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Introduction: Azilsartan medoxomil is the newest angiotensin receptor
blocker marketed for the treatment of arterial hypertension. The aim of this
article was to review the available evidence about this drug alone or com-
bined with other antihypertensive agents in the treatment of hypertensive
population.

Areas covered: For this purpose, a search on MEDLINE and EMBASE databases
was performed. The MEDLINE and EMBASE search included both medical
subject headings (MeSHs) and keywords including azilsartan or azilsartan
medoxomil or angiotensin receptor blockers or renin angiotensin system or
chlorthalidone and hypertension. References of the retrieved articles were
also screened for additional studies. There were no language restrictions.
Expert opinion: Azilsartan medoxomil has a potent and persistent ability to
inhibit binding of angiotensin Il to AT1 receptors, which may play a role in
its superior blood pressure (BP) -lowering efficacy compared with other drugs,
including ramipril, candesartan, valsartan or olmesartan, without an increase
of side effects. Chlortalidone is a diuretic which significantly differs from
other classic thiazides and has largely demonstrated clinical benefits in out-
come trials. The fixed-dose combination of azilsartan and chlorthalidone has
been shown to be more effective than other potent combinations of angio-
tensin receptor blockers plus hydrochlorothiazide, with a good tolerability
profile.

Keywords: angiotensin receptor blockers, antihypertensive treatment, azilsartan medoxomil,

blood pressure control, chlorthalidone, hypertension, renin angiotensin system.
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1. Introduction

Hypertension is one of the most important risk factors for the development of
cardiovascular disease [1]. In fact, it has been reported that in middle- and
advanced-age subjects, high blood pressure (BP) is markedly and directly related
to vascular and overall mortality. Thus, at ages 40 — 69 years, each increase of
20 mm Hg in systolic BP or 10 mm Hg in diastolic BP is associated with more
than a two-fold difference in the risk of death for stroke or ischemic heart disease [2].
Moreover, hypertension is a very common condition. Although more than one-
third of adults have hypertension, and this percentage strongly increases with age,
in the past years the number of young subjects with hypertension has markedly
raised (3]. Even more, it has been estimated that in United States the current
prevalence of hypertension in children is about 3 - 5% (4.

Notably, reducing BP values to recommended targets has been associated with a
reduction in cardiovascular events. For example, in patients with hypertension and
ischemic heart disease, those patients with a higher proportion of visits with an
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Box 1. Drug summary.

Chemical structure Azilsartan medoxomil:

Pivotal trials [27-31]

Azilsartan medoxomil is a prodrug that after oral absorption is rapidly hydrolyzed to the active
moiety, azilsartan. Azilsartan has a potent and persistent ability to inhibit binding of
angiotensin Il to AT1 receptors, mainly due to its 5-oxo-1,2,4-oxadiazole moiety.

Drug name Azilsartan medoxomil

Phase Already marketed

Indication Treatment of essential hypertension
Pharmacology

description

Route of administration Orally

(5-Methyl-2-oxo-1,3-dioxol-4-yl)methyl 2-ethoxy-1-{[2'-(5-0x0-2,5-dihydro-1,2,4-oxadiazol-3-yl)-4-
biphenylyllmethyl}-1H-benzimidazole-7-carboxylate.

adequate BP control had a 32% reduction in the risk of myo-
cardial infarction (hazard ratio [HR] 0.58; 95% confidence
interval [CI] 0.48 - 0.70) and a 50% reduction in the risk
of stroke (HR 0.50; 95% CI 0.37 - 0.67) [5]. It is not suffi-
cient to use antihypertensive drugs, but to achieve BP goals (s].

Unfortunately, although in the past years BP control rates
have improved all around the world, there is still a high propor-
tion of patients over recommended targets. Thus, data pro-
vided from the National Health and Nutrition Examination
Surveys have shown that in the past decade, BP control rates
have raised among hypertensive adults from about 29 to 47%
in the United States (from about 45 to 60% among treated
hypertensive people) (7. In Canada, these numbers have
increased from 13% in 1992 to 64% in 2009 [s]. Similar trends
have been observed in Europe [9-11]. Although one of the main
reasons for these improvements have been related with the
higher use of combined therapy, it is of note that excepting
those patients at lower risk, in the great majority of patients
the basis of antihypertensive treatment should rely on a renin
angiotensin system inhibitor [12-14].

This is not strange, as the renin angiotensin aldosterone sys-
tem plays a key role in the regulation of BP [15]. Angiotensin-
converting enzyme inhibitors (ACEis) and angiotensin recep-
tor blockers (ARBs) are the most common renin angiotensin
system inhibitors prescribed for the treatment of hypertension
in daily clinical practice [15]. However, some studies have
shown that although the prescription of ACEi for the treat-
ment of hypertension have remained constant, the prescrip-
tion of ARB has markedly increased in the past years [9,16].

Although in the ONTARGET (Ongoing Telmisartan
Alone and in Combination with Ramipril Global Endpoint
Trial) trial, an ARB, telmisartan, was equivalent to an
ACE], ramipril, in the reduction of cardiovascular events in
a high-risk population, telmisartan was better tolerated
than ramipril (17]. This is very relevant, taking into account
that those patients intolerant to ACEi before the inclusion
were excluded from this trial [17]. Avoiding the discontinua-
tion of medication is essential to assure the benefits of a
therapy during the follow-up. This is particularly important
in chronic conditions such as hypertension. In fact, when
discontinuation of study medication due to side effects
was included in the combined primary end-point of
ONTARGET, there was a trend toward lesser events with
telmisartan [18].

On the other hand, despite the use of ARB or ACEi in
ONTARGET, outcomes still remained 117]. This means that
the current armamentarium is not enough to provide a com-
plete protection in patients with hypertension. In this context,
azilsartan, a new ARB, has been marketed for the treatment of
hypertensive patients.

In this article, we update the most relevant available eviden-
ces of this drug, from a clinical point of view. For this pur-
pose, a search on MEDLINE and EMBASE databases was
performed. The MEDLINE and EMBASE search included
both medical subject headings (MeSHs) and keywords includ-
ing azilsartan or azilsartan medoxomil or angiotensin receptor
blockers or renin angiotensin system or chlorthalidone and
hypertension. References of the retrieved articles were also
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Table 1. Pharmacokinetic properties of azilsartan
medoxomil and chlorthalidone.

Azilsartan Chlorthalidone
medoxomil
Peak plasma 1.5-3h 2-6h
concentration
Metabolism CYP2C9 The major portion of the
drug is excreted unchanged
by the kidneys.
Elimination half-life =11 h 42 h (range 29 - 55)

Data taken from [24,56,58].

screened for additional studies (Box 1). There were no
language restrictions.

2. Pharmacological properties of azilsartan

Azilsartan medoxomil is a prodrug that after oral absorption is
rapidly hydrolyzed to the active moiety, azilsartan. Different
studies have shown that azilsartan has a potent and persistent
ability to inhibit binding of angiotensin II to AT1 receptors,
mainly due to its 5-oxo-1,2,4-oxadiazole moiety what may
explain at least in part the superior BP-lowering efficacy
found with azilsartan compared with other ARB [19-24].

The estimated oral bioavailability is ~ 60% and the peak
plasma concentration is reached after 1.5 - 3 h of oral inges-
tion. Of note, food does not affect the bioavailability of azil-
sartan. More than 99% of azilsartan is bound to plasma
proteins, mainly serum albumin (Table 1) [24].

Azilsartan, that is mainly metabolized by CYP2CD9, is trans-
formed into two primary metabolites: the major metabolite,
known as M-I, and the minor metabolite, known as M-I.
None of them contribute to the pharmacologic activity of
azilsartan. The elimination half-life of azilsartan is ~ 11 h
and renal clearance is ~ 2.3 ml/min (Table 1) [24].

Pharmacokinetic properties of azilsartan do not differ sig-
nificantly according to age. No dose adjustment is required
in patients with mild or moderate renal impairment, although
caution should be paid in hypertensive patients with severe
renal impairment and end-stage renal disease. Remarkably,
hemodialysis does not remove azilsartan from the systemic cir-
culation [24]. However, in a recent study performed with the
aim to assess the effect of renal impairment on the pharmaco-
kinetics of azilsartan and its major metabolite M-I, no dose
adjustment of azilsartan was required for subjects with any
degree of renal impairment, including end-stage renal
disease [25].

The administration of azilsartan was associated with a slight
increase in the exposure of patients with mild-to-moderate
hepatic impairment. However, azilsartan has not been studied
in patients with severe hepatic impairment, and it is not
recommended in this population [24,26].

Azilsartan medoxomil

Azilsartan, similarly to the other ARBs, may increase serum
potassium levels. As a result, special caution should be taken
when azilsartan is coadministered with other agents than can
induce hyperkalemia, such as potassium-sparing diuretics, or
potassium supplements, particularly in high-risk patients
(i.e., elderly patients, or subjects with renal insufficiency or
diabetes) [24].

As with other renin angiotensin system blockers such as
ACE;i or ARB, the coadministration of azilsartan with lithium
raises serum lithium concentrations, increasing the risk of tox-
icity by lithium. Therefore, the concomitant use of both drugs
is not recommended [24]. The addition of nonsteroidal anti-
inflammatory drugs to patients taking renin angiotensin sys-
tem inhibitors, including azilsartan, may attenuate their anti-
hypertensive effect, and increase the risk of renal function
worsening and hyperkalemia. Thus, the concomitant use of
both should be avoided (24]. By contrast, no relevant interac-
tions have been described with amlodipine, antacids, chlorta-
lidone, digoxin, fluconazole, ketoconazole, metformin or
warfarin [24].

3. Azilsartan in the treatment of
hypertension as monotherapy

Different clinical trials have investigated the antihypertensive
efficacy of azilsartan medoxomil compared with other antihy-
pertensive drugs, including other ARBs [27-32].

In a double-blind, controlled and randomized clinical trial,
the efficacy and safety of azilsartan medoxomil versus ramipril
were compared in patients with baseline clinic systolic BP
150 - 180 mm Hg. A total of 884 patients were randomly
allocated to receive azilsartan medoxomil 20 mg or ramipril
2.5 mg once daily for 2 weeks, then force-titrated to
40 - 80 mg or 10 mg, respectively, for 22 weeks. At baseline,
mean BP was 161.1 £ 7.9/94.9 £ 9.0 mm Hg. At study end,
clinic systolic BP decreased by 20.6 + 0.95 mm Hg (azilsartan
medoxomil 40 mg), 21.2 + 0.95 mm Hg (azilsartan medoxo-
mil 80 mg) and 12.2 + 0.95 mm Hg (ramipril 10 mg)
(p < 0.001 for both azilsartan doses) (Table 2, Figure 1).
Systolic and diastolic BP responders were defined as subjects
who achieved both clinic systolic BP < 140 mm Hg and/
or a reduction of = 20 mm Hg and clinic diastolic
BP < 90 mm Hg and/or a reduction of > 10 mm Hg at
week 24. Response rates at week 24 were higher with azilsar-
tan medoxomil 40 mg (54.0%) and 80 mg (53.6%) com-
pared with ramipril 10 mg (33.8%) (p < 0.001 for both
azilsartan doses). Despite the higher antihypertensive efficacy
of azilsartan medoxomil, adverse events leading to discontinu-
ation were less frequent with azilsartan (2.4% with 40 mg and
3.1% with 80 mg) than with ramipril (4.8%) (Table 2).
Serious adverse events were reported in 2.7, 4.1 and 2.0%,
respectively. Higher rates of cough were reported with
ramipril and higher rates of dizziness and hypotension with
azilsartan medoxomil [27].
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Table 2. Summary of efficacy and safety of azilsartan medoxomil alone and combined with chlorthalidone in
patients with hypertension.

Study

Design

Results

Azilsartan medoxomil in monotherapy

Bonner et al. [27].

Rakugi et al. [28].

Sica et al. [29].

Bakris et al. [30].

White et al. [31].

A total of 884 patients were randomized to
azilsartan medoxomil 20 mg or ramipril

2.5 mg once daily for 2 weeks, then
force-titrated to 40 - 80 mg or 10 mg,
respectively, for 22 weeks

A total of 622 Japanese patients with grade
I-Il essential hypertension were randomized
to azilsartan medoxomil (20 - 40 mg once
daily by forced titration) or candesartan

(8 - 12 mg once daily by forced titration)
during a 16-week follow-up period

A total of 984 patients with hypertension
(baseline 24-h mean systolic BP about

145.6 mm Hg) were randomized to azilsartan
medoxomil 40, azilsartan medoxomil 80 mg
and valsartan 320 mg during 24 weeks of
treatment

A total of 1,275 hypertensive patients with
baseline 24-h mean ambulatory systolic BP
of 146 mm Hg, were randomized to placebo,
azilsartan medoxomil 20 mg, azilsartan
medoxomil 40 mg, azilsartan medoxomil

80 mg and olmesartan 40 mg

In a placebo-controlled study, a total of
1,291 patients, with baseline 24-h mean
systolic BP 145 mm Hg, were included.
Patients were treated with azilsartan
medoxomil 40 and 80 mg, olmesartan 40 mg
and valsartan 320 mg for 6 weeks

Fixed-dose combination of azilsartan medoxomil and chlorthalidone

Sica et al. [59].

In a study that compared the efficacy and
safety of the fixed-dose combinations of
azilsartan medoxomil and chlorthalidone
with the individual monotherapies in a
double-blind factorial study, a total of

At baseline, mean BP was 161.1 + 7.9/94.9 + 9.0 mm Hg
At study end, clinic systolic BP decreased by 20.6 + 0.95 mm
Hg with azilsartan medoxomil 40 mg, 21.2 + 0.95 mm Hg
with azilsartan medoxomil 80 mg and 12.2 + 0.95 mm Hg
with ramipril 10 mg (p < 0.001 for both azilsartan doses vs
ramipril)

Adverse events leading to discontinuation were less frequent
with azilsartan (2.4% with 40 mg and 3.1% with 80 mg)
than with ramipril (4.8%).

At baseline, mean BP was 159.8/100.4 mm Hg

At study end, reductions in diastolic BP were higher with
azilsartan medoxomil, compared with candesartan (-12.4 vs
-9.8 mm Hg, respectively; mean difference -2.6 mm Hg,

p = 0.0003). Similar results were found in sitting systolic BP
(-21.8 vs -17.5 mm Hg, respectively, mean difference

-4.4 mm Hg, p < 0.0001)

The study drugs were equally well tolerated, and the great
majority of adverse events were mild or moderate in intensity
in both groups.

At study end, 24-h mean systolic BP was reduced by -14.9,
-15.3 and -11.3 mm Hg, respectively; p < 0.001 for both
doses of azilsartan vs valsartan

Clinic systolic BP was also reduced in the three groups
(-14.9, -16.9 and -11.6 mm Hg; p = 0.015 and p < 0.001,
respectively)

Similar results were found in 24-h and clinic diastolic BP
Rates of treatment-emergent adverse events were similar in
the three groups, and mostly mild to moderate in severity.
After 6 weeks of treatment there was a dose-

dependent reduction in 24-h mean systolic BP in all azilsartan
groups

While azilsartan medoxomil 40 mg was noninferior to
olmesartan 40 mg, azilsartan medoxomil 80 mg provided
higher reductions in 24-h mean systolic BP than olmesartan
40 mg (treatment difference -2.1 mm Hg; p = 0.038)
Reductions in ambulatory systolic BP were sustained
throughout the 24-h monitoring interval

Discontinuations due to adverse events and serious adverse
events were reported more frequently in the placebo and
azilsartan medoxomil 20 mg groups, whilst serious adverse
events were reported in < 1% of patients in the other groups
At study end, whilst azilsartan medoxomil 40 mg was
noninferior to olmesartan 40 mg, azilsartan 80 mg (placebo-
adjusted 24-h systolic BP -14.3 mm Hg) was more effective
than valsartan 320 mg (-10.0 mm Hg; p < 0.001) and
olmesartan 40 mg (-11.7 mm Hg; p = 0.009)

Both doses of azilsartan were superior to valsartan and
olmesartan in the reduction of clinic systolic BP

The incidence of side effects was equal in all treatment
groups, and similar to placebo.

At baseline, mean trough BP (h 22 - 24) was 149 - 154/
89 - 92 mm Hg measured by ambulatory BP monitoring,
and 163 - 166/94 — 96 mm Hg by clinic BP

At study end, systolic BP measured either by ambulatory BP
measurement or clinic, was greater reduced by the highest

Data taken from [27-31] and [59-61].

BP: Blood pressure.
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Table 2. Summary of efficacy and safety of azilsartan medoxomil alone and combined with chlorthalidone in

patients with hypertension (continued).

Study Design

Results

1,714 hypertensive patients with clinic
systolic BP between 160 and 190 mm Hg
were included. Patients were randomized to
azilsartan medoxomil 0 mg, 20 mg, 40 mg,
or 80 mg and/or chlorthalidone 0 mg,

12.5 mg, or 25 mg during 8 weeks of
treatment

Bakris et al. [60]. A total of 609 patients with stage

2 hypertension (mean baseline clinic BP
164.6/95.4 mm Hg) were randomized to
the fixed combination of azilsartan
medoxomil and chlorthalidone and the
combination of azilsartan medoxomil and
hydrochlorothiazide for 10 weeks

After being treated with azilsartan
medoxomil 40 mg in monotherapy during
2 weeks, all patients received 12.5 mg of
chlorthalidone or hydrochlorothiazide for
other 4 weeks, and whether BP remained
uncontrolled, diuretics were titrated to
25 mg for another 4 weeks

Cushman
et al. [61].

A total of 1,071 patients with baseline clinic
BP 165/96 mm Hg and baseline 24-h mean
BP 150/88 mm Hg) were randomized to
receive the fixed-dose combinations of
azilsartan medoxomil/chlorthalidone (force

titrated to either 40/25 mg or 80/25 mg) or a

fixed-dose combination of olmesartan plus
hydrochlorothiazide (force titrated to
40/25 mg) during 12 weeks of treatment

doses of azilsartan medoxomil/chlorthalidone (40/25 mg and
80/25 mg) compared with the highest doses of both drugs in
monotherapy

These reductions were higher with the combination therapies
throughout the 24-h recording interval

With regard to side effects, these were dose-dependent and
more frequently reported with combined therapy. However,
hypotension episodes were infrequent with combined therapy
(0.6 - 3.1%)

At week 6, those patients treated with the combination of
azilsartan medoxomil and chlorthalidone achieved greater
clinic systolic BP reduction compared with the combination
of azilsartan medoxomil and hydrochlorothiazide

(-35.1 vs -29.5 mm Hg, respectively; p < 0.001)

Similar results were found regarding 24-h ambulatory systolic
BP at week 6 (mean difference -5.8 mm Hg; p < 0.001)

Only 30.8% of patients treated with the combination
azilsartan medoxomil/chlorthalidone were titrated to 25 mg
of chlorthalidone, compared with 45.9% of those treated
with hydrochlorothiazide combination (p < 0.001)

At study end, greater BP reductions were achieved with
azilsartan medoxomil/chlorthalidone combination

(mean difference -5.0 mm Hg; p < 0.001)

With regard to side effects, these were similar in both
groups, including serious adverse events (2.0 vs 1.7%,
respectively) and discontinuations due to side effects

(9.3 vs 7.3%, respectively, p = 0.38)

At study end, both combinations of azilsartan medoxomil/
chlorthalidone achieved greater BP reductions than the
combination of olmesartan/hydrochlorothiazide in clinic
(-42.5 £ 0.8, -44.0 £ 0.8 and -37.1 £ 0.8 mm Hg,
respectively; p < 0.001) and ambulatory systolic BP

(-33.9 £ 0.8, -36.3 + 0.8 and -27.5 + 0.8 mm Hg,
respectively; p < 0.001)

The proportion of patients that discontinued from treatment
due to adverse events was 7.9, 14.5 and 7.1%, respectively

Data taken from [27-31] and [59-61].
BP: Blood pressure.

Azilsartan medoxomil has been compared with other ARB,
including candesartan, valsartan or olmesartan. In a study that
compared the efficacy and safety of azilsartan medoxomil ver-
sus candesartan, 622 Japanese patients with grade I - II essen-
tial hypertension were included. Patients were randomized
to azilsartan medoxomil (20 - 40 mg once daily by forced
titration) or candesartan (8 - 12 mg once daily by forced titra-
tion) during a 16-week follow-up period. Mean BP was
159.8/100.4 mm Hg at baseline. At study end, although
both treatments decreased sitting diastolic BP levels, reduc-
tions in BP were higher with azilsartan medoxomil, compared
with candesartan (-12.4 vs -9.8 mm Hg, respectively; mean
difference -2.6 mm Hg, 95% CI -4.08 to -1.22 mm Hg;
p = 0.0003) (Table 2). Similar results were found in sitting sys-
tolic BP (-21.8 vs -17.5 mm Hg, respectively, mean difference
-4.4 mm Hg, 95% CI -6.53 to -2.20 mm Hg, p < 0.0001)

(Figure 1). Similarly, azilsartan medoxomil was more effective
than candesartan on ambulatory BP monitoring at week 14,
particularly, in diastolic and systolic BP over a 24-h period,
and during the daytime, night-time and early morning. The
study drugs were equally well tolerated, as no significant dif-
ferences were found in the incidence of treatment-emergent
adverse events between both the groups. The great majority
of adverse events were mild or moderate in intensity in both
groups (Table 2). The most common adverse events reported
were nasopharyngitis, upper respiratory tract inflammation
and pharyngitis. Similarly, the overall incidence of
hypotension-related events was similar in both groups
(3.5 vs 3.2%, respectively) [28].

In a study performed in 984 patients with hypertension
(baseline 24-h mean systolic BP about 145.6 mm Hg), azilsar-
tan medoxomil 40 - 80 mg were compared with valsartan
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Figure 1. Efficacy of azilsartan medoxomil on systolic blood pressure compared with other angiotensin receptor blockers.

Data taken from [27-31].

24-h: 24 hours; AZL: Azilsartan; CAN, Candesartan; OLM: Olmesartan; RAM: Ramipril; SBP: Systolic blood pressure; VAL: Valsartan.

320 mg during 24 weeks of treatment. At study end, 24-h
mean systolic BP was reduced by -14.9, -15.3 and
-11.3 mm Hg, respectively; p < 0.001 for both doses of azil-
sartan vs valsartan (Figure 1). Clinic systolic BP was also
reduced in the 3 groups (-14.9, -16.9 and -11.6 mm Hg;
p = 0.015 and p < 0.001, respectively). Similar results were
found in 24-h and clinic diastolic BP. Response to treatment
was defined as a reduction in clinic systolic BP to < 140 mm
Hg and/or a reduction of 2 20 mm Hg. Response rates were
significantly greater with azilsartan medoxomil 40 and
80 mg (56 and 59%, respectively) than with valsartan
320 mg (47%; p = 0.016 and p = 0.002, respectively). Rates
of treatment-emergent adverse events were similar in the
3 groups, and mostly mild to moderate in severity (Table 2).
The most common adverse events during the trial were head-
ache, dizziness and urinary tract infection. Small mean
changes in serum creatinine, potassium and liver enzymes
were observed in the 3 groups. Mean serum creatinine con-
centrations increased slightly more with azilsartan. Similarly,

hyperkalemia (serum potassium > 6 mmol/L) was more com-
mon in those patients assigned to azilsartan medoxomil 40 mg
(1.8%), compared with azilsartan medoxomil 80 mg (0.3%)
and valsartan 320 mg (0.6%) [29].

Azilsartan medoxomil has also been compared with olmesar-
tan, probably the most potent ARB until the launch of azilsar-
tan. Thus, in a study that included 1,275 hypertensive patients
with baseline 24-h mean ambulatory systolic BP > 130
and < 170 mm Hg (mean 146 mm Hg), patients were ran-
domized to placebo (n = 142), azilsartan medoxomil 20 mg
(n = 283), azilsartan medoxomil 40 mg (n = 283), azilsartan
medoxomil 80 mg (n = 285) and olmesartan 40 mg
(n = 282). After 6 weeks of treatment, as expected, there was
a dose-dependent reduction in 24-h mean systolic BP in all
azilsartan groups. While azilsartan medoxomil 40 mg was non-
inferior to olmesartan 40 mg (treatment difference -0.92 mm
Hg; 95% CI -2.87 to + 1.02 mm Hg; p = 0.352), azilsartan
medoxomil 80 mg provided higher reductions in 24-h mean
systolic BP than olmesartan 40 mg (treatment difference
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-2.1 mm Hg; 95% CI -4.0 to -0.1 mm Hg; p = 0.038)
(Figure 1). Importantly, reductions in ambulatory systolic BP
were sustained throughout the 24-h monitoring interval. The
proportion of patients who had a reduction in clinic systolic
BP to < 140 mm Hg and/or a reduction of > 20 mm Hg
were 48% with azilsartan medoxomil 20 mg, 50% with azilsar-
tan medoxomil 40 mg, 57% with azilsartan medoxomil 80 mg
and 53% with olmesartan 40 mg. Changes in 24-h mean dia-
stolic BP and clinic diastolic BP were consistent with the results
for systolic BP. No significant interaction was observed by age,
sex, baseline median 24-h mean systolic BP and baseline esti-
mated glomerular filtration rate. With regard to safety, discon-
tinuations due to adverse events and serious adverse events were
reported more frequently in the placebo and azilsartan medox-
omil 20 mg groups. However, serious adverse events were
reported in < 1% of patients in the other groups (Table 2).
The most commonly adverse events reported in all groups
were headache, dyslipidemia and dizziness [30].

In a placebo-controlled study that compared 3 different
ARBs (azilsartan medoxomil 40 and 80 mg, olmesartan
40 mg and valsartan 320 mg), a total of 1,291 patients, with
baseline 24-h mean systolic BP 145 mm Hg, were included.
The primary efficacy end point was the change from baseline
in 24-h mean systolic BP after 6 weeks of treatment. At study
end, whilst azilsartan medoxomil 40 mg was noninferior to
olmesartan 40 mg (treatment difference -1.4 mm Hg; 95%
CI -3.3 to + 0.5 mm Hg), azilsartan 80 mg (placebo-adjusted
24-h systolic BP -14.3 mm Hg) was more effective than valsar-
tan 320 mg (-10.0 mm Hg; p < 0.001) and olmesartan 40 mg
(-11.7 mm Hg; p = 0.009) (Figure 1). Of note, both doses of
azilsartan were superior to valsartan and olmesartan in the
reduction of clinic systolic BP. The proportion of patients
who achieved a reduction of clinic systolic BP to < 140 mm
Hg and/or a reduction of > 20 mm Hg was significantly greater
with azilsartan 80 mg (58%) compared with placebo (22%),
320 mg of valsartan 320 mg (49%) and olmesartan 40 mg
(49%). With regard to side effects, these were equal in all treat-
ment groups, and similar to placebo. In all groups, about 1%
of patients had serious adverse events. The most common
adverse events during the trial were headache, dizziness and uri-
nary tract infection (Table 2) [31].

In a systematic review performed through August 2011,
azilsartan medoxomil 40 mg and 80 mg once daily signifi-
cantly reduced both systolic and diastolic BP from baseline
compared with placebo, and azilsartan medoxomil 80 mg
was superior to other ARBs, including olmesartan 40 mg
and valsartan 320 mg, measured by both 24-h BP ambulatory
monitoring and clinic monitoring. Tolerability and safety of
azilsartan medoxomil were similar to other ARBs [32].

4. Pleiotropic effects of azilsartan

The effects of azilsartan medoxomil are not limited to its
effects on BP, as different experimental studies have
shown (33-41]. Thus, in mice with either surgically induced
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left ventricular pressure overload (aortic banding) or acute
myocardial infarction, the treatment with azilsartan was asso-
ciated with less left ventricular wall thickness, hypertrophy
and dilation compared with that exhibited by controls in
drug-treated aortic-banded mice. Moreover, there was a trend
to a lesser mortality in drug-treated myocardial infarction
mice. Moreover, azilsartan-treated mice with acute myocar-
dial infarction had less cardiomyocyte injury [33]. In a study
performed in obese and insulin-resistant mice fed with a
high fat diet, with left ventricular pressure overload after aor-
tic banding, the addition of azilsartan was associated with a
decrease of left ventricular wall thickness, left ventricular
hypertrophy and cardiac plasminogen activator inhibitor-
1 (PAI-1), as well as with an increase of cardiac output [34].

In other study, azilsartan, administered during 16 weeks to
ApoE knockout mice on a high fat diet, suppressed vascular
wall expression of PAI-1 protein. Moreover, cellularity and
collagen were increased in lesions, consistent with the devel-
opment of more stable plaques. This, combined with the sup-
pression of PAI-1 expression, may facilitate the stabilization of
atherosclerotic plaques [35]. In male mice with myocardial
infarction after left anterior descending coronary artery liga-
tion, cardiac remodeling was significantly attenuated by
azilsartan, regardless BP lowering effect [36].

Other study analyzed the potential pleiotropic effects of
azilsartan in cell-based assay systems independent of its effects
on BP. In cultured 3T3-L1 preadipocytes, azilsartan enhanced
adipogenesis and exerted greater effects than valsartan on
expression of genes encoding adiponectin, adipsin, leptin
and PPARa, PPARS. Similarly, azilsartan inhibited vascular
cell proliferation and in aortic endothelial cells, inhibited
cell proliferation, whereas valsartan showed little or no
antiproliferative effects [37].

In other study, azilsartan reduced BP more potently and
persistently than olmesartan in renal hypertensive dogs. More-
over, after 2 weeks of treatment, azilsartan showed more stable
antihypertensive effects than olmesartan and improved the
glucose infusion rate more potently (= 10 times) than olme-
sartan. Similarly, azilsartan had a more potent antiproteinuric
effect than olmesartan in Wistar fatty rats (38]. Other studies
have confirmed the beneficial effect of azilsartan on insulin
sensitivity in skeletal muscle of male Sprague-Dawley rats,
in obese Koletsky rats and in male KK-A(y) mice, even greater
than other ARBs such as candesartan [39-41].

5. Rationale for the use of combined therapy

Although some patients may achieve BP goals with only one
antihypertensive agent, in clinical practice most patients will
require the combination of at least two drugs to attain BP tar-
gets [12,13]. In fact, one of the main reasons that may explain
the improvement in BP control rates observed in the past
years in many countries is the progressively higher use of com-
bined therapy [7-111. This is not strange as it has been shown
that combining antihypertensive drugs with different
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Clinic SBP at week 10
AZL-HCTZ

AZL-CLD

Clinic SBP
AZL-CLD 40/25 AZL-CLD 80/25 OLM-HCTZ 40/25

-104

15

p < 0.001

p < 0.001 for both AZL-CLD
doses vs OLM-HCTZ

Figure 2. Efficacy of the combination azilsartan medoxomil plus chlorthalidone compared with the combinations azilsartan
medoxomil plus hydrochlorothiazide and olmesartan plus hydrochlorothiazide.

Data taken from [60] and [61].

AZL: Azilsartan; CLD: Chlorthalidone; HCTZ: Hydrochlorothiazide; OLM: Olmesartan; SBP: Systolic blood pressure.

mechanisms of action is ~ 5 times more effective in reducing
BP values than doubling the dose of 1 drug [42]. Moreover,
combined therapy may achieve an earlier response in a larger
number of patients. A further advantage is that combining
2 drugs with different mechanisms of action is associated
with lesser side-effects and may provide greater benefits than
those offered by a single agent [13]. A recent study retrospec-
tively evaluated the effects of initial versus delayed treatment
with combined therapy in hypertensive patients. In this study,
1,762 hypertensive patients started with combined therapy
and were matched 1:1 with similar patients beginning with
monotherapy and later switched to combined therapy. In
those patients that started with combined therapy, the risk
of cardiovascular events or death was reduced by 44%
(HR 0.66; 95% CI 0.52 - 0.84; p = 0.0008). This risk reduc-
tion was mainly attributed to a more rapid achievement of
target BP [43).

The most recent 2013 ESH/ESC guidelines for the
management of arterial hypertension consider that combined
therapy can be used in those patients with mild BP elevation
or low/moderate cardiovascular risk that remain uncontrolled
despite monotherapy, and as first-line therapy in those
patients with marked BP elevation or in those at high or
very high cardiovascular risk [13].

On the other hand, combined therapy can be taken in a
single pill (fixed combinations) or in separate pills (free com-
binations). Different studies have shown that fixed combina-
tions improve medication adherence [44.45]. Moreover, it has
been reported that, compared with initial antihypertensive
monotherapy and free combinations, the greater use of
single-pill combinations as initial therapy may improve hyper-
tension control and cardiovascular outcomes in untreated and
uncontrolled hypertensive patients during their first treatment
year [46]. All these benefits translate into lower healthcare
costs. In fact, in a 12-month follow-up study performed in
South Carolina Medicaid beneficiaries aged > 65 years, the
use of fixed-dose combination, compared with free combina-
tion, was associated with a reduction of 12.5% in total costs
(p < 0.003) (4s].

All first-line antihypertensive treatments reduce BP effec-
tively. However, not all combinations have been shown to
be equally beneficial. Due to their complementary mecha-
nisms of action, the combination of a diuretic and an ARB
are particularly recommended [12.13]. The majority of fixed
combinations used in clinical practice of an ARB and a
included hydrochlorothiazide as the
(12,13,47-49]. However, it has been suggested that not all

diuretic diuretic

diuretics are equal.
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6. Differences between hydrochlorothiazide
and chlorthalidone in the treatment of
hypertension

The SHEP (Systolic Hypertension in the Elderly Program)
study showed that in patients = 60 years and isolated systolic
hypertension, antihypertensive stepped-care drug treatment
with low-dose chlorthalidone as step 1 medication reduced
the risk of total stroke by 36%, the risk of major cardiovascu-
lar events by 32% and the risk of deaths from all causes by
13% [50. However, no benefits on cardiovascular events
have been shown with low doses of hydrochlorothiazide.
Thus, in a systematic review of randomized trials in which
1 arm was based on either hydrochlorothiazide or chlorthali-
done, 9 trials were identified (3 based on hydrochlorothiazide
and 6 based on chlorthalidone; n = 50,946 in the drug-
adjusted analysis and n = 78,350 in the office systolic
BP-adjusted analysis). In this study, chlorthalidone was supe-
rior to hydrochlorothiazide in preventing cardiovascular
events, and this could not be attributed entirely to a lesser
effect of hydrochlorothiazide on office systolic BP [51]. In a
retrospective observational cohort study from the multiple
risk factor intervention, a cardiovascular primary prevention
trial, when compared both drugs, chlorthalidone, compared
with hydrochlorothiazide, had lesser cardiovascular events
(p = 0.0016), and was more effective in reducing systolic BP
(p < 0.0001) (521. In a small randomized, single-blinded, and
crossover study that compared chlorthalidone 12.5 mg/day
(force-titrated to 25 mg/day) and hydrochlorothiazide
25 mg/day (force-titrated to 50 mg/day) during 8 weeks of
treatment, chlorthalidone 25 mg achieved greater reductions
in ambulatory systolic BP than hydrochlorothiazide 50 mg
(24-h mean -12.4 + 1.8 mm Hg vs -7.4 + 1.7 mm Hg, respec-
tively; p = 0.054; nighttime mean = -13.5 + 1.9 mm Hg vs
-6.4 + 1.8 mm Hg, respectively; p = 0.009). However, these
differences were not significant when analyzing office BP
measurements [53]. Although some guidelines do not provide
conclusive recommendations in favor of a particular diuretic
agent due to the lack of definitive established evidence [13],
others, such as the NICE guidelines, recommend that when
a diuretic is prescribed, a thiazide-like diuretic, such as chlor-
thalidone or indapamide should be preferred over a conven-
tional thiazide diuretic such as bendroflumethiazide or
hydrochlorothiazide [14].

After oral administration, peak serum concentrations
of chlorthalidone are reached at ~ 2 — 6 h. The half-life of
chlorthalidone is about 42 h (range 29 - 55 h) with a large
interindividual variability. This long half-life is explained by
the fact that chlorthalidone rapidly enters and concentrates
in erythrocytes and the slow release of chlorthalidone from
these erythrocytes. In fact, concentrations of chlorthalidone
are 7 - 10 times greater in erythrocytes than in plasma. By
contrast, the half-life of hydrochlorothiazide ranges from
5.6 to 14.8 h. Of note, the natriuretic effect of chlorthalidone
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has been shown to be maximal at 18 h and lasts at least 48 h.
With regard to elimination, chlorthalidone is essentially
excreted unchanged by the kidney (Table 1) [54-58].

7. Clinical data with the combination of
azilsartan plus chlorthalidone in the treat-
ment of arterial hypertension

All these data explain why the combination of azilsartan and
chlorthalidone is a logical and rational approach for the treat-
ment of patients with arterial hypertension. Several clinical
trials have analyzed the efficacy and safety of the fixed combi-
nation of azilsartan and  chlorthalidone in  this
population [59-62].

In a study that compared the efficacy and safety of the
fixed-dose combinations of azilsartan medoxomil and
chlorthalidone with the individual monotherapies in a
double-blind factorial study, a total of 1,714 hypertensive
patients with clinic systolic BP between 160 and 190 mm
Hg were included. Patients were randomized to azilsartan
medoxomil 0 mg, 20 mg, 40 mg or 80 mg and/
or chlorthalidone 0 mg, 12.5 mg or 25 mg during 8 weeks
of treatment. At baseline, mean trough BP (h 22 - 24) was
149 - 154/89 - 92 mm Hg measured by ambulatory BP
monitoring, and 163 - 166/94 - 96 mm Hg by clinic BP
(Table 2) [59].

At study end, systolic BP measured either by ambulatory
BP measurement or clinic, was greater reduced by the highest
doses of azilsartan medoxomil/chlorthalidone (40/25 mg and
80/25 mg) compared with the highest doses of both drugs in
monotherapy. In fact, each of the six individual azilsartan
medoxomil/chlorthalidone  doses produced significantly
greater reductions of trough systolic BP compared with their
respective components. Similar findings were reported with
regard to trough diastolic BP. The BP reductions were higher
with the combinations throughout the 24-h recording inter-
val. These higher reductions found with combined therapy
translated into a better achievement of BP goals compared
with their respective monotherapies. In fact, 70 - 85% of
patients treated with the combination attained BP goals
(< 140/90 mm Hg), compared with azilsartan medoxomil
(30 - 52%) and chlorthalidone monotherapies (34 - 51%)
(Table 2) [59].

With regard to side effects, these were dose-dependent and
more frequently reported with combined therapy. However,
hypotension episodes were infrequent with combined therapy
(0.6 - 3.1%). Serious adverse events were reported in 0.7% of
patients treated with azilsartan medoxomil/chlorthalidone
40/12.5 mg, 1.3% of patients treated with azilsartan medoxo-
mil/chlorthalidone 80/12.5 mg, 1.3% of patients treated with
azilsartan medoxomil/chlorthalidone 40/25 mg and in 1.2%
of patients treated with azilsartan medoxomil/chlorthalidone
80/25 mg combinations (Table 2) [59].

In a 10-week randomized and double-blind study, the fixed
combination of azilsartan medoxomil and chlorthalidone was
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compared with the combination of azilsartan medoxomil and
hydrochlorothiazide in 609 patients with stage 2 hypertension
(mean baseline clinic BP 164.6/95.4 mm Hg). After being
treated with azilsartan medoxomil 40 mg in monotherapy
during 2 weeks, all patients received 12.5 mg of chlorthali-
done or hydrochlorothiazide for other 4 weeks, and whether
BP remained uncontrolled, diuretics were titrated to 25 mg
for another 4 weeks. At week 6, those patients treated with
the combination of azilsartan medoxomil and chlorthalidone
achieved greater clinic systolic BP reduction compared with
the combination of azilsartan medoxomil and hydrochlorothi-
azide (-35.1 vs -29.5 mm Hg, respectively; mean difference
-5.6 mm Hg; 95% CI -8.3 to -2.9; p < 0.001) (Table 2) [60].

Similar results were found regarding 24-h ambulatory sys-
tolic BP at week 6 (mean difference -5.8 mm Hg; 95% CI
-8.4 to -3.2; p < 0.001). As a result, more patients treated
with chlorthalidone combination achieved BP goals, defined
as clinic BP < 140/90 mm Hg, < 130/80 mm Hg for patients
with diabetes or chronic kidney disease (64.1 vs 45.9%,
respectively, p < 0.001). Only 30.8% of patients treated
with the combination azilsartan medoxomil/chlorthalidone
were titrated to 25 mg of chlorthalidone, compared with
45.9% of those treated with hydrochlorothiazide combination
(p < 0.001). At study end, greater BP reductions were
achieved with azilsartan medoxomil/chlorthalidone combina-
tion (mean difference -5.0 mm Hg; 95% CI -7.5 to -2.5;
p < 0.001) (Table 2, Figure 2) [60].

With regard to side effects, these were similar in both
groups, including serious adverse events (2.0 vs 1.7%, respec-
tively) and discontinuations due to side effects (9.3 vs 7.3%,
respectively, p = 0.38) (Table 2) [60].

In other study performed in 1,071 patients with baseline
clinic systolic BP 160 - 190 mm Hg and diastolic
BP < 119 mm Hg (baseline clinic BP 165/96 mm Hg and
baseline 24-h mean BP 150/88 mm Hg), the fixed-
dose combinations of azilsartan medoxomil/chlorthalidone
(force titrated to either 40/25 mg or 80/25 mg) were com-
pared with a fixed-dose combination of olmesartan plus
hydrochlorothiazide (force titrated to 40/25 mg) during
12 weeks of treatment (Table 2) [61]. At study end, both com-
binations of azilsartan medoxomil/chlorthalidone achieved
greater BP reductions than the combination of olmesartan/
hydrochlorothiazide in clinic (-42.5 + 0.8, -44.0 = 0.8 and
-37.1 + 0.8 mm Hg, respectively; p < 0.001) and ambulatory
systolic BP (-33.9 £ 0.8, -36.3 + 0.8 and -27.5 + 0.8 mm Hg,
respectively; p < 0.001). With regard to side effects, the
proportion of patients that discontinued from treatment due
to adverse events was 7.9, 14.5 and 7.1%, respectively
(Table 2, Figure 2) [61].

More recently, in a review that included clinical trials and
reviews involving the combination of azilsartan medoxomil
and chlorthalidone or each component individually for the
treatment of hypertension through December 2012, in four
randomized controlled trials the combination of azilsartan
medoxomil and chlorthalidone 40/12.5 mg and 40/25 mg

achieved larger BP reductions than comparators, including
the  combinations of  olmesartan/hydrochlorothiazide
40/25 mg and azilsartan medoxomil/hydrochlorothiazide.
With regard to safety, the combination of azilsartan medoxo-
mil and chlorthalidone was globally well tolerated [62].

The different clinical trials that have analyzed the efficacy
and safety of azilsartan medoxomil alone or combined with
chlorthalidone in patients with hypertension are summarized
in Table 2.

8. Expert opinion

To reduce cardiovascular events in hypertensive population, it
is necessary to reduce BP levels to recommended targets [12-14].
Moreover, it has been shown that the early control of BP
provides additional benefits [43,63]. On the other hand, the
inhibition of renin angiotensin system should be the basis of
treatment in many hypertensive patients, particularly in those
at higher risk, such as those with organ damage (i.e., left ven-
tricular hypertrophy, microalbuminuria) or cardiovascular
disease (i.e., myocardial infarction, heart failure, renal disease,
among others), as well as the basis when combined therapy is
required in the great majority of cases [12-14].

Unfortunately, despite the inhibition of renin angiotensin
system with current ACEi and ARB, cardiovascular outcomes
(i.e., end-stage renal disease, myocardial infarction) still
occur [17.64-66. Even more, a more complete inhibition of
renin angiotensin system inhibition with the combination of
two renin angiotensin system inhibitors (ACEi plus ARB or
ACEi or ARB with aliskiren) has been shown to be not only
no beneficial, but in certain situations might be even
harmful [17,67.

Azilsartan medoxomil is the most recent ARB marketed. Its
unique pharmacological properties count azilsartan among
the most potent ARBs. Different clinical trials have demon-
strated that azilsartan medoxomil achieves BP control rates
earlier and greater than other inhibitors of renin angiotensin
system, such as ramipril, candesartan, valsartan or olmesartan,
with low and comparable rates of adverse events [27-32]. How-
ever, whether this higher efficacy of azilsartan medoxomil may
translate into a marked reduction of cardiovascular outcomes,
it has not been demonstrated yet, in contrast with other ARB.
Moreover, to date the benefits on organ damage or beneficial
effects beyond BP control reported with this drug have only
been proved in experimental studies [33-41]. Therefore, new
studies specifically performed in humans are warranted to
confirm the suggestive potential benefits of azilsartan medox-
omil over other ACEis or ARBs. As a result, in contrast to
other ARBs, the current indication of azilsartan is only limited
to the treatment of essential hypertension. Thus, when
an ARB is required in patients with heart failure or left ven-
tricular dysfunction, candesartan, losartan or valsartan could
be prescribed; on the other hand, if atherothrombotic
cardiovascular disease is present, telmisartan should be
preferred [19,68].
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It is well recognized that the majority of hypertensive pop-
ulation will actually require the combination of at least two
drugs to attain BP targets [12,13]. The combination of an
ARB and a diuretic is rational, effective and safe [12,13].
Although in the majority of cases, when ACEi or ARB is
combined with a diuretic, the diuretic used is hydrochloro-
thiazide; the fact is that not all diuretics are equal. Thus,
some studies have suggested that chlorthalidone could be
superior to hydrochlorothiazide in the reduction of BP and
cardiovascular events [51-53]. Since azilsartan medoxomil
seems to be more potent than other renin angiotensin system
inhibitors and chlorthalidone seems more beneficial than
hydrochlorothiazide, the combination of azilsartan medoxo-
mil and chlorthalidone appears an excellent and unique
alternative in the treatment of hypertensive patients, particu-
larly those at higher risk. In fact, the fixed-dose combination
of azilsartan medoxomil and chlorthalidone has been shown
to be more effective than other potent combinations, such as
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olmesartan plus hydrochlorothiazide, with a good tolerabil-
ity profile [61]. Moreover, this combination has the same
advantages of other fixed combinations that assure a better
adherence compared with free combinations [44-46]. How-
ever, although this combination has been shown to be
more effective than others in the reduction of BP and these
data are promising, to date, no clinical trials specifically
designed to demonstrate whether this higher efficacy trans-
lates into a reduction of cardiovascular events or at least in
an improvement of subclinical organ damage have been
performed.
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