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ABSTRACT

Introduction: Azilsartan is an angiotensin II
receptor blocker indicated for the treatment of
patients with hypertension. The efficacy and
safety of azilsartan are established in adults, but
have not been evaluated in pediatric patients,
nor has its pharmacokinetic profile been deter-
mined in pediatric patients.
Methods: In this phase 3, open-label, multi-
center study, we investigated the pharmacoki-
netics and safety of single doses of azilsartan in
six Japanese patients with hypertension, aged
9–14 years. The dose of azilsartan was 5 mg for
three patients weighing less than 50 kg, with
mean body weight at baseline of 27.5 kg, and

10 mg for three patients weighing at least 50 kg,
with mean body weight at baseline of 65.9 kg.
Results: Mean maximum plasma concentra-
tion (Cmax) of azilsartan was 888.3 and
831.3 ng/mL and median time to maximum
concentration (Tmax) of unchanged azilsartan
was 3.0 and 4.0 h, in the 5-mg and 10-mg
groups, respectively. Mean areas under the
plasma concentration–time curve (AUC) from
0–24 h post-dose (AUC0–24) and 0 h to infinity
(AUC0–inf) were 6350.3 and 6635.7 ng h/mL,
respectively, in the 5-mg group, and 6871.7 and
7433.3 ng h/mL, respectively, in the 10-mg
group. Both doses were well tolerated; no
treatment-emergent adverse events considered
to be related to azilsartan occurred during the
study.
Conclusion: Our data suggest that pediatric
patients weighing less than 50 kg may have
approximately 2-fold greater exposure to azil-
sartan than those weighing at least 50 kg at the
same dose. Exposure to azilsartan in children
weighing at least 50 kg is comparable to that in
healthy adults at the same dose.
Trial Registration: ClinicalTrials.gov identifier,
NCT02451150.
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INTRODUCTION

Although hypertension is usually considered as
a disorder mainly affecting middle-aged and
older patients, children and adolescents are also
at risk of developing the condition [1]. In fact,
the incidence of pediatric hypertension appears
to be increasing [2], with up to 5% of children
and adolescents in the USA and 0.1–3% in Japan
estimated to have high blood pressure [1, 3].

Pediatric hypertension is not typically asso-
ciated with immediate death or cardiovascular
complications [4]; however, hypertension per-
sisting from childhood is likely to lead to
development of cardiovascular disease and
progression of organ damage, including renal
dysfunction, thereby markedly affecting the
patient’s quality of life and prognosis, both in
childhood and in the future. Therefore, it is
crucial to manage high blood pressure at an
early stage, as recommended by the current
Japanese Society of Hypertension guidelines [1].
In Japan, four drugs are currently approved for
the management of hypertension in pediatric
patients, namely enalapril (indicated for
patients at least 1 month of age), lisinopril (at
least 6 years), valsartan (at least 6 years), and
amlodipine (at least 6 years), despite a wider
range of drugs being approved for use in adult
patients [1]. Thus, compared with adults, treat-
ment options for pediatric patients are some-
what limited, predominantly because of a
paucity of data in this population.

Azilsartan (TAK-536) is an angiotensin II
receptor blocker (ARB) approved for the treat-
ment of adult hypertension in Japan in January
2012. In adults, azilsartan is considered superior
to the ARBs candesartan cilexetil and olmesar-
tan medoxomil in terms of its ability to lower
24-h blood pressure, alongside a favorable safety
profile [5, 6]. Although there are some excep-
tions, previously reported clinical trials of ARBs
indicate that their blood pressure (BP)-lowering
effects in children are consistent with their
effects in adults [7, 8]. Given these findings, it
may be a useful agent for the treatment of
hypertension in pediatric patients. However, to
date, azilsartan has not been evaluated in

Japanese pediatric patients, particularly in terms
of its pharmacokinetic profile.

Previous pharmacokinetic studies of azilsar-
tan in healthy adults showed dose-linear
parameters; peak plasma concentrations of
azilsartan were reached between 1.8 and 2.4 h
after oral dosing, with an elimination half-life
(T1/2) of approximately 13 h [9]. Azilsartan is
eliminated both through renal clearance (ap-
proximately 2.3 mL/min) and hepatic metabo-
lism, with no clinically relevant changes in
azilsartan exposure observed in patients with
mild-to-severe renal impairment or mild-to-
moderate hepatic impairment [10–13]. The
principal metabolite of azilsartan formed by
O-dealkylation via the cytochrome P450 2C9
isoform is M-II, and the main minor metabolite,
which is formed by decarboxylation, is M-I;
both are pharmacologically inactive [10, 13]. A
phase 1 study by Webb et al. investigated the
pharmacokinetics of azilsartan medoxomil in
healthy adults and in children with hyperten-
sion aged 4–16 years [14], by developing a
population pharmacokinetic model to evaluate
the application of body weight-adjusted azil-
sartan medoxomil tablet doses used in pediatric
patients. It was found that body weight is the pri-
mary factor affecting azilsartan pharmacokinetic
parameters [14].

This study was therefore designed to further
analyze the pharmacokinetics and safety of a
single oral dose of azilsartan specifically in
pediatric patients with hypertension, to serve as
a basis for further development of azilsartan in
this population in Japan.

METHODS

Study Design

This was an open-label, phase 3, multicenter
study (ClinicalTrials.gov NCT02451150) to
analyze the pharmacokinetics and safety fol-
lowing a single oral dose of azilsartan in pedi-
atric patients aged from 6 to younger than
16 years with hypertension. This study com-
prised a 28-day run-in period, a 1-day treatment
period, and follow-up at 6 and 15 days post-
treatment. During the run-in period, patients
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underwent screening and physical examina-
tions, including blood pressure measurement
and resting 12-lead ECG. Patients entered the
hospital on the last day of the run-in period and
were discharged at the end of the treatment
period unless continued hospitalization for
medical care was required. Patients received a
single oral dose of azilsartan, in the form of a
single tablet: 5 mg for patients weighing less
than 50 kg, or 10 mg for patients weighing at
least 50 kg based on the modeling and simula-
tion of azilsartan exposure [14]. Doses were
taken with water following breakfast, and
patients were assessed daily from the day prior
to drug administration until deemed necessary.

Patient Population

Patients were enrolled at three centers in Japan
and were required to be aged from 6 to younger
than 16 years, to have a diagnosis of hyperten-
sion per Japanese Circulation Society guidelines
[15] (sitting diastolic or systolic blood pressure
in at least the 95th percentile for essential
hypertension; in at least the 90th percentile for
secondary hypertension), to weigh at least 20 kg
during the run-in period, and to be able to take
the tablets of the study drug. Patients who had
undergone renal transplant were eligible to
participate in the study if the transplantation
had taken place more than 6 months prior to
the study and the graft was stable.

Patients were excluded if they had received
any study drug within 30 days prior to run-in,
or were involved in another clinical or post-
marketing study; had poorly controlled hyper-
tension; were diagnosed with malignant or
accelerated hypertension; had severe renal dys-
function, renal neovascular disease, severe
nephrotic syndrome not in remission, were
receiving dialysis, or had a serum albumin
concentration of less than 2.5 g/dL; had a his-
tory of, or the signs or symptoms of, serious
cardiovascular, hepatobiliary, gastrointestinal,
endocrinological, hematological, immunologi-
cal, urinogenital, or psychiatric disease, cancer,
or any other disease that had adversely affected
the patient’s health; had glycated hemoglobin
(HbA1c) greater than 9%; had hyperkalemia

exceeding theupper limit of normal (4.7 mEq/L);
or had a known hypersensitivity or allergy to
ARBs.

Written, informed consent was received
from the patients’ parent/guardian and patients
if possible before the start of the study. The
study was conducted in compliance with the
institutional review board (IRB) regulations
stated in the Good Clinical Practice (GCP)
guidelines, and all applicable local regulations.
The ethical conduct of the study was in line
with the Declaration of Helsinki and the Inter-
national Conference on Harmonisation (ICH)
Harmonised Tripartite Guideline for GCP E6,
and all applicable laws and regulations. The
protocol and other study-related documents
were reviewed and approved by the IRB of the
study site.

Bioanalytical Method

One blood sample (2 mL) was obtained predose
and at 1, 2, 3, 4, 6, 8, and 24 h post-dose; where
possible, catheters were used to avoid repeated
use of a needle. Blood samples were collected
into chilled tubes containing the potassium salt
of ethylenediaminetetraacetic acid. Plasma was
separated by centrifugation and samples stored
at approximately - 20 �C or lower. Total urine
collections were made at pre-dose (single col-
lection between - 12 and 0 h) and at 0–4, 4–8,
8–12, and 12–24 h post-dose. Urine samples
were stored as 1-mL aliquots at approximately
- 20 �C or lower. Concentrations of azilsartan,
M-I, and M-II in plasma and urine were deter-
mined using validated liquid chromatogra-
phy–tandem mass spectrometry assays at CMIC
Laboratories, Nishiwaki, Japan [16]. For both
the plasma and urine samples, 0.8 mol/L
hydrochloric acid (20 lL) and methanol with
internal standard (25 lL) were added to 100-lL
samples for protein precipitation, followed by
the addition of 0.1 mmol/L ammonium acetate
buffer (pH 4.0; 500 lL). The samples were then
subjected to standard extraction and purifica-
tion procedures prior to analysis. Liquid chro-
matography separation was performed using an
XTerra RP18 column (Waters; particle size 5 lm,
2.1 9 250 mm). The mobile phase consisted of
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acetonitrile/distilled water/acetic acid in a
60:40:0.05 (v/v/v) ratio and the sample was
pumped through the column at 0.2 mL/min.
For detection, an API4000 mass spectrometer
(AB Sciex, Framingham, MA, USA) with positive
ion electrospray in multiple-reaction monitor-
ing mode was employed. The LC–MS/MS assay
range for the detection of azilsartan, M-I, and
M-II in plasma was 1–2500 ng/mL. The range
for detection of azilsartan, M-I, and M-II in
urine was 20–10,000 ng/mL.

Pharmacokinetics

Pharmacokinetic variables derived from azilsar-
tan, M-I, and M-II concentrations in plasma
included area under the plasma concentra-
tion–time curve from 0 to 24 h post-dose
(AUC0–24) and from 0 h to infinity (AUC0–inf);
maximum observed concentration in plasma
(Cmax); time to reach Cmax (Tmax); terminal
elimination rate constant (kz = negative slope
of the log-linear regression of the natural loga-
rithm concentration–time curve during the
terminal phase); terminal elimination half-life
(T1/2 = ln(2)/kz); apparent clearance after
extravascular administration (CL/F = dose/
AUC0–inf); and apparent volume of distribution
during the terminal phase (Vz/F = [CL/F]/kz).
Urine pharmacokinetic parameters included
total amount excreted in urine from 0 to 24 h
post-dose (Ae0–24), fraction excreted in the urine
(Fe = [Ae0–24/dose] 9 100), and renal clearance
(CLr = Ae0–24/AUC0–24). Fe estimates for azilsar-
tan, M-I, and M-II were adjusted for molecular
weight. The arithmetic mean cumulative uri-
nary excretion ratios were calculated as per-
centage of dose (azilsartan equivalent)
of azilsartan, M-I, M-II, and total (azilsar-
tan ? M-I ? M-II) at 24 h. Pharmacokinetic
parameters were derived using noncompart-
mental methods via WinNonlin 6.3 (Pharsight
Corp., Mountain View, CA, USA) for the plasma
data and SAS version 9.2 (SAS Institute, Cary,
NC, USA) for the urine data. Plasma and urine
pharmacokinetic parameters for each cohort
were summarized using descriptive statistics.

Safety

Safety was analyzed by recording all treatment-
emergent adverse events (TEAEs) using the
Medical Dictionary for Regulatory Activities
terminology, Japanese edition version 18.0.
Safety assessments included clinical laboratory
tests; assessment of vital signs (body tempera-
ture, blood pressure, and pulse rate); electro-
cardiogram (ECG), and physical examinations
in all patients who received at least one dose of
study medication. Safety findings were sum-
marized using descriptive statistics or frequency
distributions.

RESULTS

Patient Disposition and Baseline
Characteristics

A total of six patients signed the informed
consent form and were enrolled in the study. All
patients received the study drug. Three patients
weighing less than 50 kg received azilsartan
5 mg and three patients weighing at least 50 kg
received azilsartan 10 mg. All patients com-
pleted the study.

Patient demographic and baseline charac-
teristics are detailed in Table 1. All patients had
concurrent medical conditions classified under
the system organ class ‘‘renal and urinary dis-
orders’’. Mean age was 9.0 years (range
9–9 years) in the 5-mg group and 13.7 years
(range 13–14 years) in the 10-mg group. Mean
weight was 27.5 kg (range 22.4–33.4 kg) in the
5-mg group and 65.9 kg (range 63.5–69.2 kg) in
the 10-mg group. One patient in the 10-mg
group was deemed to have essential hyperten-
sion, while five patients were classified as hav-
ing secondary hypertension. All patients took
concomitant drugs during the study.

Pharmacokinetics

The time-course profiles for the plasma con-
centration of azilsartan and its metabolites fol-
lowing a single oral dose of azilsartan are
presented in Fig. 1. Azilsartan was rapidly
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absorbed, being detectable in the plasma of all
participants at 1 h post-dose. Similarly, plasma
concentrations of M-I were also detectable in all
patients at 1 h post-dose. M-II was detectable in
plasma at 1 h (n = 5) or 2 h (n = 1; 10 mg group)
following administration.

Pharmacokinetics for the six patients inclu-
ded in the study are shown in Table 2. Median
azilsartan Tmax was 3 h (range 2.1–3.0 h) in the
5-mg group and 4 h (range 2.1–4.0 h) in the

10-mg group, and mean azilsartan Cmax was
888.3 and 831.3 ng/mL, respectively. After
reaching Cmax, the plasma concentration of
azilsartan decreased, with amean T1/2 of 4.7 h in
the 5-mg group and 6.1 h in the 10-mg group. In
the 5-mg and 10-mg groups, mean azilsartan
AUC0–24 was 6350.3 and 6871.7 ng h/mL,
respectively, and mean AUC0–inf was 6635.7 and
7433.3 ng h/mL, respectively.

Table 1 Patient demographic and baseline characteristics (safety and pharmacokinetic analysis data set)

Characteristic Dose Total (n = 6)

5 mg (n = 3) 10 mg (n = 3)

Patient number 1 2 3 4 5 6

Age, years 9 9 9 14 13 14

Median (range) 11 (9–14)

Gender, n (%)

Male 1 1 1 3 (50.0)

Female 1 1 1 3 (50.0)

Height, cm 142 130 121 155 166 169

Median (range) 148.5 (121–169)

Weight at baseline, n (%)

\ 50.0 kg 3 (50.0)

C 50.0 kg 3 (50.0)

Weight at baseline, kg 33.4 26.8 22.4 65.0 63.5 69.2

Median (range) 48.45 (22.4–69.2)

BMI at baseline, kg/m2 16.6 15.9 15.3 27.1 23.0 24.2

Median (range) 19.80 (15.3–27.1)

Caffeine classification, n (%)

Yes 0 (0)

No 1 1 1 1 1 1 6 (100)

Disease duration, years

Median (range) 1.95 (0.1–7.6)

Types of hypertension, n (%)

Essential hypertension 1 1 (16.7)

Secondary hypertension 1 1 1 1 1 5 (83.3)

BMI body mass index
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For the M-I metabolite, both mean AUC0–24

(5 mg: 1592.7 ng h/mL; 10 mg: 1420.5 ng h/mL)
and Cmax (5 mg: 191.3 ng/mL; 10 mg:

141.3 ng/mL) were lower than those observed
for azilsartan; similar results were observed for
the M-II metabolite with AUC0–24 values of

Fig. 1 Plasma concentrations of azilsartan (a, b), minor
azilsartan metabolite (M-I) (c, d), and major azilsartan
metabolite (M-II) (e, f) after a single oral dose of azilsartan
5 mg (gray lines) or 10 mg (black lines) in Japanese

pediatric patients. Each line in a, c, and e denotes a single
patient; b, d, and f show arithmetic mean concentrations
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1986.5 ng h/mL and 3526.0 ng h/mL and Cmax

values of 227.7 ng/mL and 179.3 ng/mL in the
5-mg and 10-mg groups, respectively. Median
Tmax of the M-I metabolite was 3.0 h (range
2.9–3.0 h) and 6.0 h (range 1.0–6.0 h) in the
5-mg and 10-mg groups, respectively, and mean
T1/2 was 5.4 h and 5.9 h in the 5- and 10-mg
groups, respectively. Median Tmax of M-II was
5.9 h (range 4.0–6.0) in the 5-mg group and
8.0 h (range 6.0–24.1) in the 10-mg group; T1/2

of M-II could only be calculated in one patient
in the 5-mg group (5.5 h).

Following a single oral dose, azilsartan and
M-II were predominant moieties detected in the
urine. The arithmetic mean cumulative urinary
excretion ratios of azilsartan, M-I, M-II, and
total at 24 h after a single oral administration of
azilsartan 5 mg were 6.6%, 0.1%, 13.5%, and
20.3% of dose, respectively. The corresponding
values for the 10-mg dose group were 5.5%,
0.0%, 8.2%, and 13.7% of dose; however, the
cumulative urinary excretion ratios of azilsar-
tan, M-I, M-II, and total were very low for one
patient in the 10-mg group (0.5%, 0.0%, 0.8%,

and 1.4% of dose, respectively) as a result of
chronic renal disease that did not meet the
exclusion criteria.

Safety

Only one patient in the 5-mg group experi-
enced a TEAE, gastroenteritis, during the study.
This was mild in severity and considered to be
unrelated to the study drug. The outcome of the
gastroenteritis was resolved. No deaths, serious
TEAEs, or TEAEs leading to study drug discon-
tinuation were reported during the study, and
there were no findings of clinical concern from
the clinical laboratory tests, or vital signs,
physical examinations, and ECG assessments.

DISCUSSION

This study analyzed the pharmacokinetics and
safety of a single 5- or 10-mg oral dose of azil-
sartan in six patients aged from 9 to 14 years
with hypertension. To date, this is the first

Table 2 Descriptive statistics of pharmacokinetic parameters of azilsartan after a single oral dose of azilsartan 5 or 10 mg in
Japanese pediatric patients

Pharmacokinetic
parameter

Dose Total (n = 6)

5 mg (n = 3) 10 mg (n = 3)

Patient number 1 2 3 4 5 6 Median (range)

AUC0–24, ng h/mL 4211 5107 9733 6280 7900 6435 6357.5 (4211–9733)

AUC0–inf, ng h/mL 4273 5254 10,380 6540 8833 6927 6733.5 (4273–10,380)

Cmax, ng/mL 736 705 1224 1025 802 667 769 (667–1224)

Tmax, h 3.0 2.1 3.0 2.1 4.0 4.0 3.0 (2.1–4.0)

T1/2, h 3.90 4.43 5.85 5.49 6.84 6.11 5.67 (3.90–6.84)

CL/F, L/h 1.17 0.952 0.482 1.53 1.13 1.44 1.15 (0.482–1.53)

Vz/F, L 6.59 6.09 4.07 12.1 11.2 12.7 8.895 (4.07–12.7)

Fe, % 10.0 5.18 4.74 8.76 0.544 7.21 6.195 (0.544–10.0)

CLr, L/h 0.119 0.0507 0.0244 0.139 0.00689 0.112 0.08135 (0.00689–0.139)

Data shown are arithmetic means (standard deviations), unless otherwise stated
AUC area under the plasma concentration–time curve, Cmax maximum plasma concentration, CL/F oral clearance, CLr
renal clearance, Fe fraction excreted, Tmax time to maximum concentration, T1/2 half-life, Vz/F apparent volume of
distribution during the terminal phase

Adv Ther (2018) 35:1181–1190 1187



Japanese study of azilsartan pharmacokinetics
in pediatric patients. The pharmacokinetic data
indicate that azilsartan was rapidly absorbed
following a single oral dose of 5 or 10 mg, with a
respective median Tmax for unchanged azilsar-
tan of 3.0 and 4.0 h, and a mean Cmax of 888.3
and 831.3 ng/mL. After reaching Cmax, the
plasma concentration of azilsartan decreased,
with a mean T1/2 of 4.7 h in the 5-mg group and
6.1 h in the 10-mg group. In the 5-mg and
10-mg groups, mean azilsartan AUC(0–24) was
6350.3 and 6871.7 ng h/mL, respectively, and
meanAUC(0–inf) was 6635.7 and7433.3 ng h/mL.
Only a small portion of the parent azilsartan
molecule was excreted into urine.

In adults, as established in the azilsartan dose
range of 10–40 mg after single oral dosing, the
mean Tmax of unchanged azilsartan is 1.8–2.4 h,
mean T1/2 is 12.8–13.2 h, mean Cmax is
1104.2–4707.8 ng/mL, and mean AUC0–inf is
9055.3–33,892.0 ng h/mL [9]. While the T1/2 of
azilsartan appears to be much longer in adults
than in children, this is likely due to differences
in the pharmacokinetic evaluation periods: up
to 72 h post-dose in adult studies compared
with up to 24 h post-dose in the present pedi-
atric study. In fact, our internal analysis based
on the plasma concentration up to 24 h post-
dose demonstrated that T1/2 was similar
between adults and pediatric patients (data not
shown). Our data show that, in pediatric
patients, Tmax was broadly in line with that
reported for adults, while Cmax and AUC0–inf

observed in this study were also similar to those
observed in healthy adults at the 10-mg dose.

Azilsartan medoxomil, which is approved in
the USA and Europe for the treatment of adult
hypertension, is an ester prodrug that is rapidly
and completely hydrolyzed to azilsartan—the
bioactive moiety approved by the Pharmaceu-
ticals and Medical Devices Agency in Japan—in
the gastrointestinal tract during absorption,
with no evidence for unchanged azilsartan
medoxomil present in the plasma [17]. As the
same active moiety enters the systemic circula-
tion, the pharmacokinetic profiles of azilsartan
and azilsartan medoxomil are regarded as being
comparable. A phase 1 study by Webb and col-
leagues investigated the pharmacokinetics of
azilsartan medoxomil in healthy adults and in

children with hypertension aged 4 to 16 years
[14]. Webb et al. developed a population phar-
macokinetic model, which included the effect
of body weight on CL/F and Vz/F, to evaluate
the applicability of the body weight-adjusted
azilsartan medoxomil tablet doses used in
pediatric patients in the weight ranges 8–25,
25–50, and 50–100 kg. According to their
model-based simulations, pediatric patients
with a body weight of 50–100 kg were expected
to have similar azilsartan exposures to those of
healthy adults at the same azilsartan medox-
omil dose, and pediatric patients weighing
25–50 kg would have approximately double the
exposure compared with adults at the same
dose, with an acceptable safety profile [14]. The
results of our study confirmed and validated
those published by Webb et al., as exposure to
10 mg azilsartan in pediatric patients weighing
at least 50 kg was similar to that of 10 mg azil-
sartan in healthy adults [9], and to that of 5 mg
azilsartan in pediatric patients weighing less
than 50 kg. Additionally, in our study, pediatric
patients receiving the 5-mg dose had approxi-
mately 40% lower CL/F and 53% lower
Vz/F. Given that body weight is positively cor-
related with both volume of distribution and
clearance [14, 18–22], this means both CL/F and
Vz/F are lower in younger children (lighter body
weight population) and is consistent with
actual data obtained in our study. In terms of
renal CL, no major difference was observed; this
might be mainly because of the low ratio of
renal CL to total CL.

The only TEAE reported in our study was a
single incidence of gastroenteritis, which was
mild in severity and considered to be unrelated
to the study drug.

The main limitation of this pilot study is the
small number of patients enrolled, which
resulted in a limited pharmacokinetic estima-
tion due to the limited range of body weights,
and an insufficient safety evaluation. Further-
more, a single oral dose does not reflect the
typical treatment course with antihyperten-
sives, where patients are treated over a longer
period of time. Although limited by the small
number of patients and short treatment period,
our results suggest that, similar to reported

1188 Adv Ther (2018) 35:1181–1190



studies in adult patients [5, 6], azilsartan is well
tolerated in pediatric patients.

CONCLUSIONS

In line with previous population PK data, our
study suggests that pediatric patients weighing
less than 50 kg may have approximately 2-fold
greater exposure to azilsartan than those
weighing at least 50 kg at the same dose, whose
exposure to azilsartan is comparable to that in
healthy adults. Azilsartan treatment was feasi-
ble, with no unexpected safety signals observed
in this study in pediatric patients with hyper-
tension. A larger phase 3 study is ongoing to
explore specific efficacy in this patient group.
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