren on PRA and RC were essentially similar
in both groups.

Administration of a single 300mg oral dose of
aliskiren was well tolerated both by healthy volun-
teers and by patients with type 2 diabetes. There
were no notable changes in laboratory values, vital
signs (other than small reductions in BP) or ECG
measurements following treatment with aliskiren,
and the rate of adverse events was low. Of the most
frequently reported adverse events, headache is
commonly observed following the administration of
a BP-lowering drug to normotensive subjects, while
the three reports of diarrhoea all came from one
subject.

It is important to note the limitations of this
study. As is the case in most pharmacokinetic profil-
ing studies, aliskiren was administered to subjects in
the fasted state. This study would therefore not have
detected any influence of meals, or concomitant
medication intake with meals, on potential diabetic
abnormalities in gastric emptying or bowel function.
Moreover, although a single-dose study design is
useful for the comparison of pharmacokinetic pa-
rameters between patient groups, it does not reflect
the once-daily, multiple-dose treatment regimen that
will be used for aliskiren in the long-term treatment
of hypertension, and so provides limited information
as to the safety and tolerability of aliskiren. Never-
theless, there are unlikely to be notable differ-
ences in the safety of aliskiren between single-
or multiple-dose administration. Indeed, a recent
study in healthy subjects showed only modest in-
creases in exposure to aliskiren of less than 2-fold at
steady state compared with single-dose administra-
tion, and no difference in tolerability between the
two dosing regimens.!?!

© 2006 Adis Data Information BV. All rights reserved.

Conclusion

The results of this study demonstrate that alis-
kiren exhibits comparable pharmacokinetics and
pharmacodynamics in healthy volunteers and pa-
tients with type 2 diabetes and is well tolerated in
both groups.
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