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Objectives

Discuss the epidemiology of hypertension in the U.S., and
the cardiovascular risks associated with elevated diastolic
and systolic blood pressure.

Describe the non-pharmacological and pharmacological
approaches to the treatment of hypertension.

Review the role of the renin-angiotensin-aldosterone sys-
tem in blood pressure homeostasis.

Describe the mechanism of action of the ARBs.

Identify the advantages and disadvantages of the ARBs
compared to other antihypertensive agents.

Discuss and compare the pharmacokinetics, efficacy, and
safety of ARBs.

Discuss the clinical pharmacology, pharmacokinetics, and
efficacy and safety data for olmesartan medoxomil.
Discuss pending and completed clinical outcomes trials
performed with the ARBs.

This program is sponsored by a grant from Sankyo Pharma, Inc.
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The Management of Hypertension:
Focus on Olmesartan Medoxomil and
The Angiotensin Il Receptor Blockers (ARBS)

Introduction

Approximately 50 million Americans suffer from hyper-
tension.® The blood pressure of hypertensive patients
should be adequately controlled to decrease the inci-
dence of complications. Sometimes blood pressure con-
trol can be achieved non-pharmacologically, however,
therapy with antihypertensive drugs is often required.
Although there are several classes of antihypertensive
medications, the treatment of hypertension remains a
challenge as the blood pressure of many patients
remains uncontrolled. The angiotensin Il receptor block-
ers (ARBs) are the newest addition to the antihyperten-
sive drug market. Since the ARBs have a better overall
safety and tolerability profile than other available antihy-
pertensive therapies, and boast a convenient once-daily
dosing schedule, patients may be more likely to comply
with therapy and reach their blood pressure goals. The
completion of ongoing studies with ARBs will investigate
the effects of these drugs on cardiovascular morbidity
and mortality. The focus of a portion of this monograph
will be on the newest ARB, olmesartan medoxomil, and
its characteristics, safety, efficacy, and comparative effi-
cacy with other selected antihypertensive agents.

Hypertension in the US

Hypertension continues to remain a significant risk factor
that pharmacists encounter daily in their practice.
According to the 2001 Current Medical Diagnosis and
Treatment, 50 million Americans have elevated blood
pressure (systolic blood pressure >140 mm Hg and/or
diastolic blood pressure >90 mm Hg). Of these, 68% are
aware of their diagnosis, 53% are receiving treatment,
and only 27% of hypertensive patients in the US have
their blood pressure under control.* These results indi-
cate that the management of hypertension remains an
enormous challenge for health care providers. One pos-
sible reason for the alarmingly low percentage of
patients at goal may include noncompliance with thera-
py due to either adverse reactions related to the med-
ication or an inconvenient antihypertensive medication
dosing schedule. Pharmacists may assist patients in
reaching their goal blood pressure by educating them on
the potentially serious adverse outcomes associated
with noncompliance, and ensuring that patients are on
the most appropriate agents based on their adverse
effect and drug interaction profiles, potential disease
interactions, dosing frequency, route, and cost.
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Hypertension is classified as either primary or secondary.
Primary hypertension, also known as essential hypertension,
accounts for 95% of diagnosed hypertensive patients. Primary
hypertension has an unknown etiology.? Secondary hyperten-
sion results from another medical condition, such as Cushing’'s
syndrome, primary hyperaldosteronism, pregnancy, renal dis-
ease, estrogen use, chronic alcohol abuse, or the use of certain
medications such as NSAIDs or cyclosporin.?

Regardless of the type of hypertension, major devastating and
fatal complications are associated with elevated blood pressure.
Complications include, but are not limited to: cardiovascular dis-
ease, cerebrovascular disease, renal disease, retinopathy, and
atherosclerosis.?

The goal of antihypertensive therapy is to decrease the morbid-
ity and mortality risk associated with high blood pressure.
Numerous clinical trials have shown that pharmacological treat-
ment of hypertension is associated with significant decreases in
the incidence of developing these complications. For example, a
meta-analysis published by MacMahon et al reported antihyper-
tensive therapy resulted in a 36% risk reduction in cerebrovas-
cular disease and a 10% risk reduction in coronary heart dis-
ease incidence.? (Figure 1)

| 8 % Risk Reduction
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Figure 1: THE EFFECT OF ANTIHYPERTENSIVE
DRUG THERAPY ON RISK REDUCTION?



The Treatment of Hypertension—
Nonpharmacological Approaches:

Lifestyle modifications should be the first step employed for
the treatment of all hypertensive patients. The Sixth Report
of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure (JNC-VI)
recommends that patients maintain a healthy body weight,
exercise regularly, stop smoking, and limit alcohol consump-
tion.* Additionally, patients should eat a well-balanced diet,
reduce intake of dietary saturated fats, cholesterol, and sodi-
um, and maintain adequate potassium, calcium, and mag-
nesium intake. In some people, however, even strict adher-
ence to these lifestyle modifications will not be sufficient to
control their hypertension. For these people, drug treatment
is indicated while continuing to adhere to lifestyle modifica-
tion.*

The Treatment of Hypertension—
Pharmacological Approaches:

Pharmacotherapy is often necessary to control hyperten-
sion. There are numerous classes of medications with differ-
ent mechanisms of action that are used in the treatment of
hypertension. New antihypertensive classes, as well as
additional agents within the classes, continue to be devel-
oped to increase efficacy, compliance, and control rates of
hypertensive patients. The JNC-VI reports that optimal drug
formulations should provide 24-hour efficacy with a once-
daily dose. lIdeally, this long-acting formulation would
increase compliance and result in smooth, persistent blood
pressure lowering.*

Diuretics, developed in the early 1950s, were the first anti-
hypertensive agents introduced into the market. Since the
introduction of diuretics, eight other antihypertensive class-
es have been developed. The nine classes of antihyperten-
sives, in order of development, include: diuretics, alpha
blockers, direct vasodilators, central adrenergic inhibitors,
peripheral adrenergic inhibitors, beta-blockers, calcium
channel blockers, angiotensin-converting enzyme (ACE)
inhibitors, and ARBs.? This monograph will focus on the
newest addition to the antihypertensive armamentarium, the
ARBs.

The selection of pharmalogical agents should be done on an
individual basis. Some factors influencing the choice of
agents include patients’ demographic features, concomitant
disease states, and plasma renin levels.* Clinical studies

report that specific drug classes can provide additional ben-
efits beyond blood pressure lowering in certain disease
states. In light of these trials, JNC-VI recommends the use
of ACE inhibitors for treatment of hypertensive patients with
concomitant diabetes or heart failure. (Table 1) However, if
these patients cannot tolerate an ACE inhibitor, INC-VI rec-
ommends that an ARB may be substituted. On the other
hand, certain drug classes can have a negative effect on
specific disease states and patient populations. For exam-
ple, beta-blockers should be avoided in asthmatics and dia-
betics, while ACE inhibitors and ARBs should be avoided in
pregnant patients.

Table 1: COMPELLING INDICATIONS FOR
ANTIHYPERTENSIVE AGENTS UNLESS
CONTRAINDICATED*

Indication Drug Therapy

Diabetes mellitus (type 1) ACE inhibitors

with proteinuria

Heart failure ACE inhibitors, diuretics*

Isolated systolic hypertension | Diuretics (preferred),
Calcium antagonists
(long-acting DHP¥*)

Myocardial infarction Beta-blockers (non-ISA),
ACE inhibitors (with systolic

dysfunction)

*Since JNC-VI, beta-blockers have become standard treatment for
heart failure.
*DHP = dihydropyridine calcium antagonists.
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The Role of Renin-Angiotensin-Aldosterone System (RAAS) in Blood Pressure Homeostasis

ARBs and ACE inhibitors work by targeting the RAAS. The
RAAS is an important regulator of blood pressure home-
ostasis. Any one of the following triggers can activate RAAS:
a low blood pressure, a decrease in renal blood flow, and/or
a low level of serum sodium. Once RAAS is activated, the
first step in the pathway is release of renin from the juxta-
glomerular complex of the nephron, which converts
angiotensinogen into angiotensin I. Next, either ACE or a
nonspecific chymase generates angiotensin Il from
angiotensin |. One function of angiotensin Il is to increase
blood pressure by three distinct mechanisms: angiotensin Il
1) increases peripheral vascular resistance; 2) stimulates
release of aldosterone from the adrenal medulla, which
induces sodium and water retention; and 3) causes smooth
muscle cell proliferation and hypertrophy, further enhancing
vascular tone.®

There are several key differences between the ARBs and

ACE inhibitors. The ACE inhibitors work early in the RAAS
cascade by blocking ACE, which aids in decreasing the pro-
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duction of angiotensin Il. (Figure 2) In addition, ACE
inhibitors prevent the breakdown of bradykinin, prostacyclin,
and endothelium-derived relaxing factor. The accumulation
of these products is thought to be responsible for potential
troublesome adverse effects that may be experienced with
ACE inhibitor therapy, such as cough and angioedema.®
However, inhibiting the ACE enzyme does not completely
inhibit RAAS, since angiotensin Il can be generated by other
non-ACE pathways. By contrast, the ARBs block the
angiotensin Il subtype 1 (AT) receptor. This selective block-
ade antagonizes the effects of angiotensin Il at the target
site, regardless of the pathway through which it was formed.
(Figure 2) Blockage of the ATq receptor promotes vasodila-
tion by relaxing vascular smooth muscle. ARBs also
increase renal salt and water excretion, reduce plasma vol-
ume, and are believed to decrease cellular hypertrophy. In
addition, because ARBs do not cause increases in
bradykinin levels, ARBs generally have a more favorable
side effect profile when compared to ACE inhibitors.®
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Figure 2: RENIN ANGIOTENSIN ALDOSTERONE SYSTEM'
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Advantages and Disadvantages of the ARBs

The ARB class has been shown to have similar blood pressure lowering effects compared to the older
antihypertensive agents. However, the major advantages of the ARB class over alternative current anti-
hypertensive therapies include an improved overall safety and tolerability profile that has been shown
to be similar to placebo and a convenient once-daily dosing schedule. These two features of the ARB
class may improve patient adherence to these antihypertensive agents. Bloom and colleagues evaluat-
ed the 1-year compliance rate for ACE inhibitors, diuretics, calcium channel blockers, and angiotensin
Il receptor blockers in a recently published study

of 21,723 patients.? Compliance was measured

based on prescription refill rates. The results of 70 ‘ @ % continuation
this study showed that the percentage of 60 &3
patients that continued initial therapy on the 50
ARB losartan was significantly higher than with
the other antihypertensive therapies. (Figure 3) 40
30
First-dose hypotension seldomly occurs with 20
ARBs. In addition, ARBs do not change resting
heart rate, and rebound hypertension does not 10
occur after these agents are discontinued. 0 T T T T
Metabolically, ARBs have an excellent profile. ARB ACE Ca+ channel Beta Diuretics
These agents have neutral effect on lipids and inhibitors blockers blockers
glucose tolerance, which may be advantageous
in treatment of hypertensive patients with con- *P<0.05 for ARB vs ACE inhibitors
comitant diabetes or hyperlipidemia. Figure 3: CONTINUATION OF INITIALLY PRESCRIBED

ANTIHYPERTENSIVE AGENT AT 12 MONTHS?®

It is important to be aware that drugs that act

directly on the RAAS can cause fetal and neonatal morbidity and death when administered to pregnant
women. The use of these drugs during the second and third trimesters of pregnancy has been associ-
ated with fetal/neonatal injury. Therefore, ACE inhibitors and ARBs are contraindicated in pregnancy
and, if pregnancy is detected, these agents should be discontinued.

Clinical Outcome Studies With ARBs

The main objective for treating hypertension is to reduce risk of morbidity and mortality associated with
cardiovascular disease. Since ARBs are the newest class of antihypertensive medication, there is lim-
ited outcome data available for these agents. Several studies have examined the potential clinical ben-
efits of ARBs on mortality trends in patients with cardiac failure (ie, ELITE I* [Evaluation of Losartan In
The Elderly], ELITE IIF [Evaluation of Losartan In The Elderly round 1l], Val-HeFT? [Valsartan Heart
Failure Trial], and LIFE® [Losartan Intervention For Endpoint]. Other outcome trials have evaluated the
use of ARBs in patients with type 2 diabetes (ie, RENAAL* [Reduction of Endpoints in NIDDM with the
Angiotensin Il Antagonist Losartan], IDNT® [Irbesartan in patients with Nephropathy Due to Type 2
Diabetes], and IRMA 1I° [Irbesartan in patients with type 2 diabetes and MicroAlbuminuria]. Brief sum-
maries of these studies follow.

ELITE I° was the first trial that compared ARBs versus ACE inhibitors in the treatment of congestive
heart failure (HF). This was a multi-center, randomized, double-blind, active comparator, controlled
study of 722 patients aged 65 or older with HF. Patients were titrated to losartan 50 mg QD or captopril
50 mg TID for 48 weeks. The primary endpoint of the trial, persistent increase in creatinine, was the
same in both groups (10.5%, P=0.63) This study detected a trend for decreased mortality incidence in
HF patients treated with losartan when compared to patients treated with captopril. The secondary end-
point of death and/or hospitalization for heart failure was observed in 9.4% of the losartan and 13.2%
of the captopril patients (P=0.075). In addition, fewer losartan patients discontinued therapy due to an
adverse event (12% versus 21% for captopril, P=0.002).°
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ELITE II** was designed to validate the results that were report-
ed in ELITE I°. ELITE IlI, unlike ELITE I, had a large sample size
of 3152 patients and was properly powered to detect a mortali-
ty benefit in losartan-treated patients. ELITE Il was a random-
ized, double-blind, controlled trial of HF patients aged 60 years
or older. ELITE Il incorporated the same study design as ELITE
I. The effect of losartan on all-cause mortality was not found to
be superior to captopril in this study. The results revealed lower
rates of all-cause morbidity and mortality and of sudden death
in patients given captopril, although the differences did not
reach statistical significance. However, in terms of tolerability,
the results of ELITE Il mimicked ELITE |. Both trials showed
losartan to be significantly better tolerated than captopril. In
ELITE 1l 14.5% of patients receiving captopril withdrew due to
adverse effects, compared to a 9.5% withdrawal rate in losar-
tan-treated patients (P<0.001)."

Val-HeFT" was a randomized, placebo-controlled, double-blind,
parallel-group trial of 5010 patients with HF. This study evaluat-
ed the effects of the addition of the ARB valsartan 160 mg BID
to standard therapy for HF. The results from this trial indicated
that valsartan significantly reduced the combined primary end-
point of morbidity and mortality by 13% when compared to
placebo (P=0.009). In addition, treatment with valsartan
reduced first hospitalization rate for HF by 27% (P<0.001)."

LIFE* was a multicenter, double-blind, prospective, random-
ized, controlled study with 2 parallel groups. This study investi-
gated the long-term (2-4 years) effect of losartan versus
atenolol on reduction of morbidity and mortality in hypertensive
patients with documented left ventricular hypertrophy (LVH).
This study enrolled 9222 patients between 55 and 80 years of
age with hypertension and documented LVH. The primary com-
posite endpoint was defined as death from MlI, stroke, or HF.
Patients received once-daily atenolol-based or losartan-based
antihypertensive therapy for at least four years and until 1040
patients had a primary cardiovascular event. Losartan-based
therapy was associated with less cardiovascular morbidity and
mortality, less stroke, less onset of diabetes, and better tolera-
bility with significantly fewer discontinuations for adverse events
for similar blood pressure reduction when compared to atenolol.

The therapeutic benefit of ARBs in patients with type 2 diabetes
mellitus was examined in RENAALY, IDNT®, and IRMA [I*.
RENAAL and IDNT evaluated the effect of ARBs on the pro-
gression of diabetes, while IRMA Il examined whether ARBs
reduce proteinuria in type 2 diabetic patients. These studies are
described below.

RENAAL® was a multicenter, double-blind, randomized, place-
bo-controlled study designed to evaluate the renal protective
effects of losartan in 1513 patients with type 2 diabetes mellitus
and nephropathy. Patients were randomized to receive losartan
50 mg titrated to 100 mg QD, or placebo. The primary endpoint
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for RENAAL was the composite of a doubling of the baseline
serum creatinine concentration, end-stage renal disease, or
death. Losartan resulted in a significant risk reduction of
16% (P=0.02) in the primary composite endpoint. Losartan
also dramatically reduced the risk of first hospitalization for
heart failure by 32% (P=0.005) and decreased the level of
proteinuria by 35% (P<0.001) compared to placebo.*

IDNT* was a multicenter, double-blind, prospective, ran-
domized study of 1715 hypertensive patients with nephropa-
thy related to type 2 diabetes. IDNT was conducted to deter-
mine whether the use of an ARB or a calcium channel block-
er would provide protection against the progression of
nephropathy related to type 2 diabetes mellitus. Patients
were randomized to receive irbesartan 300 mg QD, amlodip-
ine 10 mg QD, or placebo. The primary composite endpoint
was a doubling of baseline serum creatinine concentration,
the development of end-stage renal disease, or death from
any cause. Although blood pressure control was similar in all
groups, the incidence of the primary composite endpoint
was significantly lower in the irbesartan cohort compared
with either the amlodipine or placebo groups. In terms of the
primary composite endpoint, irbesartan therapy was associ-
ated with a 20% relative risk reduction versus placebo-treat-
ed patients (P=0.02), and a 23% (P=0.006) relative risk
reduction versus the amlodipine-treated patients.*

IRMA [I** was a multinational, double-blind, randomized,
placebo-controlled study designed to evaluate the renopro-
tective effects of an ARB in 590 hypertensive patients with
type 2 diabetes and microalbuminuria. Patients were ran-
domized to irbesartan 150 mg QD, irbesartan 300 mg QD, or
placebo. The primary outcome was the time to the onset of
diabetic nephropathy. The primary endpoint was reached in
5.2% of the irbesartan 150 mg QD group, 9.7% of the irbe-
sartan 300 mg group, and 14.9% of the placebo group
(P<0.001). The level of urinary albumin excretion was
reduced by 24% in the irbesartan 150 mg cohort, 38% by the
irbesartan 300 mg group, and 2% in the placebo group
(P<0.001).*

Other clinical trials are currently under way to determine if
ARBs may reduce cardiovascular morbidity and mortality
rates in different groups of hypertensive patients. (Table 3)
SCOPE’ (Study on Cognition and Prognosis in the Elderly),
VALUE® (The Valsartan Antihypertensive Long-term Use
Evaluation), and VALIANT® (Valsartan in Acute Myocardial
Infarction Trial) are all designed to determine if ARB usage
affects mortality in hypertensive patients. These clinical
studies, evaluating different ARBs in various cardiovascular
disease settings, will further aid in defining the role of this
class of agents in the treatment of hypertension and associ-
ated complications.



Table 2: COMPLETED CLINICAL TRIALS WITH ARBs

Trial Number of | Patients Treatment Primary End Results
Patients Point
RENAAL™ 1,513 Type 2 DM with Losartan vs Time to dou- 16% reduction in combined endpoint (2xCr;
albuminuria placebo bling of serum ESRD; death) and 32% reduction in hospi-
creatinine, talizations (P=0.02)
ESRD, or
death
IDNT® 1,715 HTN and type 2 Irbesartan, Time to 20% RR in 2xCr; ESRD; death compared
diabetic amlodipine, doubling of to placebo (P=0.02) and 23% RR com-
nephropathy placebo serum creati- pared to amlodipine (P=0.006)
nine, ESRD, or
death
IRMA [I* 590 HTN with type Losartan vs Time to onset Albumin excretion decreased by 24% and
2DM placebo of diabetic 38% (P<0.001) and nephropathy incidence
nephropathy decreased by 10% and 5% (P<0.001),
respectively (150 and 300 mg irbesartan)
ELITE ® 722 >65 y/o with HF Losartan vs All-cause Lower mortality with losartan than captopril
captopril mortality
ELITE II* 3,152 >65 y/o with Losartan vs All-cause Trend for captopril over losartan in the
symptomatic captopril mortality reduction of all-cause mortality. Significantly
HF lower discontinuation with losartan
Val-HeFT* 5,010 Valsartan vs All-cause mor- Reduction in all-cause mortality and mor-
CHF placebo tality and car- bidity 13% (P=0.009) and HF hospitaliza-
diac morbidity tions (P<0.001) reduced by 27%
LIFE®™ 9,194 Losartan vs Cardiovascular Reduction in composite endpoint (CV mor-
HTN and LVH atenolol mortality and tality, stroke, and MI) 13% (p=0.021) with
morbidity losartan, 25% reduction (p<0.001) in new-
onset diabetes with losartan

Table 3: ONGOING CLINICAL TRIALS WITH ARBs

Trial Number of | Patients Treatment Primary End Point Expected
Patients Date of
Completion
SCOPE®™ 4,000 70-89 y/o and DBP Candesartan vs Cardiovascular mortality and 2002
90-99 mm Hg placebo morbidity
VALUEY 14,000 HTN Valsartan vs Cardiovascular mortality and 2004
amlodipine morbidity
VALIANT®*® | 14,500 Post-MI with HF + Valsartan alone, All-cause mortality 2005
LV dysfunction captopril alone,
valsartan + captopril
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Pharmacokinetics of Current ARBs

The FDA has approved the following 6 ARBs for the treat-
ment of hypertension: losartan potassium, valsartan, irbe-
sartan, eprosartan, candesartan cilexetil, and telmisartan.
Although all of the ARBs have similar core structures, these
agents exhibit differences in their binding affinity for the AT,
receptor. Binding to the AT, receptor is characterized as
either insurmountable binding or surmountable binding.
Insurmountable antagonism indicates suppression of the
agonist response despite escalations in agonist concentra-
tion. On the other hand, surmountable antagonism implies
that antagonist blockade can eventually be overcome if high
enough agonist concentration is present.' Irbesartan, can-
desartan cilexetil, and telmisartan are insurmountable
antagonists, whereas losartan (parent compound), valsar-
tan, and eprosartan are surmountable antagonists.>®* These
differences in binding may account for changes in both the
pharmacokinetic and pharmacodynamic profiles of these
agents.”

The pharmacokinetics of the currently approved ARBs are
listed in Table 4. All of the ARBs exhibit distinctive pharma-

cokinetic profiles.” Two ARBSs, losartan potassium and can-
desartan cilexetil, are prodrugs. Candesartan cilexetil is acti-
vated in the small intestine, while losartan potassium, the
oldest ARB agent, is biotransformed in the liver by the
cytochrome P450 (CYP 450) enzymes. Medications, which
inhibit the CYP 450 enzymes, may interfere with the conver-
sion of losartan to its metabolite, possibly decreasing its
effectiveness. Clinically significant drug interactions
between losartan potassium with rifampin and fluconazole
have been reported. Rifampin induces the metabolism of
losartan, and fluconazole decreases the metabolism of
losartan potassium.?* The ARBs also vary tremendously in
their bioavailabilities and half-lives. Bioavailability ranges
from 13% for eprosartan to 80% for irbesartan. Losartan
potassium has a short half-life of 2 hr while telmisartan has
an extremely long half-life of 24 hr. The antihypertensive
effect, however, is consistent across the ARB class and is
apparent within two to four weeks after initiation of therapy.
In addition, all ARBs are highly protein bound and the mode
of elimination for these agents is predominantly by the
hepatic route.*

Table 4: PHARMACOKINETIC PROPERTIES OF FDA APPROVED ARBs*?¢

Generic | Prodrug | Maximal | Peak | BA (%) Food T, | Protein | P450 Fecal Urinary Trough: |Minimum/Maxi
Name Onset (hr) Effect (hr) | binding | Metab | Elimination | Elimination | Peak Ratio | mum Dosage
(wk) (AUC%) % % % % (mg) Available
Candesartan| Yes 2-4 3-4 15 o >99 No 67 33 80 4/32
cilexetil
Eprosartan No 3 3 13 25 5-9 98 No 90 7 67 400/600
Irbesartan No 2 1.5-2 | 60-80 _ 12-20 90 Yes 80 20 >60 75/300
Losartan Yes 2-3 3-4 33 10 99 Yes 60 35 58-78 25/100
potassium
Telmisartan No 3 5-1 | 42-58 6 24 >99.5 No 98 <1 >97 40/80
Valsartan No 2 2-4 25 40-50 >905 No 83 13 69-76 80/160

BA = bioavailability

Chemistry of Olmesartan Medoxomil

The newest addition to the ARB class is olmesartan medox-
omil. Olmesartan medoxomil is a prodrug that is rapidly and
completely de-esterified in the intestinal wall into the active
metabolite, olmesartan. Olmesartan medoxomil is a non-
peptide imidazole derivative.”

Structure-activity studies of imidazole derivatives have
reported that a lipophilic biphenyl substituent at the 1-posi-
tion and a linear alkyl group at the 2-position display strong
binding affinities with the hydrophobic pockets of the

HYPERTENSION2002

angiotensin Il receptor. Also, the presence of a tetrazole
substituent to the 1-position further enhances antagonist
activity.?*

Olmesartan medoxomil has a tetrazolylbiphenyl group at the
1-position, a propyl group at the 2-position, a hydroxyalkyl
substituent at the 4-position, and an ester group at the 5-
position.?? (Figure 4) Therefore, based on structure activity
studies, the structural characteristics of olmesartan medox-
omil may result in enhanced binding to the AT, receptor.
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Figure 4: OLMESARTAN MEDOXOMIL STRUCTURAL FORMULA

Clinical Pharmacology of Olmesartan
Medoxomil

During presystemic absorption, the prodrug olmesartan
medoxomil is de-esterified in the intestinal wall by
arylesterase to its active metabolite, olmesartan.”
Olmesartan, the only active metabolite of olmesartan
medoxomil, does not undergo any additional metabolism.
Olmesartan is a selective, insurmountable AT; subtype
angiotensin Il receptor antagonist.*

10

Pharmacokinetics of Olmesartan Medoxomil

Olmesartan medoxomil has been shown to exhibit linear
pharmacokinetics over dose ranges of 10 to 160 mg. Peak
plasma concentrations of olmesartan are rapidly reached in
approximately 2 hours after oral dosing with olmesartan
medoxomil.* The initial antihypertensive response to olme-
sartan is seen in approximately one week. However, the
peak antihypertensive response of olmesartan is generally
observed within 2 weeks. The bioavailability of the active
metabolite, olmesartan, is 26%.
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Olmesartan medoxomil, like other ARBs, is extensively bound to
serum albumin (>99%) and aj-acid glycoprotein (>96%). Serum
albumin binding is inhibited in the presence of warfarin, but not digox-
in or diazepam. However, clinical studies have shown that this inhibi-
tion had no effect on either the pharmacokinetics or pharmacody-
namics of warfarin. The high protein binding of olmesartan accounts
for its small volume of distribution of 35 L following oral administra-
tion.

Olmesartan medoxomil and the active metabolite, olmesartan, are
not metabolized by the cytochrome P450 enzyme system of the liver.
Therefore, interactions with concomitantly administered drugs that
inhibit, induce, or are metabolized by those enzymes are not expect-
ed. No clinically significant, steady-state pharmacokinetic interac-
tions between olmesartan medoxomil were observed with each of the
following drugs: digoxin, warfarin, and aluminum magnesium hydrox-
ide.”

Olmesartan has a long terminal elimination half-life of 13 hours,
which contributes to the observed 24-hour blood pressure coverage,
as well as allowing convenient once-daily administration.

After administration of olmesartan medoxomil, 35% to 50% of the
administered dose is eliminated renally, and the remainder is elimi-
nated through the hepatobiliary route. Since olmesartan has a dual
mechanism for elimination, dosing modifications are not recom-
mended in patients with mild to moderate renal or hepatic failure.

The pharmacokinetics of olmesartan medoxomil are not altered by
food.”

Table 5. OLMESARTAN MEDOXOMIL PHARMACOKINETICS®*

Prodrug Yes
Maximal Onset 2 weeks
Peak Effect 1-2 hours
Duration of Action 24 hours
Bioavailability 26%

Food Effect (AUC%)

Volume of Distribution 35 liters
Half-Life 13 hours
Protein Binding 99%

P450 Metabolism No

Fecal Elimination 50-65%
Urinary Elimination 35-50%
Trough Peak Ratio 51.8-79.1%
Minimum/Maximum 5 mg/40 mg
Dosage Available
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Safety of Olmesartan Medoxomil

The safety of olmesartan medoxomil has been evaluated in
10 controlled, randomized trials. Seven of the trials were
placebo-controlled monotherapy trials that included 2540
patients who were treated with olmesartan medoxomil and
555 patients treated with placebo. The remaining three trials
were long-term, placebo-controlled studies that included a
total of 1402 olmesartan medoxomil-treated patients and
300 placebo-treated patients. In these studies, olmesartan
medoxomil demonstrated an adverse event profile similar to
placebo. The most frequently reported adverse events were
headache, upper respiratory infections, and influenza-like
symptoms, all of which occurred at similar or slightly higher
frequencies in placebo-treated patients compared to olme-
sartan medoxomil-treated patients. The only adverse event
reported in the monotherapy placebo-controlled studies with

a higher incidence in patients treated with olmesartan
medoxomil versus patients treated with placebo was dizzi-
ness (2.8% versus 0.9%, respectively). (Figure 5) The
majority of episodes of dizziness were reported to be mild.*

The long-term, placebo-controlled studies evaluating olme-
sartan medoxomil reported that the occurrence of adverse
events was not based on the duration of treatment. In fact,
the frequency of adverse events decreased over time, with
50.1% of olmesartan-treated patients experiencing adverse
events within the first 12 weeks of treatment, and 26.5%
experiencing such events during treatment beyond 39
weeks. (Figure 6) In addition, the overall frequency of
adverse events was not found to be dose-related.

O Placebo O Olmesartan Medoxomil

% ADR Incidence

8

7-
6-
5-
41
3-

Headache URI

Flu-like symptoms Dizziness

Hyperglycemia Increased Gamma
GT

Figure 5: ADVERSE EVENTS REPORTED IN >2% OF PATIENTS?*

O Olmesartan Medoxomil-Treated Patients

60

50

40

% Frequency of 30

ADRs

10
0-

<12 weeks

12-26 weeks

26-39 weeks >39 weeks

Figure 6: OCCURRENCE OF ADVERSE EVENTS OVER TIME?*
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Efficacy of Olmesartan Medoxomil

The antihypertensive efficacy of olmesartan medoxomil, at doses ranging from 2.5 to 80 mg, was
documented in seven randomized, placebo-controlled, clinical trials studies. An integrated analy-
sis was performed on data from a total of 2693 patients, of which 2145 received olmesartan
medoxomil and 548 received placebo. These studies ranged in length from 6 weeks to 12 months.

The primary efficacy variable was defined
as the change from baseline in trough sit-
ting diastolic blood pressure (DBP) at the
protocol-specific primary study time point
(week 6, 8, or 12). Statistical analyses
were conducted on an intent-to-treat basis.
Olmesartan medoxomil was reported to be

Mean change

B Trough SBP 0O Trough DBP

JH B

significantly more effective than placebo in from baseline -10 * * [
lowering trough sitting and standing DBP (mmHg) A5
and systolic blood pressure (SBP) at the -
primary study time point in patients with -20 . . .
essential hypertension (defined as a sitting Placebo Olmesartan 20 mg Olmesartan 40 mg

baseline DBP of 100-115 mm Hg.) The
reductions in daytime mean SBP and DBP
after treatment with 20 mg olmesartan
medoxomil were -15 and -12 mm Hg,
respectively. (Figure 7)

(n=548) (n=436) (n=195)

Figure 7: EFFICACY OF OLMESARTAN MEDOXOMIL™

N=1179, treatment period from 6-12 weeks
*P<0.05 versus placebo

A dose-response relationship was observed between olmesartan medoxomil and magnitude of the
blood pressure lowering effect over the entire range of doses evaluated (ie, 2.5-80 mg) based on
cuff blood pressure. Increasing the dose of olmesartan medoxomil resulted in increased efficacy.
Blood pressure lowering effects approached maximum with the 40-mg dose with additional mini-
mal reductions occurring with the 80-mg dose. These dose-response efficacy studies determined
that the optimal therapeutic dose range of olmesartan medoxomil was 20-40 mg daily.

Olmesartan medoxomil demonstrated 24-hour blood pressure coverage in an ambulatory blood
pressure monitoring (ABPM) study. This was a double-blind, randomized, parallel-group clinical
trial. Patients were included in this trial if they had a sitting DBP between 110-115 mm Hg and a

mean daytime ABPM diastolic BP >90 mm Hg.
The study design consisted of a 4-week run-in
period, after which 334 patients were random-
ized to receive either 5 mg, 20 mg, 80 mg olme-
sartan medoxomil once daily or 2.5, 10 mg, 40
mg olmesartan medoxomil twice daily, or place-
bo for 8 weeks. The mean change in ambulatory
blood pressure from baseline at last visit demon-
strated that olmesartan was efficacious in lower-
ing both SBP and DBP over the entire 24-hour
time frame. (Figure 7) In addition, there was no
appreciable difference in efficacy observed in
this study between once-daily and twice-daily
dosing of olmesartan medoxomil. (Figure 8)

Olmesartan medoxomil lowered DBP and SBP

values more effectively than placebo regardless
of patient age or gender.?
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@ DBP (ABPM) Mean Change From Baseline (mm Hg)

2
0
-2
-4
-6
-8
-10
12 . : .
Placebo Olmesartan Olmesartan
(n=41) medoxomil medoxomil
10mg BID 20 mg QD
(n=41) (n=39)

Figure 8: 24-HOUR EFFICACY OF OLMESARTAN MEDOXOMIL#*
*P<0.05 versus placebo
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Comparison of Other Selected Antihypertensive Agents to

Olmesartan Medoxomil

The efficacy of olmesartan medoxomil has

been compared to other antihypertensive
agents in randomized, double-blind clinical tri-

@ Mean change in SBP from baseline (mm Hg)
O Mean change in DBP from baseline (mm Hg)

als. A multi-center (n=326), randomized, dou-
ble-blind, parallel group, 12-week dose titration
trial of olmesartan medoxomil and atenolol was
performed in the European Union.* The prima-
ry objective was to assess DBP-lowering effect
of up to 20 mg QD of olmesartan medoxomil
compared to atenolol dosed up to 100 mg QD.
Efficacy for both agents was determined at
trough levels (24 + 2 hours after last dose).

In terms of DBP (primary endpoint), olmesartan
medoxomil was shown to produce similar mean
reductions to atenolol at 12 weeks (Figure 9).
Olmesartan medoxomil had a statistically sig-
nificantly greater effect in reducing mean SBP
than atenolol.

Olmesartan Atenolol
medoxomil (n=161)
(n=165)

*P<0.05 versus olmesartan medoxomil

Figure 9: Mean reduction in trough SBP and DBP at 12 weeks
in patients receiving either olmesartan medoxomil

or atenolol®

@ Mean change in DBP (mm Hg)
O Mean change in SBP (mm Hg)

-14 .

Olmesartan medoxomil 20 mg

(n=171) (n=172)

P=NS olmesartan medoxomil vs amlodipine

Amlodipine 5 mg

Figure 10: Mean change from baseline in SBP and

DBP as measured by ambulatory blood pressure
monitoring (ABPM) in patients receiving starting
doses of olmesartan medoxomil or amlodipine®
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The efficacy of the starting dose of olmesartan medox-
omil (20 mg QD) was compared to the starting dose of
the calcium channel blocker amlodipine (5 mg QD) by
ABPM measurements in a placebo-controlled, parallel-
group, double-blind study. Following a 4-week placebo
run-in period, patients (n=431) were randomized to one
of three treatment groups and evaluated over the 8-week
study period.

As shown in Figure 10, starting doses of olmesartan
medoxomil were found to produce mean systolic and
diastolic blood pressure reductions similar to the starting
dose of amlodipine. While the differences in mean SBP
and DBP reductions for olmesartan medoxomil were not
statistically significantly different from amlodipine, both
active treatment groups were significantly superior to
placebo in this study resulting in a statistically significant
increase in the number of patients reaching a DBP goal
of <85 mm Hg.
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Direct Comparison of Selected ARBs

A published, head-to-head clinical study compared the efficacy of starting doses of olmesartan medoxomil, valsartan, losartan,
and irbesartan.* Patients were included in this study if their cuff DBP was between 100-115 mm Hg and their ABPM daytime DBP
was 90 mm Hg or greater. A total of 578 patients met this eligibility criterion. The patients were randomized to the starting dose
of one of four treatment arms: olmesartan medoxomil 20 mg, valsartan 80 mg, losartan 50 mg, or irbesartan 150 mg. Patients
remained on this monotherapy regimen for eight weeks after which they were evaluated.

The primary endpoint in this study was the
change in cuff DBP from baseline to 8 weeks of
treatment. In this head-to-head comparative
study, olmesartan medoxomil therapy resulted in
significantly greater reductions in mean DBP ver-
sus valsartan, losartan, or irbesartan. The
changes in cuff DBP observed in this trial were:
-11.5 mm Hg for olmesartan medoxomil, -9.9 mm
Hg for irbesartan, -8.2 mm Hg for losartan, and
-7.9 mm Hg for valsartan. (Figure 11)

In addition, significantly more patients responded
to, and had their hypertension controlled by,
olmesartan medoxomil versus either losartan or
valsartan. (Figure 12) The efficacy of olmesartan
medoxomil in reducing mean cuff DBP was evi-
dent 2 weeks after the initiation of treatment, and
was maintained for the duration of the trial.

B Mean Change in Cuff DBP (mm Hg) From Baseline

0_
-2 -
-4 -
-6 -
-8 -
-10

-12 - r T T .
Olmesartan Valsartan Losartan Irbesartan

20 mg 80 mg 50 mg 150 mg
(n=145) (n=142) (n=146) (n=145)

Figure 11: STARTING DOSE ARB COMPARISON STUDY?*

*P<0.05 versus olmesartan medoxomil

@ Percentage of Patients Reaching Goal (DBP < 90 mm Hg)

40

Olmesartan
20mg
(n=145)

35
30 ;
25 ;
20 -
15 |
10 -
5_
0.

Valsartan Losartan Irbesartan
80mg 50mg 150mg
(n=142) (n=146) (n=145)

Figure 12: Olmesartan Medoxomil Starting Dose ARB
Comparison Study—Percentage of Patients Reaching Goal

*P<0.05 versus olmesartan medoxomil
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Conclusion

Despite the numerous antihypertensive agents available, the control of hypertension remains a challenge for health care practi-
tioners. Selective blockers of the angiotensin type | receptor, ARBs, have proven to be important additions to the clinical arma-
mentarium of antihypertensive therapy. ARBs provide effective blood pressure lowering, and an improved tolerability profile when
compared to other antihypertensive agents. The improved side-effect profile and convenient once-daily dosing schedule of ARBs
contribute to increased patient acceptance of these agents.

Clinical outcome trials have shown ARBs have beneficial effects in special patient populations. For example, RENAAL, IDNT, and
IRMA 11 have all demonstrated that ARBs actually slow progression of renal disease in type Il diabetics. The effects of ARBs on
cardiovascular morbidity and mortality are currently being evaluated in other clinical outcomes studies. The results from these
studies may further define the role of ARBs in the management of hypertension and cardiovascular disease.

Olmesartan medoxomil is a promising new antihypertensive agent in the ARB drug class. Olmesartan medoxomil is not metabo-
lized by the CYP 450 enzyme system, and interactions with concomitantly administered drugs that inhibit, induce, or are metab-
olized by those enzymes are not expected. Dosing modifications are not necessary in patients with mild to moderate renal or
hepatic failure since olmesartan medoxomil has a dual mechanism of elimination. The long terminal elimination half-life and the
selective blockade of the ATq receptors contribute to the effective 24-hour blood pressure coverage of olmesartan medoxomil after
once-daily dosing. In clinical trials, olmesartan medoxomil demonstrated a safety profile similar to placebo. The most frequently
reported adverse events in clinical trials were dizziness, headache, upper respiratory infections, and influenza-like symptoms. The
antihypertensive efficacy of olmesartan medoxomil was documented in seven randomized, placebo-controlled clinical studies.
Olmesartan has shown comparable efficacy to the antihypertensive agents atenolol and amlodipine. Additional studies will further
define the role of olmesartan medoxomil in the management of hypertension.
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CPE Exam

This activity qualifies for 3.0 contact
hours (0.3 CEU) of continuing pharma-
ceutical education credit. To receive a
statement of credit, please complete the
exam at the end of this monograph and
fax or mail it to the number/address list-
ed on the exam form. A passing grade of
70% is required. A person who fails an
examination may be re-examined at no
extra cost. We regret that no credit can
be granted after December 2004.

Rutgers, The State University of New
Jersey, is approved by the American
Council on Pharmaceutical Education
(ACPE) as a provider of continuing
pharmaceutical education. ACPE# 038-
999-02-001-HO1

1. According to the Current
Medical Diagnosis and
Treatment 2001, what percent
of patients have their
hypertension under control?

a. 68%
b. 53%
c. 27%
d. 15%
e. 10%

2. According to the JINC-VI
guidelines, lifestyle modification
should include all of the
following except:

a. Weight reduction

b. Smoking cessation

c. Diet modifications

d. Sodium restriction

e. Folic acid supplementation

3. What was the first drug class
used for the treatment of
hypertension?

a. Calcium channel blockers
b. Beta blockers

. ACE inhibitors

. Diuretics

. ARBs

D Q0

4. JNC-VI recommends which
drug class for use in
hypertensive patients with
concomitant diabetes or heart
failure?

a. ARBs
b. Diuretics

. ACE inhibitors

. Beta blockers

.aandc

® Q0
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5.  Which physiologic event can act
as a trigger for RAAS?
a. Alow blood pressure
b. A high blood pressure
c. An increase in renal
blood flow
d. A high level of serum Na
e. None of the above

6. Which of the following
statements about ARBs
is false?
a. ARBs work by antagonizing
the AT, receptor
b. ARBs prevent the effects
of angiotensin Il
c. ARBs increase bradykinin
levels
d. All of the above
e. None of the above

7. Which clinical trial evaluated the
effects of ARBs on the
progression of diabetes?

a. ELITE |
b. Val-HeFT
c. IRMA

d. SCOPE
e. VALUE

8. Which of the following drug
classes is contraindicated in
pregnancy?

a. ARBs

b. Beta blockers
c. ACE inhibitors
d.aandc

e. All of the above

9. Which of the following binds the
AT receptor surmountably?
a. Irbesartan
. Candesartan
. Telmisartan
. Valsartan
. None of the above

®© O O T

10. Which ARB is a prodrug?
. Olmesartan

. Candesartan

. Losartan

. All of the above

. None of the above

T OO0 T

11.

12.

13.

14.

15.

Which ARB is metabolized by

the CYP 450 enzyme system?
a. Olmesartan

. Candesartan

Losartan

. Eprosartan

. None of the above

©T Qoo o

Which ARB substituents would
increase the binding affinity to
the AT, receptor?
a. Alinear alkyl group at the
2-position
b. A hydroxyl group at the
4-position
c. A hydrophilic substituent at
the 1-position
d. None of the above
e. All of the above

Which adverse event occurred
at a higher frequency than
placebo in patients treated with
olmesartan medoxomil?

a. Cough

b. Dizziness

c. Headache

d. Hyperglycemia

e. None of the above

Olmesartan medoxomil was
shown to be as effective as
which of the following
antihypertensive agents?

a. Atenolol

b. Amlodipine

c. Losartan

d. All of the above

e. None of the above

The head-to-head starting dose
clinical trial discussed in this
monograph compared
olmesartan medoxomil to which
of the following ARBs?

a. Losartan

b. Valsartan

c. Irbesartan

d. All of the above

e. None of the above
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CPE Exam Form

Mail exams to:  Rutgers University
Ernest Mario School of Pharmacy
Office of Continuous Education
160 Frelinghuysen Road
Piscataway, NJ 08854

Fax exams to: (732) 445-5767  Attn: Office of Continuous Education
Questions: Office of Continuous Education (732) 445-2675 ext. 617

Please print clearly:

Name:

Address:

City: State: ZIP:

Daytime Telephone:

Program Evaluation: Please rate this program in the following areas:

Fair Satisfactory Good Excellent
1. Editorial content 1 2 3 4
2. Usefulness to your practice 1 2 3 4
3. How well does this program improve
your knowledge of the subject matter 1 2 3 4

Continuing Education Answer Sheet: Please fill in your answer to each question.

a. b. (of d. e. a. b. C. d.

1 O O O O O 9. O O O O
2 ad O ad ad ad 10. O O ad O
3 ad O ad ad ad 11. 0O O ad O
4 O U O [l O 12. O O O O
5 O O O O O 13. O O O O
6 ad O ad ad ad 14. 0O O ad ad
7 ad O ad ad ad 15. 0O O ad ad
8 ad O ad O O
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