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Health Resources Commission

The State of Oregon’s Health Resources Commission is a volunteer commission appointed
by the Governor. The Health Resources Commission provides a public forum for discussion
and development of consensus regarding significant emerging issues related to medical
technology. Created by statute in 1991, it consists of four physicians experienced in health
research and the evaluation of medical technologies and clinical outcomes; one representative
of hospitals; one insurance industry representative; one business representative; one
representative of labor organizations; one consumer representative and two pharmacists. All
Health Resources Commissioners are selected with conflict of interest guidelines in mind.
Any minor conflict of interest is disclosed.

The Commission is charged with conducting medical assessment of selected technologies,
including prescription drugs. The commission may use advisory committees or
subcommittees, the members to be appointed by the chairperson of the commission subject to
approval by a majority of the commission. The appointees have the appropriate expertise to
develop a medical technology assessment. Subcommittee meetings and deliberations are
public, where public testimony is encouraged. Subcommittee recommendations are presented
to the Health Resources Commission in a public forum. The Commission gives strong
consideration to the recommendations of the advisory subcommittee meetings and public
testimony in developing its final reports.

Overview

The 2001 session of the Oregon Legislature passed Senate Bill 819, authorizing the
creation of a Practitioner-managed Prescription Drug Plan (PMPDP). The statute
specifically directs the Health Resources Commission (HRC) to advise the Oregon
Medical Assistance (OMAP) Department of Human Services (DHS) on this Plan.

In 2007 the Oregon Health Resources Commission (HRC) appointed a pharmaceutical
subcommittee to perform evidence-based reviews of pharmaceutical agents. Members of
the subcommittee for this review consisted of three Physicians, a Nurse Practitioner, and
two pharmacists. All meetings were held in public with appropriate notice provided. The
HRC director worked with the Center for Evidence-based Policy (Center) and the Oregon
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Health and Science University’s (OHSU) Evidence-based Practice Center (EPC) to
develop and finalize key questions for this drug class review, specifying patient
populations, medications to be studied and outcome measures for analysis, considering
both effectiveness and safety. Evidence was specifically sought for subgroups of patients
based on race, ethnicity and age, demographics, other medications and co-morbidities.
Using standardized methods, the EPC reviewed systematic databases, the medical
literature and dossiers submitted by pharmaceutical manufacturers. Inclusion and
exclusion criteria were applied to titles and abstracts, and each study was assessed for
quality according to predetermined criteria.

The EPC’s report, “Direct Renin Inhibitors, Angiotensin Converting Enzyme Inhibitors,
and Angiotensin II Receptor Blockers” , December 2009, was circulated to subcommittee
members and posted on the web. The subcommittee met to review the document and this
report is the consensus result of those meetings. Time was allotted for public comment,
questions and testimony.

This report does not recite or characterize all the evidence that was discussed by the
OHSU EPC, the Subcommittee or the HRC. This report is not a substitute for any of the
information provided during the subcommittee process, and readers are encouraged to
review the source materials. This report is prepared to facilitate the HRC in providing
recommendations to the Department of Human Services. The HRC, working together
with the EPC, the Center for Evidence Based Policy, DMAP, and the Oregon State
University College of Pharmacy, will monitor medical evidence for new developments in
this drug class. Approximately twice per year new pharmaceuticals will be reviewed and
if appropriate, a recommendation for inclusion in the PMPDP will be made. For
pharmaceuticals on the plan, significant new evidence will be assessed and Food and
Drug Administration changes in indications and safety recommendations will be
evaluated. This report will be updated if indicated. Substantive changes will be brought to
the attention of the Health Resources Commission, who may choose to approve the
report, or reconvene a subcommittee.

The full OHSU Evidence-based Practice Center’s draft report, “Direct Renin Inhibitors,
Angiotensin Converting Enzyme Inhibitors, and Angiotensin Il Receptor Blockers” is
available via the Drug Effectiveness review Project website:
http://derp.ohsu.edu/about/final-products.cfm

Information regarding the Oregon Health Resources Commission and its subcommittee
policy and process can be found on the Health Resources Commission website:
http://www.oregon.gov/OHPPR/HRC/index.shtml

You may request more information including copies of the draft report from:

David Pass, MD

Director, Health Resources Commission

Office for Oregon Health Policy & Research

1225 Ferry St. SE

Salem, Oregon 97301

Phone: 503-373-1985 (HRC Assistant)

Fax: 503-378-5511

Email: HRC.info@state.or.us

Health Resources Commission DRI, ACE-I and ARB Page 3



Information dossiers submitted by pharmaceutical manufacturers are available upon
request from the OHSU Center for Evidence-based Policy by contacting:

Alison Little, MD

Assistant Director for Health Projects

Oregon Health & Science University

Center for Evidence-based Policy

2611 SW Third Avenue, MQ280

Portland, OR 97201-4950

Phone: 503-494-2691

E-mail: littlea@ohsu.edu

There will be a charge for copying and handling in providing documents from both the
Office of Oregon Health Policy & Research and the Center for Evidence Based Policy.

Critical Policy

Senate Bill 819

—“The Department of Human Services shall adopt a Practitioner-managed Prescription
Drug Plan for the Oregon Health Plan. The purpose of the plan is to ensure that enrollees
of the Oregon Health Plan receive the most effective prescription drug available at the
best possible price.”

Health Resources Commission

— “Clinical outcomes are the most important indicators of comparative effectiveness”
—“If evidence is insufficient to answer a question, neither a positive nor a negative
association can be assumed.”

Clinical Overview

The renin-angiotensin system is a complex biologic system between the heart, brain,
blood vessels, and kidneys that leads to the production of biologically active agents,
including angiotensin I and II and aldosterone, which act together to impact a variety of
bodily functions including blood vessel tone, sodium balance, and glomerular filtration
pressure. The multiple and varied effects of these agents allows the renin-angiotensin
system to play a wide role in the pathology of hypertension, cardiovascular health, and
renal function.

Our ability to begin to intervene upon the complex cycle of hormone and other
biochemical agent production within the renin-angiotensin system began with the advent
of the first orally active ACE-I (angiotensin converting enzyme inhibitor), captopril, in
1981. ACE-Is interrupt the cycle within the renin-angiotensin system by blocking the
conversion of angiotensin I to angiotensin II.1 Trials subsequent to the development of
oral ACE-I agents demonstrated the broad impact of ACE-I inhibition. Inhibition of the
renin-angiotensin system via ACE-I agents has now been found to be not only effective
in the control of hypertension,2 but also reduces the risk of acute myocardial infarction
among patients with heart failure,3 left ventricular remodeling after acute myocardial
infarction,4 mortality among patients with severe heart failure and reduced left
ventricular ejection fraction,5, 6 and progression of renal disease among diabetic and
non-diabetic patients.7-10 While use of ACE-I inhibitors does diminish the amount of
angiotensin II in circulation, it also leads to an increase in bradykinin, which is felt to be
the etiology of some ACE-I-unique adverse effects such as cough.
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AIIRAs (angiotensin II receptor blockers) were developed as an alternative to
ACE-I, and block the interaction between angiotensin II and the angiotensin receptor.
Losartan, the first commercially available AIIRA, was approved for clinical use in 1995.
These agents offer benefits to ACE-Is with interruption of the renin-angiotensin system,
but without an increase in bradykinin. The advent of AIIRAs resulted in a new option for
those who could not tolerate ACE-I agents, and were found to yield similar results in
terms of impact on hypertension, cardiovascular disease and heart failure, as well as renal
disease progression.11-14 A newer type of agent, a DRI (direct renin inhibitor), has
recently become available and may also be found to similarly impact these illnesses.
Limited trial data are now available for these agents.

The strength of the evidence in support of renin-angiotensin system blockade has
led to incorporation of ACE-Is and AIIRAs into important clinical guidelines. The Joint
National Committee on Prevention, Detection, Evaluation and Treatment of High Blood
Pressure (JNC-7) currently recommends an ACE-I or AIIRA as first line options for
patients with stage 1 hypertension who have diabetes, chronic kidney disease, history of
stroke or myocardial infarction, or high cardiovascular risk.15 The American Diabetes
Association similarly recommends use of an ACE-I or AIIRA for diabetic patients with
hypertension or diabetic nephropathy.16 That recommendation is echoed by the Kidney
Disease Outcome Quality Initiative guidelines, which recommend ACE-Is or AIIRAs for
patients with diabetic or non-diabetic proteinuric renal disease.17
Currently 11 ACE-Is, 7 AIIRAs, and 1 DRI are available in the United States and Canada

(see Table 1).

Table 1. Included Drugs

Active Trade Formulations® | Daily Indications approved Black Box
ingredient name maintenance | by the US Food and Warnings?
Dosage form dosage® Drug Administration
Direct Renin Inhibitor (DRI
Aliskiren Tekturna® | EQ 150-300mg | 150-300 mg in | 1) Hypertension Y
Oral Tablet base 1 dose
Angiotensin converting enzyme inhibitor (ACE-I)
Benazepril Lotensine | 5-40 mg 10-80 mgin 1 | 1) Hypertension Y
Oral Tablet or 2 doses
Captopril Capoten® 12.5-100 mg 12.5-150 mg 1) Hypertension Y
Oral Tablet in 2 or 3 doses | 2) Congestive heart

failure

3) Myocardial

infarction

4) Diabetic nephropathy
Enalapril Vasotece 2.5-20 mg 2.5-40 mgin 1 | 1) Hypertension Y
Oral Tablet or 2 doses 2) Congestive heart

failure
Fosinopril Monoprile | 10-40 mg 10-80 mgin 1 | 1) Hypertension Y
Oral Tablet or 2 doses 2) Heart failure
Lisinopril Prinivile, 2.5-40 mg 5-40 mg in 1 1) Hypertension Y
Oral Tablet Zestrile dose 2) Heart failure

3) Acute myocardial
infarction
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Moexiprile Univasce 7.5-15 mg 7.5-30 mg 1 or | 1) Hypertension

Oral Tablet 2 doses

Perindopril Aceon® 2-8 mg 4-8 mgin 1 or | 1) Stable coronary

Oral Tablet 2 doses artery disease
2) Hypertension

Quinapril Accuprile | 5-40 mg 5-80 mgin 1 1) Hypertension

Oral Tablet or 2 doses 2)Congestive heart
failure

Ramipril Altaces 1.25-10 mg 1.25-20 mg in | 1) Reduction in the risk

Oral Tablet, 1 or 2 doses of myocardial

Oral Capsule infarction, stroke, death
from cardiovascular
causes
2)Hypertension
3)Heart failure post
myocardial infarction

Trandolapril Mavike 1-4 mg 1-8 mgin 1 or | 1) Hypertension

Oral Tablet 2 doses 2) Heart failure post
myocardial infarction,
or left ventricular
dysfunction post
myocardial infarction

Angiotensin II receptor blocker (AIIRA)

Candesartan Atacande 4-32 mg 8-32 mgin 1 1) Hypertension

Oral tablet dose 2) Heart failure

Eprosartan Teveten® EQ 400-600 400-800 mg in | 1) Hypertension

Oral Tablet mg base 1 or 2 doses

Irbesartan Avaproe 75-300 mg 150-300 mg in | 1) Hypertension

Oral Tablet 1 dose 2) Nephropathy in type
2 diabetes patients

Losartan Cozaare 25-100 mg 25-100 mg in 1) Hypertension

Oral Tablet 1 or 2 doses 2) Hypertensive patients
with left ventricular
hypertrophy
3) Diabetic nephropathy

Olmesartanc Benicare 5-40 mg 20-40 mgin 1 | 1) Hypertension

Oral Tablet dose

Telmisartan Micardise | 20-80 mg 40-80 mgin 1 | 1) Hypertension

Oral Tablet dose

Valsartan Diovane 40-320 mg 80-320 mg in 1) Hypertension

Oral Tablet 1 dose 2) Heart failure
3) Post myocardial
infarction

a: Obtained from the Medical Letter.

Quality of the Evidence

For quality of evidence the EPC and subcommittee took into account the number of
studies, the total number of patients in each study, the length of the study period and the
endpoints of the studies. Statistical significance was an important consideration. The
subcommittee utilized the EPC’s ratings of “good, fair or poor” for grading the body of
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evidence. Overall quality ratings for an individual study were based on the internal and
external validity of the trial.

Internal validity of each trial was based on:

1) Methods used for randomization

2) Allocation concealment and blinding

3) Similarity of compared groups at baseline and maintenance of comparable groups
4) Adequate reporting of dropouts, attrition, and crossover

5) Loss to follow-up

6) Use of intention-to-treat analysis

External validity of trials was assessed based on:

1) Adequate description of the study population

2) Similarity of patients to other populations to whom the intervention would be applied
3) Control group receiving comparable treatment

4) Funding source that might affect publication bias.

Weighing the Evidence

A particular randomized trial might receive two different ratings: one for efficacy and
another for adverse events. The overall strength of evidence for a particular key question
reflects the quality, consistency, and power of the body of evidence relevant to that
question.

The subcommittee’s task was to evaluate

Scope and Key Questions

The EPC searched Ovid MEDLINE® (1950-June week 2, 2009), the Cochrane Database
of Systematic Reviews® (2nd Quarter 2009), and the Cochrane Central Register of
Controlled Trials® (2nd Quarter, 2009). The EPC attempted to identify additional studies
through hand searches of reference lists of included studies and reviews. In addition, they
searched the US Food and Drug Administration’s Center for Drug Evaluation and
Research website for medical and statistical reviews of individual drug products. Finally,
they requested dossiers of published and unpublished information from the relevant
pharmaceutical companies for this review. All received dossiers were screened for studies
or data not found through other searches.

The goal of this report is to compare the effectiveness and harms between aliskiren and
placebo and between AIIRAs and ACElIs in the treatment of diagnosed coronary heart
disease, hypertension, left ventricular dysfunction, heart failure, nondiabetic chronic
kidney disease, or diabetic nephropathy.

Draft Key questions were posted on the DERP website and a group of clinicians
specializing in nephrology and hypertension were consulted for clinical insight into the
proposed key questions. Revision into the final Key Questions took into consideration
input from the public, clinical advisors, and the organizations’ desire for the key
questions to reflect populations, drugs, and outcome measures of interest to clinicians and
patients of interest to participating DERP organizations. These organizations approved
the following key questions to guide the review for this report:
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KQ1. For adults with diagnosed coronary heart disease, hypertension, left ventricular
dysfunction, heart failure, nondiabetic chronic kidney disease, or diabetic nephropathy,
what is the effectiveness and efficacy and what are the harms of aliskiren compared with
placebo?

a. When used as monotherapy?

b. When used in combination with angiotensin converting enzyme inhibitor

(ACE-]) and angiotensin II receptor blocker (AIIRA) drugs?

KQ2. For adults with diagnosed coronary heart disease, hypertension, left ventricular
dysfunction, heart failure, nondiabetic chronic kidney disease, or diabetic nephropathy,
what are the inter-class differences in effectiveness and efficacy between direct renin
inhibitor (DRI), ACE-I and AIIRA drugs?

a. When used as monotherapy?

b. When used in combination with one another?

KQ3. For adults with diagnosed coronary heart disease, hypertension, left ventricular
dysfunction, heart failure, nondiabetic chronic kidney disease, or diabetic nephropathy,
what are the inter-class differences in harms between DRI, ACE-I and AIIRA drugs?

KQ4. Are there subgroups based on demographics (age, racial groups, gender), other
medications, or co-morbidities for which there are inter-class differences between DRI,
ACE-I and AIIRA drugs?

Conclusions:

Limitations of the Evidence

1. For populations with hypertension, nondiabetic proteinuria, chronic kidney disease,
and diabetic nephropathy, the small trials with selected populations may not be applicable
to populations seen in general clinical practice.

2. Few studies were available for many ACE-I vs. ARB comparisons.

3. Evidence regarding Aliskirin was limited to two studies.

4. Little evidence was available for evaluating inter-class differences between DRI, ACE-
I and AIIRA drugs in subgroups based on age, sex, race, other medications or
comorbidities.

Conclusions:

1. There are no clinically significant differences among ACE-Is as monotherapy, ARBs
as monotherapy, or ACE-I + ARB combination therapy.

2. Combination therapy with an ACE-I and an ARB produces a reduction in proteinuria
in nondiabetic proteinuria or chronic kidney disease but produced no clinically significant
difference in other measures of renal function.

3. Rates of cough were lower with ARBs than ACE-Is however overall rates of
withdrawal were the same.

4. There were no included studies that evaluated comparative effectiveness/ efficacy and
harms between aliskirin and placebo as monotherapy or for combination therapy with
ACE-I and ARB.
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5. There was no significant difference found between AIIRAs and ARBs for subgroups
based on age, ejection fraction, or NYHA functional class (7 studies) for patients with
heart failure or cardiovascular disease.

Supporting Evidence:

Key Question 1: For adults with diagnosed coronary heart disease, hypertension, left
ventricular dysfunction, heart failure, nondiabetic chronic kidney disease, or diabetic
nephropathy, what is the effectiveness and efficacy and what are the harms of aliskiren
compared with placebo?

a. When used as monotherapy?

b. When used in combination with angiotensin converting enzyme inhibitor

(ACE-]) and angiotensin II receptor blocker (AIIRA) drugs?

Coronary Heart Disease, Heart Failure, and Left Ventricular Dysfunction

A total of 14 randomized controlled trials (in 27 publications) compared ACE-Is to
AIIRAs among patients with heart disease, including heart failure, left ventricular
dysfunction, or coronary heart disease. Most studies were of monotherapy of ACE-I
compared with AIIRA, however several studies also included a combination ACE-
I/AIIRA treatment arm.13, 30, 31, 33 In 2 studies the ACE-I or AIIRA were both
combined with a diuretic.28, 37 The majority of studies were of fair quality, while 3 were
rated good quality,13, 27, 31 1 fair-poor32 and 2 poor quality.29, 35 Sample size varied
widely. Several studies included less than 100 subjects,28-30, 35, 37 while the
OPTIMAAL trial27 included more than 5 000 subjects, VALIANT 3 approximately 15
000, and ONTARGET 31 more than 25 000. A single trial compared aliskiren to placebo
in patients with heart failure and hypertension.38

Aliskiren compared with placebo (combination therapy) (n=1)

In a fair-quality trial (N=302) of patients with heart failure and hypertension on an ACE-I
or an ARB, there were no significant difference in serum creatinine between aliskiren and
placebo after 3 months of therapy.38 Rates of discontinuation of the study drug were
similar between groups: 7.5% in the placebo group and 9.0% with aliskiren. There were
no significant differences between aliskiren and placebo in rates of withdrawal due to
adverse events or for rates of any individual adverse event. Results of subgroup analyses
based on demographics, comorbidities, or concomitant medication use were not reported.

Key Question 2: For adults with diagnosed coronary heart disease, hypertension, left
ventricular dysfunction, heart failure, nondiabetic chronic kidney disease, or diabetic
nephropathy, what are the inter-class differences in effectiveness and efficacy between
direct renin inhibitor (DRI), ACE-I and AIIRA drugs?

a. When used as monotherapy?

b. When used in combination with one another?

Coronary Heart Disease, Heart Failure, and Left Ventricular Dysfunction

Candesartan compared with enalapril (monotherapy and combination therapy) (n=1)
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In the RESOLVD trial (Randomized Evaluation of Strategies for LV Dysfunction, Pilot
Study), an international, multicenter, placebo-controlled, out-patient trial of fair quality,
McElvie and colleagues33, 39 compared enalapril 10 mg twice daily plus placebo,
enalapril 10 mg twice daily plus candesartan (randomized to 4, 8, or 16 mg daily), and
candesartan alone (4, 8, or 16 mg daily). Subjects had heart failure (New York Heart
Association classification II, I1I, or IV) with an ejection fraction < 40%. At 43-week
follow-up, there were no statistically significant (defined as P<0.05) differences between
treatment groups in the 6-minute walk test, New York Heart Association classification,
rates of death, heart failure or other hospitalizations, quality of life, renal dysfunction, or
symptomatic hypotension.

RESOLVD 33, 39 was stopped 6 weeks early due to concern by an external monitoring
committee that mortality and heart failure hospitalization rates were higher with
candesartan. Death rates at week 43 were 3.7% for enalapril, 6.1% for candesartan, and
8.7% for combination therapy (between-group P=0.15). Because this was a pilot study,
there were no predetermined stopping rules and the study was not powered for mortality.

Irbesartan compared with ramipril (monotherapy combined with diuretic) (n=1)

In a small, fair-quality trial (N=150), Yip and colleagues37 randomized subjects with
heart failure in Hong Kong on stable doses of diuretics to: 1) continued diuretic usage; 2)
irbesartan up to 75 mg daily plus diuretic; or 3) ramipril up to 10 mg daily plus diuretic.
At 52-week follow-up, the 6-minute walk test did not change significantly in any
treatment group (P>0.05) and there was no significant difference among groups. A total
of 2 deaths occurred: 1 each in the irbesartan and diuretic groups. Quality of life
improved in all 3 treatment groups (P<0.01), with no significant difference between
groups. Hospitalization rates for heart failure were similar between groups (P value not
reported).

Losartan compared with captopril (monotherapy) (n=3)

Three large, multicenter, international, double-blind, fair-quality, randomized controlled
trials compared losartan with captopril.14, 27, 34 Two of these trials examined heart
failure populations, 14, 34 while the third examined a population with acute myocardial
infarction combined with heart failure or a new Q-wave anterior wall myocardial
infarction.27 All 3 trials were of monotherapy of losartan compared with captopril, with
either no prior use34 or no recent use of an ACE-1.14, 27 Two of the studies were of fair
quality; 14, 34 the third was rated as good quality.27 Evidence for most effectiveness
outcomes was graded as moderate (all-cause mortality, cardiovascular deaths, sudden
death, cardiovascular disease events, and hospital admissions). New York Heart
Association functional class and quality of life were graded as high quality evidence,
primarily because results were consistent across studies.

In the first of these trials (ELITE, the Evaluation of Losartan in the Elderly) (N=722),34
persons 65 years of age and older with symptomatic heart failure and left ventricular
ejection fraction < 40% with no history of prior use of ACE-I therapy were randomized
to either captopril or losartan monotherapy. For the primary composite endpoint of renal
dysfunction (an increase in serum creatinine by > 0.3 mg/dL from baseline, confirmed
with second test 5-14 days later), at 48 weeks of follow-up the risk reduction with
losartan was 2% (95% CI, =51 to 36; P=0.63).34 Death and/or heart failure admissions
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were decreased with losartan but did not reach statistical significance (risk reduction
32%, 95% CI, —4 to +55; P=0.075). This reduction with losartan was primarily due to a
decrease in all-cause mortality with losartan (P=0.035) and the lower total mortality was
primarily due to a decrease in sudden cardiac deaths.34 New York Heart Association
functional class improved with both losartan and captopril (P<0.001 compared with
baseline for both groups), with no significant difference between groups.34 Hospital
admissions for any reason were lower with losartan than captopril (P=0.014), however
rates of admissions for heart failure were similar between groups (P=0.89).34 Quality of
life as measured with the Sickness Impact Profile and the Minnesota Living with Heart
Failure Questionnaire improved in both treatment groups, with no significant difference
between groups.40

As ELITE was not powered for the outcome of survival benefit, Pitt and colleagues
explored the unexpected finding of survival benefit in elderly heart failure patients in
ELITE with a second study, ELITE II.14 In this latter study, the goal was to examine the
potential superiority of losartan over captopril for survival and tolerability. Inclusion
criteria in ELITE II were similar to those of ELITE. The study population (N=3152) also
had symptomatic heart failure, but follow-up was somewhat longer (median 1.5 years).
For the primary endpoint of all-cause mortality, deaths with losartan (15.9%) and
captopril (17.7%) were similar (hazard ratio, 1.13; 95% CI, 0.95 to 1.35; P=0.16).14 The
secondary endpoint, a composite of sudden death or resuscitated arrest, also did not differ
significantly between treatment groups (captopril 7.3%, losartan 9.0%; hazard ratio, 1.25;
95% CI, 0.98 to 1.60; P=0.08), nor were there significant differences in hospital
admissions or admissions for heart failure.14 Health-related quality of life (measured
with the Euroqual-5D) did not change significantly from baseline in either treatment
group due to the large effect of nonsurvivors on this outcome (who had a score of 0 at the
time of death). Among survivors, however, quality of life improved significantly overall
for both groups (P<0.05), with no significant difference between groups.

The third trial, OPTIMAAL (Optimal Trial in Myocardial Infarction with the Angiotensin
IT Antagonist Losartan),27 was also a large (N=5477), multi-center, international, double-
blind randomized controlled trial, which aimed to examine both the noninferiority of
losartan to captopril as well as the superiority of losartan. The study was rated good
quality. The inclusion criteria were somewhat different from ELITE II: patients 50 years
of age and older with an acute myocardial infarction, with either heart failure, decreased
ejection fraction, evidence of acute or old Q-wave, or anterior myocardial infarction. For
the primary outcome of all-cause mortality, there was no statistically significant
difference between losartan (18%) and captopril (16%) (relative risk, 1.13; 95% CI, 0.99
to 1.28; P=0.07) and this result did not satisfy the pre-specified non-inferiority criterion
for losartan.

In OPTIMAAL there were no significant differences between treatment groups for
prespecified secondary endpoints including sudden death, fatal or non-fatal reinfarction,
all-cause hospital admission, and New York Heart Association functional class. The only
exception was cardiovascular death, which was more common with losartan (15.3%) than
with captopril (13.3%) (relative risk, 1.17; 95% CI, 1.01 to 1.34; P=0.032).

Losartan compared with enalapril (monotherapy and combination therapy) (n=35)
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Five small trials compared losartan with enalapril, all in populations with stable heart
failure, two were rated poor quality. Of the three remaining studies follow up was short
term (8-12 weeks). Two of these studies involved patients stabilized on an ACE-1,26, 32
while other included only subjects with no recent use of ACE-Is or AIIRAs30. The
largest study was 166 patients.26 The quality of the body of evidence for the outcomes of
quality of life and exercise capacity were assessed as low due to concerns regarding risk of
bias and small sample sizes. Other outcomes were not assessed for quality as no more than 1
study examined other relevant outcomes.

Exercise capacity improved with both losartan and enalapril, with no significant
difference between monotherapy treatment groups.26, 32 Symptoms also improved in 1
study, with no significant difference between monotherapy groups, although the
incidence of pulmonary rales increased more with losartan 50 mg than with enalapril 20
mg daily (P<0.05).26 In the second study reporting on symptoms, Lang and colleagues32
noted that the majority of patients did not improve with respect to symptoms or signs of
heart failure, with no significant difference between lisinopril 25 mg, lisinopril 50 mg,
and enalapril 20 mg daily. In that same study, the dyspnea-fatigue index improved with
lisinopril 25 mg only (P=0.03).

The only data available on combination therapy compared with monotherapy30 indicated
that quality of life as measured with the Minnesota Living with Heart Failure
questionnaire improved slightly with enalapril and lisinopril monotherapy compared with
placebo (P>0.05), with no further improvement with the 2 drugs in combination.

Telmisartan compared with enalapril (monotherapy plus diuretic) (n=1)

The REPLACE (the replacement of angiotensin converting enzyme inhibition) trial 28
involved patients with stable heart failure on a diuretic and enalapril 10 mg twice daily
who were then randomized to continuation of enalapril 10 mg twice daily or to various
telmisartan dosages (10, 20, 40, 60 mg daily). There was no significant difference within
any treatment group at 12 weeks of follow-up, nor were there any significant differences
between any telmisartan group and enalapril for exercise duration, New York Heart
Association classification, or quality of life. One or 2 deaths occurred in each treatment

group.

Telmisartan compared with ramipril (monotherapy and combination therapy)

A large, double-blind, non-inferiority, randomized, good-quality trial (N=25,620)
compared ramipril 10 mg daily, telmisartan 80 mg daily, and combination therapy in
patients with vascular disease or diabetes with end-organ damage but without
symptomatic heart failure (ONTARGET, The Ongoing Telmisartan Alone and in
combination with Ramipril Global Endpoint Trial).31 At a median follow-up of 56
months, telmisartan was not inferior to ramipril for the prespecified primary outcome of
death from cardiovascular causes, myocardial infarction, stroke, or hospitalization for
heart failure (relative risk, 1.01; 95% CI, 0.94 to 1.09; P=0.004 compared with
predefined noninferiority boundary). Results were also consistent across all components
of this outcome. In addition, telmisartan was not inferior to ramipril for the secondary
composite outcome of death from cardiovascular causes, myocardial infarction, or stroke
(the primary outcome of the HOPE trial) (relative risk, 0.99; 95% CI, 0.91 to 1.07;
P=0.001 for noninferiority).
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In ONTARGET, combination therapy with telmisartan and ramipril was not significantly
better than ramipril alone for the primary outcome (relative risk, 0.99; 95% CI, 0.92 to
1.07), with nonsignificant differences also for the secondary outcomes noted above.

Valsartan compared with captopril (monotherapy and combination therapy)

VALIANT (Valsartan in Acute Myocardial Infarction Trial) 13, 42-47 was a large
(N=14,703), international, multi-center trial of patients with an acute myocardial
infarction 0.5 to 10 days prior to enrollment, complicated by heart failure and/or evidence
of left ventricular systolic dysfunction. Subjects were randomized to 1 of 3 treatment
groups, with the goal of titrating up to the following dosages at the 3-month post-
hospitalization visit as indicated by the patient’s clinical status: 160 mg valsartan twice
daily; valsartan 80 mg twice daily plus 50 mg captopril 3 times daily; or captopril 50 mg
3 times daily. During median follow-up of 24.7 months, there was no statistically
significant difference in death rates between the valsartan and captopril groups (P=0.98),
or between the combination therapy group and the captopril group (P=0.73). Valsartan
was not inferior to captopril for mortality (P=0.004) and for the composite endpoint of
fatal and nonfatal cardiovascular events (P<0.001). Quality of life and annual rates of
hospitalization were not significantly different among the treatment groups (£>0.05 for
valsartan and combination therapy compared with captopril).

Valsartan compared with enalapril (monotherapy)

The HEAVEN trial (Heart Failure Exercise Capacity Evaluation),36 rated fair quality,
examined the noninferiority of valsartan compared with enalapril in patients with stable,
symptomatic heart failure on an ACE-I. Subjects were randomized to valsartan (up to 160
mg daily) or enalapril (up to 10 mg twice daily). The change in the 6-minute walk test
distance at 12-week follow-up suggested that valsartan was not inferior to enalapril (least
squares mean treatment difference (valsartan minus enalapril) was 1.12 meters (95% CI,
—21.89 to +24.12 meters; P<0.001 for noninferiority, P=0.462 for superiority of
valsartan)). There was no significant difference between groups in the dyspnea-fatigue
index and in quality of life as measured with the Minnesota Living with Heart Failure
Questionnaire.

Hypertension

Monotherapies

Losartan

Losartan compared with enalapril

Three trials of losartan compared with enalapril were rated fair quality.56, 73, 76 In 2
trials, losartan and enalapril dosages were titrated based on achievement of blood
pressure control goals. In 1 of those trials, participants were started on 50 mg of losartan
or 2.5 mg of enalapril, which were titrated to 100 mg and 10 mg, respectively, to achieve
blood pressure control of below 140/90 mm Hg.73 In the other trial, losartan was titrated
from 12.5 mg up to 50 mg and enalapril from 5 mg up to 20 mg if diastolic blood
pressure remained above 90 mm Hg.56 In the third trial, participants were given fixed
dosages of either losartan 50 mg or enalapril 20 mg.76 Follow-up duration was 3 years in
1 trial56 and 3 to 4 months in the other 2 trials. The largest trial randomized 407
participants,76 whereas the others were much smaller, with 50 or fewer participants.
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Change in serum creatinine was inconsistent in the 2 trials examining this outcome.73,
76 In the trial that compared fixed dosages of losartan 50 mg to enalapril 20 mg over 3
months (N=407), there was a significant increase in serum creatinine from 90.3 to 91.8
(+1.7, P<0.05) for enalapril, but not for losartan (88.7 to 88.6).76 In the smaller trial
(N=29), creatinine did not change significantly for either drug over 4 months.73

Other outcomes reported in 1 trial each included change in glomerular filtration rate,56
creatinine clearance,73 and overall withdrawals.76 In 1 trial of 50 participants, a
significant increase in glomerular filtration rate was found 