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Abstract: The worldwide burden of cardiovascular disease is growing. In addition to
lifestyle changes, pharmacologic agents that can modify cardiovascular disease processes
have the potential to reduce cardiovascular events. Antihypertensive agents are widely used
to reduce the risk of cardiovascular events partly beyond that of blood pressure-lowering. In
particular, the angiotensin II receptor blockers (ARBs), which antagonize the vasoconstrictive
and proinflammatory/pro-proliferative effects of angiotensin II, have been shown to be cardio
vascularly protective and well tolerated. Although the eight currently available ARBs are all
indicated for the treatment of hypertension, they have partly different pharmacology, and
their pharmacokinetic and pharmacodynamic properties differ. ARB trials for reduction of
cardiovascular risk can be broadly categorized into those in patients with/without hypertension
and additional risk factors, in patients with evidence of cardiovascular disease, and in patients
with severe cardiovascular disease, such as heart failure. These differences have led to their
indications in different populations. For hypertensive patients with left ventricular hypertrophy,
losartan was approved to have an indication for stroke prevention, while for most patients
at high-risk for cardiovascular events, telmisartan is an appropriate therapy because it has a
cardiovascular preventive indication. Other ARBs are indicated for narrowly defined high-risk
patients, such as those with hypertension or heart failure. Although in one analysis a possible
link between ARBs and increased risks of cancer has surfaced, several meta-analyses, using
the most comprehensive data available, have found no link between any ARB, or the class as a
whole, and cancer. Most recently, the US Food and Drug Administration completed a review
of the potential risk of cancer and concluded that treatment with an ARB medication does not
increase the risk of developing cancer. This review discusses the clinical evidence supporting
the different indications for each of the ARBs and the outstanding safety of this drug class.

Keywords: angiotensin II receptor blocker, cardiovascular disease, cardiometabolic risk,

cardiovascular prevention

Introduction

Cardiovascular disease is the major cause of death worldwide, and the number of global
cardiovascular disease-related deaths is expected to increase from 16.7 million in 2002
to an estimated 23.3 million in 2030.! Ischemic heart disease and cerebrovascular
disease, the most common forms of cardiovascular disease, rank as the two leading
causes of death worldwide, a trend that is driven by the prevalence rates in high-
income and middle-income countries.! It is only in low-income countries that
human immunodeficiency virus/acquired immune deficiency syndrome replaces
cerebrovascular disease as the second leading cause of death, although ischemic
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heart disease still remains the leading cause even in these
countries.! These global rankings for cardiovascular
disease are unlikely to change between now and 2030.!
Cardiovascular disease is a major burden in terms of the
personal cost to patients resulting from cardiovascular disease
morbidity-related loss of quality of life and the economic
costs of the associated health care to society. For example,
the estimated total costs of cardiovascular disease for 2010 in
the US was $503.2 billion, of which $76.6 billion was due
to hypertension alone.? Similarly, cardiovascular disease
is the main cause of mortality and morbidity in the European
Union, costing the European Union economy €169 billion
in 2003, of which around 62% was due to health care costs.?
The UK has particularly high total costs for cardiovascular
disease (€36.5 billion), accounting for 22% of the total
European Union costs.® A separate study found that the total
cardiovascular disease costs in the UK were £29.1 billion
in 2004, with coronary heart disease and cerebrovascular
disease accounting for 29% and 27% of the total costs,
respectively. The UK spends approximately 18% of its total
health care expenditure on cardiovascular disease, the highest
proportion of any European Union country.*

There is a clear clinical and economic need to reduce
the rate of cardiovascular disease, but this is challenging for
a number of reasons, including the ever-increasing size of
the elderly population and the growing burden of lifestyle-
related diseases, such as obesity and diabetes mellitus, both
known risk factors for cardiovascular disease. Although
patients can do much to improve their cardiovascular disease
risk profile by adopting nonpharmacologic interventions
(eg, weight loss, dietary changes, smoking cessation),
pharmacologic agents that can modify the disease processes
involved in cardiovascular disease progression may play a
crucial role in reducing the burden of cardiovascular disease.
Hypertension is a well known risk factor for microvascular
and macrovascular disease, and there is considerable evidence
that lowering blood pressure reduces these risks.’ The renin-
angiotensin system plays a crucial role in the development of
hypertension and cardiovascular disease via the production of
angiotensin II, which induces not only acute vasoconstriction
by binding mainly to the angiotensin II type 1 receptor
(AT)) but also promotes vascular growth and proliferation,
and endothelial dysfunction, leading to cardiovascular
disease.® Angiotensin II has multiple biological effects in
addition to modulating blood pressure, including acting as a
proinflammatory mediator at all stages of the cardiovascular
and renal disease continua, which makes it an important target
for intervention.”™

Blockade of the renin-angiotensin system is achieved
by a number of agents that work by either inhibiting the
effects of renin (direct renin inhibitors), conversion of angio-
tensin I to angiotensin II (angiotensin-converting enzyme
[ACE] inhibitors), or by blocking the binding of angiotensin
II to the AT, receptor (angiotensin II receptor blockers
[ARBs], Figure 1). ACE inhibitors and ARBs now form
part of the large arsenal of routinely used antihypertensive
agents with cardioprotective effects beyond that of lowering
blood pressure,'®'* and the first-in-class direct renin inhibitor,
aliskiren, was approved for use in hypertension in the US
and Europe in 2007. Direct renin inhibitors decrease plasma
renin activity and inhibit the conversion of angiotensinogen
to angiotensin I. Currently, there is limited evidence of any
beyond blood pressure-lowering effects with the direct renin
inhibitors, although a study has demonstrated that aliskiren is
as effective as the ARB losartan in promoting left ventricular
mass reduction in hypertensive patients.'* As beyond blood
pressure-lowering evidence is lacking for the direct renin
inhibitors, this class of agent will not be discussed further in
this review, but the results of ongoing clinical trials for this
drug class are awaited.'s

The cardiovascular disease and renal pathophysiologic
continua describe a chain of events, starting with hypertension,
diabetes, dyslipidemia, and other risk factors (such as obesity
and smoking), progressing through atherosclerosis, left
ventricular hypertrophy, coronary artery disease, myocardial
infarction, stroke, renal insufficiency and peripheral arterial
insufficiency, and ultimately end-stage heart disease (left
ventricular dysfunction and heart failure) and end-stage
renal disease.”!'¢ This review examines the evidence that the
ARBs are able to affect cardiovascular disease processes
mediated by angiotensin II throughout the cardiovascular
and renal disease continua. Large trials of ARBs with
cardiovascular and renal endpoints were identified initially
by reviewing recent guidelines, guideline updates, and other
authoritative reviews. This was supplemented by targeted
keyword searches on PubMed to identify relevant preclinical
and clinical studies.

Effects of renin-angiotensin system
blockade beyond lowering blood
pressure

Blockade of the renin-angiotensin system reduces cardio-
vascular disease progression and end-organ damage not only
by reducing blood pressure, but also by opposing the proin-
flammatory effects of angiotensin II.* Both ARBs and ACE
inhibitors have been investigated extensively for their effects
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on cardiovascular risk beyond blood pressure control alone
in a very wide range of patients across the cardiovascular
and renal disease continua.!”%

The beneficial effect of ACE inhibitors and ARBs
results mainly from their blockade of the renin-angiotensin
system, which not only directly reduces blood pressure,
thus reducing the impact of this cardiovascular disease
risk factor, but also reduces the proinflammatory effects of
angiotensin II. Conversion of angiotensin I to angiotensin II
is not completely blocked by ACE inhibitors because many
other enzymatic pathways (eg, chymase, cathepsin, tonin,
chymostatin-sensitive Ang II-generating enzyme, tissue-type
plasminogen activator) exist, which can lead to the so-called
“angiotensin escape phenomenon,” eg, a gradual return to
pathologic levels of angiotensin I1.3

Bradykinin degradation is also inhibited by ACE
inhibitors, which can further enhance the vasodilatory effects
of this mechanism of renin-angiotensin system blockade,!
but it is also thought to be involved in the pathology of the
side effects (dry cough, angioedema).?? In addition to block-
ing the actions of angiotensin II that are mediated by the AT,
receptor, ARBs may also promote end-organ protection by
leaving the AT, receptor free to be activated by angiotensin II.
AT, receptor activation is thought to have the opposite effect

of those mediated by the AT, receptor, which are beneficial
to the cardiovascular system and help protect target organs
from damage.*

This potential to provide additional pleiotropic effects
beyond those achieved by blood pressure-lowering alone
has led to the use of renin-angiotensin system blockade in
patients whose hypertension is compromised by the presence
of additional cardiovascular disease risk factors, although it
should be noted that there is debate over the degree to which
these agents confer further benefits above those provided by
simply lowering blood pressure.'***3> ARBs are often used
in patients who are intolerant of ACE inhibitors due to the

3638 or in those who

development of cough or angioedema,
are at a high risk of developing either of these side effects.
Patients over 60 years, females, those of east-Asian ethnicity
and smokers are at increased risk of cough, and patients
of African-American ethnicity, smokers, or those patients
with a history of ACE inhibitor cough are at increased risk
of angioedema.* Although the available evidence suggests
that ACE inhibitors and ARBs have similar blood pressure-
lowering effects,*> ARBs are better tolerated than ACE
inhibitors and other antihypertensive agents in both the short
term and the long term.* This is an important benefit, because
hypertension is often asymptomatic, making long-term
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treatment adherence a challenge. However, the ARBs are
not all equally effective. This review describes the intraclass
differences in pharmacology and efficacy of the different
ARBs, and how this translates into clinical benefit. Patients
must be assessed thoroughly to determine their correct
cardiovascular disease risk level so that the most appropriate
ARB-based treatment can be selected.

ARBs: important differences in
pharmacology and clinical efficacy

Pharmacology

There are eight ARBs currently on the market for hypertension
and in different cardiovascular indications, ie, azilsartan,
candesartan, eprosartan, irbesartan, losartan, olmesartan,
telmisartan, and valsartan. The ARBs demonstrate
considerable differences in their pharmacology, and these
differences are likely to affect their clinical efficacy. Most
ARBs share a common tetrazolo-biphenyl structure based
on losartan.*** In contrast, telmisartan has a novel bis-
benzimidazole structure, while eprosartan is a non-biphenyl
non-tetrazole ARB.* These differences in molecular
structure lead to differences in the pharmacokinetic
and pharmacodynamic properties of the ARBs, such
as lipophilicity, volume of distribution, bioavailability,
biotransformation, plasma half-life, receptor affinity, and
residence time, elimination, and some specific pleiotropic
effects (Table 1).#*7 For example, candesartan, eprosartan,
irbesartan, olmesartan, telmisartan, and the active metabolite
of losartan are all noncompetitive (insurmountable) AT,
antagonists. They suppress the agonist response despite
escalations in agonist concentration.**® Whether this
translates into more effective protection from the effects of
angiotensin II remains unknown. Of the ARBs, telmisartan
has the highest affinity for the AT, receptor and the longest

receptor dissociation half-life,* properties that are likely to
be responsible for its long-lasting antihypertensive effects.
Telmisartan also has the lowest half-maximal inhibitory
concentration of any ARB, including the new ARB,
azilsartan.’® Telmisartan is also the most lipophilic of the
ARBs, which facilitates oral absorption and probably deep
tissue and cellular penetration, and results in the highest
volume of distribution of approximately 500 L (7 L/kg).*¢!
Irbesartan demonstrates the highest oral bioavailability of
the ARBs at 60%—-80%, and eprosartan has the lowest.*
None of the ARBs interact with food, which makes oral
administration very straightforward for this class of agents.
The half-lives of the ARBs vary considerably, with valsartan
at approximately seven hours and telmisartan having the
longest, at approximately 24 hours.**">> These half-life
characteristics have implications for the duration of their
therapeutic effects. Several of the ARBs, irbesartan and
losartan, are metabolized by cytochrome P450 (CYP), and
are therefore subject to potential drug-drug interactions
with other drugs that alter CYP activity.** Telmisartan
can result in elevated serum digoxin in some patients.”
Clinically significant drug interactions are unlikely with
either irbesartan or telmisartan,’ although CYP inducers
(such as rifampicin and grapefruit juice) may interact
significantly with losartan.*® In contrast with some of the
ARBEs, telmisartan is metabolized only via glucuronidation
and almost entirely eliminated in the feces (>98%), so renal
impairment is unlikely to affect the pharmacokinetics of
this ARB.#

A number of the ARBs exert multiple “pleiotropic”
biological effects in addition to those mediated via the AT,
receptor that are worthy of special mention. However, the role
these pleiotropic effects may play in cardiovascular disease
prevention remains unclear. All ARBs appear to be able to

Table | Comparative pharmacokinetic properties of angiotensin Il receptor blockers*'%

Drug t_ (h) Bioavailability (%) t, (h) v, (L) Interaction Elimination
with food (feces/urine)
Losartan | (3—4)* 33 2 (4-6)* 34 (12)* No 60/35
Valsartan 2 23 7 17 No 83/13
Irbesartan -2 60-80 12-20 53-93 No 80/20
Candesartan 3-5 42 9-13 0.13 L/kg No 67/33
Eprosartan 2-6 13 5-7 308 No 90/10
Telmisartan | 43 24 500 No >98% fecal
Olmesartan 1.4-2.8 261 11.8-14.7 14.7-19.7 No 35%—49% urinary
recovery ratef
Azilsartan 1.5-3 60 I 16 No 55/42

Notes: *Values in parentheses are for EXP 3174, the active metabolite of losartan; folmesartan medoxomil; ¥intravenous olmesartan.
Abbreviations: PK, pharmacokinetic; ARB, angiotensin Il receptor blocker; t,, terminal elimination half-life; t _, time to maximum plasma concentration; V,, volume of

distribution.
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penetrate the cell nucleus and partially activate peroxisome
proliferator-activated receptor gamma (PPARY), which in
turn influences the expression of genes involved in carbohy-
drate and lipid metabolism;**7 however, telmisartan is the
only ARB shown to be able to activate PPARY at therapeutic
dosages.*® A range of metabolic effects has been studied, such
as insulin resistance, dyslipidemia, and blood glucose regula-
tion, and, in general, telmisartan produces greater beneficial
effects on glucose metabolism than the other ARBs.* This
additional activity of telmisartan may mean that this agent
possibly affects the underlying biochemical features of the
metabolic syndrome that increase the risk of diabetes and
cardiovascular disease in high-risk populations.’” However,
whether the PPARY agonist effect could be clinically valuable
in prevention of new-onset diabetes is still debated, because
in the ONgoing Telmisartan Alone and in combination with
Ramipril Global Endpoint Trial (ONTARGET®) there were
no fewer cases of new-onset diabetes with telmisartan than
with ramipril.*® Other ARB-specific pleiotropic effects have
been reported. Azilsartan has been demonstrated to reduce
plasminogen activator inhibitor type-I expression in the aortic
walls of mice, which may limit the progression of athero-
sclerotic plaques that are at risk of rupture.’® Candesartan has
been found to reduce redox-sensitive NF-kB-mediated renal
inflammation independently of AT, receptors, although not
at therapeutic doses.*® Losartan inhibits urate transporter 1,
thereby reducing serum uric acid levels.®® Serum uric acid
appears to be an important, probably independent, risk factor
for cardiovascular disease and renal disease, particularly in
patients with hypertension.®' Evidence from the Losartan
Intervention for Endpoint reduction in hypertension (LIFE)
study demonstrated that the increase in serum uric acid over
4.8 years was reduced by losartan compared with atenolol and
that this reduction appeared to explain 29% of the beneficial
effect that losartan had on the primary composite endpoint of
cardiovascular death, fatal or nonfatal myocardial infarction,
and fatal or nonfatal stroke.*

Clinical efficacy of the ARBs

Studies in patients with hypertension

Pharmacokinetic factors, including bioavailability, volume
of distribution, elimination half-life, and AT, receptor
interactions, all impact on the antihypertensive potency of
the individual ARBs. A systematic review of studies that
had used 24-hour ambulatory blood pressure measurements
demonstrated significant differences between the ARBs
studied in terms of 24-hour mean blood pressure reductions.®
However, these studies were mostly not direct comparisons,

and also varied in doses employed and study designs.
Direct comparisons are required to judge relative efficacy
conclusively. For example, direct comparisons of olmesar-
tan with other ARBs, several of them conducted since the
review,** have found it to give blood pressure reductions
superior to losartan,®° and either superior,*®* similar,*” or
inferior®® to valsartan, while two small studies have found
it to be inferior to telmisartan.®>7® Azilsartan, at its maximal
dose, produced superior 24-hour ambulatory blood pressure
reductions compared with olmesartan and valsartan at their
maximal approved doses.”’? All of the ARBs are associated
with favorable tolerability profiles, which probably explains
the enhanced persistence and treatment adherence with these
agents compared with all other classes of antihypertensive
agents.*73

Primary and secondary prevention trials have demonstrated
that, in addition to reducing blood pressure effectively, many
of the ARBs reduce both cardiovascular disease progression
and events, although few direct comparative studies of the
ARBEs in cardiovascular disease prevention exist. However,
when considering trial data, it is crucial to consider the
characteristics of the study population. ARB cardiovascular
and renal outcome trials have been conducted in patients
at different stages in the cardiovascular and renal disease
continua: hypertension and early-stage cardiovascular
disease; with or without hypertension but at an increased
cardiovascular risk due to a prior cardiovascular disease event
or the presence of diabetes; and with cardiovascular disease,
left ventricular dysfunction, and heart failure.

The next section of this review presents data from the
most important clinical trials that have studied ARBs in
patients at the various stages along the cardiovascular and
renal disease continua (Table 2),!9-222427-29.74-8588-96 Although
there are similarities between these patient populations, there
are also important differences, particularly those with heart
failure, who tend to be older and who usually present with
several comorbidities.’® Therefore, we will consider the
evidence for the different groups separately.

Studies in hypertensive patients

and other risk factors

There have been a number of studies of cardiovascular
disease and renal outcomes with ARBs conducted in patients
at the relatively early stages of the cardiovascular disease
continuum, ie, patients with hypertension and other risk
factors for cardiovascular disease, such as type 2 diabetes
with renal disease. The LIFE study randomized 9193 patients
with hypertension and left ventricular hypertrophy to
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Table 2 Patient characteristics and findings from selected outcomes trials of angiotensin Il receptor blockers in patients at different

stages of the cardiovascular and renal disease continua

17-20,22,25-27,67-78

Study

Patient characteristics

Treatments

Primary outcomes

Studies in patients with hypertension and other complications

LIFE2

VALUE™

The Kyoto Heart
Study”

IRMA2%

RENAAL?!

IDNT"

DETAIL®*

AMADEQO®¥

VIVALDI®”

Patients aged 55-80 years,
with essential hypertension
and LVH; n=9193

Patients aged =50 years,

with hypertension and a high risk
of cardiac events based on the
presence qualifying risk factors;
n=153I3

Patients aged =20 years,
with uncontrolled hypertension
and high CV risks; n = 3031

Patients aged 3070 years,

with T2DM, hypertension

and persistent microalbuminuria;
n=>590

Patients aged 31-70 years,
with T2DM, hypertension and
diabetic nephropathy; n= 1513

Patients aged 30-70 years,
with T2DM, hypertension and
diabetic nephropathy; n = 1715

Patients aged 35-80 years,
with T2DM, mild to moderate
hypertension and early
nephropathy; n = 250

Patients aged 21-80 years,
with T2DM, hypertension, or
on antihypertensive drugs and
overt nephropathy; n = 860

Patients aged 30-80 years,
with T2DM, hypertension and
overt nephropathy; n = 885

Losartan- or atenolol-based
antihypertensive regimen;
mean follow-up: 4.8 years

Valsartan- or amlodipine-based
antihypertensive regimen;
mean follow-up: 4.2 years

Valsartan- or non-ARB-based
antihypertensive regimen;
median follow-up 3.27 years

Irbesartan or placebo on a
background of antihypertensive
treatment; median follow-up
2.0 years

Losartan or placebo on a
background of antihypertensive
treatment; mean follow-up

3.4 years

Irbesartan or amlodipine or
placebo on a background of
antihypertensive treatment;
mean follow-up 2.6 years

Telmisartan or enalapril on a
background of antihypertensive
treatment; mean/median
follow-up not available
Telmisartan or losartan on a
background of antihypertensive
treatment mean follow-up

0.89 years

Telmisartan or valsartan on a
background of antihypertensive
treatment mean/median
follow-up not available

Studies in high-risk patients with a broad range of risk factors

Significant reduction in composite endpoint
of CV death, MI, or stroke with losartan-
based regimen versus atenolol-based
regimen

No significant difference between treatments
for the composite endpoint of cardiac
morbidity and mortality. Amlodipine
demonstrated superior efficacy compared
with valsartan on the incidence of MI, which
was most likely a BP-related effect
Significant reduction in the composite
endpoint of fatal and nonfatal CV events with
the valsartan-based regimen versus the non-
ARB-based regimen. Relatively soft endpoints
driving the results and the open-label design
have been a source of criticism

Significant reduction in the primary endpoint
of a UAE rate >200 pg/min that was

30% higher than baseline with irbesartan

vs placebo. Findings confirmed in a substudy
using 24-hour ABPM®!

Significant reduction in the primary
composite endpoint of a doubling of the
baseline serum creatinine concentration, the
development of ESRD, or all-cause mortality
with losartan vs placebo (—16%)

Significant reduction in the primary
composite endpoint of a doubling of the
baseline serum creatinine concentration, the
development of ESRD or all-cause mortality
with irbesartan vs amlodipine (—23%) and
with irbesartan vs placebo (—20%)
Equivalent reduction in the primary endpoint
of the change in the GFR from baseline
during 5 years of treatment with telmisartan
vs enalapril

Significant reduction in the primary endpoint
of the difference in the urinary albumin to
creatinine ratio from baseline to week 52
with telmisartan vs losartan despite similar
BP reductions in the 2 groups

Equivalent reductions in the primary
endpoint of the change from baseline in

the 24-hour proteinuria after 12 months

for telmisartan and valsartan. Greater
renoprotection was seen in those patients
with better BP control

ONTARGET?% High-risk patients aged =55 years, Telmisartan-, ramipril- or Telmisartan was equivalent to ramipril
with coronary, peripheral, or telmisartan plus ramipril-based for the primary composite endpoint of
cerebrovascular disease or antihypertensive regimens; CV death, MI, stroke, or hospitalization
diabetes with end-organ damage; median follow-up 4.7 years due to HF, but it was associated with less
n = 25,620 angioedema and better treatment adherence.
The combination was associated with more
adverse events without an increase in efficacy
(Continued)
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Table 2 (Continued)

Study Patient characteristics Treatments Primary outcomes

TRANSCEND? High-risk patients aged =55 years, Telmisartan regimen or placebo- Equivalent reduction in the primary
with coronary, peripheral, or based regimen (on a background composite endpoint of CV death, Ml, stroke,
cerebrovascular disease or of other antihypertensive agents); or hospitalization for HF with telmisartan
diabetes with end-organ damage, median follow-up 4.7 years vs placebo. Significant reduction in the
and intolerant to ACE inhibitors; secondary composite endpoint of CV death,
n=5926 MI, or stroke with telmisartan (13%; HR

0.87) vs placebo (14.8%)
ROADMAP? High-risk patients with type 2 Olmesartan regimen or placebo- No significant difference on the primary

diabetes and at least one
additional cardiovascular risk
factor, but no evidence of renal
dysfunction; n = 4447

Studies in high-risk patients with HF

VALIANT?®

Val-HEFT”

OPTIMAAL®

ELITE I®

HEAAL®

CHARM-Overall®

CHARM-
Preserved®

Patients aged =18 years,

with HF or left ventricular systolic
dysfunction, or both, and prior Ml;
n= 14,703

Patients aged =18 years,

with chronic HF and left
ventricular systolic dysfunction;
n=>5010

Patients aged =50 years,

with HF or left ventricular systolic
dysfunction, and acute MI;

n = 5477

Patients aged =60 years,
with HF and left ventricular
systolic dysfunction; n = 3152

Patients aged =18 years,

with HF, left ventricular systolic
dysfunction and known
intolerance to ACE inhibitors;
n = 3846

Patients aged =18 years,

with HF with/without left
ventricular systolic dysfunction;
n=760I

Patients aged =18 years,

with HF with preserved left
ventricular systolic function

based regimen (on a background
of other antihypertensive agents);
median follow-up 3.2 years

Valsartan monotherapy, captopril
monotherapy, or valsartan plus
captopril on a background of
antihypertensive treatment;
median follow-up 2.1 years
Valsartan monotherapy or
placebo on a background of
antihypertensive treatment,
which was ACE

inhibitors in 93% of patients;
mean follow-up 1.9 years

Losartan monotherapy or
captopril monotherapy on a
background of antihypertensive
treatment; mean follow-up

2.7 years

Losartan monotherapy or
captopril monotherapy on a
background of antihypertensive
treatment;

median follow-up 1.5 years
Losartan 50 mg/day vs

150 mg/day on a background of
antihypertensive treatment;
median follow-up 4.7 years

Candesartan or placebo on a
background of antihypertensive
treatment; median follow-up
3.1 years

Candesartan or placebo on a
background of antihypertensive
treatment; median follow-up

(time to first onset of microalbuminuria) or
secondary (composite of CV complications
or death from CV causes). A significant
excess of CV mortality seen in the
olmesartan arm

Equivalent efficacy for the primary endpoint
of all-cause mortality for all three groups.
The valsartan plus captopril group had the
most drug-related adverse events

Equivalent efficacy for the primary endpoint
of all-cause mortality for the 2 groups.
Significant reduction in the composite
endpoint of mortality and morbidity with
the valsartan-based regimen vs the
placebo-based regimen, and this was
driven by a 24% reduction in the rate

of adjudicated hospitalizations for
worsening HF

Trend for superior efficacy in the captopril
group compared with the losartan group for
the endpoint of all-cause mortality. Losartan
was significantly better tolerated than
captopril, being associated with significantly
fewer discontinuations

Equivalent efficacy for the primary endpoint
of all-cause mortality for the 2 groups.
Losartan was significantly better tolerated
than captopril, being associated with
significantly fewer discontinuations
Significant reduction in the primary
composite endpoint of all-cause mortality
and hospital admission for HF with the
higher-dose losartan group compared with
the lower-dose losartan group. There

was no significant difference in the rate of
treatment discontinuation between the
doses

Significant reduction in the primary endpoint
of all-cause mortality with candesartan vs
placebo

Nonsignificant reduction in the primary
composite endpoint of CV death or
hospital admission for HF with candesartan

(ejection fraction >40%); 3.0 years vs placebo; the reduction was driven by
n=3023 significantly fewer candesartan-treated
patients being hospitalized for HF
(Continued)
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Table 2 (Continued)

Study Patient characteristics Treatments

|-PRESERVE®

Primary outcomes

Patients aged =60 years, Irbesartan or placebo on No significant difference in the primary

with HF with preserved left a background of antihypertensive composite endpoint of all-cause mortality

ventricular systolic function treatment; mean follow-up and hospitalization for a CV event with

(ejection fraction =45%);
n=4128

4.1 years irbesartan vs placebo

Abbreviations: ABPM, ambulatory blood pressure monitoring; ACE, angiotensin-converting enzyme; AMADEO®, A trial to compare telMisartan 40 mg titrated to
80 mg versus losArtan 50 mg titrated to 100 mg in hypertensive type 2 DiabEtic patients with Overt nephropathy; ARB, angiotensin Il receptor blocker; BP, blood pressure;
CHARM, Candesartan in Heart failure Assessment of Reduction in Mortality and Morbidity; CV, cardiovascular; DETAIL®, Diabetics Exposed to Telmisartan And enalapriL;
ELITE-II, Evaluation of Losartan In The Elderly-Il; ESRD, end-stage renal disease; GFR, glomerular filtration rate; HEAAL, Effects of high-dose versus low-dose losartan on
clinical outcomes in patients with heart failure; HF, heart failure; HR, hazard ratio; IDNT, Irbesartan Type Il Diabetic Nephropathy Trial; I-PRESERVE, Irbesartan in HF with
preserved EF; IRMA-2, IRbesartan in patients with type 2 diabetes and MicroAlbuminuria; LIFE, Losartan Intervention For Endpoint Reduction in Hypertension; LVH, left
ventricular hypertrophy; MI, myocardial infarction; OPTIMAAL, OPtimal Therapy In Myocardial infarction with the Angiotensin Il Antagonist Losartan; RENAAL, Reduction
of Endpoints in NIDDM with the Angiotensin Il Antagonist Losartan; T2DM, type 2 diabetes mellitus; UAE, urinary albumin excretion; Val-HEFT, Valsartan in Heart Failure
Trial; VALIANT, VALsartan in Acute myocardial iNfarcTion; VALUE, Valsartan Antihypertensive Long-term Use Evaluation; VIVALDI®, A trial to inVestigate the efficacy of

telmlsartan versus VALsartan in hypertensive type 2 Dlabetic patients with overt nephropathy.

receive either once-daily losartan-based or atenolol-based
antihypertensive therapy for at least four years.”? The
losartan-based regimen demonstrated a significant benefit
over the atenolol-based regimen with respect to the
primary composite outcome (cardiovascular mortality,
stroke, and myocardial infarction, relative risk [RR] 0.87,
95% confidence interval [CI] 0.77-0.98; P = 0.021). The
primary endpoint of the LIFE trial was mostly driven by the
clinically important and statistically significant reduction in
stroke morbidity/mortality.”* Unfortunately, atenolol, the
comparator in the LIFE study, has subsequently been shown
to be no better than placebo in reducing cardiovascular
mortality and myocardial infarction,®” but B-blockers have
been proven to reduce stroke morbidity and mortality in
placebo-controlled trials. Consequently, the LIFE study
resulted in an indication of losartan for the prevention of
stroke morbidity/mortality in hypertensive patients with left
ventricular hypertrophy.

The Valsartan Antihypertensive Long-term Use
Evaluation (VALUE) study recruited 15,313 patients with
hypertension and a high risk of cardiovascular events
based on a number of qualifying risk factors, such as
age =50 years, verified diabetes mellitus, current smoker,
high total cholesterol levels, and the presence of any of a
number of other qualifying cardiovascular diseases.” The
study randomized the patients to receive antihypertensive
therapy based on either valsartan or amlodipine.” Both
regimens reduced blood pressure, but the antihypertensive
effects of the amlodipine-based regimen were more
pronounced, particularly in the early stages, ie, months
1-6 of treatment.” In terms of the primary composite
endpoint of cardiac mortality and morbidity, there was no
significant difference between the two regimens (hazard

ratio [HR] 1.04, 95% CI1 0.94-1.15; P=0.49).” Amlodipine
demonstrated superior efficacy in the early stage, ie, the
first three months, of the trial compared with valsartan on
the incidence of nonfatal myocardial infarction and stroke,
which was most likely a blood pressure-related effect,
while valsartan was better in preventing both heart failure
and new-onset diabetes at the later stage, ie, 36 months and
beyond, of the trial.”

The addition of valsartan to conventional treatment pre-
vented more cardiovascular events (angina pectoris, heart
failure, dissecting aneurysm of the aorta, stroke/transient isch-
emic attack) than supplementary conventional treatment in
the Jikei Heart Study.*® More recently, the Kyoto Heart Study
demonstrated that valsartan added to conventional antihyper-
tensive therapy prevented more cardiovascular events than
the conventional non-ARB regimen in a patient population
similar to that of the VALUE study.” Valsartan was associ-
ated with significantly fewer primary composite endpoints
(fatal and nonfatal cardiovascular events) than the non-ARB
regimen (HR 0.55, 95% CI 0.42-0.72; P = 0.00001). It is
important to note that although the inclusion criteria were
similar for the two studies (uncontrolled hypertension and
additional risk factors), the hypertensive patients (n =3031)
included in the Kyoto Heart Study had a lower incidence of
existing cardiovascular disease than the VALUE trial popula-
tion and their in-trial blood pressure reductions were greater.
This study was of particular value in terms of determining
the beyond blood pressure-lowering effects of valsartan,
because the blood pressure reductions were closely matched
in the two arms throughout the study.” However, the open-
label design of the study has been criticized, particularly in
light of the fact that the superior efficacy of valsartan was
strongly influenced by the relatively soft endpoints of angina
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and transient ischemic attacks, which were included in the
composite endpoint.

Several studies have shown that ARBs are renoprotective
in patients with symptoms of early and overt nephropathy,
reducing the risk of further proteinuria and progression
to end-stage renal disease. For example, the IRbesartan
in patients with type 2 diabetes and MicroAlbuminuria
(IRMA?2) study demonstrated that the addition of irbesartan
to a background of other antihypertensive agents delayed
the development of diabetic nephropathy in hypertensive
patients with type 2 diabetes and persistent microalbu-
minuria.?’ In this study, the blood pressure-lowering effects
of irbesartan were similar to those of the placebo (ie, the
background antihypertensive therapy), supporting the theory
that the renal effects of irbesartan were independent of blood
pressure-lowering. Similarly, losartan added to existing
antihypertensive therapies was found to have beneficial renal
effects in hypertensive patients with type 2 diabetes and
diabetic nephropathy in the Reduction of Endpoints in Non-
insulin-dependent diabetes mellitus with the Angiotensin II
Antagonist Losartan (RENAAL) study.?! The losartan-based
regimen was associated with a 16% reduction in the primary
composite endpoint of a doubling of the baseline serum
creatinine concentration, the development of end-stage renal
disease or all-cause mortality.?' In the Irbesartan in Diabetic
Nephropathy (IDNT) study, which compared irbesartan with
amlodipine and placebo, all added to existing antihyperten-
sive therapies, in patients with type 2 diabetes and diabetic
nephropathy, irbesartan significantly reduced the risk of the
primary composite endpoint of a doubling of the baseline
serum creatinine concentration, end-stage renal disease or
all-cause mortality compared with amlodipine (—23%) and
placebo (—20%)."

Cerebroprotective effects of ARBs are mostly related
to their blood pressure-lowering effects. In patients with
isolated systolic hypertension, candesartan significantly
decreased incidence of stroke in a subgroup of patients
involved in the Study on COgnition and Prognosis in the
Elderly (SCOPE) trial.® In the LIFE trial,” the incidence
of stroke was significantly lower with losartan than with
atenolol in the broad spectrum of at-risk patients involved,
ie, those with isolated systolic hypertension, diabetes
mellitus, or atrial fibrillation. In patients who had already
suffered from stroke, candesartan, initiated on the first day,
significantly reduced the incidence of vascular event rates
in the Evaluation of Acute Candesartan CilEexetil therapy
in Stroke Survivors (ACCESS) trial.’! Eprosartan was more

effective than nitrendipine in the MOrbidity and mortality
after Stroke — Eprosartan compared with nitrendipine
for Secondary prevention (MOSES) trial. The effect of
telmisartan started soon after an ischemic stroke was not
significantly different from that of placebo in lowering the
rate of recurrent stroke and major cardiovascular events in
the Prevention Regimen For Effectively avoiding Second
Strokes (PROFESS®) trial,> most probably because the
duration of the trial (2.5 years) was too short, and because
of the counterbalancing effect of other antihypertensives
reducing blood pressure.

A direct head-to-head comparison of an ACE inhibitor
and an ARB in patients with type 2 diabetes, mild to
moderate hypertension, and early nephropathy, the Diabetics
Exposed to Telmisartan And enalaprIL (DETAIL®) study,*
demonstrated equivalent efficacy for telmisartan and
enalapril in terms of the primary endpoint of change in
glomerular filtration rate. In contrast, telmisartan reduced
proteinuria more than losartan in hypertensive patients with
type 2 diabetes with overt nephropathy in A trial to compare
telMisartan 40 mg titrated to 80 mg versus losArtan 50 mg
titrated to 100 mg in hypertensive type 2 DiabEtic patients
with Overt nephropathy (AMADEQ®),”’ despite similar blood
pressure reductions. Telmisartan reduced proteinuria to an
equivalent degree compared with valsartan in the inVestlgate
the efficacy of telmlsartan versus VALsartan in hypertensive
type 2 DIabetic patients with overt nephropathy (VIVALDI®)
study.”” The AMADEO and VIVALDI studies used broadly
similar designs. Therefore, the results may reflect differences
in antiproteinuric effect between telmisartan, losartan, and
valsartan. However, methodologic differences and variations
between patient-related parameters (eg, use of adjuvant
antihypertensive agents, ethnic diversity) may also explain
why telmisartan was superior to losartan and equivalent to
valsartan.*

Studies in high-risk patients
with a broad range of additional

risk factors

Patients with normal blood pressure (normotensive or
well controlled on antihypertensive therapy) but who still
have a high cardiovascular disease risk because of a prior
cardiovascular event or concomitant diabetes who do not
yet have heart failure, form a substantial population. There
have been three studies of cardiovascular disease outcomes
with ARBs conducted in patients at this stage of the cardio-
vascular disease continuum, and both were with telmisartan.
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The first study, ONTARGET, randomized 25,620 patients
at high cardiovascular risk with vascular disease (coronary,
peripheral or cerebrovascular disease) or diabetes with
end-organ damage, to receive telmisartan, the reference
standard ACE inhibitor ramipril, or a combination of the two
agents.?® This trial demonstrated that, in terms of the primary
composite outcome of cardiovascular death, myocardial
infarction, stroke, or hospitalization due to heart failure,
telmisartan was noninferior to ramipril (RR 1.01, 95% CI
0.94-1.09), but it was better tolerated. Because blood pres-
sure was equally controlled by the two agents, the results of
the ONTARGET trial suggest that telmisartan, like ramipril,
prevents cardiovascular events beyond that provided by
blood pressure-lowering alone.?® The combination of the
two agents was no more effective in terms of the primary
composite outcome, but it was associated with a higher rate
of adverse events (eg, hypotension, acute dialysis) than the
single agents alone. The results of this trial suggest that dual
renin-angiotensin system blockade with combinations of
ACE inhibitors and ARBs offers no additional benefits in this
specific patient population, while telmisartan was similarly
effective as the established standard of ramipril.

The second study, the Telmisartan Randomized
AssessmeNt Study in ACE-I iNtolerant subjects with
cardiovascular Disease (TRANSCEND®) trial, ran in parallel
with the ONTARGET trial and recruited patients who were
not able to tolerate ACE inhibitors.? This trial randomized
5926 patients with cardiovascular disease or diabetes with
end-organ damage, many of whom were receiving existing
therapies (best standard of care), to receive either telmisartan
or placebo. The primary composite outcome was the same as
that for the ONTARGET trial. The addition of telmisartan
to the existing treatment regimen resulted in lower blood
pressure throughout the study. In terms of the primary
composite outcome, telmisartan did not demonstrate
significant effects compared with the best standard of care
group (HR 0.92,95% CI1 0.81-1.05; P=0.216). In contrast,
the secondary composite endpoint, which, like the primary
composite endpoint in the Heart Outcomes Prevention
Evaluation (HOPE) study'® did not include new-onset heart
failure, did demonstrate the beneficial effect of telmisartan
(HR 0.87,95% C10.76-1.00; P =0.048 unadjusted).”’ Also,
the TRANSCEND trial demonstrated that significantly fewer
patients were hospitalized for cardiovascular reasons in the
telmisartan group than in the placebo group.

A third study, the Randomized Olmesartan and Diabetes
Microalbuminuria Prevention (ROADMAP) trial, was a
placebo-controlled study in patients without hypertension

but with diabetes and at least one additional cardiovas-
cular risk factor.”® The primary endpoint was the time to
first onset of microalbuminuria, which after adjusting for
blood pressure differences, was nonsignificant. There was
also no significant difference in the secondary endpoint,
a composite of cardiovascular complications or death
from cardiovascular causes (HR 1.00, 95% CI 0.75-1.33;
P=0.99). However, deaths from cardiovascular causes were
significantly higher with olmesartan (n = 15, 0.7%) than
with placebo (n =3, 0.1%; HR 4.94, 95% CI 1.43-17.06;
P = 0.01). Although the cause of this excess mortality is
unknown, a similar excess cardiovascular mortality with
olmesartan was also seen in the Olmesartan Reducing Inci-
dence of End Stage Renal Disease in Diabetic Nephropathy
Trial (ORIENT).** Therefore, olmesartan should be used
with caution in patients at high risk due to the presence of
cardiovascular risk factors.

Studies in high-risk patients
with heart failure
There have been a number of studies of ARBs in patients
at the end of the cardiovascular disease continuum, ie,
in patients with heart failure or left ventricular systolic
dysfunction. The VALsartan In Acute myocardial iNfarction
Trial (VALIANT) trial demonstrated equivalent efficacy
for the primary endpoint of all-cause mortality for valsartan
and captopril in patients with heart failure or left ventricular
dysfunction after a recent myocardial infarction. VALIANT
also showed little advantage in implementing dual renin-
angiotensin system blockade by administering both valsartan
and captopril. The Valsartan HEart Failure Trial (Val-HEFT)
demonstrated that the addition of valsartan to an existing
antihypertensive treatment, which was mainly an ACE
inhibitor, reduced hospital admission for worsening heart
failure but not mortality,” again suggesting that, in general,
dual renin-angiotensin system blockade confers additional
therapeutic efficacy only in a subgroup of patients not
receiving -blockers.”

In contrast with VALIANT, an earlier study with losartan
50 mg/day and captopril 3 x 50 mg/day, the Evaluation
of Losartan In The Elderly IT (ELITE II) trial® found
equivalent efficacy for the endpoint of all-cause mortality
and a tolerability advantage for losartan. The OPtimal
Therapy in Myocardial Infarction with the Angiotensin II
Antagonist Losartan (OPTIMAAL) trial® demonstrated
a trend (P = 0.069) of a higher efficacy of captopril over
losartan at the same doses used in the ELITE II trial
(3 x 50 mg/day and 50 mg/day, respectively) for the same
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endpoint, although losartan was again significantly better
tolerated than captopril. However, a more recent study, the
Effects of high-dose versus low-dose losartan on clinical
outcomes in patients with heart failure (HEAAL) study,®
found that a three-times higher dose of losartan (150
mg/day) was more effective than the lower dose of 50 mg/
day, suggesting that the dose of losartan was probably too
low in both the OPTIMAAL and ELITE II trials.

The Candesartan in Heart failure: Assessment of
Reduction in Mortality and morbidity (CHARM) trial®
demonstrated superior efficacy for candesartan over
standard antihypertensive treatment in terms of deaths and
hospital admissions, although the CHARM-Preserved trial®
demonstrated no benefits of the addition of candesartan in
heart failure patients who had a preserved ejection fraction.
Similarly, the Irbesartan in Heart Failure with preserved
EF (I-PRESERVE) trial® found no benefit of the addition
of irbesartan to standard antihypertensive treatment in
patients with heart failure and a preserved ejection fraction.
In patients with heart failure on hemodialysis, telmisartan
added to background ACE inhibitor therapy reduced all-cause
mortality (HR 0.51, 95% CI 0.32-0.82) compared with best
usual care, as well as hospital admissions for congestive heart
failure and cardiovascular deaths.”

ARB-based combination therapy
The usual approach taken in the management of hypertension
is to initiate treatment with a single agent, which is then
titrated to its full dose. However, because most hypertensive
patients require combination therapy, guidelines worldwide
now recommend initial combination therapy (including
renin-angiotensin system inhibitors) in patients most
likely not at goal, with monotherapy, and calcium channel
blockers and diuretics being the preferred combination
partners.'13

There is evidence to support the use of low-dose com-
bination therapy to increase the blood pressure-lowering
efficacy of the component drugs while reducing the
incidence of adverse events.””?® The reduction in blood
pressure achieved with drugs used in combination is usually
additive.”” A number of ARB-based combination therapies
are recommended based on the results of randomized
efficacy trials. In the US, seven of the currently available
eight ARBs are available in single-pill combinations with
the thiazide diuretic, hydrochlorothiazide,'*!>!* and three
ARBs (valsartan, olmesartan, and telmisartan) as single-pill
combinations with amlodipine. Among the antihypertensive
drug classes, ACE inhibitors and ARBs are recommended for

the largest variety of compelling indications, which for the
ARBs include reduction of cardiovascular morbidity, heart
failure, post-myocardial infarction, diabetic renal disease,
proteinuria/microalbuminuria, left ventricular hypertrophy,
atrial fibrillation, metabolic syndrome, and ACE inhibitor-
induced cough.'?!* Around 66% of the recommended dual
antihypertensive combinations are based on ACE inhibitors
and ARBs."?

There are few data on the reduction of cardiovascular
endpoints beyond blood pressure-lowering with combinations
of antihypertensive agents. In particular, there is currently no
evidence for ARB-based combination therapy, although the
blood pressure-lowering effects of ARBs in combination with
thiazide diuretics and calcium channel blockers have been
shown to be additive.!1% An additional benefit of using an
ARB, such as valsartan, olmesartan, or telmisartan, with the
calcium channel blocker amlodipine is that the incidence of
amlodipine-related edema is reduced.!>1% In contrast with
the ARBs, there are fewer data for ACE inhibitor-based
combinations. The Avoiding Cardiovascular Events Through
Combination Therapy in Patients Living with Systolic
Hypertension (ACCOMPLISH) trial investigated whether
the ACE inhibitor benazepril 40 mg combined with the
calcium channel blocker amlodipine 10 mg would reduce
cardiovascular disease events more effectively than benazepril
40 mg in combination with the diuretic hydrochlorothiazide
25 mg.!%107 Treatment with the benazepril-amlodipine
combination was associated with a 2.2% absolute risk
reduction and a 19.6% relative risk reduction (HR 0.80,
95% CI 0.72-0.90; P < 0.001) in the primary composite
outcome of death from cardiovascular causes, nonfatal
myocardial infarction, nonfatal stroke, hospitalization
for angina, resuscitation after sudden cardiac arrest, and
coronary revascularization.'”” A significant risk reduction
associated with the benazepril-amlodipine combination
was also found for the secondary endpoint of death from
cardiovascular causes, nonfatal myocardial infarction, and
nonfatal stroke (HR 0.79, 95% C10.67-0.92; P=0.002), and
for renal disease progression (HR 0.52, 95% CI 0.41-0.65;
P < 0.0001).106.107

Safety of ARBs

Many large clinical trials have shown favorable tolerability
of ARBs, characterizing these drugs as the safest in
cardiovascular medicine. Some seven years ago, results
of a published meta-analysis'® suggested that ARBs may
increase the risk of myocardial infarction. This meta-
analysis was later vehemently debated/contradicted,'*!!2
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and convincingly refuted by many more comprehensive
and updated meta-analyses, taking into account all
major international, randomized trials using ARBs
compared with another active drug or conventional
therapy (placebo) which reported information on rates of
myocardial infarction. These analyses found no significant
differences in fatal and nonfatal myocardial infarction
among treatment with ARBs, placebo, or active treatment,
even in those trials in which ARBs were compared with
ACE inhibitors, or when pooling all trials together;
the percentages of myocardial infarction in the overall
considered populations were 5.49% for ARBs and 5.31%
for other drugs.'"*"'"> Recently, the ONTARGET and
TRANSCEND trials also provided convincing evidence
against the above criticism by showing the absence of
a significant difference in myocardial infarction rates
between telmisartan and ramipril and between telmisartan
and placebo, respectively.?®? Despite continued debate
within the clinical community,''!"” the recent reappraisal
of the European Society of Hypertension/European
Society of Cardiology 2007 guidelines refers to the
interchangeability of these two classes of drugs, the ARBs
and ACE inhibitors, to prevent cardiovascular morbidity
and mortality.'?

Agents that inhibit the renin-angiotensin system, including
ACE inhibitors, ARBs, and direct renin inhibitors, induce a
compensatory rise in plasma renin by suppressing the negative
feedback loop. Although renin levels prior to treatment
initiation may relate to long-term cardiovascular risk,''$!11°
the evidence is conflicting,'? and there is no evidence that
a reactive increase in renin in response to antihypertensive
treatment has any cardiovascular consequences. Based on
evidence from randomized controlled trials, dual renin-
angiotensin system blockade with ARBs and ACE inhibitors
is associated with significant increases in hyperkalemia,
worsening renal function, and symptomatic hypotension.'?!
These adverse events have also been seen in the community
setting, particularly in patients with reduced renal function
at baseline.'?? As a result, patients receiving dual renin-
angiotensin system blockade should be monitored for renal
function and serum potassium levels. Currently no evidence
exists on the cardiovascular safety of the ARB/renin inhibitor
combination.

An initial meta-analysis of 61,590 patients involved in
ARB clinical trials reported an unexpected, modest increase
in the risk of a new cancer diagnosis in patients assigned to
receive ARBs compared with patients in control groups (7.2%

versus 6.0%, RR 1.08, 95% CI 1.01-1.15; P = 0.016).'*
These results, significant only for lung cancer (0.9% versus
0.7%,RR 1.25,1.05-1.49; P=0.01), were mainly driven by
the combination (telmisartan-ramipril) arm of ONTARGET,
and by the results of the LIFE and the CHARM-Overall
studies. However, there was no increase in cancer diag-
nosis with either monotherapy (telmisartan or ramipril) in
ONTARGET, nor with telmisartan in the TRANSCEND or
PROFESS studies.

The authors of this meta-analysis'** appropriately outline
its limitations, as the trials involved were not designed to
explore cancer outcomes, the adjudication of cancer diagno-
ses was not uniform among the included studies, the analyses
did not include the individual patient data for any of the trials,
did not consider the latency for the malignancies, and did
not take into account the effect of gender, age, smoking, or
other known risk factors for malignancies. In addition, the
meta-analysis combined trials with different comparators, ie,
ramipril, atenolol, and placebo. It also did not include some
important large trials (for example, VALUE).

Subsequent meta-analyses were not able to confirm that
ARBs are associated with increased risk of cancer. Julius et al
included the VALUE trial and found event rates of 1870/24,
146 (7.7%) with ARBs versus 1853/24, 123 (7.7%) with com-
parators.'* In an analysis of 70 randomized trials of ARBs,
ACE inhibitors, B-blockers, calcium channel blockers, or
diuretics, Bangalore et al were able to refute a 5.0%—10.0%
relative increase in the risk of cancer or cancer-related death
with the use of ARBs, although they were unable to rule
out increased risk of cancer with the combination of ACE
inhibitors and ARBs.'*

The most comprehensive assessment of ARBs and
cancer to date analyzed all trials of five ARBs (candesartan,
irbesartan, losartan, telmisartan, and valsartan) which
enrolled =500 patients and had =12-month follow-up
(total 15 trials and 138,769 patients).!?® The authors had
access to individual data from ONTARGET, TRANSCEND,
and PROFESS and tabulated data on cancer outcomes by
treatment allocation from all major trials of irbesartan,
valsartan, candesartan, and losartan. There was no
association between cancer risk and any individual ARB,
or with ARBs overall (4549/73, 808 [6.16%] with ARBs
versus 3856/61,106 [6.31%] non-ARB control [OR 1.00,
95% CI 0.95-1.04]). Unlike the analysis by Sipahi et al,'*
they were able to analyze the relationship with site-specific
cancers in all 15 trials, and found no association of ARBs
with lung cancer (or with the other two common site-specific
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cancers, ie, prostate cancer and breast cancer). The authors
had access to data from several additional trials (Atrial
fibrillation clopidogrel trial with irbesartan for prevention
of vascular events [ACTIVE 1], [-PRESERVE, and Val-
HeFT), in which data on background ACE inhibitors in
combination with the ARB were available, thus allowing
comparison of the combination versus ACE inhibitor alone.
This was in addition to the ONTARGET, VALIANT, and
CHARM-Added trials in which patients were allocated to
the combination or ACE inhibitor alone at randomization
(total population 47,020). The incidence of cancer was
5.33% for combination ARB + ACEI versus 5.26% for ACE
inhibitors alone (OR 1.01,95% CI1 0.94—1.10). Overall, there
was no significant difference in cancer incidence between
combination therapy and ACE inhibitors.

Therefore, several meta-analyses, including the most
recent one,'”” using the most comprehensive data avail-
able have found no link between any ARB, or the class as
a whole, and cancer. In addition, there is no clear mecha-
nism of action known to explain any ARB-related cancer
link. Furthermore, from a pathophysiologic viewpoint, the
finding in the meta-analysis of increased cancer risk with
ARBs in such a short time period (2—4 years) is highly
improbable, given that it takes around 10 years to develop
lung and other cancers from smoking. A 2010 position
paper of the Italian Society of Hypertension concluded
that the benefits derived from the use of ARBs outweigh
the potential risks, and that the use of these drugs should
be maintained according to present indications.'?® In June
2011, the US Food and Drug Administration completed a
review of the potential risk of cancer and concluded that

treatment with an ARB medication does not increase the
risk of developing cancer.'?

Choosing the right ARB

for an individual patient

As described in this review, it is very important to con-
sider the individual cardiovascular disease history and
risk for further cardiovascular disease events in patients
when considering which ARB to prescribe. All eight cur-
rently available ARBs have demonstrated efficacy in blood
pressure-lowering and are licensed for the treatment of
hypertension, although there may be differences in their
blood pressure-lowering efficacy and duration of action.!*°
Clinical trials with ARBs have been conducted in patients
at different stages of the cardiovascular and renal disease
continua (the cardiovascular disease prevention and reno-
protection studies described here), and as a result they have
different indications (Table 3). For example, in the US and
Europe, olmesartan, eprosartan, and azilsartan are only
indicated for the treatment of hypertension because they
have not demonstrated cardiovascular disease and renal
protective effects. Irbesartan and losartan are indicated for
the reduction of renal disease progression in hypertensive
patients with type 2 diabetes and diabetic renal disease.
Based on the results of the CHARM, VALIANT, Val-HeFT,
and HEAAL studies, candesartan and valsartan (and losartan
in Europe) are indicated in patients with heart failure, and
losartan is indicated for stroke prevention in hypertensive
patients with left ventricular hypertrophy. Telmisartan is the
only ARB indicated for cardiovascular prevention in a broad
range of high-risk patients with or without hypertension,

Table 3 Indications for the eight currently available angiotensin receptor blockers

Azilsartan Candesartan Eprosartan

Irbesartan Losartan Olmesartan Telmisartan Valsartan

Hypertension . . .
Hypertension and type 2
diabetic renal disease
Prevention of stroke in
hypertension and LVH
CV high risk
T2DM with target
organ damage
Atherothrombotic
CV disease, for example:
Coronary heart disease
Peripheral arterial disease
Stroke
Heart failure or left .
ventricular dysfunction

Abbreviations: CV, cardiovascular; HF, heart failure; LVH, left ventricular hypertrophy; T2DM, type 2 diabetes mellitus.
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including those with manifest atherothrombotic cardiovas-
cular disease (ie, a history of coronary heart disease, stroke,
or peripheral arterial disease) or those with type 2 diabetes
with documented target organ damage, based on the results
of the ONTARGET and TRANSCEND trials.?®?

Conclusion

As effective blockers of the renin-angiotensin system, ARBs
provide both antihypertensive and anti-inflammatory effects,
making them an attractive and widely used therapeutic option
for patients with or without hypertension (depending on the
ARB) and additional cardiovascular disease risk factors or
concomitant cardiovascular or renal diseases. Their favor-
able tolerability profiles are likely to play a key role in the
maintenance of long-term adherence to these agents. This
review considers the evidence from several major cardiovas-
cular outcomes studies, which have clearly demonstrated that
treatment with ARBs is protective, reduces cardiovascular
risk, and provides cerebral and renal protection beyond
that achieved by blood pressure-lowering alone. Direct
anti-inflammatory or other pleiotropic effects beyond blood
pressure-lowering may account for some of the risk reduc-
tion with ARBs and is the subject of considerable debate.
Furthermore, pharmacologic differences between the ARBs
impact the cardiovascular disease prevention outcome.

The currently available ARBs have demonstrated their
differential efficacy along the cardiovascular and renal
disease continua from patients with hypertension and early-
stage cardiovascular disease, through patients with or without
hypertension but at an increased cardiovascular disease risk,
and, finally, to patients with significant cardiovascular and
renal disease (nephropathy, left ventricular dysfunction,
heart failure). For patients at high cardiovascular risk based
on the results of the ONTARGET and TRANSCEND stud-
ies, telmisartan is indicated for cardiovascular prevention
beyond that of blood pressure-lowering alone. For patients
with hypertension and specific risk factors, losartan (stroke
prevention in patients with left ventricular hypertrophy, or
diabetic renal disease) and irbesartan (diabetic renal disease)
have been shown to be effective. For patients at the highest
cardiovascular risk, with heart failure or left ventricular dys-
function, candesartan, losartan, and valsartan are indicated.
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