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VA/DoD Drug Class Review:

Angiotensin Il Receptor Antagonists (AlIRAS)

Department of Defense Pharmacoeconomic Center (DoD PEC)
Department of Veterans Affairs Pharmacy Benefits Management
Strategic Healthcare Group (VA PBM) and the VA Medical Advisory Panel (VA MAP)

Introduction

Seven angiotensin 1l receptor antagonists (AlIIRAS) are currently available in the United States: losartan
potassium (Cozaar®, Merck), valsartan (Diovan®, Novartis), irbesartan (Avapro®, Sanofi / Bristol-Myers
Squibb), candesartan cilexetil (Atacand®, AstraZeneca), telmisartan (Micardis®, Boehringer Ingelheim),
eprosartan (Teveten®, Biovail Pharmaceuticals), and olmesartan medoxomil (Benicar™, Sankyo Pharma
Inc/Forest). (See table 1). None of the AIIRAs are available generically, and patent expiration is not expected
for several years (after 2009).

All seven AIIRAs are available in combination with hydrochlorothiazide (HCTZ): losartan potassium/HCTZ
(Hyzaar®, Merck), valsartan/HCTZ (Diovan HCT®, Novartis), candesartan cilexetil/HCTZ (Atacand HCT®,
AstraZeneca), irbesartan/HCTZ (Avalide®, Bristol-Myers Squibb), telmisartan/HCTZ (Micardis HCT®,
Boehringer-Ingelheim), and olmesartan/HCTZ (Benicar HCT™, Sankyo Pharma Inc/Forest), and
eprosartan/HCTZ (Teveten®, Biovail Pharmaceuticals). (See table 2)

Table 1: Angiotensin Il Receptor Antagonists available in the U.S

Generic Brand (Manufacturer) Strengths & formulations FDA approval date
Candesartan cilexetil Atacand (AstraZeneca) 4 mg, 8 mg, 16 mg, 32 mg tablets 6/4/98
Eprosartan Teveten (Biovail) 400 mg, 600 mg tablets 10/22/99
Irbesartan Avapro (Sanofi / Bristol-Myers 75 mg, 150 mg, 300 mg tablets 9/30/97
Squibb
Losartan potassium Cozaar (Merck) 25mg, 50 mg, 100 mg tablets 4/14/95
Olmesartan Benicar (Sankyo / Forest) 5 mg, 20 mg 40 mg tablets 4/25/02
Telmisartan* Micardis (Boehringer-Ingelheim) 20 mg, 40 mg, 80 mg tablets 11/10/98
Valsartan Diovan (Novartis) 40 mg, 80 mg, 160 mg, 320 mg 12/23/96
tablets
*All of the AlIIRAs are available in bulk packages, with the exception of telmisartan. Telmisartan is available in strip packs of 28
tablets.
Table 2: AlIRA / Hydrochlorothiazide (HCTZ) combinations available in the U.S
Generic Brand (Manufacturer) Strengths & formulations FDA approval date
Candesartan / HCTZ Atacand HCT (AstraZeneca) 16/12.5 mg, 32/12.5 mg tablets 9/5/00
Eprosartan / HCTZ Teveten HCT (Biovail) 600/12.5 mg, 600/25 mg tablets 11/01/01
Irbesartan / HCTZ Avalide (Sanofi / Bristol-Myers 150/12.5 mg, 300/12.5 mg tablets 5/9/00
Squibb
Losartan / HCTZ Hyzaar (Merck) 50/12.5 mg, 100/25 mg tablets 8/24/98
Olmesartan / HCTZ Benicar HCT(Sankyo / Forest) 20/12. 5mg 40/12.5 mg, 40/25 mg 6/5/03
tablets
Telmisartan / HCTZ Micardis HCT(Boehringer- 40/12.5 mg, 80/12.5 mg tablets 11/17/00
Ingelheim)
Valsartan / HCTZ Diovan HCT(Novartis) 80/12.5 mg, 160/12.5 mg, 160/25 01/17/02
mg tablets
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Background: The AlIRAs are effective in lowering blood pressure and all 7 AIIRAs are approved for the
treatment of hypertension. In addition, some AlIRAs have demonstrated positive outcomes in treating patients
with conditions such as heart failure, diabetic nephropathy, and in the post myocardial infarction setting.
Approximately 42% of veterans have a diagnosis of hypertension. Both heart failure (HF) and diabetic
nephropathy are prevalent conditions in the veteran patient population with a high rate of morbidity and
mortality if left untreated.

There are a number of antihypertensive classes of medications available for the treatment of hypertension that
have demonstrated a reduction in the cardiovascular complications of hypertension. The seventh report of the
Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure
recommends that a thiazide-type diuretic be used in most patients with hypertension, either as monotherapy or
in combination with other drug classes including the angiotensin-converting enzyme inhibitors (ACEI),
AIlIRAs, beta-blockers, or calcium channel blockers.

According to medication utilization data, approximately 60% of veteran patients with hypertension are
prescribed an ACEI for treatment of this condition. In addition, ACElIs are considered standard therapy for
patients with heart failure and are recommended in patients with diabetes and renal disease. Treatment
with an ACEI has been associated with a persistent cough, resulting in discontinuation of the drug in many
patients. An AIIRA is recommended in patients who are unable to tolerate an ACEI, where an ACEI is
indicated. The recommendations to use an AIIRA are based on clinical trials demonstrating the following:
a reduction in cardiovascular death and heart failure hospitalizations in patients on standard therapy and
who are intolerant to an ACEI; a similar benefit as an ACEI in patients with left ventricular dysfunction or
signs of heart failure after an acute myocardial infarction in reducing all-cause mortality; and a reduction in
the composite doubling of serum creatinine, development of end-stage renal disease or all-cause death in
patients with diabetic nephropathy.

FDA-Approved Indications and Off-Label Uses

All of the AlIRAs are approved for the treatment of hypertension, either alone or in conjunction with other
agents. Losartan is the only AIIRA approved to reduce the risk of stroke in patients with hypertension and left
ventricular hypertrophy.

The AIIRAS have also been studied in patients with DM and microalbuminuria or nephropathy. Two of the
AlIRAs, irbesartan and losartan, have additional indications for diabetic nephropathy in type 2 diabetic patients.

In addition to hypertension, valsartan is also labeled for heart failure in patients intolerant of ACE inhibitors.
Although candesartan is not currently FDA-approved for treating heart failure, AstraZeneca has submitted a
supplemental NDA for heart failure, based on the results of one large clinical trial program published in
September 2003 (CHARM programme).

The results of one large clinical trial published in November 2003 supports the use of valsartan as an alternative
to ACE inhibitors in patients with acute myocardial infarction (MI) and left ventricular (LV) dysfunction
(VALIANT). This indication is not currently FDA-approved, however, Novartis has filed a supplemental NDA
with the FDA requesting expansion of the label to include improvement in survival and a reduction in
cardiovascular events in patients at high risk after surviving a heart attack.

None of the AIIRAs are approved for use in the pediatric population.
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Table 3: FDA-approved indications

FDA-Approved Indications

*Hypertension with

Hypertension Left Ventricular *Diabetic ***Heart Failure
Drug Hypertrophy Nephropathy
Candesartan X
Eprosartan X
Irbesartan X X
Losartan X X X
Olmesartan X
Telmisartan X
Valsartan X X

*Left ventricular hypertrophy indication for losartan is as follows: Losartan is indicated to reduce the risk of stroke in patients
with hypertension and left ventricular hypertrophy, but there is evidence that this benefit does not apply to Black patients.

**Diabetic Nephropathy labeling for losartan is stated as follows: Treatment of diabetic nephropathy with an elevated serum
creatinine and proteinuria in patients with type 2 diabetes and hypertension.

**Diabetic Nephropathy labeling for irbesartan is stated as follows: Treatment of diabetic nephropathy with an elevated serum
creatinine and proteinuria. Irbesartan reduces the rate of progression to nephropathy, as measured by the occurrence of
doubling of serum creatinine and end stage renal disease (need for dialysis or renal transplant).

***Heart Failure labeling for valsartan is stated as follows: Treatment of heart failure (NYHA class II-1V) in patients intolerant of
ACE inhibitors.

Methods

This review is limited to the seven individual AIIRAS, candesartan, eprosartan, irbesartan, losartan, olmesartan,
telmisartan, and valsartan. Formulations of an AIIRA in combination with HCTZ are not included in this
review.

Hypertension Trials: The AIIRAs have been used clinically for several years for treating hypertension and are
mentioned in JNC 7 as a proven therapy for reducing blood pressure. Efficacy determinations will thus be
limited to published clinical trials and meta-analyses. In a number of trials, AIIRAs have been shown to be
superior to placebo for treating hypertension, and have also been compared with ACE inhibitors. Due to the
large volume of information, only randomized, double-blinded, controlled, head to head trials of an individual
AIIRA(s) vs ALIRA(s)will be discussed in the review. This review will not address efficacy of AIIRAs in
comparison to ACE inhibitors.

Outcome trials in other conditions: Use of AIIRAS in patients with other conditions, including left ventricular
hypertrophy (LVH), heart failure, diabetic nephropathy, and in patients following myocardial infarction will be
limited to published trials enrolling large numbers of patients in a randomized, controlled manner incorporating
placebo and/or active controls. Those trials evaluating “hard” outcomes, in contrast to surrogate markers or
“soft” outcomes (outcomes which do not cause irrevocable damage), are considered to be clinically important.
Trials with surrogate endpoints are only briefly reviewed. Examples of hard outcomes include stroke, all-cause
mortality, cardiovascular mortality, hospitalization for HF, or composite of doubling of serum creatinine and
development of end stage renal disease (ESRD), dialysis, or renal transplantation. Examples of “soft” outcomes
are changes in laboratory tests (e.g urinary albumin excretion), or time to onset of diabetic nephropathy (this is a
problem in that many trials (MARVAL, CALM) are of too short duration to show a difference.) Although
surrogate markers of kidney outcome risk, such as proteinuria can be improved with lower blood pressure,
surrogate markers may not accurately predict more clinically significant events such as doubling of SCr, need
for dialysis or renal transplant, or death due to kidney failure. Trials with surrogate markers will be mentioned
briefly, but more interest is placed on trials with hard outcomes.

This review is limited to information published up to and including December 2003.
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Pharmacology 63-65,127,128, 66-72,131

e The renin-angiotensin-aldosterone system (RAAS) is a key component in the regulation of blood pressure. Renin
is released from the juxtaglomerular cells in response to decreased renal perfusion. Renin cleaves
angiotensinogen to form angiotensin 1. Angiotensin | is converted by angiotensin-converting enzyme (ACE) into
angiotensin 1l. Angiotensin Il activates angiotensin Il receptors. Angiotensin Il receptors of known clinical
relevance are characterized as AT, and AT,. Effects mediated by the activation of AT, receptors are
vasoconstriction (coronary, renal, cerebral), sodium retention (aldosterone production), water retention
(vasopressin release), activation of sympathetic nervous system, constriction of the efferent arteriole in the kidney,
growth (remodeling and restructuring of vessel walls, glomerular cells, and myocardium), inhibition of apoptosis
(cell death), and increases in platelet aggregation and thrombosis. AT, receptors function to oppose the effects of
AT, receptors. AT, receptor functions include vasodilation, inhibition of cell growth, promotion of cell

differentiation, and apoptosis.

o ACEIs decrease production of angiotensin Il and inhibit the breakdown of bradykinin.

o AIIRAS block the effects of angiotensin Il at the AT; receptor and do not affect bradykinin.
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o AIIRA receptor blocking capacity to AT, can be described as insurmountable or surmountable. Insurmountable
blockade is suppression of agonist response despite escalations in agonist concentration. Surmountable is the

reverse. Insurmountable response may be due to slow dissociation of the drug from the receptor. Whether

insurmountable blocking capacity is superior is unknown.
e A T:P ratio of at least 0.5 for once daily dosing of hypertension medications is essential for once daily dosing. All
seven AlIRAs have a T:P ratio > 0.5. Telmisartan and candesartan appear to have the highest T:P ratios, however,
the clinical significance of this has not been established.

Pharmacokinetics

The pharmacokinetic profiles of the seven AIIRAS are included in table 4.

Table 4: Pharmacokinetic properties

Parameter Losartan Valsartan Irbesartan Candesartan Telmisartan Eprosartan Olmesartan
EXP 3174 Candesartan Olmesartan
Pro-Drug (active No No (active No No (active
metabolite) metabolite) metabolite)
Parent-
AT1 receptor Competitive Partially In- In- In- In- In-
Antagonism EXP 3174- surmountab | surmountable surmountable surmountable | Competitive | surmountable
insurmountable le
Bioavailability (%) 33 25 60-80 34-56 30-60 13-15 26
Protein binding Parent- 98.7
(%) EXP 3174- 99.8 95 90 99.5 99.5 98 99
E'F'g::'gla(to'/g’)” 60 83 80 67 >08 90 50-65
) 35 13 20 33 7 35-50
Urinary (%)
D )
ose adjustment No No No No No No No
Cle<30ml/min 50% initial dose No
Hepatic failure 0 No No No No No
. Parent- 2
Half-life (hr) EXP 3174- 6-9 6 11-15 9 24 5-9 13
Onset of BP effect
(hr) 2-3 2 2 2-4 3 No data 1 week
Maximum BP 6 46 36 68 3.9 3 2-4 weeks
effect (hr)
Hemodialyzable No No No No No No Unknown
Star;wﬁN?ose 50 mg QD 80mgQD | 150 mg QD 16 mg QD 40mgQD | 600mgQD | 20mg QD
Maximum Dose 100 mg/day 320 mg/day 300 mg/day 32 mg/day 80 mg/day 800 mg/day 40 mg/day
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0.58-0.78 0.69-0.76 > 0.6 0.8 >0.97 0.67 0.60-0.80
T:P ratio (50-100 mg) (80-160 (= 150 mg) (8-16 mg) (20-80 mg) (600 mg) (2.5-80;ng)
mg) i
Food-drug No No No No No No No
interaction
Demonstrated Indl(;lrtr:gltjr:];’cin
drug-drug . S Lithium Lithium Digoxin
. . Rifampin,
interaction
Fluconazole
. Conjugation Some
CYP450 Metabolized by s LT
Metabolism 2C9. 3A4 Unknown omdggc;n by No mh?clglfg of No No

Dosing and Administration

All the AIIRAs are indicated for once daily dosing in hypertension. The package inserts for losartan,
candesartan and eprosartan state twice daily dosing may be required in some instances. Once vs. twice daily
dosing has been compared for candesartan and eprosartan, respectively, with similar efficacy and tolerability.

For heart failure, package labeling for valsartan states BID dosing. Candesartan has been studied for HF in one

large clinical trial that used QD dosing. For diabetic nephropathy, irbesartan and losartan are dosed once daily
in doses similar to that used in hypertension.

Table 5: Dosing according to package labeling for HTN, HF, or diabetic nephropathy

66-72

Generic Ren_aI/Hepatic Usual Dose
Adjustments (Range)
hepatic failure: ¢ HTN: 50 mg QD (25-100 mg qd or divided bid)
Losartan initial dose 50% Diabetic Nephropathy: 100 mg QD
HTN: 80 mg QD (80-320 mg qd)
Valsartan No HF: 160 mg BID
Post MI (non FDA-approved): 160 mg BID
HTN: 150 mg QD (75-300 mg qd)
Irbesartan No Diabetic Nephropathy: 300 mg QD
HTN: 16 mg QD (4-32 mg qd or divided bid)
Candesartan No HF (non FDA-approved): 32 mg QD
Telmisartan No HTN: 40 mg QD (20-80 mg qd)
Eprosartan No HTN: 600 mg QD (400-800 qd or divided bid)
Olmesartan 5, 20, 40 HTN: 20mg QD (5-40mg qd)

Abbreviations; HTN = Hypertension; HF = Heart Failure

Efficacy

Efficacy for hypertension will be reviewed. For hypertension, since the drugs in this class are superior to placebo,
only head-to-head and active comparator trials will be considered. Additionally, efficacy for large trials examining
outcomes in hypertension, heart failure (including those post MI), and diabetic nephropathy will be discussed.
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Hypertension:
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Comparative trials among AlIRAs ''*?? (Head to head trials of AIIRAs are included in this review; see
Appendix A at end of document) All studies were performed in patients with mild-moderate hypertension.
Results of individual comparison trials suggest that losartan may not be as effective as other AIIRAS at
comparable doses. Candesartan recently received approval to include labeling that states candesartan 32mg
lowered SBP and DBP an average of 2 to 3 mm Hg more than losartan 100mg, comparing QD dosing of the two
agents. One study with olmesartan vs. three other AIIRAs at the usual starting doses showed that olmesartan
was more effective than losartan and valsartan in reduction of diastolic and systolic ambulatory blood pressure
monitoring. It is unknown if the difference in blood pressure reduction would be apparent at other doses, or
with other AIIRAs. However, a meta-analysis of candesartan, irbesartan, losartan, and valsartan was performed
on 43 trials including 11,281 patients showed that the absolute weighted average reductions in DBP and SBP
were 8.2-8.9 mm Hg and 10.4-11.8 mm Hg, respectively and were similar with all AIIRAs evaluated.
Treatment with an AIIRA resulted in 48-55% patients achieving BP response. This was increased to 56-70%
when a diuretic was added to therapy.

Hypertension Efficacy Discussion: All AIIRAs are approved for hypertension and appear to be similar in
efficacy to the ACElIs (data not shown). A few trials have shown, at comparable doses, that losartan may be
slightly less effective than the other AIIRAs. However, in a meta-analysis of 43 trials including candesartan,
irbesartan, losartan, and valsartan, blood pressure reduction was similar with all AIIRAs evaluated.”” One study
with olmesartan vs. three other AIIRAs at the usual starting doses showed that olmesartan was more effective
than losartan and valsartan in reduction of diastolic and systolic ambulatory blood pressure monitoring.?' It is
unknown if the difference in blood pressure reduction would be apparent at other doses, or with other AIIRAS.

Hypertension Efficacy Conclusion: All AlIRAs are equally effective for treating hypertension when
titrated to blood pressure goals. Efficacy is increased when an AlIRA is combined with HCTZ.

Outcomes Trials

AIIRAs have been evaluated in several trials using hard clinical endpoints as well as surrogate endpoints (see table
below). Endpoint trials using telmisartan are underway. There are no known published outcomes trials for
eprosartan or olmesartan.

Table 6: Summary of Outcomes/Endpoint Trials with the AlIRAs.

ARB Candesartan Irbesartan Losartan Telmisartan Valsartan
HF CHARM I-PRESERVE ELITE-II
(+ ACEI) HEAAL Val-HeFT
DM/DN CALM IDNT RENAAL DETAIL MARVAL
HTN/DM/MA IRMA 2
HTN/LVH LIFE
HTN/LVH/DM LIFE
HTN/CV risk VALUE
(vs. amlodipine)
HTN/elderly SCOPE
PoSt-MI OPTIVAAL VALIANT
CV disease TRANSCEND
(ACEI intolerant)
CAD/CVA/PVD/ ONTARGET
DM (+ ramipril)

italicized = not published/completed
DM: diabetic mellitus; DN: diabetic nephropathy; MA: microalbuminuria; LVH:
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Hypertension Outcomes Trials

Losartan: In addition to hypertension, losartan is labeled to reduce the risk of stroke in patients with
hypertension and LVH; the evidence of benefit does not apply to black patients. The Losartan Intervention for
Endpoint reduction in hypertension study (LIFE) compared atenolol with losartan and reported that losartan
significantly reduced the composite endpoint of cardiovascular death, MI, and stroke in 9,193 patients with
HTN and signs of LVH by 12% (RRR 12%; Cl 2-22).% The reduction in the primary endpoint was driven
solely by a reduction in stroke. Significant reductions in the composite primary endpoint were also seen with
losartan in the prespecified subgroup of 1,195 patients with concomitant DM (RRR 24%;Cl 2-42).* LVH and
hypertension are strong independent risk factors for cardiovascular morbidity and death. Most patients required
more than 2 agents to reach target BP, which is consistent with the results of other trials. The details of these
studies are presented in Table 7 below and in Appendix B at the end of this document.

A substudy of 1,326 patients from the LIFE study with isolated systolic HTN demonstrated a reduction in the
primary outcome measure of cardiovascular death, Ml, and stroke by 25% (RR 0.75 CI1 0.56-1.01, P=0.06)
compared to atenolol, adjusted for risk and degree of LVH. %

Another substudy of LIFE in 6,886 patients without clinically evident vascular disease reported a statistically
significant reduction in stroke with losartan compared to atenolol (RR 0.66 Cl 0.53-0.82, P<0.001), although
the difference in cardiovascular death or MI were not statistically significant.?®

Although the results below show that an AIIRA may be preferable to a -adrenergic blocker in patients with
HTN and LVH in decreasing the risk of stroke or lowering CV mortality in a subgroup of patients with DM, it
is still unclear whether an AIIRA is preferred over an ACEI in this patient population.

Table 7: Summary results from the LIFE Trial

Losartan Atenolol Adjusted Hazard RRR (95%
Outcomes (n=4605) (n=4588) Ratio ciy* Pvalue NNT
Composite end point
cardiovascular o o 0.87 (Cl0.77- o
mortality, stroke, and 508 (11%) 588 (13%) 0.98) 13% (2 to 22) 0.021 56
Mi
Stroke 5% 7% 0'750((;\;'9;)'63_ 25% (11 to 36) 0.001 59

*RRR = Relative Risk Reduction; was adjusted for Framingham risk score and degree of LVH at baseline.

Candesartan: A trial with candesartan compared to placebo (with open-label addition of antihypertensive
therapy as needed) in elderly patients with mild to moderate HTN did not show a statistically significant
difference in the primary endpoints of major cardiovascular events, or a composite of cardiovascular death, non-
fatal stroke, and non-fatal Ml, although there was a significant decrease in non-fatal stroke with candesartan.
(SCOPE trial).”

Valsartan: Another outcome study, Valsartan Antihypertensive Long-term Use Evaluation (VALUE), is
currently being conducted comparing valsartan to amlodipine in 15,314 patients with essential HTN who are at
high risk for coronary events, and will evaluate the impact of treatment on cardiac morbidity and mortality.?

Hypertension Outcomes Trials Conclusion: The results of one well-conducted clinical trial support the use
of losartan for reducing the risk of stroke in patients with hypertension and LVH; this benefit does not extend to
black patients. Losartan is indicated for use in this condition by the FDA. There is insufficient evidence to support
the use of candesartan to reduce major cardiovascular events or valsartan in patients at high risk for cardiovascular
morbidity and mortality.
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Heart Failure Outcomes Trials with AIIRAs:***
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e Valsartan: To date, valsartan is the only AIIRA that has received FDA approval for use in HF (in patients
intolerant of an ACEI). The indication is based on the results of the Val-HeFT (Valsartan Heart Failure
Treatment) study, which was supported by the manufacturer. The trial included 5,010 patients with NYHA
class Il (62%), 111 (36%), or 1V (2%) HF on standard therapy (diuretics: 85%; ACEI: 93%; B-adrenergic
blockers: 35%; and digoxin 67%). Baseline left ventricular ejection fraction (LVEF) was 27%. Patients were
randomized to therapy with either valsartan (40mg twice daily, titrated to a target of 160mg twice daily) or
placebo. Mean follow-up was 23 months. The two primary endpoints were all-cause mortality and the
combined endpoint of mortality and morbidity (i.e., cardiac arrest with resuscitation, HF hospitalization, or
intravenous inotropic agents or vasodilators for over 4 hours). Overall mortality was similar, occurring in
19.7% of patients in the valsartan group and 19.4% of patients on placebo (P=0.80). The combined primary
endpoint occurred in 28.8% and 32.1% of patients on valsartan and placebo, respectively and the difference was
statistically significant (RR 0.87 C1 0.77-0.97, P=0.009; ARR 3.3%; NNT=31). This included a 24% reduction
in hospitalizations for HF (13.8% valsartan vs. 18.2% placebo; P < 0.001; ARR 4.4%; NNT=23). However,
death from any cause (as first event) was higher in patients on valsartan compared to patients receiving placebo

(14.2% vs. 12.6%, respectively). (See Table 8).

e According to a subgroup analysis, there was a statistically significant increase in the risk of mortality (P=0.009)
and a non-significant trend toward an increased risk of combined morbidity and mortality (P=0.10) in patients
receiving valsartan in conjunction with an ACEI and -adrenergic blocker. Patients who were not on an ACEI
or B-adrenergic blocker experienced a statistically significant reduction in mortality (P=0.012).% Patients on
valsartan but not on an ACEI (n=366), had a statistically significant lower risk of death (RR 0.67, Cl 0.42-1.06,
P=0.017) and a statistically significant lower risk of the combined endpoint (RR 0.56, CI 0.39-0.81,
P<0.0001).*! In patients on an ACEI alone (i.e., without a p-adrenergic blocker), there was a significant
reduction in the combined endpoint (P=0.002) and a nonsignificant reduction in mortality with valsartan

compared to placebo.*

Table 8: Summary results of the Val-HeFT study

Valsartan

Outcomes (n=2511)

Placebo
(n=2499)

RR* P value NNT

All-cause mortality

1.02 (98% ClI:

0, 0 -
495 (19.7%) 484 (19.4%) 0.88-1.18) 0.80
Combined all-cause o
mortality and 723 (28.8%) 801 (32.1%) 087 (97:5% 0.009 31
vy en Cl: 0.77-0.97)
morbidity
CHF hospitalizations o o 0.76 (Cl not
348 (13.8%) 455 (18.2%) reported) <0.001 23

*RR = relative risk.

**Morbidity defined as cardiac arrest with resuscitation, HF hospitalization, or requiring intravenous inotropic agents or

vasodilators for over 4 hours.

e Losartan: Inthe ELITE? pilot trial (Evaluation of Losartan in the Elderly) study, the AIIRA losartan was
compared to an ACEI, captopril, in 722 patients with NYHA class Il to IV HF and a LVEF < 40%. Patients
were randomized to losartan (up to 50mg) once daily (n=352) or captopril (up to 50mg) three times daily
(n=370) for 48 weeks. Seventy-five percent of patients in the losartan group and 71% of patients in the
captopril group received target doses. The majority of patients were prescribed diuretics and 55% were taking
digoxin at the time of study enrollment. The primary endpoint of the study was the effect of treatment on serum
creatinine (> 0.3mg/dL increase). There was no difference between treatment groups in the rise in serum
creatinine during continued treatment. The secondary endpoints of a composite of death and/or hospitalization
for HF occurred in 9.4% of patients on losartan and 13.2% on captopril (32% RR (C1-4% to +55%, P=0.075).
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These results were primarily due to a 46% decrease in all-cause mortality in patients on losartan compared to
patients on captopril (4.8% with losartan vs 8.7% with captopril; P=0.035), which was driven by a reduction in
sudden cardiac death. The unexpected finding of a survival benefit for losartan over captopril was based on a
secondary analysis of 49 deaths. The two treatment groups did not differ in the frequency of hospital
admissions for HF. NYHA functional class improved significantly and similarly compared to baseline for both
groups. More patients in the captopril group (20.8%) withdrew from the study due to adverse events compared
to patients in the losartan group (12.2%). Cough was reported in 3.8% of patients taking captopril compared to
0% in losartan treated patients.’? The favorable mortality rate in the losartan group was not hypothesized a
priori. Therefore, replication of the results was attempted in ELITE 11.%3

e ELITE II?? enrolled 3,152 symptomatic HF patients to evaluate the effects of losartan 50mg once daily
(n=1574) compared to captopril 50mg three times daily (n=1570) on the primary endpoint of overall mortality
and secondary endpoint of cardiac events (sudden cardiac death or resuscitated cardiac arrest). The patients
were ACEI naive. There was no significant difference in all-cause mortality between the treatment groups
(17.7% on losartan vs. 15.9% on captopril, HR 1.13; CI 0.95-1.35; P=0.16). There was no difference between
the groups in sudden death or resuscitated cardiac arrest, or hospital admissions. However, this was a
superiority trial not designed to detect equivalence between groups. Therefore, losartan and captopril cannot be
concluded to be the same. Patients receiving captopril had significantly more adverse effects resulting in
discontinuation of the drug than patients on losartan (P<0.001).* Several researchers have speculated that the
dose of losartan was sub-optimal in this study. One trial (HEEAL) is underway comparing losartan 50 mg with
losartan 150 mg.

e Candesartan: The RESOLVD Pilot Study compared candesartan, enalapril, and the combination of the two
agents in 768 patients with NYHA class 11 to IV HF with a LVEF < 40%. Patients were placed on candesartan
(4, 8, or 16mg), candesartan (4 or 8mg) plus enalapril (20mg), or enalapril (20mg) for 43 weeks. The primary
endpoints were exercise tolerance, ventricular function, quality of life, neurohormone levels, and tolerability.
There was no significant difference between the treatment groups in results of the six-minute walk test, NYHA
functional class, or quality of life. There was a trend toward an increase in ejection fraction, although not
significant, in the patients treated with the combination of candesartan and enalapril compared to patients on
candesartan or enalapril. End-diastolic and end-systolic volumes increased less with combination therapy
compared with patients on candesartan or enalapril alone. There appeared to be a benefit of combination
therapy on the patient's neurohormonal profile.** Although not powered to evaluate morbidity and mortality,
another analysis suggested that there might be an increase in HF hospitalizations in the patients receiving
candesartan by 3-way group comparison.*® Mortality was higher in the group taking candesartan alone (6.1%)
vs those receiving combination therapy with candesartan and enalapril (3.7%). This trial was insufficiently
powered to detect changes in relevant clinical endpoints.

e Three separate trials comprised the CHARM (Candesartan in Heart Failure Assessment of Reduction in
Mortality and morbidity) program, where candesartan, titrated to 32 mg (although the median dose was 24 mg),
was added to standard heart failure therapy in patients with symptomatic heart failure. The primary outcome
was a composite of cardiovascular death or HF hospitalization. See Table 9 for details of the CHARM trials.

e The CHARM Alternative study randomized 2028 patients with LVEF < 40% who were intolerant of ACEls to
candesartan or placebo, in addition to standard HF therapies. The median follow-up was 34 months. The most
common reason for ACEI intolerance was cough, which had occurred in 70% of the participants. Candesartan
showed a significant 23% relative risk reduction in the primary endpoint of cardiovascular mortality and heart
failure hospitalization, which was driven by a reduction in HF hospitalization®

e The CHARM Added study randomized 2548 patients with LVEF < 40% to candesartan in addition to standard
HF therapy, which included ACEIls. The inclusion criteria were similar to VVal-HeFT. Beta-blocker therapy
was administered in 55% of the study participants. After a median follow-up of 41 months, candesartan
resulted in a 15% relative risk reduction in cardiovascular death or hospital admission for heart failure. Patients
who were receiving triple therapy with candesartan, ACEI and beta-blocker also benefited, which is in contrast
to the results of the Val-Heft trial above. **
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e The CHARM Preserved trial was unique in that 3023 HF patients with preserved LV function, defined as an
ejection fraction > 40% were evaluated; this patient population had not been previously evaluated in a large
trial. Only one endpoint reached statistical significance; candesartan therapy resulted in a reduced hospital
admission rate. *?

e The CHARM Overall* trial combined the results of the separate 3 CHARM trials to determine overall mortality
as the primary endpoint. Candesartan showed a 9% relative risk reduction in overall mortality, which was of
borderline significance. Twenty-three patients would need to be treated with candesartan for 3 years to prevent
one cardiovascular death or CHF hospitalization.

Table 9: Summary Results of the CHARM trials

Unadjusted
Primary Outcomes Candesartan Placebo Hazard Ratio P value
(95% Cl)
CHARM Alternative
CV death or CHF 0.0004
hospitalization 334/1013 (33.0%) 406/1015 (40.0%) 0.77 (0.67-0.89)
(ARR 7%; NNT=14)
CV death 219/1013 (21.6%) 252/1015 (24.8%) 0.85 (0.7-1.02) 0.072
CHF hospitalization 207/1013 (20.4%) 286/1015 (28.2%)  0.68 (0.57-0.81) <0.001
CHARM-Added
CV death or CHF 0.011
hospitalization 483/1276 (37.9%) 538/1272 (42.3%) 0.85 (0.75-0.96)
(ARR 4.4%; NNT=23)
CV death 302/1276 (23.7%) 347/1272 (27.3%) 0.84 (0.72-0.98) 0.029
CHF hospitalization 0.014

309/1276 (24.2%)

356/1272 (28.0%)

0.83 (0.71-0.96)

(ARR 3.8%; NNT=27)

CHARM Preserved

CV death or CHF

eath or 333/1514 (22%) 366/1509 (24.3%)  0.89 (0.77-1.03) 0.118
hospitalization

CV death 170/1514 (11.2%)  170/1509 (11.3%) _ 0.99 (0.80-1.22) 0918
CHF hospitalization 24171514 (15.9%) _ 276/1509 (18.3%) _ 0.85 (0.72-1.01) 0072
CHARM Overall

All-Cause mortality 886/3803 (23%) 945/3796 (25%)  0.91 (0.83-1.00) 0.055
(1° endpoint)

CV death or CHF

hospitalization (2° 1150/3803 (30.2%)  1310/3796 (34.5%)  0.84 (0.77-0.91) <0.0001
endpoint)

CV death (2° 693/3803 (18.2%)  796/3796 (20.3%)  0.88 (0.79-0.97) 0.012
endpoint)

CHF hospitalization <0.0001

(2°endpoint)

757/3801 (19.9%)

1369/3796 (24.2%)

0.84 (0.72-0.87)

(ARR 4.3%; NNT=23)

CV = cardiovascular
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e Meta-analyses: The AlIRASs have yet to be shown to be equivalent or superior to the ACElIs in patients with
HF. According to a recent meta-analysis of 12,469 patients from 17 trials, the AlIRAs were not found to be
superior to an ACEI in reducing mortality or hospitalizations. There was a trend toward improved mortality and
hospitalizations with an AIIRA compared to placebo in patients not on an ACEI, and the combination of an
AIIRA and ACEI significantly reduced the risk of hospitalizations compared to patients on an ACEI alone. The
results of the ELITE Il and Val-HeFT trials were included in the meta-analysis.*® In a previous meta-analysis
of 1,896 patients, losartan contributed to a mortality benefit compared to a control group of either placebo or an
ACEL, but this meta-analysis did not include the more recent outcome trials with an AIIRA in patients with HF
(ELITE Il and Val-HeFT).*" In Val-HeFT, combination with an ACEI and an AIIRA significantly reduced the
combined primary endpoint in patients not on a beta-adrenergic blocker, although the reduction in mortality was
not significant.*

HF Outcomes Trials Discussion: (See Appendix C for study summaries). The Val-HeFT trial evaluated
whether an AIIRA plus ACEI would reduce clinical events compared to an ACEI alone. The addition of
valsartan to standard HF therapy did not affect all-cause mortality, but there was a significant 13.3% reduction
in the combined endpoint of all-cause mortality and morbidity, which was driven by CHF hospitalization.
Concomitant therapy affected the results. There was benefit when valsartan was added if patients were not
receiving an ACEI or beta-blockers, but increased death and hospitalization if patients were receiving both an
ACEI and beta-blocker. Valsartan is FDA approved for treating HF in patients intolerant of an ACEI.

The ELITE 1l trial was conducted to evaluate whether losartan was superior to captopril in reducing clinical
events. Since ELITE Il was not designed as an equivalency study, the conclusion is that losartan is not superior
to captopril, and in fact the data showed trends favoring the ACEI.

An early pilot trial of candesartan for heart failure (RESOLVD) was prematurely discontinued. The CHARM
program conducted in over 7000 patients found candesartan, in addition to standard HF therapies, resulted in a
statistically significant reduction in cardiovascular death/HF hospitalization in patients with a LVEF <40%.
This benefit was seen in patients who were intolerant of ACElIs, and when candesartan was added to ACEls.
The results were not statistically significant in patients with preserved LV function. Candesartan is not
currently approved by the FDA for use in HF, but is under review, with an action anticipated by June 2004.

Current national guidelines for HF recommend using an ACEI as first line for HF, and reserving AlIRAs for
patients unable to take ACEIs, however, they were released prior to the availability of the CHARM results.
Since the benefits of an ACEI in conjunction with a beta-adrenergic blocker is well-defined, an AIIRA should
not be prescribed prior to an ACEI but should considered if the patient is intolerant to an ACEI or unable to take
a beta-adrenergic blocker. Results of the CHARM (Candesartan in Heart failure: Assessment of Reduction in
Mortality and morbidity) studies confirm this recommendation. According to the results of CHARM-Added, an
AIIRA may be beneficial in combination with an ACEI and beta-adrenergic blocker in reducing cardiovascular
death and HF hospitalizations, however, the effect on all-cause mortality requires further study.

HF Outcomes Trials Conclusion: Both candesartan and valsartan have convincing data to show benefit in
patients with HF, especially in patients who are intolerant of ACEIs. Valsartan has an FDA indication for HF,
while candesartan does not. The CHARM trials used a candesartan dose titrated to 32 mg once daily, in
contrast to the Val-HeFT study where valsartan was titrated to a dose of 160 mg bid. The CHARM-Added and
Val-HeFT trials represented the most similar patient populations and study design. It is difficult to determine
the relative clinical effectiveness between candesartan and valsartan for HF, as differing primary endpoints
were used, (cardiovascular mortality was used in CHARM, and all-cause mortality was evaluated in VVal-HeFT).
If the secondary endpoint of HF hospitalization is used 22 patients would need to be treated with valsartan for
23 months, and 13 patients would need to be treated with candesartan for 41 months to prevent one
hospitalization for HF. The use of losartan for HF is not approved by the FDA, and the results of the ELITE Il
trial are less supportive of its use for HF than candesartan or valsartan.
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Acute MI Outcomes Trials with AIIRAs****

e Losartan: Losartan (target dose 50mg qd) was recently compared to captopril (target dose 50mg tid) in 5477
high-risk (i.e., signs and symptoms of HF or Q-wave MI) patients with acute Ml (OPTIMAAL,; Optimal Trial in
Myocardial Infarction with the Angiotensin Il antagonist Losartan). After a mean follow-up of 2.7 years, the
primary endpoint of all-cause mortality occurred in 18% of patients on losartan and 16% of patients on captopril
(RR 1.13 C1 0.99-1.28, P=0.07). There was also not a statistically significant difference between treatment
groups in the secondary (i.e., sudden cardiac death or resuscitated cardiac arrest) and tertiary (i.e., fatal or non-
fatal reinfarction) endpoints. “* Due to the study design, superiority or non-inferiority of losartan relative to
captopril was not shown. Several researchers have speculated that the dose of losartan was sub-optimal in this
study.

e Valsartan: The Valsartan in Acute Myocardial Infarction Trial (VALIANT)* evaluated the effects on
mortality of valsartan (target dose of 160 mg BID), captopril (target dose of 50 mg TID) and the combination of
valsartan and captopril (target dose of 80 mg bid and 50 mg TID, respectively) in 14,808 high-risk (i.e. signs
and symptoms of acute HF, or LV systolic function) patients with an acute MI. Valsartan was as effective as
captopril in reducing the primary end-point of all-cause mortality in post-MI patients (19.9% mortality in the
valsartan group vs 19.5% in the captopril group; hazard ratio for death 1.00 (0.90-1.11; p=0.98). The
combination of captopril plus valsartan resulted in an increased incidence of adverse events, without improving
survival (19.3% mortality in the combination vs 19.5% with captopril). Similar results were seen for the
composite secondary endpoint of fatal and nonfatal cardiovascular events. (See table 10).

e VALIANT also showed that the combination of an ACE, AIIRA and a beta-blocker did not lead to higher
mortality (unlike in Val-HeFT). Triple therapy was used in over 6,000 patients. Valsartan was at least as
effective as captopril in reducing the risk of major cardiovascular events.

Table 10: Summary results of the VALIANT trial

Captopril Valsartan Combination Hazard Ratio

Outcomes - = = compared with P Value
(n=4909) (n=4909) (n=4885) captopril (97.5% Cl)
1° Endpoint: VAL: 1.00 (0.90-
All-cause 958 979 1.11) VAL: 0.98
talit 941 (19.3%)
mortality (19.5%) (19.9%) Combo: 0.98 (0.89-  Combo: 0.73
1.09)
2° Endpoint: VAL: 0.95 (0.88-
Combined CV 10.3) VAL: 0.20
death, recurrent 311583/ 3115%3 1518 (31.1%)
M1, HF (31.9%) (31.1%) Combo: 0.97 (0.89-  Combo: 0.37
hospitalization 1.03)

Acute MI Outcomes Conclusion: (See Appendix D for study summaries). The results of one large clinical
trial support that valsartan, 160 mg BID, was as effective as captopril in reducing overall mortality in patients
with acute MI and symptomatic HF. Novartis has filed a supplemental NDA with the FDA seeking approval
for a new indication for valsartan to improve survival and reduce cardiovascular events in patients at high risk
after surviving a heart attack, based on the results of the VALIANT trial. A trial with losartan conducted in
similar patients was not able to show benefits above that achieved with captopril.
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Diabetic Nephropathy Outcomes Trials

Irbesartan: Inthe IRMA 2 trial (Irbesartan Microalbuminuria type 2 Diabetes Mellitus in Hypertensive Patients)
590 type 2 diabetics with hypertension and microalbuminuria were randomized to irbesartan 150 mg, irbesartan 300
mg or placebo. The patients had normal glomerular filtration rate (GFR), but early renal disease. The trial lasted 2
years. The primary endpoint of time to progression from microalbuminuria to onset of diabetic nephropathy (overt
proteinuria) was significantly reduced with the 300 mg irbesartan treatment group (5.2% vs 14.9%, respectively,
p<0.001). The 150 mg irbesartan dose was less effective. The benefit of the 300 mg irbesartan dose was similar,
regardless of blood pressure or glycemic control. *°

The renoprotective effect of irbesartan was also evaluated in the IDNT (Irbesartan Type 2 Diabetic Nephropathy
Trial), where 1715 patients with type 2 diabetes and nephropathy received either irbesartan 300 mg qd, amlodipine
10 mg or placebo controlled antihypertensive agents (ACEIls were excluded) in a randomized manner for 2.6 years.
The primary endpoint was the time to first occurrence of a composite of mortality, doubling of SCr, and ESRD
(defined as renal transplantation, permanent dialysis, or SCr >6). Secondary endpoints included cardiovascular,
rather than renal outcomes. Irbesartan was associated with a risk of the primary composite endpoint that was 20%
lower vs placebo (p=0.02) and 23% lower vs amlodipine (p=0.006) (relative risk). There was no significant
difference with irbesartan when only death or ESRD was considered. Irbesartan efficacy compared to amlodipine
was primarily due to a delay in the doubling of SCr. The irbesartan group had low enroliment of African
Americans, compared to the other groups.”® An FDA Advisory committee questioned the use of doubling of SCr as
a marker for renal disease progression. However, based on the results of these two trials, the FDA granted approval
for irbesartan labeling to include treatment of “diabetic nephropathy with an elevated serum creatinine and
proteinuria. Irbesartan reduces the rate of progression to nephropathy, as measured by the occurrence of doubling of
serum creatinine and end stage renal disease (need for dialysis or renal transplant)”. (See Table 11).

Table 11: Summary Results of the IDNT trial

Endpoint Results RR (95% CI) P Value

Primary Composite Endpoint
(mortality, SCr doubling, ESRD)

IRB vs placebo IRB: 189/579 (32.6%) vs P: 222/569 ( 39%) 0.80 (0.66-0.97) 0.02

IRB vs AML IRB 189/579 (32.6%) vs AML: 233/567 (41.1%) 0.77 (0.63-0.93) 0.006
Doubling of SCr

IRB vs placebo IRB: 98/579 (16.9%) vs P:135 /569 (23.7%) 0.67 (0.52-0.87) 0.003

IRB vs AML IRB: 16.9% vs AML: 233/567 ( 25.4%) 0.63 (0.48-0.81) <0.001
ESRD

IRB vs placebo IRB 82/579 (14.2%) vs P: 101/569 (17.8%) 0.77 (0.57-1.03) 0.07

IRB vs AML IRB 14.2% vs AML 104//567 (18.3%) 0.77 (0.57-1.03) 0.07
Death from any cause

IRB vs placebo IRB 87/579 (15%) vs P: 93/569 (16.3) 0.92 (0.69-1.23) 0.57

IRB vs AML IRB 15% vsAML:83/567 (14.6%) 1.04 (0.77-1.40 0.80

IRB = irbesartan; AML = amlodipine; P= placebo

Losartan: Losartan was evaluated in 1500 type 2 diabetics with proteinuria (nephropathy) in the Reduction of
Endpoints in Patients with NIDDM with the Angiotensin Il Antagonist Losartan (RENAAL) trial. Losartan 50 mg
qd (which could be increased to 100 mg qd for blood pressure control) was compared to placebo in addition to anti-
hypertensive medications for 3 years. The antihypertensive drugs excluded ACEIls. The primary endpoint was a
composite of doubling of SCr, ESRD (need for chronic dialysis or renal transplantation), or death. In the losartan
group, 71% received a dosage of 100 mg qd. Losartan reduced the risk of the primary composite endpoint by 16%
compared to placebo (p=0.02). Losartan decreased the progression to ESRD by 28% (p=0.002) and reduced the
doubling of SCr by 25% (p=0.006) vs conventional controlled placebo group, but had no effect on the rate of death
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(p=0.88). Losartan is labeled for the treatment of diabetic nephropathy with an elevated serum creatinine and

proteinuria in patients with type 2 diabetes and hypertension. (See Table 12).

Table 12: Summary Results of the RENAAL Trial

Losartan Placebo o

Outcomes (n=751) (n=762) RRR (95% CI) P Value
1° Endpoint:
Composite of
doubling of 327 (44%) 359 (47%) 16% (2 to 28) 0.02
SCr, ESRD, or
death
2° Endpoint: o 0 o
Doubling of SCr 162 (22%) 198 (26%)  25% (8 to 39) 0.006
2° Endpoint: 147 (20%)  194(26%)  28% (11 to 42) 0.002
ESRD
2° Endpoint: o 155 v
Death 158 (21%) (20.2%) 2 (-27t0 19) 0.9

A side-by-side comparison of the IDNT and RENAAL trial is included in Table 13.

Table 13: Summary Results of the IDNT and RENAAL trials

Parameter IDNT* RENAAL
Drug Irbesartan Losartan
Entry criteria Type 2 DM Type 2 DM
HTN
Proteinuria Proteinuria
Increased SCr Increased SCr
N 1715 1513
Comparators Irbesartan 300 mg (579) Losartan 50-100 mg (751)

Amlodipine 10 mg (567)
Placebo (569)

Placebo (762)

Mean duration 2.6 yrs 3.4 yrs
1° Endpoint SCr doubling SCr doubling
ESRD ESRD
Death Death
(Composite) (Composite)
Results
Absolute Irbesartan 33% Losartan 43.5%

(% reaching 1° endpoint)

Placebo 39%

Placebo 47.1%

Results
Relative Irbesartan 20% Losartan 16%
(% reaching 1° endpoint vs (C10.66-0.97) (C10.72-0.98)
placebo)
P value 0.02 0.02
Results SCr: 33% 4 vs placebo SCr: 25% 4 vs placebo

(Relative risk)

ESRD: 23% { vs placebo
Death: NSD

ESRD: 28% { vs placebo
Death: NSD

* amlodipine results not shown in table.

Other Renal Endpoint Trials

The Microalbuminuria Reduction with Valsartan (MARVAL) study was a recent trial in 332 patients with type 2
DM and microalbuminuria (with or without HTN) that compared the percent change in UAE rate from baseline to
24 weeks with valsartan (mean dose 122mg) or amlodipine (mean dose 8mg). Doses were titrated to a target BP of
135/85 mm Hg. The UAE rate in patients on valsartan was 56% (Cl 0.496-0.63) of baseline compared to 92% (CI
0.817-1.037) of baseline with amlodipine (P<0.001). Results were similar in the patients who were normotensive
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vs. hypertensive at baseline. In evaluating the secondary endpoint of the study, significantly more patients on
valsartan demonstrated a return to normoalbuminuria (UAE rate < 20 ug/min) compared to patients on amlodipine
(29.9% vs. 14.5%, respectively; 15.4% difference, Cl 0.056-0.258; P<0.001).“® This study was not powered to
evaluate mortality. In a study evaluating 147 normotensive (BP < 150/90 mm Hg) patients with type 2 DM, there
was a relative reduction of 43% in UAE rate with losartan 100mg compared to placebo at 10 weeks.*

Studies comparing an ACEI to an AIIRA

Candesartan: The Candesartan and Lisinopril Microalbuminuria (CALM) study compared the effects of
candesartan 16mg, lisinopril 20mg, or the combination on UAE and BP in 197 patients with HTN, type 2 DM, and
microalbuminuria for a total of 24 weeks. There was a statistically significant reduction in BP in all treatment
groups, with the greatest reduction in patients on combination therapy. Urinary albumin:creatinine ratio was
reduced with candesartan (24%, CI 0-0.43; P=0.05), lisinopril (39%, CI 0.20-0.54; P<0.001), and combination
therapy (50%, CI 0.36-0.61; P<0.001). Combination therapy decreased the urinary albumin:creatinine ratio 34%
compared to patients on candesartan alone (P=0.04). The difference between combination therapy and lisinopril was
not statistically significant.>

Losartan: Inthe COOPERATE trial, 263 patients with non-diabetic renal disease were randomized to losartan
100mg, trandolapril 3mg, or the combination. The combined primary endpoint of doubling serum creatinine
concentration or ESRD was reduced in the combination group compared with those on losartan (HR 0.40, C1 0.17-
0.69; P=0.016) or trandolapril (HR 0.38, C1 0.18-0.63; P=0.018).>" In another study, losartan 50mg was compared to
enalapril 20mg in 93 patients with HTN. There were similar reductions in blood pressure and a significant reduction
in UAE rate with the two agents. The effect on UAE was more evident in the patients with baseline
microalbuminuria.®* Losartan was also compared to enalapril in a study of 16 patients with type 1 DM and
nephropathy for 2 months. The blood pressure was decreased in both groups. There was not a statistically
significant difference between losartan 100mg and enalapril 20mg in the reduction in UAE.*® In another trial
comparing losartan with enalapril in 92 patients with HTN and type 2 DM with early nephropathy, blood pressure
and UAE significantly decreased in both treatment groups after one year.>*

Valsartan: In a study comparing valsartan with captopril in 122 patients with type 2 DM and microalbuminuria,
valsartan demonstrated a similar reduction in UAE rate as captopril after 1 year of follow-up.>

Diabetic Nephropathy Discussion: Nephropathy is characterized by proteinuria and decreasing glomerular
filtration rate. In both type 1 and 2 diabetics, the presence of albuminuria is associated with increased
cardiovascular morbidity and mortality. Diabetic patients are more likely to die of cardiovascular events than renal
events. If microalbuminuria (urinary albumin excretion 30 to 300 mg/24 hr) is found, screening for possible
vascular disease and measures to reduce all cardiovascular risk factors (e.g. lowering of LDL cholesterol,
antihypertensive therapy, smoking cessation, exercise, etc) are indicated. Hypertension and renal disease are both
independent risk factors for cardiovascular events.

Surrogate markers of kidney outcome risk such as proteinuria can be improved with lower BP, but these surrogate
markers may not accurately predict more clinically significant events such as doubling of SCr, need for dialysis or
renal transplant, or death due to kidney failure. RENAAL and IDNT were designed to look at renal outcomes, not
cardiovascular outcomes. The composite outcomes in both the RENAAL and IDNT trials have been accepted by
the nephrology community as the gold standard for evaluating drug treatment of nephropathy; the endpoints are
similar to those used in the landmark 1993 Collaborative Trial, which first showed the benefit of ACElIs in slowing
renal disease progression. Candesartan (CALM) and valsartan (MARVAL) evaluated a surrogate outcome, albumin
excretion rate and were only 24 weeks in duration.

Several trials have evaluated the use of an ACEI in patients with type 1 DM or type 2 DM with proteinuria or
diabetic nephropathy with favorable results.>®®® In 94 patients with type 2 DM (HbA. 10.4%) and
microalbuminuria, there was an absolute risk reduction of 30% (95% CI, 15-45%) in the development of overt
proteinuria (UAE rate > 300mg/24hr) with enalapril 10mg compared to placebo (P<0.001) after 5 years (NNT=3).%°
This benefit was extended to 7 years in a follow-up evaluation.®
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From the results of the trials discussed above, it appears that an AIIRA is an effective treatment for patients with
type 2 DM and microalbuminuria or nephropathy.® Losartan and irbesartan recently received FDA approval in the
treatment of nephropathy in patients with type 2 DM and HTN. However, long-term outcome trials comparing an
ACEI to an AIIRA are needed to determine if these agents provide similar benefit in treating patients with DM and
microalbuminuria or nephropathy and if combination therapy provides any significant benefit over an ACEI alone.
Therefore, an ACEI is preferred in patients with DM and microalbuminuria or nephropathy and an AIIRA may be
considered in patients who are unable to tolerate an ACEI.

Diabetic Nephropathy Conclusion

(See Appendix E for study comparisons). Losartan and irbesartan have both been studied in type 2 diabetic patients
with nephropathy and were shown to reduce the primary outcome used in both studies (RENAAL, and IDNT),
which is the well-accepted composite of SCr doubling, ESRD and mortality. Over 1500 patients were enrolled in
both trials. Losartan was effective in reducing the risk of doubling of SCr and reducing ESRD progression, but had
no effect on mortality. Similar results were seen with irbesartan. The relative benefit was 20% with irbesartan and
16% for losartan. Both irbesartan and losartan are labeled for use in diabetic patient with nephropathy. An
additional study with irbesartan, IRMA-2 supports that a dose of 300 mg is more effective than 150 mg qd in
patients with DM and microalbuminuria.

Candesartan and valsartan have been evaluated in two separate trials (CALM and MARVAL) assessing urinary
albumin excretion rate. Less than 350 patients were enrolled in these trials. Candesartan and valsartan both showed
positive results in reducing microalbuminuria, however, the short duration of these trials (24 weeks) did not
establish whether these findings would translate into clinical benefit. Neither candesartan nor valsartan have FDA-
approved labeling for use in diabetic nephropathy.

Other Outcomes Trials under investigation

DETAIL (Diabetics exposed to telmisartan and enalapril), which is comparing an AIIRA and an ACE in patients
with mild to moderate hypertension and diabetic nephropathy, is planned for completion in 2005.

HEAAL (Heart Failure endpoint Evaluation with the Angiotensin 1l Antagonist Losartan) is a study comparing
losartan 50 mg and 150 mg dosages in a heart failure population.

I-PRESERVE (Irbesartan in Heart Failure Preserved Systolic Function) will compare irbesartan with placebo in
patients > age 60 years with a diagnosis of HF and a LV ejection fraction >45%. The primary end points are death
and hospitalization for cardiovascular disease.

ONTARGET (Ongoing Telmisartan Alone and in Combination with Ramipril Global Endpoint Trial) is underway in
patients with coronary artery disease, peripheral vascular disease, or diabetes with end-organ damage. Telmisartan
80 mg, ramipril 10 gm and the combination of telmisartan 80 mg and ramipril 10 mg are being compared. To date,
over 20,000 patients have been enrolled, with study completion expected by 2007.

TRANSCEND: (Telmisartan Randomized Assessment Study in ACE-I Intolerant Patients with Cardiovascular
Disease) will investigate telmisartan or placebo in patients unable to tolerate ACEIs, comparing the primary
endpoint of a composite of cardiovascular death, M, stroke or HF hospitalization.

VALUE (Valsartan antihypertensive long-term use evaluation). Head to head comparison of valsartan vs
amlodipine in 15,314 hypertensive patients with at least one additional risk factor for cardiovascular events.
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Safety / Tolerability 1:23,30,32,46,47,62-86

Serious Side Effects3234394187103

Angioedema—Angioedema has been reported with AIIRAs but to a much lesser degree than ACEls. This may be
due to the fact that ACEIs have been available for a longer period of time and have been used in more patients; or
this phenomenon could be provoked through a mechanism not triggered by AlIRAs. The exact mechanism is
unknown; in ACElIs, it is thought to be related to bradykinin accumulation. The incidence of angioedema in patients
taking ACEIs is approximately 0.1-1.2%. In a large, multicenter, randomized controlled trial with candesartan in
patients with HF and a history of ACEI intolerance, 3 of 1013 patients randomized to candesartan experienced
angioedema. One of these patients required discontinuation of the drug (0.1%). All 3 cases occurred out of the 39
patients who previously experienced angioedema or anaphylaxis on an ACEI (7.7%). None of the 1015 patients
who received placebo experienced angioedema.*' There have been a number of published case reports of
angioedema in patients treated with an AIIRA. In approximately one third of these cases, the patients previously
experienced angioedema with an ACEI. Therefore, an AIIRA should be used with caution in patients who have
previously experienced angioedema.

Renal Failure—In patients whose renal function may depend upon the activity of the renin-angiotensin-aldosterone
system, treatment with AIIRAs and ACEIs has been associated with acute renal failure. These drugs are capable of
reducing intraglomerular filtration pressure by causing dilation of the efferent renal arterioles. These agents can
cause renal failure in a patient with bilateral renal artery stenosis or severe cardiac insufficiency.

Hyperkalemia—AIIRAs, like ACEIs, decrease release of aldosterone from the adrenal cortex, which can lead to
potassium reabsorption. According to information from manufacturers, rises in potassium levels have been
associated with these drugs, but clinical significance is either minor or not addressed. This low incidence could also
be due to the shorter time frame that AIIRAs have been available. It is unclear at this time if treatment with an
AIIRA would be an appropriate alternative in patients who develop hyperkalemia on an ACEI. In SOLVD,
hyperkalemia with potassium levels greater than 5.5 mmol/L was reported in 6.4% of patients on enalapril compared
to 2.5% of patients on placebo. Inthe ELITE Study, an increase in serum potassium of > 0.5 mmol/L above
baseline was observed in 22.7% patients receiving captopril compared to 18.8% of patients on losartan. The
proportion of patients with potassium levels > 5.5 mmol/L did not differ significantly among the treatment groups in
the RESOLVD Pilot Study. In the CHARM-Overall programme, hyperkalemia resulted in discontinuation of study
drug in 2.2% of patients on candesartan compared to 0.6% patients on placebo (P<0.0001). In the overall analysis,
41% of patients received concomitant treatment with an ACEI and approximately 17% were on spironolactone.*
The VAL-K Study Group reported that the change in serum potassium was not significantly different in patients on
lisinopril compared to valsartan with renal insufficiency. In patients with a GFR < 60mL/min/1.73 m?, there was a
significant increase of 0.28 mEqg/L (P=0.04) above baseline (4.6 mEg/L). The increase of 0.12 mEqg/L seen with
valsartan in this subgroup was not significant (P=0.1).

Adverse Event Profile

The AIIRA adverse effect profile is similar to that of placebo in clinical trials.

No AIIRA has a specific, dose-dependent adverse effect that can be attributed to the drug itself.

All the AIIRAs appear to be well tolerated.

Published, long-term safety/tolerability data are not available for olmesartan.

Cough: ACEIs have an incidence of cough ranging from 5 to 39%. Unlike ACEIls, AIIRAs have an
incidence of cough comparable to placebo (1.6-3.4%). In the ELITE Study, 3.8% of patients on an ACEI
withdrew from the study due to complaints of cough compared to 0% of patients treated with an AIIRA. In
the CHARM-Alternative trial, over 70% of patients randomized to candesartan experienced previous
intolerance to an ACEI due to cough. In this trial, cough was the reason for discontinuation in 0.2% of
patients on candesartan compared to 0.4% patients on placebo.*' A number of trials evaluating
candesartan, losartan, telmisartan, or valsartan in patients with previous ACEI induced cough showed that
patients treated with an AIIRA complained of cough similar to that seen with placebo (15.6%-36.7%
AlIRA, 9.7%-31.4% placebo), but statistically significantly less than seen when an ACEI was included (60-
97%)."**"*° In trials specifically evaluating cough as a side effect, cough was reported in 1.5%-12.9% of
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patients on eprosartan compared to 5.4%-23% of patients receiving an ACEL'**'** Use of an AIIRA can
be considered in patients who are unable to tolerate treatment with an ACEI due to cough, although there is
a slight chance that patients may develop a cough with an AlIRA.

Adverse experiences have generally been mild and transient in nature and have rarely required drug
discontinuation. The overall incidence of adverse events is comparable to placebo as shown in Table 14.

In addition, the AIIRAs have been studied in large [candesartan (n>6000), irbesartan (n>500), losartan
(n>9000), and valsartan (n>7000)], long-term (> 1 year in duration), randomized, multicenter, controlled,
outcome trials with discontinuation due to adverse events either less than (irbesartan) or similar to
(losartan) placebo in patients with diabetic nephropathy, or greater than placebo (candesartan, valsartan) in
patients with HF. The AIIRAs candesartan, losartan, irbesartan, and valsartan, have been shown to result in
less discontinuations due to adverse events compared to active control in these large trials including
patients with HF (losartan), elderly patients with HTN (candesartan), HTN and LVVH (losartan), HF post-
MI (losartan, valsartan), and diabetic nephropathy (irbesartan).?”2%323343:4445:47 pyplications of pooled
analyses of the safety and tolerability of irbesartan (n~1900) and losartan (n~2900) showed that patients on
these agents experienced adverse events similar to placebo.'** An integrated analysis of safety from seven
studies of 6 to 12 weeks duration in ~2500 patients (5,888 patient months) on olmesartan demonstrated a
similar incidence of treatment-emergent adverse events compared to placebo, with the exception of
dizziness that occurred in 2.8% on olmesartan vs. 0.9% on placebo (P=0.01).""* The long-term tolerability
of telmisartan was demonstrated in a 52-week trial with over 300 patients where patients on telmisartan
experienced fewer side effects related to treatment compared to an ACEL.'** The long-term safety of
eprosartan was evaluated in an open-label trial of over 500 patients who completed 12 months and ~300
patients on eprosartan for 24 months. It was reported that the safety profile of eprosartan was similar to
short-term placebo-controlled trials."*® Published, post-marketing surveillance data of over 12,000 patients
on valsartan identified no unexpected serious adverse events.'*” Candesartan, losartan, and valsartan have
been studied most extensively in long-term outcome trials. Irbesartan has also been studied in a long-term
outcome trial but with fewer patients. Eprosartan, telmisartan, and olmesartan do not have published safety
results from long-term outcome trials but have demonstrated that they are safe with either collective data
from short-term trials (olmesartan), or an open-label (eprosartan) or randomized controlled trial
(telmisartan) lasting one year or longer evaluating the safety and efficacy of these agents in approximately
300-500 patients.

Losartan decreases serum uric acid and increases urinary uric acid secretion. A study was conducted in 63
patients with hypertension to determine if the uricosuric effects of acute and chronic doses of losartan
increase the risk of urate nephropathy in the presence of thiazide-induced hyperuricemia. The authors
concluded that administration of losartan to patients with hypertension did not increase the risk of urate
nephropathy, even in the presence of thiazide-induced hyperuricemia. A cross-over comparison trial of 13
hypertensive patients with hyperuricemia and gout were treated with irbesartan or losartan and found
losartan to have statistically significantly lower serum uric acid levels compared with irbesartan.'*® In
another trial of 58 patients with HTN comparing eprosartan with losartan, an increase in uric acid excretion
was seen with losartan but not with eprosartan.'® The decrease in serum uric acid was not significantly
different at week 4 between the two groups. The clinical significance of these effects is unknown.

There does not seem to be any discernable difference in adverse effects (AE) or adverse effect dropout rates
(AEpp) among drugs. See table below:

Table 14: AllIRA Adverse Events and Dropout Rates "9!1121472100-115

Losartan Valsartan Irbesartan Candesartan Telmisartan Eprosartan Olmesartan

AE % 26.7 - 46.8 15 -46.6 43.7 - 56 11.3-54 54.8 - 69.9 455 - 64 42.2

(n) (2371) (1350) (1419) (554) (365) (276) (2540)
AE % 27.9-52.0 17-63.4 52.7 - 56 159-61 48.7 - 69.1 51.7 -57 42.7
Placebo (727) (746) (821) (257) (157) (198) (555)

(n)

AEpo % 23-144 0.73-2.3 0-25 1.2-3.7 14-6.9 3.3-6.3 2.4

(n) (2371) (1052) (569) (285) (478) (276) (3278)
AEpo% 3.7-18.6 21-33 1.3-34 35-48 6.7-9.2 7.5-10.5 2.7
Placebo (n) (727) (598) (282) (148) (214) (198) (1179)

*AE included clinical, laboratory and ineffective therapeutic effect.
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Drug Interactions

65-72,116-126

Candesartan, losartan, telmisartan, and valsartan have been reported to have potentially significant drug
interactions where monitoring may be required.

Losartan: Losartan may increase the reabsorption of lithium; monitor levels and for signs of toxicity. The
antihypertensive effect of losartan may be decreased with concomitant administration of indomethacin.
Patients should be monitored for change in blood pressure control. Fluconazole has increased losartan
AUC (66%) and Cmax (30%) and decreased E-174 (the active metabolite of losartan) AUC (43%) and
Cmax (56%). The clinical significance of this drug interaction is unknown, although it has been
recommended to monitor patients for continued control of HTN. Rifampin decreased the AUC of losartan
(35%) and E-174 (40%). The half-life of both losartan and E-174 are decreased 50% by rifampin. It is
recommended that blood pressure control be monitored due to this drug interaction. Phenobarbital
decreases the AUC of losartan and E-174 by 20%. This drug interaction is thought to have minor clinical
significance.

Telmisartan: The manufacturer states that telmisartan has been shown to increase peak and trough digoxin
levels by 49% and 20%, respectively. This data being based on a study in healthy volunteers. Ina
subgroup analysis of digoxin levels in 49 patients participating in the REPLACE trial, the change in
digoxin levels ranged from —0.1 to +0.6nmol/L. Four patients with therapeutic digoxin levels prior to the
addition of telmisartan experienced a change in levels to outside the therapeutic range after addition of the
telmisartan. There did not appear to be a difference in safety when these patients were analyzed. However,
as recommended in the manufacturer’s product information, it is prudent to monitor trough digoxin levels
at steady-state in patients receiving digoxin in conjunction with telmisartan. Telmisartan has some
inhibition of CYP2C19, possibly inhibiting the metabolism of drugs metabolized by CYP2C19, clinical
significance unknown. Warfarin trough plasma concentrations may decrease slightly, although this did not
result in a change in INR.

Valsartan: Valsartan may increase the reabsorption of lithium; monitor levels and for signs of toxicity.
Cimetidine increased the AUC (7%) and Cmax (51%) of valsartan, although this was considered to be
clinically insignificant.

Candesartan: Candesartan decreased trough warfarin plasma concentrations, although the prothrombin
time did not change. Increased lithium concentrations have been reported, thus lithium concentrations
should be monitored when co-administered with candesartan.

Irbesartan: Irbesartan has some oxidation by CYP2C9 in vitro. Nifedipine inhibits CYP2C9 but clinical
studies have not shown pharmacokinetic changes with irbesartan.

Potassium-sparing diuretics and potassium supplements used in conjunction with AIIRAs may increase the
risk of hyperkalemia.

Special Populations

e Pregnancy risk factor C (first trimester); D (second and third trimesters)

e Drugs that act directly on the renin-angiotensin-aldosterone system have been associated with fetal and neonatal
injury, including hypotension, neonatal skull hypoplasia, anuria, reversible or irreversible renal failure, and

death.

e Itis not known if AlIIRAs are excreted in human milk, but they are known to be present in rat milk. Risks to the

fetus versus benefits to the mother must be assessed.
e None of the AlIRAs are approved for use in pediatric patients.

e See Table 5 under the dosing and administration for information on hepatic and renal failure dosing of AIIRAs.

Other Factors

Other factors include place in therapy, clinical practice guideline recommendations, dosing/administration,
compliance/convenience issues, and current usage.
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23-62,64,129,130

Place in Therapy

e The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of
High Blood Pressure (JNC 7) guidelines recommend using a thiazide diuretic for most patients with
uncomplicated HTN. Other classes (ACEls, AlIRAS, beta-adrenergic blockers, calcium channel blockers) may
be considered in combination or for treatment of patients with compelling indications.

e The ACEIs have well documented beneficial effects in the treatment and prevention of HF. Losartan has been
shown to be effective in the treatment of HF. Data with valsartan has also shown a benefit in patients with HF
however, there appears to be a detrimental effect in patients treated with an AIIRA in conjunction with an ACEI
and a beta-adrenergic blocker. While there is evidence as to the effectiveness of the AIIRAs in HF, more data
is needed to support the use of AlIRAs for this condition over an ACEI. An AlIRA has not been shown to
provide better outcomes in high-risk patients with acute MI compared to treatment with an ACEI.

e The ACEIs have been shown to be beneficial in slowing the progression of diabetic nephropathy in patients
with type 1 or 2 DM and microalbuminuria. The ACElIs also provide a renal protective effect in patients with
type 1 DM and nephropathy. Outcome trials in patients with type 2 DM and microalbuminuria or nephropathy
have shown that an AIIRA can prevent the decline in renal function. At this time, long-term outcome trials
comparing an ACEI to an AIIRA are needed to determine if these agents provide similar benefit in treating
patients with DM and microalbuminuria or nephropathy. There is evidence to suggest that combination of an
ACEI and AIIRA may be beneficial in patients with type 2 DM and microalbuminuria, however combination
therapy has not been shown to be significantly different than an ACEI alone in this patient population.

e An AlIRA may be considered for use only in those patients who have an indication for an ACEI and who are
intolerant

Clinical Practice Guidelines**

Hypertension: The JNC 7 guidelines recommend that thiazide diuretics be used in patients with uncomplicated
HTN. There are data to suggest the AIIRAs may be beneficial in other disease states (e.g., type 2 DM with
microalbuminuria or nephropathy, HF), although the AIIRAs have not been shown to be superior to the ACElIs in
these patients.

CHF: The 2001 ACC/AHA Guidelines for Evaluation and Management of Chronic Heart Failure are evidence
based and state the following regarding the use of AIIRAs. These guidelines considered the results of the Val-HeFT
trial, but were published prior to the availability of the CHARM trials. Guidelines from the Heart Failure Society of
America have not been updated since 1999, but an update is underway.

e AIlIRASs should not be considered equivalent to or superior to ACEIs in treating HF

e AlIRAs should not be used in treating HF in patients with no prior use of an ACEI

e AlIRAs should not be substituted for ACEI in patients who are tolerating ACEIs with no difficulty

e AlIRAs should be considered instead of ACEIs in patients who are intolerant of ACEIs due to angioedema or

intractable cough
e Therole of AIIRAS as an adjunct to ACEI in HF remains to be defined
e The benefit of an AIIRA in patients with HF taking an ACEI and a beta-blocker requires further study

Utilization — See individual VA or DoD pre-decisional analysis.

Conclusion

Hypertension: All seven AIIRAS are labeled for use in hypertension and appear equally effective for lowering blood
pressure. Losartan has an additional indication to reduce the risk of stroke in hypertensive patients with left
ventricular hypertrophy that does not apply to black patients.

Heart Failure: Valsartan is labeled for use in HF patients intolerant of ACElIs in a dose of 160 mg BID. For
hypertension, valsartan is dosed once daily (usual dosage is 80 mg qd). Candesartan is not approved for use in HF,
but the results of one large trial support its use, and this indication is under review at the FDA. The candesartan
dose used in the CHARM trials was 32 mg qd. Candesartan may be dosed qd or bid in hypertension, but qd dosing
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is more common (usual dose is 16 mg QD). Losartan is not approved for use in HF patients, and the results of one
trial were insufficient to recommend its routine use for this indication. Valsartan is not approved for use in high-risk
patients after an acute MI but a supplemental NDA has been filed with the FDA for this indication and its use is
supported by a long-term outcome trial. Losartan is not approved for use in patients post-MI and its use is not
supported by the results of a long-term outcome trial.

Diabetic Nephropathy: Both irbesartan (dose 300 mg qd) and losartan (dose 50-100 mg qd) are labeled for use in
type 2 diabetic patients with nephropathy, based on two trials evaluating hard outcomes. The usual doses of each
drug for hypertension are irbesartan, 150 mg qd and losartan 50 mg qd. Neither candesartan nor valsartan are
labeled for use in diabetic nephropathy, and, there is insufficient evidence at this time to support their use for this
indication, as only surrogate outcomes have been measured.
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Appendix A: Summary of comparative trials of AlIRAs (AlIRAs vs AIIRAS)

1.  Telmisartan vs. Losartan: Compared telmisartan 40 mg QD, telmisartan 80mg QD, losartan 50 mg QD, and placebo in a 6-week trial
of 223 patients. During the 18-24 hour period after dosing (by ABPM), telmisartan 40 mg and telmisartan 80 mg had significantly
greater reductions in DBP (-6.8 mm Hg and —7.1 mm Hg) than losartan 50 mg (-3.7 mm Hg), P<0.05. For 24 hour mean blood
pressure reduction, telmisartan 40 mg and telmisartan 80 mg had significantly greater reductions in DBP (-7.4 mm Hg and —-8.4 mm
Hg) than losartan 50 mg (-4.9 mm Hg), P<0.05. However, trough supine DBP reduction was only significantly greater in the
telmisartan 80mg group (-9.7 mm Hg) compared to losartan 50mg (-6.0 mm Hg), P<0.05.

2. Irbesartan vs. Losartan: Compared irbesartan 150 mg QD and losartan 50 mg QD in an 8-week trial of 432 patients. At week 4, if
sitting DBP at trough was > 90 mm Hg, the daily dose of either drug was doubled. The mean change in trough sitting DBP at week 8
was significantly greater in the irbesartan group (-10.2 mm Hg) than in the losartan group (-7.9 mm Hg), P<0.02.

3. Irbesartan vs. Losartan: Compared irbesartan 150 mg QD, irbesartan 300 mg QD, losartan 100 mg QD, and placebo in an 8-week trial
of 567 patients. After 8 weeks, the antihypertensive effect of irbesartan 150 mg did not differ significantly from losartan 100 mg.
Reduction from baseline trough sitting DBP with irbesartan 300 mg was greater than losartan 100 mg by 3 mm Hg (P<0.01).

4.  Valsartan vs. Losartan: Compared valsartan 80 mg QD, losartan 50 mg QD, and placebo in an 8-week trial of 1,369 patients. After 4
weeks, doses in all groups were doubled. No significant difference was seen between valsartan and losartan in trough sitting
SBP/DBP. Valsartan showed a slight increase in response rate to losartan (61.6% vs. 54.5%) that reached statistical significance at 8
weeks (P=0.021).

5. Valsartan vs. Losartan: Compared losartan 50mg QD to valsartan 80mg QD in 187 patients for 6 weeks by ABPM. Both losartan and
valsartan significantly reduced mean SeDBP at 6 weeks (-7.2 + 5.0 mm Hg and -6.0 + 7.6 mm Hg, respectively; P<0.001) compared
to baseline. The response rate (SeDBP < 90 mm Hg; SeDBP > 90 mm Hg and a decrease of > 10 mm Hg) was 54% with losartan and
46% with valsartan.

6.  Candesartan vs. Losartan: Compared candesartan 8 mg QD, candesartan 16 mg QD, losartan 50 mg QD, and placebo in an 8-week
trial of 337 patients. After 8 weeks, no significant difference was seen between candesartan 8 mg versus losartan 50 mg. Candesartan
16 mg had a significantly greater drop in DBP (a difference of -3.7 mm Hg) than losartan 50 mg (P=0.013). There was no significant
difference in response rates between any of the active treatment groups.

7.  Candesartan vs. Losartan: Compared candesartan 16 mg QD and losartan 50 mg QD in an 8-week trial of 332 patients. After 4 weeks,
if DBP was >90 mm Hg, patients were titrated to candesartan 32 mg or losartan 100 mg. At week 8, candesartan resulted in a
significantly greater drop in DBP (-11.0 mm Hg) than losartan (-8.9 mm Hg), P=0.016.

8.  Candesartan vs. Losartan: Compared candesartan 32 mg QD and losartan 100 mg QD in an 8-week trial of 654 patients. At week 8,
candesartan lowered trough SBP and DBP significantly more than losartan (-13.3/10.9 vs. -9.8/8.7 mm Hg, respectively; P<0.001).
Peak SBP and DBP were also significantly lower with candesartan compared with losartan (P<0.05). A significantly higher percent of
patients (P<0.05) on candesartan responded and were controlled (62.4% and 56.0%, respectively) than patients treated with losartan
(54.0% and 46.9%, respectively).

9.  Candesartan vs. Losartan: Compared candesartan 8 to 16 mg QD, losartan 50 to 100mg QD, and losartan/HCTZ QD in a 12-week trial
of 1161 patients. After 6 weeks, if DBP was > 90 mm Hg, patients were titrated to the higher dose. At 12 weeks, candesartan
similarly decreased SeSBP/SeDBP -15.8/13.1 mm Hg compared to -14.4/12.4 mm Hg with losartan. A greater BP reduction of > 2.5
mm Hg was seen with losartan/HCTZ compared to either monotherapy.

10. Eprosartan vs. Losartan: Compared eprosartan 600 mg QD and losartan 50 mg QD in a 4-week trial of 60 patients. The primary
endpoint was effect on uric acid metabolism. Blood pressure efficacy was a secondary endpoint. There was no significant difference
in blood pressure efficacy observed between eprosartan and losartan.

11. Olmesartan vs. Losartan, Valsartan, Irbesartan: Compared olmesartan 20 mg QD (n=147), losartan 50 mg QD (n=150), valsartan 80
mg QD (n=145), irbesartan 150 mg QD (n=146) in an 8-week trial evaluating cuff blood pressures and ABPM. There was a
significantly greater decrease in the primary efficacy variable of cuff SeDBP with olmesartan (-11.5 mm Hg) compared with losartan
(-8.2 mm Hg, P=0.0002), valsartan (-7.9 mm Hg, P<0.0001) or irbesartan (-9.9 mm Hg, P=0.0412). The decreases in SeSBP were not
statistically significantly different. The mean decrease in DBP by ABPM was statistically significantly greater with olmesartan (-8.5
mm Hg) compared to losartan (-6.2 mm Hg, P<0.05) and valsartan (-5.6 mm Hg, P<0.05), but not compared with irbesartan (-7.4 mm
Hg, P=0.087). The mean decrease in SBP by ABPM was statistically significantly greater with olmesartan (-12.5 mm Hg) compared
to losartan (-9.0 mm Hg, P<0.05) and valsartan (-8.1 mm Hg, P<0.05), and similar to the reduction with irbesartan (-11.3 mm Hg).

Abbreviations: ABPM = ambulatory blood pressure monitoring; SeDBP=seated diastolic blood pressure; SeSBP=seated systolic blood
pressure
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PG

Excluded secondary HTN, MI or stroke in
past 6 months, angina, HF or LVEF < 40%

LOS: n=4605:

9% 50mg, 18% 50mg + other R,

2% 100mg, 48% 100mg + other Rx

ATEN: n=4588

10% 50mg, 20% 50mg + other Rx, 2%
100mg, 42% 100mg + other Rx

Rx titrated to BP < 140/90 mm Hg
ACEI use prohibited

No diff in CV death or MI when analyzed separately

Fatal or non-fatal stroke was stat sig  with LOS (5%) vs. ATEN (6.7%)
(AHR 0.75, C1 0.63-0.89, P=0.001); ARR: 1.70%

PEP HR 0.85 (P=0.009) if not adjusted for Framingham risk score and
severity of LVH

NNT for PEP: 56
NNT for stroke: 59

Trial Regimens Methods Results Comments
LIFE= Losartan (LOS) | 9193 pts  (92%  white)  w/HTN PEP developed in: Additional outcome measures: total mortality, hospitalization due to angina
vs atenolol (DBP 95-115 mm Hg or SBP 160-200 mm Hg | LOS 508 (11%) vs. ATEN 588 (13%); (AHR 0.87, CI 0.77-0.98, | or HF, resuscitated cardiac arrest, coronary or peripheral revascularization,
R, dm, DD, (ATEN) or both) and LVH (by ECG) P=0.021); ARR: 1.79% new-onset DM; no stat sig difference in these endpoints except for 25%

rate of new-onset DM (P=0.001) (LOS 6% vs ATEN 8%; 24% RRR (CI 12-
36; NNT 52).

Mean BP
LOS 144.1/81.3 mm Hg (¥ 30.2/16.6)
ATEN 145.4/80.9 mm Hg (¥ 29.1/16.8)
Mean dose LOS 82mg
Mean dose ATEN 79mg
At least 44% of LOS and 38% of ATEN patients also received a diuretic
23% LOS and 27% ATEN were not taking study drugs
More pts on ATEN stopped treatment due to ADE vs. LOS (P<0.0001)

Supported by
Merck and Co.

LOS: n=586
8% 50mg, 14% 50mg + other R,
1% 100mg, 50% 100mg + other Rx

ATEN: n=609
5% 50mg, 16% 50mg + other R,
1% 100mg, 46% 100mg + other Rx

Mean age: 67 years
Mean F/U: 4.7 years
PEP: Composite CV death, MI, stroke

No diff in MI or stroke when analyzed separately

CV mortality was stat sig 4 with LOS vs. ATEN (AHR 0.63, CI 0.42-0.95,
P=0.028)

PEP HR 0.73 (P=0.017) if not adjusted for Framingham risk score and
severity of LVH
NNT for PEP: 19.1

TX N PEP P ARR NNT
LOS | 586 | 103 (18%) | 0.031 5.25% | 19
ATEN | 609 | 139 (23%)

Mean age: 67 years TX N PEP P ARR NNT
Mean F/U: 4.8 years LOS 4605 | 508 (11%) | 0.021 1.79% 56
Supported by PEP: Composite CV death, MI, stroke ATEN | 4588 | 588 (13%)
Merck and Co.
LIFE24 1195 pts (86% white) wHTN (DBP 95-115 PEP developed in: Total mortality stat sig 4 with LOS vs. ATEN (P=0.002)
(Diabetes) mm Hg or SBP 160-200 mm Hg or both), | LOS 103 (18%) vs. ATEN 139 (23%); (AHR 0.76, Cl 0.58-0.98, Mean BP
R, dm, DD, LVH (by ECG), DM P=0.031); ARR: 5.25% LOS 146/79 mm Hg (¥ 31/17)
PG Exclusion criteria as listed in LIFE ATEN 148/79 mm Hg ( 28/17)

Mean Glucose
LOS 9.41 mmol/L (1 0.05)
ATEN 9.52 mmoliL (T 0.05)

Clinical albuminuria reported in 8% and 11% of patients on LOS and ATEN,
respectively

27% LOS and 32% ATEN were not taking study drugs; open label AIIRA or
ACEI could have been used after study drug discontinued

Abbreviations: AHR: adjusted hazard ratio; R = randomized, DM = double masked; DD = double dummy
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Appendix C: Heart Failure Outcomes trials for AlIRAs
Trial Regimen Methods Results Comments
Valsartan (VAL) + » NSD in all-cause mortality
VALHefFT30 standard care vs N=5010; mean age 62 yrs PEP Results » Val was sig better than placebo in the combined endpoint
Placebo + LVEF <40% Tx ‘ N PEP | p | ARR ‘ NNT > Benefit of vals was driven solely by stroke reduction
R,DB, standard care Mean duration 23 months RFCATEE TG > 63°t/)o of pts wer? NYHAhII . o
placebo » Subgroup analysis showed VAL + BB + ACEl ha
controlled MC | Standard care Val dose: initial was40 mg BID titrated to 160 Val | 2511 | 495 (19.7%) 0.80 03 NA increased mortality
Supported by | could include mg BID = 2488 | 484 (19.4%) » In the 7% of pts not receiving an ACEl, an ARB was
Novartis ACEI, diuretics, Usual care: ACEI 93%, BB 36%, ACEI + BB CoTbea Mo and o beneficial (44% reduction in the combined endpoint and a
digoxin and beta 30% diuretics 86%, dig 67% Val | 2511 | 723 (28.8%) 0,009 31 3l 33.1% reduction in mortality.
blockers PEP: all-cause mortality; combined mortality P 5488 | 801 (32:1%) ' ' » Mean VAL dose: 254 mg
an(_i morbidity (hosp for CHF, cardiac arrest, Hospitalization for HF (2° Endpoini) » Target VAL dose was achieved in 84%
IV inotropes for 4 hours); Val | 2488 | 348 (13.8%) <0001 | 24 >3 » Standard dose of captopril was 80 mg
P 2511 | 455 (18.2%)
Candesartan (C) | 7601 pts; mean age 66yrs » CDC'din23%
CHARM vs placebo NYHA class: 45% II, 52% Ill, 3% IV » 63% at target dose (32mg) at 6 months
Overall®® EF < 40%: 57%; EF > 40%: 43% » P=0.032 for covariate adjusted HR for PEP
F/U: median 37.7 months » Survival benefit not seen in pts w/EF > 40%
R, DB, Co, C (mean 24mg at 6 months) x N PEP P ARR | NNT
PG, MC 41% ACEI, 55% BB, 83% diuretics, 43% c 3803 | 886 (23%) | 0.055 16% | 63
Supported by dig, 17% SPL i 3796 | 945 (25%)
AstraZeneca PEP: all-cause mortality
Candesartan (C) | 2028 pts; mean age 66yrs
CHARM vs placebo NYHA class: 48% II, 48% Ill, 4% IV » CDC'din 24%
Alternative Mean EF: 30% » 3 pts w/angioedema (previous angioedema w/ACEI)
F/U: median 33.7 months Tx N PEP P ARR | NNT > 59% at target dose (32mg) at 6 months
R, DB, PC C (mean 23mg at 6 months) c 1013 | 334(33%) | 0.0004 | 7.0% | 14
550 BB (64% at 6 months), 85% diuretics, | LP__| 1015 | 406 (40%)
Supported by 45% dig, 25% SPL
AstraZeneca PEP: CV death or HF hosp
Candesartan (C) | 2548 pts; mean age 64yrs » CDC'din 25%
CHARM vs placebo NYHA class: 24% II, 73% Ill, 3% IV > 61% at target dose (32mg) at 6 months
Added# Mean EF: 28% TX N PEP P ARR | NNT > ACEI near target doses
F/U: median 41 months C | 1276 | 483(38%) | 0.011 4.4% | 23 > Sig benefit PEP in subanalysis of pts w or w/o BB or ACEI
R, DB, PC C (mean 24mg at 6 months) P | 1272 | 538 (42%) > 73% NYHA class IIl

Supported by
AstraZeneca

100% ACEI, 55% BB (64% at 6 months),
90% diuretics, 58% dig, 17% SPL
PEP: CV death or HF hosp
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Candesartan (C) | 3023 pts; mean age 67 yrs
CHARM vs placebo NYHA class: 61% II, 37% Ill, 2% IV » CDC'din 22%
Preserved# EF >40% Tx N PEP P ARR | NNT > 67% at target dose (32mg) at 6 months
R, DB, PC C (mean 25mg at 6 months) P | 1509 | 366 (24%)
20% ACEI, 56% BB, 75% diuretics, 29%
Supported by dig, 11% SPL, 31% CCB
AstraZeneca PEP: CV death or HF hosp

ACEl=angiotensin-converting enzyme inhibitor; AllIRA=angiotensin Il receptor antagonist; ARR=absolute risk reduction; BB=beta-blockers; C=candesartan; CCB=calcium channel blocker; Co=controlled;
CV=cardiovascular; DB=double-blind; DC=discontinued; dig=digoxin; EF=ejection fraction; F/U=follow-up; HF=heart failure; hosp=hospitalizations; HR=hazard ratio; NNT=number needed to treat; P=placebo;
PC=placebo-controlled; PEP=primary endpoint; PG=parallel-group; R=randomized; Sig=significant; SPL=spironolactone; Tx=treatment
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Appendix D: Acute Myocardial Infarction Outcomes Trials with AIIRAs
Trial Regimens Methods Results Comments

Valsartan (VAL) 14,808 patients hospitalized with acute Ml The trial was designed so that if valsartan was not superior to

VALIANT 44 vs Captopril who were at high risk (LV systolic dysfunction | PEP: all-cause mortality captopril, a non-inferiority analysis was pre-specified to
(CAP)vs and/or signs of HF, including rales/dyspnea) VAL 979 (19.0%); CAP 958 (19.5%); VAL + CAP 941 (19.3%) determine whether valsartan could be considered to be as

R, DB, active | Valsartan + effective as captopril

controlled, Captopril LVSD was defined as an EF <35% via echo PEP results:

parallel-group Tx N PEP P value ARR NNT Entry criteria were similar to the SAVE trial (Survival and
VAL: dose titrated | Randomization occurred within 12 hours to (vs CAP) Ventricular Enlargement), a key trial showing ACE inhibitors are
to 160 mg BID 10 days post-MI. CAP 2090 958 of benefit in HF post MI.

Supported by (19.5%)

Novartis. VAL + CAP: VAL | Other ACEs or ARBs were D/C'd at least 12 VAL 4090 (137;%) 0.98 0.4% NA Val-HeFT and CHARM-added were conducted in chronic heart
dose titrated to hours before randomization; 70.4% of VAL + 9'41 failure patients, a different patient population (3 LVEF, dyspnea,
80 mg BID; CAP | patients in the combination group were also | | cap | 4885 | (1930) 0.73 ankle edema, fatigue) than VALIANT.
titrated to 50 mg receiving beta blockers, 91.3% received
TID aspirin concomitantly Since VAL was not superior to CAP, a non-inferiority analysis was done | Mean doses:

) which showed VAL to be noninferior to CAP CAP: 117 mg

CAP: dose Mean duration: 24.7 months VAL: 247 mg
titrated to 50 mg In the VAL+CAP group, 6,882 patients were also receiving beta-blockers. | VAL+CAP: 116 mg valsartan and 107 mg captopril.
TID Mean age: 64.8 years; 69.9% male; 93.5%

Caucasian

PEP: all-cause mortality

There was no significant difference in all-cause mortality in these patients
receiving triple therapy when compared to captopril alone (p=0.41).

Mean blood pressure at 1 yr:
VAL 127/75 mmHg

CAP 127/76 mmHg

VAL + CAP 125/75 mmHg

Target doses were reached in approximately 55% of patients in
the monotherapy groups, but 47% in the combination group.

Discontinuations due to adverse event:

CAP:7.7%

VAL: 5.8% (p<0.05 vs CAP)

CAP+VAL 9% (p<0.05 vs CAP)

Hypotension and renal dysfunction were the most common AEs
in the VAL group, and cough, rash and taste disturbance were
the most common AEs in the CAP group.
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OPTIMAAL*

DB, R, PG
(European
study)

Supported by
Merck and Co.

Losartan (LOS)
target dose 50
mg qd
Vs
Captopril (CAP)
target dose 50
mg TID

5477 patients >50 years

Confirmed acute Ml and signs/symptoms of
HF during the acute phase or a new Q-wave
anterior Ml or reinfarction

Primary endpoint: all-cause mortality

Mean follow-up: 2.7 yrs

Mean age: 67 vyears; 70% male; 98%
Caucasian

PEP developed in:
LOS 499 (18%) vs. CAP 447 (16%); (RR 1.13 (95% CI 0.99-1.28;
p=0.07)

Tx N PEP P RRI NNH
LOS 2744 | 499 (18%) 0.07 13% (-1 | Not
CAP 2733 | 447 (16%) to 28) significant

RRI = relative risk increase; NNH = Number needed to harm

There was no significant difference in the secondary endpoints of sudden
cardiac death/ resuscitated cardiac arrest; (LOS 239 (8.7%) vs CAP 203
(7.4%: RR 1.19 (0.99-1.43; p=0.07) or the tertiary endpoint of fatal or
non-fatal re-infarction (LOS 384 (14%) vs CAP 379 (13.9%) RR 1.03
(0.89-1.18; p=0.7).

For the non-primary endpoint of cardiovascular death, captopril had
significantly fewer cardiovascular deaths than losartan (CAP 363 (13.3%)
vs LOS 420 (15.3%), RR 1.17 (1.01-1.34; p=0.03).

LOS did not satisfy criteria for non-inferiority, since the RR
exceeded the pre-set boundary of 1.10.

Fewer LOS patients D/C'd therapy due to AEs compared to
CAP (LOS 202 (7%) vs CAP 387 (14%); p<0.0001

At study end, 83% of LOS reached target dose; 81% of CAP
reached target dose

Mean LOS dose: 45 mg qd

Mean CAP dose: 44 mg TID

Author conclusion: losartan did not show superiority or non-
inferiority relative to captopril.

Abbreviations: DB=double-blind; R = randomized; PG=parallel group, PEP: primary endpoint
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(194 IRB 300mg, 195 IRB 150mg,
201 PL)

Mean age: 58 years

HbA,:: IRB 300mg 7.1%, IRB 150mg
7.3%, PL7.1%

Pts on ACEI excluded

Trial Regimens Methods Results Comments
IRMA 2%® 590 pts w/HTN, type 2 DM, persistent PEP developed in: Secondary Endpoints
microalbuminuria, sCr nmt 1.5mg/dl UAE rate
R, DB, PC men/1.1mg/dl women IRB 300mg (5.2%; HR 0.3, Cl 0.14-0.61; P<0.001 vs. PL); | IRB 300mg { 38%

ARR: 9.7%

IRB 150mg (9.7%; HR 0.61, Cl 0.34-1.08; P=0.08 vs. PL);
ARR:5.2%

PL (14.9%)

IRB 150mg 24%

PL 12%

(P<0.001 both IRB vs. PL; P<0.001 IRB 300mg vs.
150mg)

IRB

{ crcl
Initial and sustained 4 CrCl not stat sig between groups

Supported by

Mean age: 59 years
HbA,.: IRB 300mg 8.1%, AML 10mg
8.2%, PL 8.2%

F/U: 2y_rs _ Average trough BP
PEP: time to onset DN (persistent IRB 300mg 141/83 mm Hg

Supported by albuminuria in overnight | NNT for PEP: 10 IRB 300mg; 19 IRB 150mg IRB 150mg 143/83 mm Hg

BMS and Specimens, with UAE rate PL 144/83 mm Hg (P=OOO4 VS. |RB)

Sanofi- >200ug/min and at least 30%> BL)

Synthelabo

IDNT® 1715 pts w/ type 2 DM and DN IRB { PEP by 20% (RR 0.80, Cl 0.66-0.97) vs. PL (P=0.02); Secondary Endpoints
(579 IRB 300mg, 567 AML 10mg, | ARR: 6.4% Doubling sCr

R, DB, PC 569 PL controlled HTN) IRB { 33% vs. PL (P=0.003)

IRB { PEP 23% (RR 0.77, Cl 0.63-0.93) vs. AML (P=0.006);
ARR:8.5%

IRB { 36% vs. AML (P<0.001)
ESRD
IRB { 23% vs. PL and AML (P=0.07)

Supported by
Merck and Co.

Mean age: 60 years

HbA,.: LOS 8.5%, PL 8.4%

Pts on ACEI excluded

F/U: mean 3.4yrs

PEP: composite doubling BL sCr,
ESRD, or death

BMS and Pts on ACEI excluded Death from any cause
Sanofi- F/U: mean 2.6yrs NNT for PEP: 16 IRB 300mg IRB { 8% vs. PL; AML 4 12% vs. PL
Synthelabo PEP: composite doubling BL sCr, Not stat sig between groups
ESRD, or all-cause death BP: not stat sig IRB vs. AML
RENAAL" 1513 pts w/ type 2 DM and DN LOS | PEP 16% (RR 0.84, Cl 0.72-0.98) vs. PL (P=0.02); Secondary Endpoints
[751 LOS 50-100mg (71% 100mg/d), | ARR:3.6% CV morbidity and mortality
R, DB, PC 762 PL) LOS { 10% vs. PL (P=0.26)

NNT for PEP: 28 LOS 50-100mg

UAC ratio

LOS | 35% (P<0.001)
Rate of decline in renal function
LOS { 18% vs. PL (P=0.01)
Doubling sCr

LOS { 25% vs. PL (P=0.006)
ESRD: LOS { 28% vs. PL (P=0.02)
No effect on death rate vs. PL
BP: not stat sig LOS vs. PL

ACEl=angiotensin-converting enzyme inhibitor,AML=amlodipine;ARR=absolute risk reduction;BL=baseline;BMS=Bristol-Myers Squibb;
clearance;DN=diabetic nephropathy;ESRD=end-stage

renal

disease;F/U=follow-up;HTN=hypertension;HR=hazard

ratio;IRB=irbesartan;LOS=losartan;nmt=no more than;NNT=number

BP=blood pressure;Cl=95% confidence interval;CrCl=creatinine
needed to

treat;PC=placebo-controlled;PEP=primary endpoint;PG=parallel group;PL=placebo;RR=relative risk; sCr=serum creatinine;stat sig=statistically significant;;UAE=urinary albumin excretion
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