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Abstract Azilsartan medoxomil (Edarbi�; Ipreziv�) is an orally administered angio-
tensin II receptor type 1 antagonist (blocker) used in the treatment of adults with
essential hypertension. This article reviews data on the clinical efficacy and
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tolerability of azilsartan medoxomil in adults with essential hypertension and
provides a summary of its pharmacological properties.
Azilsartanmedoxomil is a prodrug that undergoes rapid hydrolysis in the gastro-

intestinal tract after oral administration to the bioactive moiety azilsartan, before
systemic absorption. Azilsartan medoxomil produces antihypertensive effects by
selectively blocking the binding of angiotensin II to the angiotensin type 1 (AT1)
receptor, thereby antagonizing the pressor response activity of angiotensin II.
In vitro, azilsartan produced greater and more sustained AT1 receptor binding/

blockade activity than several comparator angiotensin II receptor antagonists.
Azilsartan medoxomil reduces blood pressure (BP) in hypertensive adults. In
addition, the drug has been shown to have pleiotropic effects (i.e. effects beyond
AT1 receptor blockade).
In adults with essential hypertension, azilsartan medoxomil 20, 40 or 80mg

effectively reduced BP over a 24-hour period with once-daily administration in
three major, randomized, controlled trials in which the primary endpoints were
changes from baseline in 24-hour mean systolic BP (SBP) at week 6 (two trials) or
week 24, assessed by ambulatory BP monitoring (ABPM). In the two 6-week
trials, azilsartan medoxomil showed dose-dependent efficacy over all evaluated
dosages and was more effective than placebo in lowering SBP. At the maximum
approved dosage of 80mg once daily, azilsartan medoxomil was significantly
more effective than maximum dosages of olmesartan medoxomil (40mg once
daily) or valsartan (320mg once daily), based on primary endpoint assessments.
Mean reductions in clinic measurements of SBP and diastolic BP (DBP) mea-
surements were also generally greater with azilsartan medoxomil 80mg once daily
than with the comparator drugs in these 6-week studies.
Over a longer treatment period of 24 weeks, azilsartan medoxomil showed

sustained BP-lowering efficacy, with the reduction in 24-hour mean SBP at week
24 significantly greater with azilsartan medoxomil 40 or 80mg once daily than
with valsartan 320mg once daily. Mean reductions from baseline in mean clinic
SBP and DBP as well as DBP by ABPM were also significantly greater with
azilsartan medoxomil 40 or 80mg once daily than with valsartan.
Azilsartan medoxomil was generally well tolerated, with a tolerability profile

similar to that of placebo in the 6-week trials. Across the three major trials,
headache and dizziness were among the most common adverse events. Overall,
rates of treatment discontinuation as a result of adverse events were low in the
6-week and 24-week trials.
In conclusion, once-daily azilsartan medoxomil effectively lowers BP in adults with

essential hypertension and has shown better antihypertensive efficacy than maximum
therapeutic dosages of olmesartan medoxomil or valsartan in major trials of up to
24 weeks’ duration. Azilsartanmedoxomil is generally well tolerated and the low rates
of discontinuation due to adverse events suggest that patients are likely to persist with
long-term treatment. Azilsartan medoxomil is therefore a useful and attractive new
option for lowering BP in patients with essential hypertension, particularly for those
not able to tolerate other antihypertensive drugs. Further studies are required to eva-
luate the effects of azilsartan medoxomil on cardiovascular morbidity and mortality.

1. Introduction

Hypertension affects more than 25% of the adult
populationworldwide,[1] includingmore than 50% of
people aged over 60 years in the UK,[2] and has been

reported to have an age- and sex-adjusted prevalence
of 44% in Europe.[3] The associated morbidity,
mortality and huge costs to society make hyper-
tension a major health problem worldwide.[2,4-8]

Notably, hypertension is an important risk factor
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for myocardial infarction, heart failure, haemor-
rhagic and ischaemic stroke, chronic renal disease,
cognitive decline and premature death.[2,9,10] Across
Europe, 22–25% of cases of myocardial infarction
are the result of a history of high blood pressure
(BP), and individuals with hypertension have
slightly less than twice the risk of a myocardial
infarction compared with those who do not have
hypertension.[4]

In patients with hypertension, effective reduc-
tion of BP to accepted goals is required to reduce
the risk of fatal or nonfatal cardiovascular events.
The target BP advocated in current treatment
guidelines is generally <140/90mmHg, with a
lower target (<130/80mmHg) for patients with
diabetes mellitus or heart or renal disease.[2,6,7,9]

Several classes of drugs are available for the treat-
ment of patients with essential hypertension.[2,6,7,9]

These include older drugs, such as diuretics, beta-
adrenergic antagonists (blockers), alpha-adrenergic
blockers and calcium channel blockers, and other
drugs that affect the renin-angiotensin system
(RAS), such as the direct renin inhibitors, the angio-
tensin-converting enzyme (ACE) inhibitors and the
angiotensin II receptor antagonists (blockers), also
known as ARBs.

Azilsartan medoxomil (Edarbi�; Ipreziv�) is a
prodrug of azilsartan, a nonpeptide angiotensin II
receptor type 1 (AT1) antagonist, and has recently
been approved in the EU[11] and the US for the
treatment of patients aged ‡18 years with essential
hypertension. In Japan, the drug is available as the
active metabolite (azilsartan) that differs from the
licensed compound in Europe and the US (azilsar-
tan medoxomil), which is the prodrug formula-
tion.[11] This article, written with a European focus,
provides a review of data on the clinical profile of
azilsartan medoxomil in adults with hypertension
and includes a summary of its pharmacological
properties. The chemical structure of azilsartan ka-
medoxomil, the potassium salt of azilsartan me-
doxomil, is shown in figure 1.

2. Pharmacodynamic Properties

Data on the pharmacodynamic properties of azi-
lsartan medoxomil reviewed in this section are from
several published studies,[12-16] the EU Summary of

Product Characteristics (SPC)[11] and the European
Public Assessment Report (EPAR).[17]

2.1 Mechanism of Action and
Receptor Binding

Angiotensin II is the main pressor agent of the
RAS. Its effects include vasoconstriction, stimula-
tion of the synthesis and release of aldosterone,
cardiac stimulation and the renal reabsorption of
sodium, leading to water retention.[11] Azilsartan
medoxomil is the prodrug of azilsartan (section 3).
Azilsartan is an angiotensin II AT1 receptor antag-
onist that exerts its antihypertensive effects by se-
lectively blocking the binding of angiotensin II to
the AT1 receptor in multiple tissues, including the
adrenal gland and vascular smooth muscle, thereby
antagonizing the vasoconstrictor and aldosterone-
secreting activity of angiotensin II and reducing BP.
The mechanism of action of azilsartan is indepen-
dent of the angiotensin II synthesis pathway.[11,17]

The affinity of azilsartan for the AT1 receptor is
>10000-fold greater than that for the AT2 receptor,
which is also present in many human tissues but
does not appear to play a role in cardiovascular ho-
meostasis.[17] Although blockade of the angiotensin
II receptor by azilsartan results in inhibition of the
negative regulatory feedback of angiotensin II on
renin secretion, the resultant increase in circulating
levels of angiotensin II and plasma renin activity do
not overcome the inhibitory effect of azilsartan on
the pressor response to angiotensin II in patients
with hypertension.[11]
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Fig. 1. Chemical structure of azilsartan kamedoxomil.
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Azilsartan was more potent in terms of its AT1

receptor blockade activity than several other
angiotensin II receptor antagonist drugs in in vitro
and in vivo investigations.[15,18] In vitro, binding of
azilsartan to the AT1 receptor occurred in a dose-
dependent manner and the drug showed greater
affinity for the AT1 receptor (50% inhibitory con-
centrations [IC50] 2.6 nmol/L), than the compara-
tor angiotensin II receptor antagonists telmisartan,
olmesartan, irbesartan and valsartan (table I).[15]

The inhibitory effects of azilsartan on the AT1

receptor were maintained after a 5-hour washout
period, indicating slow receptor dissociation, where-
as a significant attenuation of the inhibitory effects
of the four comparator drugs was observed, with
IC50 values ranging from 191.6 to >10,000nmol/L
(table I).[15] Although the angiotensin II receptor
antagonists share common structural characteristics
that are prerequisite for effective antagonism of the
angiotensin II receptor, structural differences in
their side chains may affect the binding kinetics of
these drugs. These structural differences may be, at
least in part, responsible for variations in potency,
time to dissociate fromAT1 receptors and durability
of effect at the receptors (table I).[15]

2.2 Cardiovascular and Other Effects

Consistent with findings in earlier animal studies
(reviewed by Volpe[19]), azilsartan medoxomil pro-
duces antihypertensive effects in adults with essen-
tial hypertension and reduced SBP to a clinically
relevant extent in clinical trials (section 4).[11,20-22]

The BP-lowering efficacy of azilsartan medoxomil
in 3672 patients with mild, moderate or severe hy-
pertension has been evaluated in seven randomized,
double-blind, controlled trials.[11,17] These studies

also included active treatment arms (n= 1468) and
placebo arms (n= 801). Three of these studies are
fully published[20-22] and are the main focus of sec-
tion 4 where they are discussed in detail.

As well as effects on BP in adults with hyper-
tension, azilsartan medoxomil has shown beneficial
effects on cellular mechanisms of cardiovascular
disease and on insulin sensitivity in several animal
studies and cellular experiments.[12-14,16,23]

In blood vessel walls, plasminogen activator in-
hibitor type-1 (PAI-1) protein expression can be
increased by angiotensin II and this may result in
the acceleration of atherosclerosis.[12] Furthermore,
after myocardial infarction, PAI-1 over-expression
in the heart may contribute to negative left ven-
tricular modelling and heart failure. Inhibition of
the AT1 receptor may potentially blunt expression
of the PAI-1 protein in the wall of the aorta, thereby
reducing the risk of atherosclerosis by decreasing
atherosclerotic plaque formation and the likeli-
hood of plaque rupture, a significant cause of mor-
bidity and mortality globally.[12] In a preclinical
study, azilsartanmedoxomil, administered orally for
16 weeks, suppressed vascular wall expression of
PAI-1 protein in over-expressing PAI-1 vascular
smooth muscle cells in mice on a high-fat diet ren-
dered PAI-1 over-expressors and prone to athero-
sclerosis. Across three dose regimens (0.1–10mg/kg),
the mice exposed to azilsartan had a decrease in
aortic wall PAI-1 as well as increases in both the
cellularity and collagen content of atherosclerotic
plaques, consistent with the presence ofmore biolog-
ically stable plaques less likely to rupture.[12]

Some angiotensin II receptor antagonist drugs are
known to be pleiotropic molecules and exhibit phar-
macological effects beyond AT1 receptor blockade-
related effects that may be clinically relevant in
terms of cardiovascular protection or in the treat-
ment of conditions concomitant to cardiovascular
disease.[13,14,18,23] Examples include the production
of antiproliferative effects in vascular cells not stim-
ulated with angiotensin II and without AT1 recep-
tors. In addition, several angiotensin II receptor
antagonist drugs have been shown to have a direct
effect at several types of peroxisome proliferator-
activated receptors (PPARs) that are known to
regulate various inflammatory and metabolic re-
sponses.[24-27] Although the BP-lowering effects and

Table I. In vitro binding affinities of azilsartan and other angiotensin

II receptor antagonists[15]

Drug IC50 nmol/L IC50 nmol/L after a

5-h washout period

Azilsartan 2.6 7.4

Telmisartan 5.1 191.6

Olmesartan 6.7 242.5

Irbesartan 15.8 >10000

Valsartan 44.9 >10000
IC50= 50% inhibitory concentration.
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mechanism of action of azilsartan as an AT1 re-
ceptor antagonist are well known and its inhibitory
effects on vascular contractility documented,[15]

data are currently reasonably limited on its pleio-
tropic characteristics, such as its effects on vascular
cell proliferation, adipogenesis and adipocyte gene
expression (reviewed by Kajiya et al.[13]).

In an in vitro study that used cell-based assay
systems, adipogenesis in cultured 3T3-L1 preadi-
pocytes was enhanced by the presence of azilsartan,
which also exerted more marked effects than val-
sartan on the expression of genes that encoded per-
oxisome proliferator-activated receptor-a (PPAR-a)
PPAR-d, adipsin, adiponectin and leptin.[13] Fur-
thermore, in the absence of exogenously supple-
mented angiotensin II, azilsartan produced potent
inhibition of vascular cell proliferation. At low con-
centrations (‡1 mmol/L), azilsartan inhibited the
proliferation of aortic endothelial cells, whereas anti-
proliferative effects were not observed or were min-
imal with valsartan at concentrations <10mmol/L.
Azilsartan also displayed antiproliferative effects in
cells without AT1 receptors and, in vascular smooth
muscle cells, blocked the activation of mitogen-
activated protein kinase induced by angiotensin II;
the latter effect was not observed with valsartan.[13]

Azilsartan medoxomil improved insulin sensi-
tivity in hypertensive rats and also showed insulin-
sensitizing effects in obese Koletsky rats.[14,16] The
observed effects were independent of reductions in
food intake, increased body weight, or of activa-
tion of the adipose PPAR-g receptor that regulates
adipogenesis.[14]

3. Pharmacokinetic Properties

Most of the data reviewed in this section on the
pharmacokinetic properties of azilsartan medox-
omil are derived from the EU SPC[11] and the
EPAR,[17] with additional preliminary data from
abstracts.[28,29]

Azilsartan medoxomil is hydrolysed in the gastro-
intestinal tract to azilsartan, the bioactive moiety,
before systemic absorption. Results of in vitro investi-
gations have shown that carboxymethylenebute-
nolidase is involved in the hydrolysis of azilsartan
medoxomil in the intestine and liver; plasma esterases
also play a role in the hydrolysis of azilsartan me-

doxomil to azilsartan.[11] Azilsartan medoxomil is
undetectable in the plasma after oral administration
of the drug.[17]

Maximum plasma concentrations of azilsartan
are achieved within 1.5–3hours after oral adminis-
tration of azilsartan medoxomil.[11] After single or
multiple doses ranging from 20mg to 320mg, dose
proportionality in azilsartan systemic exposure was
demonstrated.[17] Based on plasma concentrations
of azilsartan, the estimated absolute oral bioavail-
ability of azilsartan after administration of azilsar-
tan medoxomil is »60%; the bioavailability of the
drug is not affected by food.[11] Steady-state plasma
concentrations of azilsartan are attained in 4–7
days and there is no evidence of accumulation of
the drug after multiple-dose administration.[17]

Azilsartan has a volume of distribution of »16L
and is highly bound (>99%) to plasma proteins
(predominantly albumin).[11] The extent of azilsartan
protein binding is constant, even at plasma con-
centrations that are well above the therapeutic con-
centrations achieved with recommended doses.[11]

Azilsartan-associated radioactivity was shown to
cross the blood-brain barrier and also passed across
the placental barrier in rats.[17]

Azilsartan undergoes metabolism to two primary
metabolites that do not contribute to the pharma-
cological activity of azilsartan. Cytochrome P450
(CYP) 2C9 is the major enzyme responsible for the
metabolism of azilsartan. The major metabolite
(known as metabolite M-II) in plasma is formed
by O-dealkylation; the minor metabolite (metab-
olite M-I) is formed by decarboxylation.[11] Sys-
temic exposures to themajor andminormetabolites
were, respectively, »50% and <1% of azilsartan.[11]

After administration of an oral dose of 14C-
labelled azilsartan medoxomil, »55% of the radio-
activity was recovered in the faeces and »42% was
recovered in the urine, with 15% of the dose excreted
as azilsartan in the urine. Renal clearance of azil-
sartan is approximately 2.3mL/min and its elim-
ination half-life is »11 hours.[11]

The presence of mild or moderate hepatic im-
pairment (Child-Pugh classification) did not appre-
ciably affect the pharmacokinetics of azilsartan after
administration of single 40mg doses of azilsartan
medoxomil or multiple doses of 40mg once daily
(days 4–8 of administration), in a single-centre,
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phase I study.[28] Similarly, the pharmacokinetics of
azilsartan after administration of azilsartan me-
doxomil as single ormultiple 60mg doses (days 4–8)
were not affected by sex, race or age in healthy
volunteers.[29]

Azilsartan total exposure increased by 30%, 25%
and 95%, respectively, in patients with mild, mod-
erate and severe renal impairment[11] and no in-
crease in exposure (+5%) was observed in patients
with end-stage renal disease undergoing dialysis.
Hemodialysis does not remove azilsartan from the
systemic circulation.[11]

An extensive drug-drug interaction programme
was completed for azilsartan medoxomil includ-
ing studies with CYP substrates and inhibitors,
P-glycoprotein substrates, and an organic cation
transporter substrate. Interactions between azil-
sartan medoxomil and other drugs, mediated via
inhibition of esterases, are unlikely, based on the
results of in vitro studies. No clinically significant
drug interactions have been observed in studies
of azilsartan medoxomil or azilsartan given with
amlodipine, antacids, chlorthalidone, digoxin, flu-
conazole, glyburide, ketoconazole, metformin, pio-
glitazone and warfarin.[11,17]

4. Therapeutic Efficacy

The therapeutic efficacy of oral azilsartan me-
doxomil in terms of its BP-lowering effects has been
evaluated in three fully published trials in adults
with essential hypertension.[20-22] Patients were
naive to previous treatment with azilsartan medox-
omil in all three studies. Four other randomized
trials of azilsartan medoxomil have also been con-
ducted in similar patient populations (section 2.2)[11]

but have yet to be published and are not reviewed
in this article. The three published trials were
phase III, randomized, double-blind, multicentre,
active comparator trials; two of the trials had an
active treatment period of 6 weeks and also had a
placebo control group,[20,21] and the third trial
was a longer term trial, with no placebo arm, and
had an active treatment period of 24 weeks.[22]

Active comparators were other angiotensin II re-
ceptor antagonists in all three trials. Preliminary
data, reported in an abstract, are also available re-
garding a randomized study comparing azilsartan

medoxomil with ramipril.[30] The BP-lowering effi-
cacy of azilsartan medoxomil administered as a
single agent or in combinationwith other antihyper-
tensive drugs has also been evaluated in studies re-
ported in several other studies (section 4.3).

In the 6-week placebo-controlled trials, the
BP-lowering efficacy of azilsartan medoxomil
was compared with olmesartan medoxomil[20,21]

and valsartan.[21] The 24-week trial compared the
efficacy of azilsartan medoxomil with that of val-
sartan.[22] Inclusion and exclusion criteria, primary
endpoints and other endpoints in these three major
trials are summarized in table II. In the three
trials,[20-22] the BP-lowering efficacy of azilsartan
medoxomil was assessed by use of both ABPM and
BP measurements obtained in the clinic (table II).
Before randomization, all selected patients received
placebo for a period of 2 weeks. This coincided
with awashout period of 3–4weeks for patients who
had been previously treated with other antihyper-
tensive drugs, to ensure a drug-free baseline for all
patients.[20-22]

4.1 Short-Term Placebo-Controlled and
Active Comparator Trials

4.1.1 Comparison with Olmesartan Medoxomil

The antihypertensive efficacy of azilsartan me-
doxomil at dosages up to the maximum of 80mg
once daily was compared with that of olmesartan
medoxomil, at its maximum approved dosage
(40mg), or placebo in adults with primary hy-
pertension in the trial reported by Bakris et al.[20] All
patients were randomized to receive study treatment
with azilsartan medoxomil 20mg (n= 283), 40mg
(n= 283) or 80mg once daily (n= 285), olmesartan
medoxomil 40mg once daily (n= 282) or placebo
(n= 142) in a double-blind manner, with stratifica-
tion by race (Black or non-Black). As well as the
primary and secondary outcome analyses, sub-
group analyses were performed by race, age <65 or
‡65 years, sex, 24-hour mean SBP at baseline, body
mass index (BMI) and renal function.

In addition to a step-wise testing procedure with
superiority testing for comparisons between azil-
sartan medoxomil and olmesartan medoxomil, the
study had ‡90% power to demonstrate nonferiority
between azilsartan medoxomil and olmesartan
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medoxomil for the primary endpoint. The non-
inferiority margin was 1.5mmHg.[20]

At baseline, there were no major between-group
differences in patient characteristics, including
baseline SBP andDBP. Themean 24-hour SBPwas
146mmHg at baseline. Approximately one-third
(29.5%) of patients were aged ‡65 years and the
mean age of the study populationwas 58– 11 years.
The 6-week double-blind treatment period was
completed by >90% of the randomized patients.
Mild or moderate renal impairment was present in
approximately half of the patients; 11.1% of the
study population were Black and 72.8% were
White.[20]

The main efficacy results reported at the end of
the study (week 6) are presented in table III. Azil-
sartan medoxomil was effective in the treatment of
hypertension, with dose-dependent reductions in
24-hourmean SBP (the primary endpoint) observed
across the three azilsartan medoxomil treatment
groups (table III). Recipients of azilsartan medox-
omil 80mg had a significantly greater reduction
(by -2.1mmHg; 95% CI -4.0, -0.1; p= 0.038) in
24-hour mean SBP, when assessed using the step-
wise statistical analysis plan, than that attained in the
olmesartan medoxomil treatment group (table III).
Azilsartan medoxomil 40mg was shown to be non-
inferior to olmesartan medoxomil in terms of the

Table II. Summary of inclusion and exclusion criteria, and efficacy endpoints in three randomized, double-blind, multicentre trials comparing

oral azilsartan medoxomil monotherapy with other oral angiotensin II receptor antagonists or placebo in men and women aged ‡18 y with

essential hypertension.[20-22] The primary endpoint was the change from baseline in 24-h mean systolic blood pressure at wk 6[20,21] or 24[22]

assessed by ambulatory blood pressure monitoring

Main inclusion criteria Main exclusion criteria Secondary and other endpoints

Comparison with OLM or PL[20]

Diagnosis of primary hypertension, defined

as sitting trough clinic SBP ‡150mmHg and

£180mmHg, and 24-h mean SBP

‡130mmHg and £170mmHg

Sitting DBP >114mmHg; baseline ABPM of

insufficient quality; history of major

cardiovascular events; secondary

hypertension; significant defects in cardiac

conduction; severe renal impairment

(estimated GFR <30mL/min/1.73m2);

suspected or known renal artery stenosis;

poorly controlled type 2 diabetes mellitus, or

type 1 diabetes; major hepatic abnormalities;

hyperkalaemia; poor compliance during the

initial placebo run-in period

Change from BL in 24-h mean DBP by ABPM;

trough sitting clinic DBP; other SBP and DBP

parameters by ABPM; proportion of treatment

responders, defined as pts achieving a

target clinic SBP of <140mmHg and/or a
reduction from BL in SBP of ‡20mmHg

Comparison with OLM or VAL or PL[21]

Diagnosis of hypertension, with a clinic SBP

of ‡150mmHg and £180mmHg, and a 24-h

mean SBP of ‡130mmHg and £170mmHg

Suspected or known secondary

hypertension; severe diastolic hypertension

(seated DBP >114mmHg); clinically relevant

or unstable cardiovascular disease; clinically

significant renal impairment (estimated GFR:

<30mL/min/1.73m2) poorly controlled type II

diabetes, or type 1 diabetes; hepatic,

metabolic or psychiatric disorders

Change from BL in trough, seated, clinic

SBP (main secondary endpoint); changes

from BL in 24-h mean and clinic DBP

measurements; proportion of treatment

responders, defined as pts achieving a

target clinic SBP of <140mmHg and/or a
reduction from BL in SBP of ‡20mmHg

Comparison with VAL[22]

Diagnosis of hypertension, with a clinic SBP

of ‡150mmHg and £180mmHg and a 24-h

mean SBP of ‡130mmHg and £170mmHg

Suspected or known secondary

hypertension; severe diastolic hypertension

(seated DBP >114mmHg); recent history

(<6 months) of major cardiovascular events;

clinically significant renal dysfunction

(estimated GFR <30mL/min/1.73m2); poorly

controlled type 2 diabetes, or type 1

diabetes; hyperkalaemia; poor compliance

during the placebo run-in period

Change from BL in trough sitting clinic SBP;

changes from BL in 24-hour mean DBP by

ABPM and trough sitting clinic DBP; proportion

of treatment responders defined as pts

achieving a target clinic SBP <140mmHg

and/or a reduction from BL of ‡20mmHg,

clinic DBP <90mmHg and/or a reduction of

‡10mmHg from BL, or both

ABPM = ambulatory blood pressure monitoring; BL= baseline; DBP = diastolic blood pressure; GFR =glomerular filtration rate; OLM =
olmesartan medoxomil; PL = placebo; pts =patients; SBP = systolic blood pressure; VAL = valsartan.

Azilsartan Medoxomil: A Review 627

Adis ª 2012 Springer International Publishing AG. All rights reserved. Clin Drug Investig 2012; 32 (9)



primary endpoint, with a treatment difference of
-0.92mmHg (95% CI -2.87, 1.02). Decreases in
ambulatory measurements of SBP were observed
throughout the 24-hour dosage interval.[20]

Similarly, dose-related absolutemean reductions
in sitting trough clinic SBP values ranging from
-14.3 to -17.6mmHg occurred across the azilsar-
tan medoxomil treatment groups, compared with a
reduction in SBP of -14.9mmHg in the olme-
sartan medoxomil group and -2.1mmHg in the
placebo group. Changes from baseline in clinic SBP
by study visit are shown in figure 2 and indicate that
the marked reductions in clinic SBP achieved in the
active treatment groups had reached a plateau by
week 4 and were sustained during the study.

For the three azilsartan medoxomil treatment
groups, mean reductions in clinic SBP were signifi-
cantly (p< 0.001) greater than in the placebo group.

Comparisons between azilsartan medoxomil 20 and
40mg showed nonsignificant differences in mean
reductions in sitting trough clinic SBP, whereas the
reduction in mean clinic SBP was significantly
greater with azilsartan medoxomil 80mg than
with olmesartan medoxomil (by -2.7mmHg; 95%
CI -5.3, -0.1; p= 0.043). However, despite statistical
signifance, superiority could not be claimed because
the analysis was halted at a previous step. When
adjusted for placebo, mean reductions in clinic SBP
in the recipients of azilsartan medoxomil 20, 40 or
80mg were -12.2, -12.4, and -15.5mmHg versus
-12.8mmHg for olmesartan medoxomil.[20]

Mean reductions in both 24-hour mean DBP
and clinic DBP were broadly similar to the reduc-
tions in SBP across all of the treatment groups.[20]

Placebo-subtracted reductions from baseline in
24-hour mean DBP in the azilsartan medoxomil 20,

Table III. Antihypertensive efficacy of azilsartan medoxomil. Results of randomized, double-blind, multicentre trials comparing oral azilsartan

medoxomil monotherapy with other oral angiotensin II receptor antagonists or placebo in adults with essential hypertension

Study (treatment

duration; wk)

Treatment

(mg once daily)

No. of evaluable ptsa Baseline 24-h mean

SBP (mmHg)

Mean change from

baseline in 24-h mean

SBP, assessed by

ABPMb (mmHg)

Response rate

(% of pts)c

Comparison with OLM or PL

Bakris et al.[20] AZL-M 20 241 145.4 -12.2* 48

(6) AZL-M 40 244 146.0 -13.5*d 50

AZL-M 80 243 146.2 -14.6* - 57

OLM 40 250 146.5 -12.6*e 53

PL 120 146.3 -1.4 NR

Comparison with OLM or VAL or PL

White et al.[21] AZL-M 40 237 144.4 -13.4* ‡‡d NR

(6) AZL-M 80 229 144.6 -14.5* -- ‡‡ 58‡

VAL 320 234 146.3 -10.2* 49

OLM 40 254 144.4 -12.0* 49

PL 134 144.3 -0.3 22

Comparison with VAL

Sica et al.[22] AZL-M 40 284 146.0 -14.9‡‡ 56‡

(24) AZL-M 80 271 145.2 -15.3‡‡ 59‡

VAL 320 277 145.5 -11.3 47

a For the primary endpoint.

b Primary endpoint.

c See table II for definitions of response.

d Noninferior to OLM (noninferiority margin 1.5mmHg).

e p-Value reported in drug company data on file.

ABPM = ambulatory blood pressure monitoring; AZL-M = azilsartan medoxomil; NR = not reported; OLM = olmesartan medoxomil; PL =
placebo; pts = patients; SBP = systolic blood pressure; VAL = valsartan; * p< 0.001 vs PL; - p = 0.038 vs OLM; -- p= 0.009 vs OLM; ‡ p £ 0.05
vs all comparator groups (excluding the AZL-M 40mg group in the study reported by White et al.[21]); ‡‡ p £ 0.001 vs VAL.
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40 and 80mg treatment groups were -6.8, -7.7 and
-7.9mmHg, versus -7.0mmHg with olmesartan
medoxomil. Corresponding mean reductions in
clinic DBPwere -7.0, -7.1 and -8.6mmHg for azil-
sartan medoxomil and -7.1mmHg for olmesartan
medoxomil. The decrease in clinic DBP achieved in
the azilsartan medoxomil 80mg group was signifi-
cantly greater than that achieved in the olmesartan
medoxomil group; the treatment difference was
-1.5mmHg (95% CI -3.0, -0.04; p= 0.044). As
shown in table III, treatment response rates of
»50–60% were achieved across the three azilsartan
medoxomil treatment groups and in 53% of the
olmesartan medoxomil recipients. The efficacy of
azilsartan medoxomil 80mg, in terms of response
rates, was not significantly different from that of
olmesartan medoxomil 40mg; the odds ratio for the
comparison between the two groups was 1.15 (95%
CI 0.83, 1.62; p= 0.402).[20]

Subgroup analyses showed that age, sex, base-
line median 24-hour mean SBP and baseline esti-
mated glomerular filtration rate had no appreciable
influence on treatment efficacy.[20] As with all other
angiotension II receptor antagonists and ACE in-

hibitors, azilsartan medoxomil may be less effective
in lowering blood pressure in Black patients[11] and
race did have an effect, with the Black patients ex-
periencing less of an effect on 24-hour mean SBP
than the non-Black patients.[20] In the subgroup of
Black patients, the placebo-subtracted changes from
baseline in 24-hour mean SBP in the azilsartan me-
doxomil 20, 40 and 80mg groups were, respectively,
-4, -5.2 and -5.1mmHg, compared with -3mmHg
with olmesartan medoxomil 40mg; the difference in
SBP between the azilsartan medoxomil 80mg and
olmesartan medoxomil 40mg groups, in favour of
the azilsartanmedoxomil 80 group, was -2.1mmHg
(95% CI -7.7, 3.5). BMI also appeared to affect
treatment response. In patients with a BMI of
‡30kg/m2, the placebo-subtracted changes from
baseline in 24-hour mean SBP in the azilsartan
medoxomil 20, 40 and 80mg groups were -9.8,
-11.9 and-13.6mmHg, respectively, comparedwith
-10.9mmHg in the olmesartan medoxomil group;
the difference in SBP between the azilsartan me-
doxomil 80mg and olmesartan 40mg group, in fa-
vour of the azilsartan medoxomil 80 group, was
-2.7mmHg (95% CI -5.8, 0.32). In patients with a
BMI of <30kg/m2, corresponding reductions in SBP
in the azilsartan medoxomil groups were -11.4,
-11.9 and -12.8mmHg versus -11.1mmHg with
olmesartan medoxomil; the difference in SBP be-
tween the azilsartan medoxomil 80mg and olme-
sartan medoxomil 40mg group, in favour of the
azilsartan medoxomil 80mg group, was -1.7mmHg
(95% CI -4.2, 0.9).[20]

4.1.2 Comparison with Olmesartan Medoxomil
or Valsartan

The placebo-controlled study reported byWhite
et al.[21] in patients with stage 1 or 2 hypertension
evaluated the efficacy of 6 weeks’ treatment with
azilsartan medoxomil (40 or 80mg once daily) with
that of maximum approved dosages of olmesartan
medoxomil (40mg once daily) and valsartan
(320mg once daily). Primary and secondary end-
points in this trial are presented in table II. Patients
meeting study inclusion criteria were randomly
assigned to receive treatment with azilsartan me-
doxomil 20 or 40mg once daily, olmesartan medo-
xomil 20mg once daily, valsartan 160mg once
daily, or placebo for 2 weeks. Thereafter, for the
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Fig. 2. Efficacy of oral azilsartan medoxomil (AZL-M) in adults with
primary hypertension. Changes from baseline in clinic systolic blood
pressure (SBP) by study visit in patients randomized to receive
treatment with AZL-M 20mg once daily (n =283), AZL-M 40mg once
daily (n =283), AZL-M 80mg once daily (n =285), olmesartan me-
doxomil 40mg once daily (n= 282), or placebo (n= 142) for 6 weeks
in a double-blind, multicentre trial.[20] Results are for all patients with
baseline and post-baseline clinic SBP results, with the last ob-
servation carried forward. Reproduced and adapted from Bakris
et al.[20] with permission from Wiley Periodicals, Inc.
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next 4 weeks, dosages of study drugs were force-
titrated to azilsartan medoxomil 40 or 80mg once
daily, olmesartan 40mg once daily or valsartan
320mg once daily, or placebo was continued. Clin-
ical assessments, including BP measurements, were
conducted at baseline and every 2 weeks thereafter.
All study drugs and placebo were administered in
the morning. Step-wise hierarchical statistical ana-
lysis testing was performed to assess the superiority
of azilsartan medoxomil over placebo. This was
followed by a noninferiority analysis of primary and
key secondary results and then statistical superiority
testing of azilsartan medoxomil (80mg then 40mg)
compared with the active comparators. The non-
inferiority margin was 1.5mmHg. Subgroup ana-
lyses of primary and secondary endpoint results
were also conducted (by age, race, sex and BMI).[21]

Of 3560 screened patients, 2661 were included in
the placebo-run-in period and 1291 met enrolment
criteria and were randomized to receive study
treatment. The trial was completed by 1175 of the
1291 enrolled patients. At baseline, there were sev-
eral statistically significant (p£ 0.03), but not clini-
cally relevant, differences in the 24-hour mean and
daytimeDBPs across the five treatment groups. The
mean clinic SBP at baseline was 156–158mmHg
and the mean clinic DBP was 92–93mmHg; the
24-hour mean SBP was 144–146mmHg and the
mean DBP was 88–90mmHg. The mean age of
the entire study group was 56 years (54%male) and
the majority of patients were White (62%–67%). As
shown in table III, patients in all active treatment
groups had reductions from baseline in 24-hour
mean SBP values at the study endpoint (week 6).[21]

Primary endpoint assessments showed that
azilsartan medoxomil 80mg once daily was signifi-
cantly more effective than placebo and both val-
sartan 320mg once daily and olmesartan 40mg
once daily (table III). Azilsartan medoxomil 40mg
once daily was significantly more effective than
valsartan (mean difference vs valsartan was -3.2;
[95% CI -5.1, -1.3; p= 0.001]) and noninferior to
olmesartan medoxomil (mean difference vs olme-
sartan medoxomil was -1.4 [95% CI -3.3, 0.5]).[21]

Clinic SBP was also reduced from baseline in all
of the active treatment groups, withmean clinic SBP
values significantly (p< 0.001) lower than for pla-
cebo at 6 weeks. The greater antihypertensive effi-

cacy of azilsartan medoxomil 80mg was sustained
throughout the study. Placebo-adjusted reductions
in clinic SBP at week 6 were -14.6 and -14.9mmHg
for the azilsartan medoxomil 40 and 80mg groups,
respectively, andwere -9.5 and -11.4mmHg for the
valsartan and olmesartan medoxomil groups. For
assessments of clinic SBP, both dosages of azilsar-
tan medoxomil were significantly more effective
than both olmesartan medoxomil 40mg (p£ 0.018)
and valsartan (p< 0.001).[21] Similar findings were
reported for 24-hour and clinic DBP assessments,
with reductions significantly (p< 0.05) greater in the
azilsartan medoxomil 80mg treatment group than
in the valsartan and olmesartan medoxomil groups,
and reductions in the azilsartan medoxomil 40mg
group greater than those achieved in the valsartan
recipients.

Compared with recipients of placebo or once-
daily valsartan 320mg or olmesartan 40mg, a sig-
nificantly (p= 0.05) larger proportion of patients
treated with azilsartanmedoxomil 80mg once daily
(almost 60%) had a treatment response, i.e. a re-
duction of clinic SBP to <140mmHg or a reduction
of ‡20mmHg (table III).

Analysis of results in the different subgroups
showed that reductions from baseline in SBP
(ambulatory measurements) were similar in men
and women, and in obese patients and patients of
normal weight. There were also no statistically
significant differences in reductions from baseline
in 24-hour mean SBP by age or by race.[21]

4.2 Long-Term Active Comparator Trial

The 24-week randomized study reported by Sica
et al.[22] in adults with stage 1 or 2 hypertension
evaluated the efficacy of azilsartan medoxomil at
two approved (including the highest) dosages com-
pared with that of valsartan at the highest ap-
proved dosage of 320mg once daily (table III).

At screening, 702 (71.5%) of 982 patients were
receiving antihypertensive drugs. At the start of the
active treatment phase, patients eligible for random-
ization were assigned to receive azilsartan me-
doxomil 20mg once daily force-titrated to 40mg
once daily after 2 weeks, or azilsartan medoxomil
20mg once daily force-titrated to 80mg once daily
after 2 weeks, or valsartan 80mg daily for 2 weeks
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force-titrated to 320mg daily after 2 weeks, with
treatment continued at the higher dosages for
22 weeks (treatment duration 24 weeks in total). At
randomization, patients were stratified by race
(Black or non-Black). At each visit, trough sitting
SBP and DBP were measured and ABPM was
conducted for 24hours on the day before randomi-
zation and prior to the first dose of double-blind
study treatment, and thereafter at the end of week 8
and week 24. A step-wise hierarchical testing pro-
cedure was used to control the primary analysis,
with noninferiority testing followed by superiority
testing. For the primary endpoint, the noninferiority
margin was 1.5mmHg between azilsartan medox-
omil and valsartan. Subgroup analyses were also
conducted. Similar proportions of men and women
were included and the mean age of all randomized
patients was 58 years. The majority (»76%) of
patients were White and »15% were Black. At
baseline, the 24-hour mean and clinic SBP andDBP
values were, respectively, »145.6/87.9mmHg and
157.2/91.2mmHg.[22]

Changes from baseline in 24-hour mean SBP
assessed by ABPM at week 24 (the primary end-
point) and other results are summarized in table III
and in figure 3. Azilsartan medoxomil, at both dos-
ages, and valsartan were shown to lower 24-hour
mean SBP (table III). At week 24, reductions from

baseline in 24-hour mean SBP were significantly
(p< 0.001) greater in both the azilsartanmedoxomil
40 and 80mg treatment groups thanwith valsartan.
Timewise efficacy effects after 24 weeks of treat-
ment were also assessed for patients in each treat-
ment group. Consistent with the primary endpoint
results, both azilsartan medoxomil 40 and 80mg
reduced ambulatory SBP to a greater extent than
did valsartan at the hourly assessments, with
mean reductions from baseline generally smaller
during the 16- to 24-hour period after drug ad-
ministration than during the 1 to 15hours after
administration.

Reductions from baseline in clinic SBP measure-
ments (similar across groups at baseline) were ob-
served from 2weeks after the start of treatment until
week 24. At week 24, reductions from baseline
in mean clinic SBP were significantly greater in
the recipients of azilsartan medoxomil 40mg
(-14.9mmHg; p= 0.015) or 80mg (-16.9mmHg;
p< 0.001) once daily than in the patients treated
with valsartan (-11.6mmHg) [figure 3].[22]

Changes from baseline in ambulatory and clinic
DBPmeasurementswere consistent with the changes
in SBP, with recipients of azilsartan medoxomil
40 or 80mg generally having significantly greater
changes from baseline than patients treated with
valsartan. Relative to valsartan, mean reductions
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Fig. 3. Efficacy of oral azilsartan medoxomil (AZL-M) in adults with primary hypertension. Mean reductions from baseline in 24-hour mean
systolic blood pressure (SBP), assessed by ambulatory blood pressuremonitoring, and clinic SBP (inmmHg) in patients randomized to receive
treatment with AZL-M 40mg once daily (n =327), AZL-M 80mg once daily (n =329) or valsartan (VAL) 320mg once daily (n = 328) for 24 weeks
in a double-blind, multicentre trial.[22] Reproduced and adapted from Sica et al.[22] with permission from Wiley Periodicals, Inc. * p= 0.015;
** p <0.001 vs VAL.
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from baseline in 24-hour DBP for patients in the
azilsartan medoxomil 40mg and 80mg groups
were -2.16 and -2.69, respectively (p < 0.001);
corresponding reductions in clinic DBP were
-2.52 and -2.76 (p £ 0.001).[22]

Treatment response rates were also significantly
higher in the patients who received azilsartan me-
doxomil 40 or 80mg once daily (p= 0.016 and
p= 0.002) than in the valsartan treatment group
(table III). Similarly, results of the subgroup analy-
ses based on age, race and sex showed that patients
treated with either dosage of azilsartan medoxomil
had a significantly greater decrease in 24-hour
mean SBP than valsartan recipients; reductions
in the two azilsartan medoxomil groups did not
differ significantly based on age (<65 years or aged
‡65 years) or sex. Treatment effects observed in
Black patients relative to non-Black patients were
smaller (p= 0.071) in all of the treatment groups.[22]

4.3 Other Trials

Long-term treatment (24 weeks) with azilsartan
medoxomil was more effective than ramipril in low-
ering BP in a randomized, double-blind trial of
884 adults with hypertension (baseline clinic SBP
150–180mmHg).[30] After an initial treatment pe-
riod of 2 weeks, when patients received azilsartan
medoxomil 20mg once daily or ramipril 2.5mg
once daily, patients were assigned once-daily treat-
ment with azilsartan medoxomil 40 or 80mg, or
ramipril 10mg. The primary endpoint was the
change from baseline in trough sitting clinic systolic
BP. Both dosages of azilsartan medoxomil were
significantly (p< 0.001)more effective than ramipril
on the primary endpoint; reductions from base-
line in mean clinic SBP were -20.6mmHg and
-21.2mmHg for the azilsartan medoxomil 40 and
80mg groups, respectively, and -12.2mmHg for
the ramipril recipients. At both dosages, azilsartan
medoxomil was also significantly more effective
than ramipril in lowering 24-hour mean SBP. Fur-
thermore, response rates were also significantly
(p< 0.001) higher in the azilsartan medoxomil
groups (»54%) than with ramipril (33.8%).[30]

In other studies reported in abstracts or fully
published papers, azilsartan medoxomil has shown
efficacy as monotherapy[31,32] or in combination

with chlorthalidone[33-35] or amlodipine[36] in the
treatment of adults with hypertension.

Results of two monotherapy studies that used
Monte Carlo simulation models suggested that
azilsartan medoxomil was more effective than val-
sartan or olmesartan medoxomil (over 12 months)
in achieving SBP goals in patients with uncon-
trolled essential hypertension without[32] or with
diabetesmellitus.[31] Themodels included large hypo-
thetical cohorts of patients from the National Health
and Nutrition Examination Survey 1999–2006
and used data from the azilsartanmedoxomil clinical
trial programme, and a Healthcare Effectiveness
Data and Information Set definition of controlled
hypertension of <140/90[32] or <130/80mmHg.[31]

Based on the assumption of perfect treatment ad-
herence, in patients without diabetes (mean age
53 years; 53% male) it was estimated that SBP
goals would be achieved in 46% of azilsartan me-
doxomil, 34.4% of valsartan, and 41% of olmesartan
recipients.[32] Corresponding results for the pa-
tients with diabetes in the other study (mean age
56 years; 56% male) were 41%, 26.8% and 28.8%
for azilsartan medoxomil, valsartan and olme-
sartan medoxomil, respectively.[31] Once-daily
azilsartan monotherapy was more effective than
candesartan in a 16-week, randomized, double-
blind study in 622 Japanese patients with grade I–II
essential hypertension.[37] Of note, this study eval-
uated a different formulation of azilsartan (Azilva�)
rather than azilsartanmedoxomil (Edarbi�) and the
doses of candesartan used reflect Japanese clinical
practice.

The efficacy of a fixed-dose combination of
azilsartan medoxomil/chorthalidone has been eval-
uated in two fully published studies.[34,35] These
studies are not discussed further in this European-
focused review as the fixed-dose formulation is not
currently available in the EU.

Azilsartan medoxomil 40 or 80mg in combina-
tion with chlorthalidone 25mg, each administered
once daily, was more effective than placebo in
combination with chlorthalidone in 448 patients
with stage II hypertension in a randomized, 6-week
trial. The primary endpoint was the change from
baseline in 24-hour mean SBP. Patients treated with
azilsartan medoxomil 40 or 80mg plus chlorthali-
done had a significantly (p< 0.001) greater reduc-
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tion in 24-hour mean SBP at week 6 (-31.7 and
-31.3) than the recipients of placebo plus chlortha-
lidone (-15.9).[33]

Combination therapy with azilsartan medox-
omil and amlodipine for 6 weeks was an effective
treatment for patients with stage 2 hypertension
(mean age 58 years; 51% male) in a randomized,
double-blind, placebo-controlled study.[36] Reduc-
tions from baseline in 24-hour mean SBP by
ABPM (the primary endpoint) were significan-
tly (p < 0.001) greater in patients treated with
azilsartan medoxomil 40 or 80mg once daily
plus amlodipine 5mg once daily (-27 and
-25.5 mmHg, respectively) than in recipients of
placebo plus amlodipine (-15.9mmHg).

5. Tolerability

Azilsartan medoxomil tolerability data review-
ed in this section are largely derived from the three
randomized, controlled trial reports reviewed in
section 4,[20-22] the EU SPC[11] and the EPAR.[17]

All data discussed relate to the clinical use of the
drug in adults with essential hypertension.

Azilsartan medoxomil, at dosages of 20, 40 or
80mg once daily, was generally well tolerated by
adults with hypertension over a treatment period
of up to 24 weeks in the three randomized con-
trolled trials[20-22] (section 4; table III).

The tolerability profile of azilsartan medox-
omil was similar to that of placebo in the two
6-week trials and the most common adverse
events were headache and dizziness.[20,21]

In the trial that compared azilsartan medox-
omil with olmesartan medoxomil or placebo,[20]

the 6-week double-blind treatment period was
completed by >90% of patients; adverse events,
lack of efficacy and voluntary withdrawal were
the most common reasons for treatment dis-
continuation. Of the 1272 randomized patients,
485 experienced at least one adverse event. The
most common adverse events across all treatment
groups (azilsartan medoxomil 20, 40 or 80mg
once daily, olmesartan medoxomil 40mg or pla-
cebo) during the 6-week double-blind period were
headache, dyslipidaemia and dizziness. The in-
cidence of headache was 3.2–5.6% for azilsartan
medoxomil 20–80mg, 3.2% for olmesartan me-

doxomil and 7.0% for placebo; the corresponding
incidence of dyslipidaemia was 3.5–5.6%, 3.5%
and 2.1%, and for dizziness 2.1–2.8%, 3.5% and
2.8%. Rates of discontinuation due to adverse
events and serious adverse events were higher
(statistical analysis not reported) in the azilsartan
medoxomil 20mg (incidence 3.9% and 2.8%) and
placebo (4.2% and 2.1%) groups than in the other
treatment groups (£2.1% and <1%). There was
one death in the azilsartan medoxomil 20mg
group: the patient had a history of liver disease
and was abusing alcohol.[20]

In the trial reported by White et al.[21] that
compared azilsartan medoxomil with olmesartan
medoxomil, valsartan or placebo, at least one
dose of study drug was received by 1286 patients
and 635 (49.4%) of these experienced at least one
adverse event during the 6-week double-blind
period. Treatment-emergent adverse events re-
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Fig. 4. Tolerability profile of azilsartan medoxomil compared with
valsartan, olmesartan medoxomil and placebo in adults with essen-
tial hypertension. Treatment-emergent adverse events (incidence
>3% in any treatment group) reported in adults in any treatment group
in a randomized, double-blind, multicentre, placebo-controlled, 6-week
study.[21] Hepatic enzymes were ALT, AST and gamma-glutamyl
transpeptidase at levels 3· the upper limit of normal.
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ported in >3% of patients in any treatment group
in this study are shown in figure 4. The most
common adverse events reported were headache,
dizziness and urinary tract infection (figure 4);
these events were distributed reasonably evenly
across all five treatment groups, as were the few
reports of serious adverse events, which occurred
in 14 patients overall. No deaths were reported
during the study. An increase in serum creatinine
of ‡50% above baseline was observed in £1.1%
of patients. All increases in serum creatinine
were reversible upon treatment discontinuation.
There were no reports of elevated serum po-
tassium levels of >6.0mmol/L in any of the study
participants.[21]

The tolerability profile of azilsartan medoxomil
was similar to that of valsartan in the 24-week trial
that compared azilsartan medoxomil 40 or 80mg
once daily with valsartan 320mg once daily (the
highest approved dosage).[22] Of the 984 patients
randomized to treatment, 742 completed the study.
The most common reasons for treatment dis-
continuation during the double-blind treatment
phase were voluntary withdrawal (incidence 6.7%),
adverse events (6.6%) and inadequate reduction in
BP (5.1%). Treatment-emergent adverse events
were usually mild to moderate in severity and rates
of treatment discontinuation (as a result of adverse
events) were low (£8.2%) across the three treatment
groups.[22] Treatment-emergent adverse events were
reported in 65.4%, 65.3% and 59.2% of patients
in the azilsartan medoxomil 40mg, azilsartan
medoxomil 80mg and valsartan 320mg groups,
respectively, and the incidences of specific treat-
ment-emergent adverse events were similar across
the groups. Consistent with the tolerability findings
of the 6-week trials,[20,21] the most common of these
events in recipients of azilsartan medoxomil were
headache and dizziness; urinary tract infection was
also reported as a common adverse event.

Serious adverse events were reported in 2.4%
and 1.5% of patients who received once-daily azil-
sartan medoxomil 40 and 80mg, respectively, and
in 2.5% of the valsartan recipients. There were two
reports of sudden death: one in the azilsartan me-
doxomil 40mg group and one in the valsartan
group.[22] Small mean changes from baseline in
serum creatinine, potassium and liver enzyme levels

were observed in all of the treatment groups. Con-
secutive increases from baseline of ‡50% and above
the upper limit of normal in serum creatinine levels
were observed in two patients: one in each of the
azilsartan medoxomil groups. Hyperkalaemia, de-
fined as a serum potassium level of >6mmol/L, was
more common with azilsartan medoxomil 40mg
(1.8%) than with azilsartan medoxomil 80mg
(0.3%) or valsartan (0.6%).[22]

Adverse reactions reported in the EU SPC[11]

were usually mild, not dose-related and did not
differ by race, sex or age. The most common ad-
verse reaction (incidence ‡1/100 to <1/10) was diz-
ziness (classed as a nervous system disorder).[11]

Diarrhoea was also reported as a common (in-
cidence ‡1/100 to <1/10) adverse reaction. Clinically
relevant changes in standard laboratory parameters
were seldom reported in recipients of azilsartan
medoxomil. In patients treated with azilsartan me-
doxomil 80mg once daily, small reversible increases
in serum creatinine were observed; increases in
blood creatininemay be greater in patients receiving
coadministered chlorthalidone,[11] consistent with
other angiotensin II receptor antagonists and also
ACE inhibitors.[11]

The incidence of peripheral oedema was in-
creased from uncommon (‡1/1000 to <1/100) to
common (‡1/100 to <1/10) when azilsartan me-
doxomil was administered in combination with
amlodipine, but remained lower than that reported
for amlodipine as a single agent. Small mean in-
creases in serum uric acid levels were seen in re-
cipients of azilsartan compared with placebo
(10.8 mmol/L vs 4.3 mmol/L).[11] Prolongation of
the corrected QT interval was not observed in
healthy volunteers who received a single dose of
azilsartan medoxomil 320mg (i.e. a dose four
times the highest maximum approved dose) in a
double-blind, placebo-controlled andmoxifloxacin-
controlled study.[38]

6. Dosage and Administration

Azilsartan medoxomil, administered orally,
is indicated for the treatment of adults with es-
sential hypertension. The recommended starting
dosage in the EU is 40mg once daily, increased to
a maximum of 80mg once daily for patients who
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do not achieve adequate BP with the lower dose.
Azilsartan medoxomil may be taken with or
without food.[11]

After 2 weeks of treatment, a near maximal
antihypertensive effect is expected; maximal anti-
hypertensive effects are achieved after 4 weeks of
treatment with the drug.[11] For patients with in-
adequate control of BP after treatment with azil-
sartan medoxomil, additional reduction of BP may
be achieved by co-administration with other anti-
hypertensive agents, including diuretics (e.g. chlor-
thalidone and hydrochlorothiazide) and calcium
channel blockers.[11]

As there is no clinical experience of the use of
azilsartan medoxomil in the treatment of hyper-
tensive patients with severe renal impairment
and end-stage renal disease, caution is advised re-
garding the use of the drug in these patients.[11]

Dosage adjustment of azilsartan medoxomil is
not required for patients with mild or moderate
renal impairment. Azilsartan is not removed from
the systemic circulation by haemodialysis.[11] In
the EU, close monitoring of patients with mild
to moderate hepatic impairment receiving azilsar-
tan medoxomil is recommended and a starting
dose of 20mg should be considered.[11] Azilsartan
medoxomil has not been evaluated in patients
with severe hepatic impairment and so dosage
recommendations are not available for this patient
group.[11]

Initial dose adjustment is not required for el-
derly patients, although a starting dose of 20mg
may be considered for very elderly (aged ‡75 years)
patients who may be at risk of hypotension.[11]

Although epidemiological evidence of the risk of
teratogenicity with angiotensin II receptor antag-
onists is currently limited and inconclusive, drugs in
this class are not recommended for use during
pregnancy.[11] Data are as yet unavailable on the use
of azilsartan medoxomil in pregnant women, but
studies have shown reproductive toxicity in animals
exposed to the drug. Treatment with azilsartan
medoxomil should be discontinued immediately
and alternative treatment prescribed when preg-
nancy is detected.[11] Close observation for hypo-
tension should be performed for infants of mothers
who have taken angiotensin II receptor antagonists
during pregnancy.[11]

Local prescribing information should be con-
sulted for contraindications, special warnings and
precautions for use.

7. Place of Azilsartan Medoxomil in the
Management of Hypertension

Hypertension is an important yet preventable
cause of morbidity and mortality.[1,2,4-9,39] In-
dividuals with hypertension not receiving appro-
priate treatment often have a progressive increase
in BP and this can result in vascular and renal dam-
age, leading to a treatment-resistant state. Im-
portantly, for each 2mmHg increase in SBP, there
is a 7% increase in the mortality risk associated
with ischaemic heart disease and a 10% increase in
the risk of death from a stroke.[2] Therefore,
prompt initiation of appropriate therapy is crucial
for those affected in order to avoid the develop-
ment of progressive disease and reduce the risk of
mortality. Although major advances have been
made in the treatment of hypertension, it remains
inadequately managed.[10]

Numerous guidelines for the effective manage-
ment of hypertension have been published. To be
useful and relevant to clinical practice, treat-
ment guidelines should be up-to-date and based
on best available evidence.[2] Current major treat-
ment guidelines recommend a reduction in BP to
<140/90mmHgand a lower target of<130/80mmHg
for individuals with diabetes or chronic renal dis-
ease.[2,6,7,9] As well as lifestyle and dietary modifica-
tion and treatment for co-morbidities, the initiation
of antihypertensive drug treatment is often required
for hypertensive patients, with regular monitoring of
BP for patients with established cardiovascular dis-
ease.[40] Patient education is also necessary to support
adherence to antihypertensive drug treatment and
lifestyle changes.[2] Selection of a suitable anti-
hypertensive drug is dependent on a number of fac-
tors, including concurrent diseases, such as renal
disease, tolerability profile and cost.

Several classes of drugs are available for the
reduction of BP (section 1); drugs that mediate BP-
lowering effects via the RAS, such as the ACE in-
hibitors and angiotensin II receptor antagonists,
are often selected because of their well established
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clinical profiles and the generally low incidence of
adverse events associated with these drug classes.[19]

However, there are certain limitations associated
with the ACE inhibitor class of drugs; for example,
they only partially inhibit angiotensin II formation,
and are also associated with the development of a
troublesome cough in some patients. By contrast,
the angiotensin II receptor antagonists appear to
provide a more rational means of reducing the
pressor response by selectively inhibiting the cou-
pling of angiotensin II to the AT1 receptor and are
generally regarded as the best tolerated class of
antihypertensive drugs.[19] Since their development,
the angiotensin II receptor antagonists have
become increasingly used in themanagement of pa-
tients with essential hypertension and cardio-
vascular disease and several drugs of this class are
recommended for patients with cardiovascular
co-morbidities.[9] In common with some ACE in-
hibitors, certain angiotensin II receptor antagonists
have also shown efficacy in terms of reducing
morbidity and mortality associated with cardio-
vascular disease, preventing end-organ damage
(e.g. cardioprotective effects), and have shown
beneficial effects in patients with nephropathy, in
those with concomitant diabetes and in the preven-
tion of cerebrovascular disease.[21] Angiotensin II
receptor antagonists are among the drugs recom-
mended for use in the initial and maintenance
therapy of patients with essential hypertension in
treatment guidelines,[2,6,7,9] and may be preferred as
they have tolerability profiles that are generally
similar to placebo.[22]

Azilsartan medoxomil is a recent addition to the
angiotensin II receptor antagonist class of drugs,
and is the eighth approved drug in this class.[41] A
summary of its key features is provided in table IV.

The activemoiety of azilsartanmedoxomil is azil-
sartan, a highly selective and potent angiotensin II
receptor antagonist that shows greater inhibitory
effects at the AT1 receptor than several comparator
drugs of the same class. The antihypertensive effects
of azilsartan medoxomil are dose-related, sustained
over a 24-hour dosage interval (potentially reducing
diurnal variations in BP) and durable in adults with
hypertension. In animal studies and in vitro investi-
gations, azilsartan demonstrated pleiotropic effects
(i.e. effects beyond AT1 receptor blockade and BP

lowering) [table IV]. Approval of azilsartan me-
doxomil by the European Commission was based
on an extensive clinical development programme,
including seven randomized, double-blind, control-
led trials in almost 6000 adults with essential hy-
pertension that showed the drug significantly low-
ered SBP over treatment durations of 6 to 24 weeks
and was more effective than maximum dosages of
olmesartan medoxomil or valsartan.[42]

An important aspect of the three reviewed trials
of azilsartan medoxomil (section 4) was the use of
ABPM for assessments of the primary endpoint, i.e.
24-hourmean SBP at the end of the active treatment
period (at week 6 or week 24), which is widely ac-
cepted as preferable to clinic BP measurements for
monitoring patients with hypertension[43-46] and
may be of particular value in identifying differences
between angiotensin II receptor antagonists in terms
of BP-lowering effects.[22] ABPM is now recom-
mended by the National Institute for Health and
Clinical Excellence for confirming diagnosis and
efficacy of antihypertensive drugs.[2] This design
feature distinguishes these trials from many other
antihypertensive drug trials that have generally
used clinic SBP or DBP as primary endpoints.[22]

Although 24-hour evaluations may be more de-
manding than the traditional clinic BP assess-
ments, they are highly relevant as clinical evidence
supports an association between cardiovascular
morbidity/mortality and ambulatory BP, and an
inverse relationship between cardiovascular risk

Table IV. Summary of the key features of azilsartan medoxomil

Oral prodrug of azilsartan, an AT1 receptor antagonist (blocker)

Azilsartan produces greater AT1 receptor blockade activity than

several other angiotensin II receptor antagonists, including valsartan

and olmesartan in vitro

Demonstrates pleiotropic cardioprotective effects in vivo and in vitro,

e.g. beneficial effects on cardiovascular and metabolic markers

Pharmacokinetic profile allows for once-daily oral administration

More effective in reducing 24-h mean SBP than maximum approved

dosages of olmesartan or valsartan over 6 weeks or valsartan over

24 weeks in randomized phase III trials

Generally well tolerated with headache and dizziness among the

most common adverse events

Low rate of treatment discontinuation due to adverse events in the

24-week trial

Contraindicated during pregnancy

AT1 =angiotensin II type 1; SBP = systolic blood pressure.
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and the extent of BP reduction from day to night
has also been demonstrated.[47] The use of ABPM
may also help identify patients with ‘White coat’
and masked hypertension.[47] Limitations of clinic
SBP or DBP as primary endpoints include the
small number and variability of results and prob-
lems relating to the technique used to obtain the
measurements.[40] The finding that azilsartan me-
doxomil was more effective than the comparator
agents in reducing 24-hour mean SBP may be an
indication of a hierarchical response among agents
in this class, possibly as a result of differences in
receptor binding and dissociation rates, as shown
in preclinical investigations (section 2).[15,47] The
more marked antihypertensive effects seen with
azilsartan medoxomil compared with olmesartan
medoxomil and valsartan suggest that further
clinical evaluation of the drug is warranted to
evaluate its efficacy compared with that of
other drugs in its class, particularly those that
have demonstrated beneficial effects on clinical
outcomes.

In other studies not discussed in detail in this
article, azilsartan medoxomil was effective as a
single agent or in combination with a diuretic in
adults with hypertension (section 4.3). Of note,
azilsartan medoxomil 40 or 80mg once daily was
more effective than the ACE inhibitor ramipril in
a randomized, controlled 24-week trial reported
as an abstract.[30] Furthermore, rates of treat-
ment discontinuation owing to adverse events
were much lower in azilsartan medoxomil than
ramipril recipients. Further study of the relative
efficacy of azilsartan medoxomil and other ACE
inhibitors, including comparisons of effects on
other measures of cardiovascular morbidity
would be of interest. Azilsartan medoxomil was
generally well tolerated in randomized clinical
trials and the marked decreases in BP were not
accompanied by an increase in clinically signif-
icant adverse events (section 5).

Across Europe, annual cardiovascular costs
exceed h190 billion, of which 57% is attributed to
the cost of healthcare.[4] Clinical management of
hypertension is among the most common pri-
mary healthcare interventions in the UK, with
annual drug costs estimated to be approximately
d1 billion in 2006.[2] Pharmacoeconomic data

pertaining to the use of azilsartan medoxomil in
hypertension, particularly from cost-effectiveness
studies comparing it with generic angiotensin II
receptor antagonists, are therefore of interest.
However, formal pharmacoeconomic studies of
azilsartan medoxomil monotherapy have not yet
been reported.

In conclusion, once-daily azilsartan medox-
omil effectively lowers BP in patients with
essential hypertension and has shown better
antihypertensive efficacy than maximum ther-
apeutic dosages of olmesartan medoxomil or
valsartan in major trials of up to 24 weeks’
duration. Azilsartan medoxomil is generally well
tolerated and low rates of discontinuation due to
adverse events were reported over a 24-week
period, suggesting that patients are likely to per-
sist with long-term treatment. Azilsartan me-
doxomil is therefore a useful and attractive new
option for lowering BP in patients with essential
hypertension, particularly for those not able to
tolerate other antihypertensive drugs. Further
studies are required to evaluate the effects of
azilsartan medoxomil on cardiovascular mor-
bidity and mortality.
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