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Food and Drug Administration
Rockville MD 20857

NDA 19-901/5-028 OCT 4 2000

King Pharmaceuticals, Inc.
Attention: Mr. Thomas K. Rogers, III
501 Fifth Street

Bristol, Tennessee 37620

Dear Mr. Rogers:

Please refer to your supplemental new drug application dated January 14, 2000, received
January 18, 2000, submitted under section 503(b) of the Federal Food, Drug, and Cosmetic Act
for Altace (ramipril) 1.25, 2.5, 5,and 10 mg Capsules.

We acknowledge receipt of your submissions dated January 18 and 31,
February 4, 7, 17, and 26, March 9, 10 (two), and 27, April 19 and 20, May 11, July 17,
September 26 (two), 27, and 28, 2000. '

This supplemental new drug application provides for the new use of Altace Capsules for
reduction in risk of myocardial infarction, stroke, and death from cardiovascular causes.

We have completed the review of this supplemental application, as amended, and have

- concluded that adequate information has been presented to demonstrate that the drug product is
safe and effective for use as recommended in the agreed upon labeling text. Accordingly, the
supplemental application is approved effective on the date of this letter.

The final printed labeling (FPL) must be identical to the submitted draft labeling (package insert
included in your September 28, 2000 submission). - ,

Please submit 20 paper copies of the FPL as soon as it js available, in no case more than 30 days
after it is printed. Please individually mount ten of the copies on heavy-weight paper or similar
material. Alternatively, you may submit the FPL electronically according to the guidance for
industry titled Providing Regulatory Submissions in Electronic Format — NDAs (January 1999).
For administrative purposes, this submission should be designated “FPL for approved
supplement NDA 19-901/8-128.” Approval of this submission by FDA is not required before
the labeling is used.
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In addition, please submit three copies of the introductory promotional materials that you
propose to use for this product. All proposed materials should be submitted in draft or mock-up
form, not final print. Please send one copy to the Division of Cardio-Renal Drug Products and
two copies of both the promotional materials and the package inseit directly to:

Division of Drug Marketing, Advertising, and Communications, HFD-40
Food and Drug Administration

5600 Fishers Lane

Rockyville, Maryland 20857

Be advised that, as of April 1, 1999, all applications for new active ingredients, new dosage
forms, new indications, new routes of administration, and new dosing regimens are required to
contain an assessment of the safety and effectiveness of the product in pediatric patients unless
this requirement is waived or deferred (63 FR 66632). We are waiving the pediatric study
requirement for this action on this application.

Please submit one market package of the drug product when it is available.

We remind you that you must comply with the requirements for an approved NDA set forth
Under 21 CFR 314.80 and 314.81. '

If you have any questions, please call:

Ms. Sandra L. Birdsong
Regulatory Project Manager
(301) 594-5312

Sihccrely,

s

Robert Temple, M.D.
Director

Office of Drug Evaluation |

Center for Drug Evaluation and Research
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Prescribing information as of September 2000

ALTACE® Capsules

(ramipril)

USE IN PREGNANCY

When used in pregnancy during the second and third trimesters, ACE inhibitors can
cause injury and even death to the devhloping fetus. When pregnancy is detected,
ALTACE® should be discontinued as soon as pbssible. See WARNINGS: Fetal/neonatal
morkidity and mortality.

el

DESCRIPTION

Harﬁipril is a 2-aza-bicyclo {3.3.0]-octane-3-carboxylic acid derivative. It is a white, crystaliine sub-
stance soluble in polar organic solvents and buffered aqueous solutions. Ramipril melts between
105° C and 112°C.

The CAS Registry Numl;ér is 87333-18-5. Ramipril’s chemical name is (285,335,6a5)-1[(S)-M[(S)-
1-Carboxy-3-phe'nyipr'oﬁyl]alanyl]octahydrocyclopenta [b]pyrrole-2-carboxylic acid, 1-ethyl ester;

its structural formula is:

Its empiric formula is C23H32N205, and its molecular weight is 416.5.

Ramiprila_t, the diacid metabolite of ramipril, is a non-sulfhydryl angiotensin converting enzyme

inhibitor. Ramipril is converted to ramiprilat by hepatic cleavage of the ester group.
ALTAGCE (ramipril} is supplied as hard shell capsules for oral administration containing 1.25 mg,
2.5 mg, 5 mg, and 10 mg of ramipril. The inactive ingredients present are pregelatinized starch NF,

gelatin, and titanium dioxide. The 1.25 mg capsule shell contains yellow iron oxide, the 2.5 mg
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biue #1 and FD&C red #40, and the 10 mg capsule shell contains FD&C blue #1.

CLINICAL PHARMACOLOGY | |

Mechanism of Action

Ramipril and ramiprifat inhibit angiotensin-converting enzyme (ACE) in human subjects and ani-
mals. ACE_ is a peptidyl dipeptidase that catalyzes the conversion of angiotensin [ to the vasocon-
strictor substance, angiotensin 1. Angiotensin Il also stimulates aldosterone secretion by the adre-
nal cortex. Inhibition of ACE results in decreased plasma angiotensin 11, which leads to decreased
vasopressor activity and to decreased aldosterone secretion. The latter decrease may result in a
small increase of serum potassium. In hypertensive patients with normal renal function treated
with ALTACE atone for up to 56 weeks, approximately 4% of patients during the trial had an abnor-
mally high serum potassium and an increase from baseline greater than 0.75 mEg/L, and none of
the patients had an abnormally fow potassium and a decrease from baseline greater than 0.75-
mEg/L. In the same study, approximately 2% of patients treated with ALTACE and hydrochloroth-
tazide for up to 56 weeks nad abnormally high potassium values and aﬁ increase from baseline of
0.75 mEg/L or greater, andI approximately 2% had abnormally low values and decreases from
baseline of 0.75 mEq/L or greater. (See PRECAUTIONS.) Removal of angiotensin 1l negative feed-
back on renin secretion leads to increased plasma renin activity.

The effect of ramipril on hypertension appeérs to fesult at least in part from inhibition 'of both tis-
sue and circulating ACE acti\}ity, thereby reducing angiotensin 1l formation in tissue and plasma.
ACE is identical to kininase, an enzyme that degrades bradykinin. Whether increased fevels of
bradykinin, a potent vasodepressor peptide, play a role in the therapeutic effects of ALTACE
remains to be elucidated. |

While the mechanism through which ALTACE lowers blood pressure is believed to be primarity
supnression of the renin-angiotensin-aldosterone system, ALTACE has an antihypertensive effect
even in patients with low-renin hypertension. Although ALTACE was antihypertensive in ail races
studied, black hypertensive patients (usually a low-renin hypertensive population) had a smaller

average response 0 monotherapy than non-black patients.
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Pharmacokinstics and Metabolism
Following oral adrﬁinistratiun of ALTACE, peak plasma concentrations of ramipril are reached with-
in one hour. The extent of absorption is at least 50-60% and is not significantly influenced by the
presende of food in the Gl tract, although the rate of absorption is reduced. |

In a trial in which sub; .cts received ALTAGE capsules or the contents of identical capsules dis-
solved in water, dissolved in apple juice, or suspended in appie sauce, serum ramiprilat levels were
essentially unrelated to the use or nonuse of the concomitant liquid or food.

Cleavage of the ester group (primarily in the liver) converts ramipril to its active diacid metabolite,
ramiprilat. Peak plasma concentrations of ramiprilat are reached 2-4 hours after druAg intake. The
serum protein binding of ramipril is about 73% and that of ramiprilat about 56%; /n v}‘rro, these
percentages are independent of concentration over the range of 0.01 to 10pg/ml. |
Ramipril is almost completely metabolized to ramiprilat, which has about 6 times the'ACE inhibitﬁry
activity of ramipril, and to the diketopiperazine ester, the diketopiperazine acid, and the glucuronides
of ramipril and ramiprilat, all of which are inactive. After oral administration of ramipril, about 60%
of the parent drug and its l-tietabolites is eliminated in the urine, and about 40% is found in the
feces. Drug recovered in the feces may represent both biliary excretion of metabolites and/or unab-
sorbed drug, howevar the proportion of a dose eliminated by the bile has not been determined. Less
than 2% of the administered dose is recovered in urine as unchangéd ramipril.

Biood concentrations of ramipril and ramipriiat iné_réase with increased dose, but are not strictly
dose-proportional. The 24-hour AUC for ramiprilat, however, is dose-proportional over the 2.5-20
mg dose range. The absolute bioavailabilities of ramiprif and ramiprilat were 28% and 44%, respec-
tively, when 5 mg of oral ramipril was compared with the same dbse of ramipril given intravenously.
Plasma concentrations of ramiprilat decline in a triphasic manner (initial rapid decline, apparent
elimination phase, terminal elimination phase). The initial rapid decline, which represents distribu-

tion of the drug into a large peripheral compartment and subsequent binding to both plasma and

tissue AGE, has a half-iife of 2-4 hours. Because of its potent binding to ACE and slow dissociation

from the enzyme, ramiprilat shows two elimination phases. The apparent elimination phase corre-

sponds to the clearance of free ramiprilat and has a half-life of 9-18 hours. The terminal elimina-
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tion phase has a prolonged half-life (>50 hours) and probably represents the bih&'ing}dissociation

~ kinetics of the ramiprilat/ACE complex. It does not contr@ﬁute to the accumulatidn of the drug. .
After muitiple daily doses of raniipril 5-10 mg, the half-life of ramiprilat concentrations within the
therapeutic range was 13-17 hours.‘

After once-daily dosing, steady-state plasma cohcentratiuns of ramiprilat are reached by the fourth
dose. Steady-state concentrations of ramiprilat are somewhat higher than those seen after the first
dose of ALTACE, especially at iqw doses (2.5 mg), but the difference is clinically insignificant.

In patients with creatinine clearance less than 40 m¥min/1.73m2, peak levels of ramiprilat are
approximately doubled, and trough levels may be as much as quintupled. In multiple-dose regi-
mens, the total exposure to ramiprilat (AUC) in these patients is 3-4 times as large as it is in
patients with normal renal function who receive similar doses..

The urinary excretion of ramiprif, ramiprilat, and their metabolites is reduced in patients with
impaired renal function. Compared to normal subjects, patients with creatinine clearance less than
40 mimin/1.73m2 had higher peak and trough ramiprilat levels and slightly longer times to peak
concentrations. (See DOSKGE AND ADMINISTRATION,) |

n patieﬁts with impaired liyer function, the metabolism of ramipril to ramiprilat appears to be
slowed, _possibty because of diminished activity of hepatic esterases, and plasma ramipril levels in
these patients are increased about 3-fold. Peak concentrations of ramiprilat in these patients, how—
ever, are aot different from those seen in subjects vﬁth normal hepatic funciion. and the‘eﬁect ofa
given dose on plasma ACE activity does not vary with hepatic function.

Pharmacodynamics

Single doses of ramipril of 2.5-20 mg produce approximately 60-80% inhibition of ACE activity 4
hours after dosing with approximately 40-60% inhibition after 54 hours. Multipie oral doses of
ramip;il of 2.0 mg or more cause plasma ACE activity to fall by more than 90% 4 hours after dos-
ing, with over 80% inhibition of ACE activity remaining 24 hours after dosing. The more profonged
effect of even small multiple doses presumably reflects saturation of ACE binding sites by ramipri-

lat and relatively slow release from those sites.
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FaainiabOUyHdinies ana viinicail triects

Reduction in Risk of Myacardial Infarction, Stroke, and Death from Cardiovascular Causes.

The Heart Outcdmes Prevention Evaluation study (HOPE study) was a large, mufti-center. random-
ized, placebo controlled, 2x2 factorial design, double-blind study conducted in 9541 patients (4645
on ALTACE) who were 55 years or older and considered at high riék of dévéloping a major cardio-
vascular event because of a history of coronary artery disease, stroke, peripheral vascular disease,
or diabetes that was accompanied by at least one other cardiovascular risk factor (hypertension,
elevated total cholesterol levels, low HDL levels, cigarette smoking, or ddcumented microalbumin-
uria). Patients were either normotensive or under treatment with other antihyperterisive agents.
Patients were excluded if they had clinical heart failure or were known to have a low gjection frac-
tion (<0.40). This study was designed to examine the long-term (mean of five years) effects of
ALTACE (10 mg orally once a day) on the combi'ned endpoint of myocardial infarction, stroke or
death from cardiovascular causes.

The HOPE study results showed that ALTACE (10 mg/day) signifibantly reduced the rate of myocar-
dial infarction, stroke or de':;tth from cardiovascular causes (651/4645 vs. 826/4652, relative risk

0.78), as well as the rates of the 3 components of the combined endpoint.

Altace Placebo Relalive Risk
Ouicome ‘ (N=4645) (N=4652) {95% CI)
' no. (%) - : P vaive.
Combined End-paint _
M1, stroke, or death from CV. cause) 651 (140%) 826 (17.8%)  0.78 (0.70-0.86), P=0.0001
Component End-point - ' |
Death from Cardiovascular Causes 282 (6.1%) 377 (8.1%)  0.74 (0.64-0.87), P=0.0002
Myocardial infarction 459 (9.9%) 570 (iza%) 0.80 {0.70-0.90), P=0.0003
Stroke ‘ 156 {3.4%) 226(4.9%)  0.68 (0.56-0.84), P=0.0002
- Overall Mortality
(Death from any Cause) 482 {10.4%) 569 (12.2%})  0.84 (0.75-0.95), P=0.005

This effect was evident after about one year of treatment.
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Incidence of
Composite Quicome
No. of Patients in Placebo Group

Overall : 0297 178 . —f—
Cardiovascular disease 8162 . 187 ——
No cardiovascular disease -~ 1135 10.2 T _
Diabetes 3577 19.8 —_—
-No diabetes 5720 16.5 —
Age <65 yr | 4169 142 S S
Age >65 yr 5128 20.7 ———
Male sex 6817 187 —h
Female sex ' 2480 14.4 —_—
Hypertension 4355 19.5 ——l-——
No hypertension 4942 16.3 —_—
History of coronary artery disease 7477 18.6 —i—
No history of coronary artery disease 1820 14.2 .
Prior myocardial infarction’ 4892 20.9 —_—
No prior myocardial infarction 4405 14.2 —t
Cerebrovascular disease 1013 259
~ No cerebrovascular disease 8284 . 16.7 —3—
Peripheral vascular disease 4051 220 '—'—— -
No peripheral vascular disease 5246 14.3 ——
Microalbuminuria 1956 26.4 -—-—3-—
No microalbuminuria 7341 15.4 _!.|_

f T 1
06 08 10 12

Retative Risk in Ramipril Group
(95% confidence interval)

Figure 2. The Beneficial Effect of Treatment with Ramiprii on the Composite Outcome of Myocardial Infarction, Stroke,
or Death from Cardiovascular Causes Overall and in Various Subgroups. Cerebrovascular disease was defined as stroke
or transient ischemic attacks. The size of each symbol is proportional to the number of patients in each group. The
dashed ling indicates overall relative risk.
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P VLS DT ALIALE Were 0Dserven among patients wno were taking aspinn or otner anti-

platelet agents, beta-blockers, and lipid-lowering agents as well as diuretics and calcium channel

blockers. " APPEARS THIS WAY
Hypertension - ON ORIGINAL

Administration of ALTACE to patients with mild to moderate hypertension results in a reduction of
both supine and standing blood pressure to about the same extent with no compensatory tachy-
cardia. SYmptomatic postural hypotension is infrequent, although it can occur in patients who are
salt- and/or volume-depleted. (See WARNINGS.) Use of ALTAGE in combihation with thiazide

diuretics gives a biood pressure lowering effect greater than that seen with either égent alone,

In single-dose studies, doses of 5-20 mg of ALTACE lowered biood pressure within 1-2 hours, with -

peak reductions achieved 3-6 hours after dosing. The antihypertensive effect of a single dose per-
sisted for 24 hours. In longer term (4-12 weeké) controlled studies, ance-daily doses of 2.5-10 mg
were similar in their effect, lowering supine or standing systolic and diastolic biood pressures 24
hours after dosing by about 6/4 mm Hg more than placebo. In comparisons of peak vs. trough
effect, the trough effect rep,_resented about 50-60% of the peak response. In a titration study com-
paring divided (bid) vs. qdlireatment, the divided regimen was superior, indicating that for some
patients the antihypertensive effect with once-daily dosing is not adequately maintained. (See
DOSAGE AND ADMINISTRATION.)

In most trials, the antihypertensive effect of ALTACE increased during the first several weeks of
re‘peated measurements. The antihypertensive effect of ALTACE has been _s.hbwn to continue during
long-term therapy for at least 2 years. Abrupt withdrawal of ALTACE has not resulted in a rapid
increase in blood pressure. '

ALTACE has been compared with other ACE inhibitors, beta-blockers, and thiazide diuretics. It was
approximately as effective as other ACE inhibitors and as atenolol. In both caucasians and blacks,
hydrochlorothiazide (25 or 50 mg) was significantly more effective than ramipril.

Except for thiazides, no formal interaction studies of ramipril with other antihypertensive agents
have been carried out. Limited experience in controlled and uncontrolled triais combining ramipril

with a calcium channe! blocker, a foop diuretic, or triple therapy (beta-blocker, vasodilator, and a
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diuretic) indicate no unusual drug-drug interactions. Other ACE inhibitors have had less than addi-
tive effects with béta adrénergic blockers, presumably becauée both drugs lower blood pressure
by inhibiting parts of the renin-angiotensin system.
ALTACE was less effective in blacks than in caucasians. The effectiveness of ALTACE was not influ-
enced by age, sex, or weight. |
in a baseline controlied study of 10 patients with mild essential hypertension, blood pressure
reduction was accompanied by a 15% increase in renal blood flow. In heaithy volunteers, glomeru-
lar filtration rate was unchanged.
Heart Failure Post Myocardial Infarction
ALTACE was studied in the Acute Infarction Ramipril Efficacy (AIRE) trial. This was a multinaticnal
(mainly European) 161-center, 2006-patient, double-blind, randorriized. parallel-group study com-
paring ALTACE to place'bo in stable patients, 2-9 days after an acute myocardial infafction (M1}, who
- had shown clinica! signs of congestive heart failure (CHF) at any time after the MI. Patients in
severe (NYHA class IV) heart failure, patients with unstable angina, patients with heart failure of
congenital or valvular etioldgy, and patients with contraindications to ACE inhibitors were all exclud-
ed. The majority of patients had received thrombolytic therapy at the time of the index infarction,
- and the average time between infarction and initiation of treatment was 5 days.
Patients randomized to ramipril treatment were given én initial dose of 2.5 mg twice daily. If the ini-
tial regimen caused undue hypoténsion‘. the dose wés reduced to 1.25 mg, but in either event doses
were titrated upward (as tolerated) to a target regimen (achieved in 77% of patients randomized to
ramipril) of 5 mg twice daily. Patients were then followed for an average of 15 months (range 6-46).
The use of ALTACE was associated with a 27% reduction (p=0.002), in the risk of death from any
cause; about 80% of the deaths that occurred were cardiovascular, mainly sudden death. The risks
of progression to severe heart failure and of CHF-related hospitalization were also reduced, by 23%
| (p=0.017) and 26% (p=0.011), respectively. The benefits of ALTACE therapy were seen in both
genders, and they were not affected by the exact timing of the initiation of therapy, but older
patients may have had a greater benefit than those under 65. The benefits were seen in patients

on, and not on, various concomitant medications; at the time of randomization these included

APPEARS THIS WAY
- ON ORIGINAL
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aspitill (40Ut 8lve 01 palients), diuretics (about 60%), organic nitrates (about 55%), beta-block-
ers (about 20%), calciuni channel blockers (about 15%). and digoxin {about 12%).
INDICATIONS AND USAGE | 5
Reduction in Risk of Myocardial Infarction, Stroke, and Death from Cardiovascular Ceuses % %
Altace is indicated in patients 55 yéars or older at high risk of developing a major cardiovascular %%
event because of a history of coronary artery disease, stroke, peripheral vascular disease, or diabetes - ;
- that is accompanied by at least one other cardiovascular risk factor (hypertension, elevated total =
cholesterol levels, low HDL levels, cigarette smoking, or documented mncrnalbum:nuna) to reduce
the nsk of myocardial infarction, stroke, or death from cardiovascular causes. Altace can be used in
addition to other needed treatment (such as antibypertensive, antiplatelet or ipid-lowering therapy).
Hypertension

ALTACE is indicated for the treatment of hypertension. It may be used alone or in combination with
thiazide diuretics.
In using ALTACE, consideration should be given to the fact that another angiotensin converting
P enzyme inhibitor, captonril',-._'has caused agranulocytosis, particularly in patients with renal impair-
ment or collagen-vascular éisease. Available data are insufficient to show that ALTACE does not
have a similar risk. (See WARNINGS.)
In considering use of ALTACE, it should be noted that in controlled trials ACE inhibitors have an
effect on biood pressure that is'less in black patieﬁts than in non-blacks. In addition, AGE
inhibitors (for which adequate data are avaifable) cause a higher rate of angioedema in black than
in non-black patients. (See WARNINGS, Angioedema.)
Heart Failure Post Myocardial Infarction
Ramipril is indicated in stable patients who have demonstrated clinical signs of congestive heart
failure within the first few days after sustaining acute myocardial infarction. Administration of
ramipril to such patients has been shown to decrease the risk of death (principally cardiovascular
death) and to decrease the risks of failure-related hospitalization and progression to severe/resist-
i ant heart failure. (See CLINICAL PHARMACOLOGY, Heart Failure Pest Myocardial Infarction for
details and limitations of the survival trial.)
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CONTRAINDICATIONS

ALTACE is contraindicated in patients who are hypersensitive to this product and in patients with a
history of angioedema related to previous treatment with an angiotensin converting enzyme inhibitor,
WARNINGS | -

Anaphylactoid and Possibly Helateﬁ Reactions

Presumably because angiotensin-converting enzymé inhibitors affect the metabolism of
eicosanoids and polypeptides, including endogenous bradykinin, patients receiving ACE inhibitors
(including ALTACE) may be subject to a variety of adverse reactions, some of them serious.
Angioedema

Patients with a history of angioedemna unrelated to ACE inhibitor therapy may be at increased risk
of angioedema while receiving an ACE ihhibitor. (See also CONTRAINDICATIONS.)

Angicedema of the face, extremities, lips, tongue, glottis, and larynx has been reported in patients
treated with angiotensin converting enzyme inhibitors. Angioedema associated with laryngeal
edema can be fatal. If laryl'}geal stridor or angioedema of the face, tongue, or glottis occurs, treat-
ment with ALTACE shoutd 't;e discontinued and appropriate therapy instituted immediately. Where
{there is invalvement of the tongue, glottis, or larynx, likely to cause airway obstruction, appro-
priate therapy, e.g., subcutaneous epinephrine solution 1:1,000 (0.3 ml to 0.5 ml) should be

- promptly administered. (See ADVERSE REACTIONS.)

In a large U.S. postmarketing study, angioedema (defined as reports of angio, face, larynx, tongue,
or throat edema) was reported in 3/1523 (0.20%) of black patients and in 8/8680 (0.09%) of white
patients. These rates were not different statistically.

Anaphylactoid reactions during desensitization: Two patients undergoing desensitizing treatment
with hymenoptera venom while receiving ACE inhibitors sustained life-threatening anaphylactoid
reacti_ons. In the same patients, these reactions were avoided when ACE inhibitors were temporari-
ly withheld, but they reappeared upon inadvertent rechallenge.

Anaphylac!uid reactions during membrane exposure: Anaphylactoid reactions have been reported

in patients dialyzed with high-flux membranes and treated concomitantly with an ACE inhibitor.
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AaplyldLiviE TedUiD0S idve iS50 Deen reported in patients undergoing low-density lipoprotein
apheresis with dextran sulfate absorption.

Hypotension

ALTACE can cause symptomatic hypotension, after either the initial dosé or a later dose when the

| dosage has been increased. Like other ACE inhibitors, ramipril has been only rarely associated with
hypotension in uncomplicated hypertensive patients. Symptomatic hypotension is most likely to
occur in patients who have been velume- and/or salt-depieted as a result of prolonged diuretic
therapy, dietary salt restriction, dialysis, diairhea, or vomiting. Volume and/or salt depletion should
be corrected before initiating therapy with ALTACE. |
In patients with congestive‘ heart failure, with or without associated renal insufficiency, ACE
inhibitor therapy may cause excessive hypotension, which may be associated with oliguria or
azotemia and, rarely, with acute renal failure and death. In such patients, ALTACE therapy should
be started under close medical supervision; they should be followed closgly for the first 2 weeks of
~ treatment and whenever the dose of ramipril or diuretic is increased.
- If hypotension occurs, the }.__iatient should be placed in a supine position énd, if necessary, treated
with intravenous infusion of physiological saline. ALTACE treatment usually can be continued fol-
- lowing restoration of blood pressure and volume.
- Hepatic Fai!ure |
Rarely, ACE inhibitors have been éssociated with a sy'ndrome that starts with cholestatic jaundice and
progresses to fulminant hepatic necrosis and (sometimes) death. The mechanism of this syndrome is
not understood. Patients receiving ACE inhibitors who develop jaundice or marked elevations of
hepatic enzymes should discontinue the ACE inhibitor and receive appropriate medical folfow-up.
Neutropenia/Agranulocytosis
Anather angiotensin converting enzyme inhibitor, captopril, has been shown to cause agranulocy-
tosis and bone marrow depression, rarely in uncomplicated patients, but more frequently in
patienté with renal impairment, especially if they also have a collagen-vascular disease such as
:systamic lupus erythematosus or scleroderma. Available data from clinical trials of ramipril are

insufficient to show that ramipril does not cause agranulocytosis at similar rates. Monitoring of
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WL DIDDT Lo LOunts snould be consicered in patients with coilagen-vascular aisease, especiatly
if the disease is associated with impaired renal function.

Fetal/Neanatal Morbidity and Mortality

ACE inhibitors can cause fetal and neonatal morbidity and death when administered to pregnant
women. Several dozen cases have been reported in the world literature. When pregnancy is detect-
ed, ACE inhibitors should be discontinued as soon as possible.

The use of ACE inhibitors during the second and third trimesters of pregnancy has been associated
with fetal and neonatal injury, including hypotension, neonatal skull hypoplasia, anuria, reversible or
irreversible renal faifure, and death. Qligohydramnios has also been reported, presurnébly resulting
from decreased fetal renal function; oligohydramnios in this setting has been associated with fetal
limb contractures, craniofacial deformation, and hypoplastic lung development, Prematurity, |
intrauterine growth retardation, and patent ductus arteriosus have also been reported, although it is
not cléar whether these occurrences were due to the ACE inhibitor exposure. -

These adverse effects do not appear to have resutted from intrauterine ACE inhibitor exposure that
has been limited to the first',grimester. Mothers whose embryos and fetuses are expoéed to ACE
inhibitors only during the first trimester should be so informed. Nonetheless, when patients become
pregnant, physicians should make every effort to discontinue the use of ALTACE as soon as possible.
Rarely (probably less often than once in every thousand pregnancies), no atternative to ACE
inhibitors wili be found. In these fare cases, the mothers should be apprised of the potential haz-
ards to their fetuses, and serial ultrasound examinations should be performed to assess the
intraamniotic environment. |

Iif oligohvdramnios is observed, ALTACE should be discontinued unless it is considered iife-saving
for the mother. Contraction stress testing (CST), a non-stress test (NST), or biophysical profiling
(BPP) may be appropriate, depending upon the week of pregnancy. Patients and physicians should
be aware, however, that oligohydramnios may not appear until after the fetus has sustained irre-
versible injury.

Infants with histories of in utero exposure to ACE inhibitors shou!d be closely observed for

| hypotension, oliguria, and hyperkalemia. If oliguria occurs, attention should be directed toward
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support of dlood pressure and renal perfusion. Exchange transfusion or dialysis m. ¢ te required
as means of reversing hypotension and/or substituting for disordered renal functic . ALTACE
which crosses the placenta can be removed from the neonatal circulation by these neimns, but lim-
ited experience has not shown that such removal is central to tha ireatment of thes - infants.
No teratogenic effects of ALTAGE were seen in studies of pregnant rats, rabbits, an ¢y nomolgus
monkeys. On a body surface area basis, the doses used were up to approximately 00 times (in
rats and monkeys) and 2 times (in rabbits) the recommended human dose.
PRECAUTIONS
Impaired Renal Function: As a consequence of inhibiting the renin-angiotensin-alc 1st:rone sys-
tem, changes in renal function may be anticipated in susceptible individuals. In pat' ints with
severe congestive heart fallure whose renal function may depend on the activity of e renin-
angiotensin-atdosterone system, treatment with angiotensin converting enzyme inh Jitirs, includ-
ing ALTACE, may be associated with oliguria and/or progressive azotemia and (rare /) 'vith acute
renal failure and/or death.
In hypertensive patients wi;_h unilateral or bilateral renal artery stenosis, increases i  blyod urea
nitrogen and serum creatinjne may occur. Experience with another angiotensin con #rt ng enzyme
~ inhibitor suggests that these increases are usualty reversible upon discontinuation .  ALTACE
and/or diuretic therapy. In such patients renal function should be monitored during he first few
weeks of therapy. Some hypertensive patients with no apparent pre-existing renal v schlar disease
have developed increases in blood urea nitrogen and serum creatinine, usually min: r a1 d {ran-
sient, especially when ALTACE has been given concomitantly with a diuretic. This is mcra likely to
" occur in patients with pre-existing renal impairment. Dosage reduction of ALTACE 2 d/ir discon-

tinuation of the diuretic may be required.

Evaluation of the hypertensive patient should always include assessment of rens fuaction.
(See DOSAGE AND ADMINISTRATION.)

Hyperkalemia: In clinical trials, hyperkalemia (serum potassium greater than 5.7 m g/.) occurred

in approximately 1% of hypertensive patients receiving ALTACE (ramipril). In most : 15¢5, these

PBE3-08a3
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were isolated values, which resolved despite continued therapy. None of thes'érirpatients was dis-

continued from the trials because of hyperkalemia. Risk factors for the development of hyper-.

kalemia include renal insufficiency, diabetes mellitus, and thé concomitant use of potassium-spar-

ing diuretics, potassium supplements, and/or potassium-containing salt substitutes, which should

be used cautiously, if at all, with ALTACE. (See DRUG INTERACTIONS.)

Cough: Presumably due to the inhibition of the degradation of endogenous bradykinin, persistent

- nonproductive cough has been reported with all ACE inhibitors, always resolving after discontinuation

of therapy. ACE inhibitor-induced cough should be considered in the differential diagn_osis of cough.

Impaired Liver Function: Since ramipril is primarily metabolized by hepatic esterases to its active

moiety, ramiprilat, patients with impaired liver function could deveiop markedly elevated plasma

 levels of ramipril. No formal pharmacokinetic stt_zdies have been carried out in hypertensive
patients with impaired liver function, _ |
Surgery/Anesthesia: In patients undergoing surgery or during anesthesia with agents that produce
hypotension, ramiprit may block angiotensin Il formation that would otherwise occur secondary to
compensatory renin releas'é:. Hypotension that occurs as a result of this fnechanism can be cor-
rected by volume expansiop.

- Information for Patients
Pregnancy: Female patients of childbéaring age should be told about the consequences of second-
and third-trimester exposure to ACE inhihitofs, and.'they should also be told that these conse-
quences do not appear to have resulted from intrauterine ACE inhibitor exposure that has heen
limited to the first trimester. These patients should be asked to report pregnancies to their physi-
cians as soon as possible.
Angioedema: Angicedema, including faryngea! edema, can occur with treatment with ACE
inhibitors, especially following the first dose. Patients s-hould be scii advised and told to report
immediately any signs or symptoms suggesting angioedema (swelling of face, eyes, fips, or

| tongue, or difficulty in breathing) and to take no more drug until they have consulted with the pre-

scribing physician. 7

Symptematic Hyparensibn: Patients should be cautioned that lightheadedness can occur, especial-

ly during the first days of therapy, and it should be reported. Patients should be told that if syn-
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LUpt BLLUTS, ALIALL SIAUIO DE JISCONUNUET until tne pnysician Nas been consulteq,

All patients should be cautioned that inadequate fluid intake or excessive perspiration, diarrhes, or
vomiting can lead to an excessive fall in biood pressufe. with the same consequences of lighthead-
edness and possible syncope. |

Hyperkalemia: Patients should be told not to use salt substitutes cohtaining potassium without
consulting their physician.

Neutropenia: Patients should be told to promptly report any indication of infection (e.g., sore
throat, fever), which could be a sign of neutropenia.

Drug Interactions

With diuretics: Patients on diuretics, especially those in whom diuretic therapy was recently insti- |

tuted, may occasionally experience an excessive reduction of blood pressure after initiation of thera-
py with ALTACE. The possibility of hypotensive effects with ALTACE can be minimized by either dis-
continuing the diuretic or increasing the sait intake prior to initiation of treatment with ALTACE. If
this is not possible, the starting dose should be reduced. (See DOSAGE AND ADMINISTRATION.)
With potassium supplema'{m_ and potassium-sparing diuretics: ALTACE can attenuate potassium
loss caused by thiazide diufetics. Potassium-sparing diuretics (spironolactone, amiloride, tri-
amterene, and others) or potassium supplements can increase the risk of hyperkalemia. Therefore,
if concomitant use of such agents is indicated, they should be given with caution, and the patient's

serum potassium should be monitored frequently.

With lithium: Increased serum lithium levels and symptoms of fithium toxicity have been reported

in patients receiving ACE inhibitors during therapy with lithium. These drugs should be coadminis-

tered with caution, and frequent monitoring of serum lithium levels is recommended. If a diuretic

is also used, the risk of lithium toxicity may be increased.

Other: Neither ALTACE nor its metabolites have been found to interact with food, digoxin, antacid,

| furosemide, cimetidine, indomethacin, and simvastatin. The combination of ALTACE and propra-
nolo! showed no adverse effects on dynamic parar_neters (blood pressure and heart rate). The co-
administration of ALTACE and warfarin did not adversely affect the anticoagulant effects of the Iqt-

“ter drug. Additionally, co-administration of ALTACE with phenprocoumon did not affect minimum

phenprocoumon levels or interfere with the subjects’ state of anti-coagulation.
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LAILINURENESIS, Mulagenesis, 1mpairment o1 rerlily

No evidence of a tumorigenic effect was found when ramipril was'given by gavage to rats for up to
24 months at doses of up to 500 mg/kg/day or to mice for up to 18 months at d.oses of up to
1000 mo/kg/day. (For either species, these doses ;re about 200 times the maximum recommend-
ed human dose when compared on the basis of body surface area.) No mutagenic activity was
detected in the Ames test in bacteria, the micronucieus test in mice, unscheduled DNA synthesis in
a human celf line, or a forward gene-mutation assay in a Chinese hamster ovary cell line. Several
metabolites and degradation products of ramipril were also negative in the Ames test. A study in
rats with dosages as great as 500 mg/kg/day did not produce adverse effects on feﬁility.
Pregnancy -

Pregnancy Categories C (first trimester) and D (second and third trimesters). See WARNINGS:
Fetal/Neonatal Morbidity and Mnnalilf.

Nursing Mothers

Ingestion of single 10 mg oral dose of ALTACE resulted in undetectable amounts of ramipril and its
metabolites in breast milk. 'lﬂowever, because multiple doses may produce low milk concentrations
that are not predictable from single doses, women receiving ALTACE shou!d not breast feed.
Geriatric Use | |
.Of the total number of patienté who received ramipril in US clinical studies of ALTACE 11.0% weré
65 and over while 0.2% were 75 énd over. No overall differences in effectiveness or safety were

observed between these patients and younger patients, and other reported clinical experience has

not identified differences in responses between the elderly and younger patients, but greater sensi- -

tivity of some older individuals cannot be ruled out.

One pharmacokinetic study conducted in hospitalized elderly pétients indicated that peak
ramiprilat levels and area under the plasma concentration time curve (AUC) for ramiprilat are
higher in older patients. |

Pediatric Use

Safety and effectiveness in pediatric patients have not been established.
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AUVERSE REAGTIONS

Hyperiension

ALTACE has been evaluated for safety in over 4,000 patients with hypertension; of these, 1,230
patients were studied in US controlled trials, and 1,107 were studied in foreign controlled trials.
Almost 700 of these patients were treated for at least one year. The overall incidence of reported
adverse events was simifar injALTACE and placebo patients. The most'fréquent clinical side effects
(possibly or probably related to study drug) reported by patients receiving ALTACE in US placebo-
controlled trials were: headache (5.4%), “dizziness” (2.2%) and fatigue or asthenia (2.0%), but
only the last was more common in ALTACE patients than in patients given pla.cebo.‘ Generally, the
side effects were mild and transient, and there was no relation to total dosage within the range of
1.25 to 20 mg. Discontinuation of therapy because of a side_ effect was required in approximately
3% of US patients treated with ALTACE. The most common reasons for discontinuation were:
‘cough {1.0%), “dizingss” (0.5%), and impotence (0.4%). | _

Ot observed side effects considered possibly or probably related to study drug that occurred in US
placebo-cantrolled trials in'.g‘nore than 1% of patients treated with ALTACE. only asthenia (fatigue)
was more common on Altage than placebo (2% vs. 1%).

PATIENTS IN US PLACEBO CONTROLLED STUDIES
: \ ALTACE  Placebo
(n=651)  (n=286)
_ n % n % _
~ Asthenia (Fatigue) 13 2 2 1 -

“In placebo-controlled trials; there was also an excess of upper respiratory infection and fiu syn-
drome in the ramipril group, not attributed at that time to ramipril. As these studies were carried .
out before the relationship of cough to ACE inhibitors was recognized; some of these events may
represent ramipril-induced cough. In arlater 1-year study, increased cough was seen in almost
12% of ramipril patients, with about 4% of patients requiring discontinuation of treatment.

Heart Failure Post Myocardial Infarction |

-Adverse reactions (except laboratory abnormalities) considered possibly/probably related to study

drug that occurred in more than one percent of patients and more frequently on ramipril are
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shown pelow. The incidences represent the experiences from the AIRE study. The foliow-up time

was between 6 and 46 months for this study.

t Percentage of Patients with Adverse Events Possibly/Probably Related to Study Drug
Placebo-Controlled (AIRE) Mortality Study '
Adverse Event o Ramipril Placebo
| (n=1004) (n=982)
Hypotension . 1 5
Cough Increased 8 4
Dizziness 4 3
Angina Pectoris 3 2
Nausea 2 1
Postural Hypotension 2 1
Syncope 2 1
Vomiting 2 0.5
Vertigo _ 2 0.7
Abnormal Kidney Function 1 05
Diarrhea 1 0.4
{ HOPE Study: K

Safety data in the HOPE tri';'al were collected as reasons for discontinuation or temporary interrup-
tion of treatment. The incidence of cough was similar to that seen in the AIRE trial. The rate of
angioedema was the same as in previous clinical trials (ses WARNINGS):

RAMIPRIL PLACEBO
(N=4645) {N=4652)
% %
Discontinuation at any time 34 32 =
Permanent discontinuation 29 28
Reasons for stopping
Cough 7 2
Hypotension or Dizziness - 19 15
Angioedema 0.3 0.1

Other adverse experiences reported in controlled clinical trials (in less than 1% of ramipril
( . patients), or rarer events seen in postmarketing experience, include the following (in some, a

causal relationship to drug use is uncertain); events not likely to be drug related and minor events

have been omitted. Page 19




Body As a Whole: Anaphylactoid reactions. (See WARNINGS.)

Cardiovascular: Symptomatic hypotension (reported in 0.5% of patients in US trials) (See WARN-
INGS and PRECAUTIONS), syncope and palpitations. |
Hematologic: Pancytopenia, hemolytic anemia and thrombocytop-enia.

Renal: Some hypertensive patients with no apparent pre-existing renal disease have developed
minor, usually transient, increases in blood urea nitrogen and serum creatinine when taking
ALTACE, particularly when ALTACE was given concomitantly with a diuretic. (See WARNINGS.)
Angioneurotic Edema: Angioneurotic edema has been reported in 0.3% of patients in US clinical
trials. (See WARNINGS.) :
Gastrointestinal: Pancreatitis, abdominal pain (sometimes with enzyme changes suggesting pan-
creatitis), anorexia, constipation, diarrhea, dry mouth, dyspepsia, dysphagia, gastroenteritis, hepa-
titis, increased salivation and taste disturbance.

Dermatologic: Apparent hypersensitivity reactions (manifested by urticaria, pruritus, or rash, with
or without fever), erythema multiforme, pemphigus, photosensitivity, and purpura.

Neurologic and Psychiatrib:: Anxiety, amnesia, convulsions, depression, hearing loss, insomnia,
nervousness, neuralgia, nepropathy, paresthesia, somnolence, tinnitus, tremor, vertigo, and vision
disturbances.

Miscellaneous: As with other ACE inhibitors, a symptom complex has been reported which may
include a positive ANA, an elevated eryihrocﬁe sedi.mentation rate, arthralgia/arthritis, myéigia,
fever, vasculitis, eosinophilia, photosensitivity, rash and other dermatoiogic.manifestations.

Additionally, as with other ACE inhibitors, eosinaphilic pneumonitis has he_en reported.

Fetal/Neonatal Morbidity and Mortality. See WARNINGS: Fetal/Neonatal Morbldity and Mortality.

Other: arthralgia, arthritis, dyspnea, edema, epistaxis, impotence, increased sweating, malaise,
myalgia, and weight gain.

Clinical Laboratory Test Findings:

Creatinine and Blood Urea Nitrogen: Increases in crefiﬁnine levels occurred in 1.2% of patients
receiving ALTACE alone, and in 1.5% of patients receiviﬁg ALTACE and a diuretic. Increases in

blood urea nitrogen levels occurred in 0.5% of patients receiving ALTACE alone and in 3% of
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PauenIs Teceving ALIALE WITN a GIUTETIC. iONE 01 LIESE INCTeases required aisconunuauon of ireai-
ment. Increases in these laboratory values are more likely to occur in patients with renal insufficien-
cy or those pretreated with a diuretic and, based on experience with other ACE inhibitors, would be
expected 10 be especially likely in patients with renal artery stenosis. {(See WARNINGS and PRECAU-
TIONS.) Since ramipril decreases aldosterone secretion, elevation of serum potassium can occur.
Potassium supplements and potassium-sparing diuretics should be given with caution, and the
patient's serum potassium should be monitored frequently. (See WARNINGS and PRECAUTIONS.)
Hemoglobin and Hematocrit: Decreases in hemoglobin or hernatobrit {a low value and a decrease
of 5 g/d! or 5% respectively) were rare, occurring in 0.4% of patients receiving ALTAGE alone and
in 1.5% of patients receiving ALTACE plus a diuretic. No US patients disconﬁnued treatment
because of decreases in hemoglobin or hematocrit.

Other (causal relationships unknown): Clinically important changes in standard laboratory tests-
were rarely associated with ALTACE administration. Elevations of liver enzymes, serum bilirubin,
uric acid, and blood glucose have been reported, as have cases of hyponatremia and scattered
incidents of leukopenia, eos'!nuphilia, and proteinuria. In US trials, less than 0.2% of patients dis-
continued treatment for laboratory abnormalities; all of these were cases of proteinuria or abnor-
mal liver-function tests.

OVERDOSAGE

Single oral doses in rats and miceA of 10-11 g/kg resulted in significant lethality. In dogs, oral doses
as high as 1 g/kg induced only mild gastrointestina! distress. Limited data on human overdosage are
available. The most fikely ctinical manifestations would be symptoms attributable to hypotension.
Laboratory determinations of serum levels of ramipril and its metabolites are not widely available, and
such determinations have, in any event, no established role in the inanagement of ramipril overdose.
No data are available to suggest physiological maneuvers {e.g., maneuvers to change the pH of the
urine) that might accelerate elimination of ramipril and its metabolites. Similarly, it is not known
which, if any, of these substances can be usefuliy removed from the body by hemodialysis.

Angiotensin 1l could presumably serve as a specific antagonist-antidote in the setting of ramipril
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Because the hypotensive effect of ramipril is achieved through vasodilation and effective hypov-
olemia, it is reasonable to treat ramipril overdose by infusion of normal saline solution.

DOSAGE AND ADMINISTRATION

Blood pressure decreases associated with anv dose of ALTACE® depend, in part, on the presence
or absence of volume depletion (e.g., past and current diuretic use) or the presence or absence of
renal artery stenosis. If such circumstances are suspected to be present, the initial starting dose
should be 1.25 mg once daily.

Reduction in Risk of Myocardial Infarction, Stroke, and Death from Cardiovascular Causes
ALTACE® should be given at an initial dose of 2.5 mg, once a day for 1 week, 5 mg, once a day for
the next 3 weeks, and then increased as tolerated, to a maintenance dose of 10 mg, once a day. If the
patient is hypertensive or recently post myocardiat infarction, it can also be given as a divided dose.
Hypertension _

The recommended initial dose for patients not receiving a diuretic is 2.5 mg once & day. Dosage
should be adjusted accordi'qg to the blood pressure response. The usual maintenance dosage
range is 2.5 to 20 mg per d'.ay administered as a single dose or in two equally divided doses. In
some patients treated once daily, the antihypertensive effect may diminish toward the end of the
dosing interval. In such patients, an increase in dosage or twice daily administration should be
considered. If blood pressure is not controlled with ALTACE alone, a diuretic can be added.

Heart Failure Post Myocardial Infarction

| For the treatment of post-infarction patients who have shown signs of congestive failure, thé rec-
ommended starting dose of ALTACE is 2.5 mg twice daily (5 mg per day). A patient who becomes
hypotensive at this dose may be switched to 1.25 mg twice daily, and 2fter one week at the start-
ing dose, patients should then be titrated (if tolerated) toward a target dose of 5 mg twice daily,
with dosage increases being about 3 weeks apart.

After the initial dose of ALTACE, the patient should be observed under medical supervision for at

- least two hours and until blood pressure has stabilized for at least an additional hour. (See WARN-
- INGS and PRECAUTIONS, Drug Interactions.) if possible, the dose of any concomitant diuretic |
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shculd be reduced which may diminish the likelihood of hypotension, Thé 'éﬁppearance of hypoten-
sion after the initial dose of ALTACE does not preclude subsequent careful dose titration with the
drug, following effective management of the hypotension.

The ALTACE Capsﬁle is usually swallowed whole. The ALTACE Capsule can also be opened and the
contents sprinkled 3n a small amount (about 4 0z.) of apple sauce or mixed in 4 oz, {120 ml) of
water or apple juice. To be sure that ramipril is not lost when such a mixture is used, the mixture
should be consumed in its entirety. The described mixtures can be pre-prepared and stored for up
10 24 hours at room temperature or up to 48 hours under refrigeration. 7

Concomitant administration of ALTACE with potassium supplements, potassium salt substitutes, or
potassium-sparing diuretics can lead to increases of serum potassium. (See PRECAUTIONS.)

In patients who are currently being treated with a diuretic, symptomatic hypotension occasionally
can occur following the initial dose of ALTACE. To reduce the likelihood of hypotension, the diuretic
- should, if possible, be discontinued two to three days prior to beginning therapy with ALTACE.
(See WARNINGS.) Then, if blood pressure is not controlied with ALTACE alone, diuretic therapy
should be resumed.

If the diuretic cannot be discontinued, an initial dose of 1.25 mg ALTACE shou'd be used to avoid
excess hypotension.

Dosage Adjustment in Renal impairment

In patients with creatinine clearance <40 mt/min/1 .;'IsmE {serum creatinine approximatelyA>2.5
mg/dl) doses only 25% of those normally used should be eicpected to induce full therapeutic levels
of ramiprilat. (See CLINICAL PHARMACOLOGY.)

Hypertensian: For patients with hypertension and renal impairment, the recommended initial dose
is 1.25 mg ALTACE once daily. Dosage may be titrated upward until biood pressure is controlied or
- to a maximum total daily dose of 5 mg.

Heart Fallure Post Myocardial Infarction: For pélients with heart failure and renal impairment, the
recommended initial dose is 1.25 mg ALTACE once daily. The dose may be increased to 1.25 mg

b.i.d. and up to a maximum dose of 2.5 mg b.i.d. depending upon clinical response and tolerability.
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HOW SUPPLIED e

ALTA'CE is available in potencies of 1.25 mg, 2.5 mg, 5 mg, and 10 mg in hard gelatin capsules,
packaged in bottles of 100 capsules. ALTACE is also supplied in blister packages (10 capsules/blis-
ter card).

* ALTACE 1.25 mg capsules are supplied as yellow, hard gelatin capsules in bottles of 100 (NDC
61570-110-01), anﬂ Unit Dose packs of 100 (NDC 61570-110-58).

ALTACE 2.5 mg capsuies are supplied as drange. hard gelatin capsules in bottles of 100 (NDC
61570-111-01), and Unit Dose packs of 100 (NDC 61570-111-56).

ALTACE 5 mg capsules are supplied as red, hard gelatin capsules in bottles of 100 (NDC 61570-
112-01), and Unit Dose packs of 100 {NDC 61570-112-56).

ALTACE 10 mg capsules are supplied as Process Blue, hard gelatin capsules in botties of 100

~ (NDC 61570-120-01). | '

Dispense in well-closed container with safety closure.

Store at controlled room temperature (59 to 86° F).

Rx only. J

Prescribing Information as of September 2000

Distributed by: Monarch Pharmaceuticals, Inc., Bristol, TN 37620
Manufactqred by: Aventis Pharmaceuticals Inc., Kansas City, MO 64137

Monarch
Pharmaceuticals®
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CENTER FOR DRUG EVALUATION AND RESEARCH

APPLICATION NUMBER:
19-901/5-028

MEDICAL/STATISTICAL REVIEWS




DEPARTMENT OF HEALTH AND HUMAN SERVICES

FOOD AND DRUG ADMINISTRATION ' Public Health Service
Division of Cardio-Renai Drug Products :
Memorandum
DATE May 16, 2000 '
: ’ g oy
FROM : Director, Division of Cardio-Renal Drug Products, HFD-110 Wé’

SUBJECT: NDA 19-901, $-028, Ramipril for high-risk pz" ints, King Pharmaceuticals, Ine:.
TO : Director, Office of Drug Evaluation 1, HFD-110
Introduction

The Heart Outcomes Prevention Evaluation (HOPE) study was a large, simple, factorial trial ihst cesnpared the
effects of ramipril (titrated to the maximum approved dose) and Vitamin E to placebo in a doubie biing, factorial
design. Only the results of the ramipril vs. placebo are submitted to this NDA. There were 9541 fastiziils
randomized (4645 to 10 mg ramipril, 4652 to placebo (and 244 to 2.5 mg of ramipril, not reported i3 the NDA).
Only 8 patients were lost to foliow-up, the remainder are all accounted for. Remarkable for a siudy that cost only
in the vicinity $1000 per patient reported (in contrast to several thousand dollars per patient).

A protocol existed in August, 1993 (but, the final protocol is dated March 21, 1994), the study began in December,
1993, the study was terminated by the Data and Safety Monitoring Committee in March, 1998 (final study visits
being June 30, 1999), this supplement was submitted January 12, 2000, the major resuit of HOPE was published
in the N.E.J.M. on January 20, 2000, the major FDA combined Medical/Statistical review was completed April 3,
2000 {with several addenda, later), the Cardiac and Renal Drugs Advisory Committee met to discuss the results
of HOPE on May 1, 2000. From study start to end was 6.5 years, first analysis tock 3 to 4 months, from end of
study to submission (and publications) took 9.5 months, and FDA time to the date of this memorandum has been
5 months.

Tha Randomized Patient Population
inclusion Criteria

The protocol states “A wide range of high risk patients”. This was defined as in the finai protoco!:

1) Women and men aged 55 or above at high risk of developing a major cardfovascular event.

A. Coronary disease: Previous myocardial infarction, stable or unstable angina with documented
multivessel coronary disease* or positive stress (ST depression greater than or equal to 2 mm or positive
thaflium), or muitivesse! PTCA (patients can be entered into Run-in Phase one week after these events
but should only be randomized one month after these events), multivessel CABG (more than 4 years ago
or with anginal or multivessel coronary disease* seen on angiography.

“multivessel coronary artery disease js defined as >50% stenosis in at least two major coronary arteries

Other patients at high risk of developing Mi or stroke:

O

{0 Peripheral vascular disease: Previous limb bypass surgery or percutaneous transiuminal
angioplasty, previous limb or foot amputation, history of intermittent claudication with anide/arm
blood pressure ratio of 0.80 or lower in at least one side, significant stenosis (>50%) documented

by angiography.

(i Previous stroke {(more than one month ago).




() Diabetes {insulin-dependent or non-insulin dependent) with one of the following cardiovascutar
risk factors: hypertension, (BP >160 mm Hg systolic or > 90 mm Hg diastolic or on treatment);
total cholesterof > 5.2 mal/L (>200 mg/d); HDL cholesterol » 0.9 mmol/ (3.5 mg/dl); current

cigarefte smoking; known microalbuminuria or any evidence of previous vascular disease.

Exclusion Criteria

Relate primarily to absolute indicatic = or contra-indications for the use of ACE-/ or Vitamin E and to the presence

of other medical problems that would eithar interfere with participation in the trial or lead fo the inability to
" complete the trial.

1) Drug use: Current use of ACE-1 (e.g.. for heart failure, EF < 40% or severs hypertension} or current use of
Vitamin E and inability to discontinue these medications, or known h ypersensitivity to ACE-{ or Vitamin E.

2) Cardiovascular diseases

1) Ejection Fraction < 40% (only if known)

2) Hemodynamicaly significant prirmary valvular or outflow tract obstruction (e.g., mitral valve stenosis,
asymmetric septal hypertrophy, malfunctioning prosthetic vaive).

3) Constrictive pericarditis.

4) Complex congenital heart disease. ‘

5} Syncopal episodes presumed o be due to uncontrolled life-threatening arrhythmias (asymptomatic
cardiac amhythmias including ventricular tach ycardia are not an exclusion criterion).

6) Planned cardiac surgery or angioplasty within 3 months (patient may be reconsidered for the trisl
after the procedure). -

7) Uncontrolfed hypertension.

8) Cor Pulmonale. '

8) Heart transplant recipient.

10)

3) Other conditions

1) Significant renal disease defined as:
a) renaf artery stenosis;
b) creatinine clearance < 0.6 mi/second or serum creatinine >200 mEQ/L (2.26 mg/dl);
c) overt nephropathy: >= 1 plus proleinuria on dipstick or urinary albumin excretion > 200
micrograms/minute (300 mg/24 hrs); : :
d) hyperkalemia; K > 5.5 mEg/.

2} Any other major non-cardiac iliness. expected to reduce life expectancy of interfere with study
participation.

3) Patient is simuitaneously taking another experimental drug.

4) Praviously randomized to HOFE.
During the Advisory Committee meeting, Dr. Yusuf stated that at the time of randomization, ail patients were
asymptomatic with respect to cardiovascular disease. This was not a correct statement, since patients could

have had angina, intermittent claudication, etc. What was meant was that the patients were essentially stabie,
with high risk factors and chronic diseases.




The Major Result

The primary endpoint was the combination of cardiovascular death, myocardial infarction and stroke. There .
were 651 (14.0%) such events in the ramipril group and 826 (17.8%) such events in the placebo group; the point
estimate for hazard ratio was 0.78. This was statistically significant, favoring ramipril {p = 0.0001). :

Other maior analyses

For the combination of all-cause death, myocardial infarction and stroke, there were 822 (17.7%) such events in
the ramipril group and 992 (21.3%) such events in the placebo group; the point estimate for hazard ratio was
0.81. This was statistically significant, favoring ramipril {p = 0.0001).

For all-cause death alone (not a pre-specified end-point) there were 482 (10.4%) events in the ramipril group
and 569 (12.2%) events in the placebo group, hazard ratio 0.84 (p = 0.005). This is a rather striking finding,
favoring ramipril,

There is not much else to say here. The trial, by any criterion | could imagine, clearly found a benefit of ramipril
when treating patients who were stable but at high risk of having cardiovascular events.

Are there things to worry.about ?
Not many, but some.

Revascularization

This was a pre-specified secondary end-point. There were 743 (16.0%) events in the ramiprit group and 854
(18.4%) events in the placebo group, hazard ratio 0.86 (p = 0.002). These were any kind of revascularization,
elective, emergency, etc., not just “urgent revascularizations”. The trial was a blinded trial, so it is unlikely that
systematic bias played a role, but in the past we have been rather specific, requiring “urgent revascularizations™
and excluded elective procedures from serious thought. :

The incidence of myocardial infarction was decreased by ramipril treatment (hazard ratio 0.80, p = 0.0003), but
the incidence of hospitalization for “unstable angina” (aiso a prespecified secondary outcome) was dead even
(554 events in the ramipril group and 567 events in the placebo group), as was worsening angina (1010 events in
the ramipril group and 1117 events in the placebo group), as was hospitalization for unstable angina with ECG
changes (175 events in the ramipril group and 180 events in the placebo group). It is not clear to me how to ..
interpret the decrease in revascularizations and the other events together. Could it be that a pof0.002 for a
prespecified end-point was a play of chance ?

| get even more puzzled when looking at the myocardial infarction database. Patients who had a myocardial
infarction and had symptoms were fewer in the ramipril group {383, 83.4%) than in the placebo group (472,
82.8%). So, with an acute event, patients were equally symptomatic.

If ramipril treatment altered the progression of atherosclerosis (a natural interpretation from the major trial resutt,
and decreased the incidence of myocardial infarction and decreased the incidence of stroke [the latter two being
statistically significant on their own]), the decreased need for myocardial revascularization would be an expected
finding. Why then did the incidence of unstable angina not track the expected, not even what could be called a
lean ? :

I cannot even speculate. Certainly even in a highly significant trial, inferences from multiple analyses are usually
not appropriate. | don't know the answer here, but | favor not having the revascularization finding in labeling.
Simply because it has different meaning from that which is in current labeling for other approved drugs and |
cannot think of the words that would appropriately clarify the meaning in this labeling vs. other labeling.




Diabetes
This could be long section, with long discussion. | will keep it brief.

Nothing special about diabetes should go into this labeling. Like the entire HOPE population, diabetics receive
the same treatment benefit of ramipril. There is no reason to single them out in labeling, despite there being a
substudy that had statisticaliy significant findings as well. .

The finding that fewer new diaghoses of diabetes were found in the ramipril treated group (3.6%) than in the
placebo group (5.4%), hazard ration 0.66 (p0.001), was a retrospective analysis finding and as said by Dr. Yussef
at the Advisory Committee meeting raises a hypothesis that is worth testing again (at least once more).

The albuminuria, nephropathy, microvascutar effects can be argued about for many hours. | am comfortable that,
like many other ACEI ramipril decreases the progression of albuminuria compared to placebo. Thus far, we have
not settled for that as a claim for anything.

The single placebo controiled trial in insulin dependent diabetic patients that measured *hard end-points” is the
trial that supported approval of captopril (Lewis, etal, N.E.J.M. 1993:320: 1456-62). The principal endpoint in
that trial was doubling of the serum creatinine (captopril won, p = 0.007) and there was a secondary endpoint of
death/dialysis/transplantation (captopril won here too, P = 0.008). In the Lewis, et. al. trial, microalbuminuria was
also decreased by captopril {p = 0.001).

In non-diabetic renal disease patients there is also a single trial (3 publications from the Gruppo ttafiano di Studi
Epidemiologici in Nefrologia [a trial with the acronym REIN for Ramipril Efficacy In Nephropathy]). There is also a
link-between atbuminuria and “harg endpoints®. The link is weaker (complicated, but p values for treatment
effects favoring ramiprii usually have on only one 0 after the decimal point.

Strangely, there is not a mention of serum creatinine in our reviews, nor is there a mentian of serum creatinine in
the HOPE publications, nor is there a mention of serum creatinine in anything the sponsor wrote. | am not
requesting it from znyone. 1 say this to simply state that it missing from my document also. | do not think | would
be swayed one way or the other by knowing the numbers.

Canada vs, USA

Although this was discussed, it is fairly easy to deal with. it is an original by FDA non-prespecified subgroup
analysis (in fact Dr. Yusuf said he would not even dream of performing such an analysis), it leans in the right
direction and the US population represented is small compared to the total randomized patients. This is not
worthy of discussion.

Dosing and Administration

For hypertension the current labeling says the recommended starting dose is 2.5 mg once-a-day. It then says
one should titrate and before adding another drug try administering trice-a-day (keeping the total daily dose at 10




mg). So itis a once or twice-a-day antihypertensive.

For heart failure post myocardial infarction current labeling says always give twice-a-day. One might think that
was in recognition of the fact that the hemodynamic effects, in some patients, do not last for an entire inter-dosing
interval, as reflected in the antihypertensive dosing recommendations. Not so. This reflects the study that
resuited in approval, the study administered ramipril twice-a-day; no ifs, ands or buts. That study aiso found a
27% (p = 0.002) reduction in the risk of death from any cause. ‘

So, itis clear that in one population at high risk (patients with heart failure after myoca: uial infarction, twice-a-day
dosing resulted in a reduction of death from any cause. It is also clear that twice-a-day dosing is more
appropriate in some patients, for the control of hypertension.

Along comes HOPE. Ramipril was dosed once daily in HOPE. Does this mean that a person now receiving
ramipril for the treatment of hypertension twice-a-day should be switched to once-a-day ? | think the answer is
clearly not to switch to once-a-day, if twice-a-day is controlling the blood pressure reasonably.

Since the hypertension trials did not measure anything other than blood pressure, should one ignore that ramipril
can reasonably be given twice-a-day? Again, | think the answer is clearly not. Not all patients being treated with
ramipril for hypertension have to be on a once-a-gay regimen, from the fear of not getting a mortality benefit,

So, what to do ? It seems odd to break from the empirical tradition of always doing exactly what the trial did, but |
think it is reasonable to do so here. | would recommend that for all 3 indications, the language be x mg per day,
in single or 2 divided doses. That is exactly what the hypertension labeling says, it is different from the post
myocardial infarction trial and it different from the HOPE trial, | think there is good clinical trial data that says
ramipril decreases all cause mortality (and presumably all the other things) in either single or divided dose. 1 also
think that for blocd pressure, the antihypertensive effect wanes during a once-a-day dosing interval.

My suggestion would read as follows:

DOSAGE AND ADMINISTRATION

For all indicated uses ALTACER doses are specified as total daily dose. It may be administered once or twice a
day, depending upon the response. For hypertension, in some patients treated once daily, the antihypertensive
effect may diminish toward the end of the dosing interval. In such patients, an increase in dosage or twice daily
administration should be considered. Blood pressure decreases associated with any dose of AL TACER depend, in
part, on the presence or absence of volume depletion (e.g., past and current diuretic use) or the presence or
absence of renal artery stenosis. If such circumstances are suspected to be present, the initial starting dose
should be 1.25 mg. :

Reduction of myocardial infarction, stroke and death in high risk patients

The starting dose of ALTACE® should be 2.5 mg per day. After one week, the dose should be increased to 5 mg
(if tolerated) and then 3 weeks later increased to 10 mg per day (if tolerated). ). A patient who becomes
hypotensive at this dose may be switched to 1.25 mg twice daily, and after one week at the starting dose, patients
should then be titrated (if tolerated) toward a target dose of 10 mg per day, with dosage increases being about 3
weeks apart. The maximum blcod pressure lowering from any dose takes 2 to 4 weeks to be manifest.

Hypzrtension

The recommended initial dose for patients not receiving a diuretic is 2.5 mg per day. Dosage should be adjusted
according to the blood pressure response. The usual maintenance dosage range is 2.5 to 20 mg per day. If
bicod pressure is not controlled after severa! weeks of 10 mg ALTACER administered twice 3 day (total daily dose
of 20 mg), a diuretic can be added.




Heart Failure post myocardial infarction.

For the treatment of post-infarction patients who have shown signs of congestive heart failure, the recommended
starting dose of ALTACER is 2.5 mg twice daily (5 mg per day). A patient who becomes hypotensive at this dose
may be switched to 1.25 mg twice daily, and after one week at the starting dose, patients should then be titrated

(if tolerated) toward a target dose of 10 mg per day, with dosage increases being about 3 weeks apart.

After the initial dose of ALTACE“, the patient should be observed under medical supervision for at least two hours
and until blood pressure has stabilized for at least an additioi. nour. {See WARNINGS AND PRECAUTIONS,
Drug Interactions.) If possibie, the dose of any concomitant diuretic should be reduced, which may diminish the
likefihood of hypotension.  The appearance of hypotension after the initial dose of ALTACER does not preclude
subsequent careful dose titration with the drug, following effective management of the hypotension.

Other factors to consider

The ALTACE® Capsule is usually swallowed whole. The ALTACER Capsule can also be opened and the
contents sprinkled on a smail amount (about 4 oz.) of applesauce or mixed in a 4 oz. (120 ml) of water or apple
juice. To be sure that ramipril is not lost when such a mixture is used, the mixture should be consumed in its
entirety. The described mixtures can be pre-prepared and stored for up to 24 hours at room temperature or up to
48 hours under refrigeration. '

AND THEN IT GOES ON AS IS (the last heading "Other factors to consider” is new, the words that follow it are as
they currently are in the package insert). :
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Dr. R. Lipleky MD
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Altace NDA 19-901, 8-028 .

Combined Medical & Statistical Review

Heant Qutcomes Prevention Evaluation Study (HOPE)
Division of Cardio-Renal Drugs, HFD-110

April 3. 2000 '

Dear Dr. Lipicky:

As promisad please find enciosed the list of additlonal issues that we noted from our review of the
statistical and medica! review. As Dr. Yusuf noted, thess issues will not have an effact on any
outcome, however to ensure accuracy is maintained we wanted 1o bring these to your attention.

1.

Page 7, 1" paragraph, Line 11. Please note that the DSMB rejectad the prifmary use of
forma! stopping rules (i.e. used without consideration of all availabie evidence) and
advised that emerging data be viewed within the context of all available evidence,
including statistical considerations, so that any advice about stopping the trial would be
based on a balance of risks and benefits. . .

Page B. Piease note that the following secondary endpoints are incorrectly identified:

- &cute ischemic cardiac syndromes (M|, unstable angina or severe angina _
requiring emergency coronary artery bypass surgery or angioplasty}, This should
read hospitalization for unsiable angina only.

- All cardiovascular revascularization procedures should read “all revascularization
procedures”, ,

- the individual outcomes of the primary composite andpoint MI, stroke and
cardiovascutar death should all be listed hate Instead of just cardiovascular
mortality.

Page 20, Patient Description incomectly states that 1044 patients were excluded from
randomization. 1035 patients were excluded from randomization, _

Page 20, Table of Reasons for Rejection. This table ssems 1o indicate a primary reason
for patient withdrawal but canters were not asked for the primary reason for withdrawal
and ware encouraged to report all reasons for withdrawal for sach patiert.

Page 21, paragraph 2: 8 patients lost. We have only six patisnts lost and Janice Pogue
had asked Dr. Targum to identify the two additional patients that you wets counting so we
may compare why there is a disr .

Pags 22, Protocol Viclations and Deviations, Paragraph 2. No mention was made of the
fact that the protoco! violations was comrected, as noted in the DSMB minutes.
Page 23, Table 2.1 — Concomitant Madications at 2 year visit. The footnote indicates that
the table was generated from visit 5, however the 2 year visit Is visit 7. In addition, we

1of &
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10.
11.

RO

13.

14,
15.
16,

17.

18.

19.
20.

21.
24,

25,

26.

appaar 1o have discraparncies throughout. Please see our analyses provided in Appendix
A .

Page 24, Table 2.2: The line labeled as Antiplatelet agents really reters to “Other
Antiplatelet Agents™ and does not include the use of aspirin. '

Page 25, Table 3. We balieve the discrepancies batwean our numbers and yours on
compliance can be explained by the tact that the denominator for compliance was taken
out of the number of valid (i.e. Including thoss who returned for a visit, had a
telephcne/mome visit, answerad the “stopping ramipril* question, and exciuded patients
who died). Also dose of ramipril was taken from the dose prescribed to be taken after the
visit (where available) instead of daily dosage prior 1o the visit {whers available). We have
included our analysas in Appendix B. ) '

Page 26, Table 4: Cardiovascular death confidence interval should read (0.64, 0.87).
Page 26, Table &: The cause of death provided is as reported by center prior to
adjudication. Please indicate this.

"Page 27, Tabla 6: Thae following corrections should be made:

Anterior Q waves ramipril;71, placabo 93

Lateral Q waves ramipril: 12, placebo:12

Inferior @ waves ramipril; 150, placebo: 166 _

New Bundie Branch Block: ramipril 46, placebo 68 '
Page 28, Table 7: For the three secondary outcomes listed, hazard ratios and p values
are discrepant in a minor way. Perhaps missing dates were not imputed as indicated in
the dalabase documentations. K
Page 23, Table 7: Worsening angina values should be ramiprit 1107(23.8%), placebo
1222(26.3%), C! 0.88(0.82-0.96), p=0.003,
Page 28, Table 7; Hosp for angina with ECG changes, number of events for placebo
group is 180 and should be 181.
Page 29, Table 9: Vitamin E Grp: Cardiovascular death, MI, stroke should read; Hazard
ratio: 0.79, Cl: (0.68, 0.61), p=0.0009, no vitamin E grp: cardiovascular death, Mi, stroke
should read; Hazard ratio: 0.76, CI:(0.66, 0.89), p=0.0003.
Page 30, Subgroup results: 2™ line of paragraph is misisading and should not be
included. The subgroup analyses by ethnicity and region are unreliable because of the
relativaly small numbers and potentially misleading. Furthermore tests for interactions are
net presented and If done would be wholly non-significant.
Page 37, Table 18: Footnote to table. Definition of Type 1l diabetes: Should read ‘age of
onset 230 or Iif younger than 30, not ¢urrently on insulin®, - C
Page 37, Table 18: Siroke should read Stroke or TIA. ‘ '
Page 37, Table 18: History of cardiovascular disease is undsfined and we are unable to
check the numbers until this is defined. .
Page 38, Table 19. Same issues as noted in point 7 (issues around determination of
thoss eligible for a vislt and those patients on dose). '

. page 39, Table 20: Comparator group to female patiants with diabotes should be male
23.

patients with diabetes.

Page 39, Table 21: As In point 13, parhaps missing dates were not imputed forthe 3 -
secondary oulcomes. ‘ .
Page 41, Tabile 23: The comparison of the dsvalopment of microalbuminuria must
exclude patients who had the condition at baseline or randomization. Thersfore this line
shouki be ramipril 431/1256 (34.3%), placebo 451/1182 (38.2%), hazard ratio 0.93 (0.81,
1.06), p=0.28. .

Page 41, Table 23: Doubling of creatinine from baseline a! any visit after randomization.
The numbers we have {ound are ramipril 41 (2.8%), and placebo 32 (1.8%), hazard ratio _
1.24 (0.78, 1.67), p=0.36. :
Page 40, Renal outcomes, 7" line. As notad in our fetter of yestarday, the p-value should
be 0.045. In addition, the suggestions for changes to Table 23 were made in the

- previous latter, :

27.

Page 42, Table 24: in light of the inaccuracies in Table 23, Table 24 Is also lmorr&.‘t.

Page 2016
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28, Page 44, Serious Adverse Events, 2 line: It is noted that the serious adverse events
were not adjudicated. This statement Is inaccurate as sach setious adverse event was
adjudicatad.

29. Page 44, Footnote to Table 27: Ak cughpt:  :did not have cancer Indicated on
the serious advarse event form, it was indicated that this patlent had cancer on the
patient summary form and this information was included in all cancer analysas.

Wa thank-you again for the opportunity to present these issues and wo are pieasa to hear
that changes can be made to the report prior to it's publication on the web, Plaase do not
hesitate to contact us if you have any questions regarding any of the above issues.

" Youss truly., o
M- et
anice Pogue, MSc, MA Jeckie Bosch, MSc
Statistician Coordinator

HOPE Study HOPE Study

Cc: T. Rogers, King Pharmaceuticais
S. Yusuf

Page 5ot &
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MEMORANDUM DEPARTMENT OF HEALTH & HUMAN SERVICES
) PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION

Date: 04/30/2000
From: Shaw T. Chen, M.D,, Medical Team Leader, HFD-110
To: Director, Division of Cardiorenal Drug Products, HFD-110

Director, Office of Drug Evaluation-I, HFD-100
Subject: NDA 19-901, $-028 Ramipril for reducing cardiovascular events in hi gh risk
patients, Approvability

OVERVIEW

This memorandum and the attached material constitute the Team Leader’s
recommendation that NDA 19-901 SE1-028, Altace (ramipril} for reducing cardiovascular events
in high-risk patients, be approved. The cardiovascular events include cardiovascular deaths,
myocardial infarction (MI) and stroke; high risk patients are defined as those who have
vascular/coronary disease or those with diabetes and at least one other cardiovascular risk factor
(hypertension, elevated total cholesterol, low HDL, smoking or microalbuminuria),

The new efficacy claim is based on the results of a new trial, Heart Outcome Prevention
Evaluation (HOPE), a randomized, double blind, placebo controlled, 4-year mortality/morbidity
study. Results of the study have been presented in recent meetings and published in journals

- {New Eng J Med, 342:145-153, 154-160, 2000 and The Lancet, 355:253-259, 2000), reprints of

which are enclosed. The history of development for the HOPE protocol and other background
information have been summarized in the introductory sections of the Medical/Statistical
Review. While the HOPE trial also evaluated the effects of vitamin E (see study design below),
the Primary Review and this memo focussed only on the analyses of data related to ramipril.

This supplemental application has been reviewed jointly by Dr. Targum of the. division
and Dr. James Hung of Biometrics (their report is referred to as the Primary Review in this
memo). Attached to their review is a brief summary of literatures on the use of angiotensin
converting enzyme inhibitors (ACEi) in diabetic nephropathy, prepared by Dr. Throckmorton,
also of this division. The sponsor did submit an information package for the Advisgry
Committee meeting of May 1, 2000, which is also included in this package. The HOPE data will
be presented at that meeting and the application considered by the Advisory Committee. The
Committee's final position will be reported in another memo by the Djvision.

It was decided in the filing meeting for this NDA supplement that no inspection of the
clinical trial is necessary, provided that no serious treatment—center interaction is observe.




NDA 19-901 5-028

THE NEW CLAIMS
Based on the results of HOPE trial, the sponsor proposed the following new indication:

Prevention of myocardial infarction, stroke, and death from cardiovascular causes:

il

This draft, submitted in the briefing document of March 31, 2000 for the Advisory
Committee, was revised slightly from an earlier version (italic type added or removed).

The new labeling also includes a description of the HOPE trial in the Pharmacodynamics

and Clinical effects section, under the heading of Prevention of myocardial infarction, stroke, and
death from cardiovascular causes.

THE HOPE PROTOCOL

As summarized by Drs. Targum and Hung in their review, the HOPE study was designed
based on the premises that ACE inhibition reduces cardiovascular morbidity/mortality and is
protective in patients at high risk for atherosclerosis. It is a large (9,000 patients), randomized,
multi-center, double blind, paraliel placebo controlled study with a 2 by 2 factorial design

(ramipril, placebo by vitamin E, placebo) to evaluate the effects of 4- year treatment with
ramipril and vitamin E.

Patients enrolied in HOPE must have vascular diseases (coronary, peripheral or
stroke) or diabetes with at least one other cardiovascular risk factor (hypertension, elevated total
cholesterol, low HDL, smoking or microalbuminuria). They have thus some evidence of, or are
at risk for, atherosclerotic diseases, but, unlike those of previous related ACEi studies, not
necessarily hypertensive, with a recent documented infarction or in significant heart failure
(actually, low left ventricular ejection fraction [<40%, if known] was excluded). For the diabetes
substudy, patients were admitted regardless of their insulin dependence but should have no
significant renal diseases (see exclusion criteria in Primary Review). The primary reviewers also
questioned the classification of diabetes mellitus on the basis of age of onset and medication use,
which was not clearly defined in protocol. But as long as both the insulin dependent and non-
independent types were well-represented and distribution matched in all treatment groups, less
precise diagnoses may approach more practical settings and only introduce noise, not bias.

Ramipril treatment was started at 2.5 mg and increased, over a 4-week period, to 10 mg
once daily for maintenance. Patients were followed every 6 months for an average of 3.5 years (4
yrs planned).
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In the original protocol, the primary efficacy endpoint is a combination of the following
events (time to event analyses): :

nonfatal M1,

nonfatal stroke,
. death from cardiovascular cause (CV death)
In the above, cardiovascular death was defined as deaths due to MI, stroke, pulmonary emboli,
arthythmia or other cardiovascular events. Sudden deaths without any other documented causes
were also included. Detailed definitions of other endpoints are referred to the Primary Review.
During the development of the protocol, the Agency had some reservation about using cause
specific death as a component of the primary endpoint. This concern was alleviated somewhat
by the fact that similar effects were observed with al] cause mortality (see results below).

There were 7 secondary endpoints, which include acute cardiac ischemic syndrome, all
cardiovascular revascularization procedures, cardiovascular mortality, total deaths, development
of overt nephropathy or dialysis in diabetic patients, hospitalization for heart failure, and cancer
by site/morphology. The major events were subject to review by the Event Adjudication
Committee, the extent of which was not clear, but probably beyond that specified in the protocol
(i.e., not just discrepancies between hospital records or death certificates and case/event report
forms, see Primary Review). ' |

In addition to the same set of primary/secondary efficacy endpoints as that of the main

study, the diabetes substudy also listed the following diabetes-specific secondary endpoints:
- incipient diabetic nephropathy

progression from incipient to overt nephropathy

deterioration in renal function

glucose control (hemoglobin A lc)

diabetic retinopathy requiring laser surgery

rate of limb amputation and foot infection _
Of these secondary endpoints in the diabetic substudy, some (e.g., glucose control,
microalbuminuria, deterioration in renal function, and overt nephropathy) were either not well
defined in protocol or with variable changes in different reports which were not submitted as
protocol amendment, _ ' ‘ ' o

During the trial, the protocol was amended with a number of revisions, which were
summarized in the Primary Review (Pages 5-6). Except for those noted above, the great majority
had no serious impact on integrity of the data or conclusion of the results.

EFFICACY RESULTS: MAIN STUDY

The results of the HOPE trial were published in two articles, one describing the main
study (New Eng ] Med, 342:145-153, 154-160, 2000) and the other paper contained the diabetic
substudy (The Lancet, 355:253-259, 2000). Both of these publications have been summarized in
the Primary Review and attached to this package. '

In the main study, 4,652 were randomized to placebo and 4,645 to ramipril.10 mg. There
were additional 244 patients who were assigned to 5 mg of ramipril and were excluded from
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efficacy analyses. As described in the Primary Review, the treatment groups were well-matched
in demographics, other baseline characteristics and concomitant medications,

Statistically, HOPE is a positive study with quite robust findings. The results of primary
efficacy endpoint showed that ramipril is much more effective than placebo in reducing the
predefined CV events with an impressive significance for the difference:

~ Ramipril placebo  hazard ratio ,,
Primary Endpoint + N=48645 N=4652 (95% CI) P
CV death, Mi or stroke 14.0% | 17.8% | 0.78 (0.70-0.86) | 0.0001

While one may question the use of cause-specific mortality, the definition of CV death was
reasonable (see above) and replacing it with all cause mortality led to similar result:

Ramipil _placebo  hazard ratlo
N=4645 Nz4652 (95% CI) p
all-cause death, Mi or stroke 17.7% | 21.3% { 0.81 (0.74-0.89) | 0.0001

Thus verifying causes of each death will probably not affect the study outcome and selective
reviews of individual cases have not revealed any big surprise. Measurements in the components
of the primary endpoint were also consistently in favor of ramipril with impressive significance:

Ramipril  placebo hazard ratio
N=4645 N=4652 (95% CI) p
CV deaths 6.1% 8.1% | 0.74 (0.64-0.87) | 0.0002
MI 8.9% | 12.3% | 0.80(0.70-0.90) | 0.0003
stroke 34% | 4.9% | 0.68(0.56:0.84) | 0.0002
all-cause death 10.4% 12.2% | 0.84 (0.750.95) ! 0.005

It is interesting to note that this is probably the first convincing piece of data showing ACEi
reduced Ml in these patients. As described in the Primary Review, the mortality effect of
ramipril was independent of the terminal CV event (ML, stroke or arrhythmia, etc see Table 5 of
Primary Review). There was no between group difference in non-CV deaths (4.3% ramipril vs
4.1% placebo, hazard ratio 1.03 with 95% CI 0.85-1.26, p=0.74), '

The primary treatment effect was evident after about one year and persisted throughout
follow up in the study, as shown by the survival curves in the following figure: ."_
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The reviewers also checked the censoring distribution for both the primary endpoints and
the same primary set but replaced with all-cause mortality and concluded that the above efficacy
analyses were valid (Appendix A of Primary Review). Thus, the morbidity/mortality benefits of
ramipril treatment in patients at risk of atherosclerotic cardiovascular diseases appear to be wel]
established in HOPE, with a quite robust finding in the primary endpoints. :

. Of the three pre-specified secondary endpoin.s, ramipril reduced revascularization, but
not hospitalizations, either for unstable angina or heart failure (Table 7, Primary Review

| ‘Ramiprl placebo  hazard ratio
Secondary Endpoints N=4845 N=4652 (95% Cl) p
revascularization 16.0% 18.4% | 0.86 (0.78-0.94) 0.002
hosp. unstable angina 11.9% 12.2% | 0.97 (0.87-1.09) 0.65
- hosp. for heart failure - 3.0% 3.5% 0.87 (0.69-1.09) | "0.22

The sponsor also claims that cardiac arrest, heart failure and worsening angina were decreased,
but these endpoints were not pre-defined:

Ramipril placebo hazard ratio
Non-prespecified Endpoints  N=4645 N=4652 (95% CI) p
cardiac armest 0.8% 1.3% 0.62 (0.41.0.94) 0.024
heart failure* 9.0% 11.5% { 0.77 (0.68-0.87) | 0.0001
worsening angina® 23.8% 26.3% | 0.88 (0.82-0.96) 0.003

* check box on case report form

Efficacy results of the main study are independent of vitamin E treatment (Table 9 of
Primary Review) and fairly consistent across different patient subgroups (Table 10 of Primary
Review). Treatment effects of ramipril in a few demographic subgroups were with point
estimates in the right direction but wide, non-significant confidence intervals, most likely due to
small sample sizes (non-Caucasians, without CV diseases at baseline, and non-Canadian centers,
Tables 12-17 of Primary Review). Ramipril was also beneficial regardless of baseline treatments
with beta-blockers, calcium antagonists, diuretics, aspirin or other antiplatelet agents. As shown
in Table 11 of the Primary Review, patients not receiving aspirin at baseline appeared to have a
much greater reduction in primary endpoint events than those who were 50 treated, but this is not
a comparison between randomized groups. '

- -

P

EFFICACY RESULTS: DIABETES RELATED CLAIMS
New Diabetes in the Main Study

In addition to the Diabetes Substudy (see below), the sponsor also analyzed the main
study for new diagnoses of diabetes mellitus (DM) in patients who did not have DM at
baseline. As shown in Table 8 of the Primary Review, ramipril treated patients had fewer new
cases of DM over the course of the study:

-~ -Ramipril - placebo _ hazard ratio ,
. 7iEecN=2B37 -N=28B3 v (@5%Cl . pr-
New cases of DM - 36% | 54% | 0.66(0.510.85) | 0.001.
* All deaths are censored at the time of death.
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Note that this is not a pre-specified endpoint and as pointed out in the Primary Review (Page 29)
this finding is independent of the Primary endpoint and interpretation of the nominal p-value is
difficult. Since prevention of new onser of DM in patients at risk for cardiovascular diseases is a
totally brand new claim for ACEi with immense public health implication, an isolated, post hoc
finding for ramipril without any external supporting data from other members of the class should
not be considered as conclusive for approval of general use.

1

The Diabetes Substudy

There were total of 3,557 patients randomized in the diabetes substudy (1,808 to ramipril
and 1,789 to placebo), with fairly well matched characteristics at baseline (Table 18 of Primary

Review). Treatment effects of the primary endpoints were remarkably consistent with that of the
main study:

Diabetes Substudy .Ramipril piacebo hazard ratio
Primary Endpoint N=1808 N=1769 (85% CI o]
CV death, MI or stroke 15.3% 19.8% | 0.75 (0.64-0.88) | 0.0004
CV deaths 8.2% 9.7% 0.63 (0.45-0.79) | 0.0001
Mi 10.2% | 12.9% | 0.78 (0.64-0.94) | 0.09
stroke 4.2% 6.1% 0.67 (0.50-0.90) | 0.0074

Again, the effect on total mortality in the substudy was also significant and the results of pre-
defined secondary endpoints were very similar to that of the main study (only revascularization
reached nominal si gnificance, see Table 21 of Primary Review).

Beyond the same set of cardiovascular endpoints as the main study, the remaining results
of the diabetes substudy were more problematic and difficult to interpret, as noted in the protocol
description above and in the Primary Review.

For control of hyperglycemia, as measured by the adjusted mean changes from baseline
in percentage of patients who had hemoglobin A,c above upper limit of normal, ramipril
appeared to be more effective in the first two years. But it seemed to become worse than the
placebo afterwards (Table 22 of the Primary Review). Thus no conclusion can be reached on the
potential benefit of ramipril to improve glucose control in diabetes. —-

In terms of the benefit of ramipril treatment on renal function in diabetes, the
significance of the outcome was found to be sensitive to the definition of nephropathy endpoint
used in the analyses. If the diagnosis of overt nephropathy was defined as in the HOPE protocol
(reported at least in one of the yearly visits in the reviewers’ analyses):

2 1+ proteinuria on dipstick, or
> 200 microgram/min (300 mg/24 hrs) urine albumin excretion
Ramipril was no different from placebo (Table 23R, Primary Review):
‘ ~ Ramipril _placebo  hazard ratic . nominal
Diabetes Renal endpoint ~  N=1808  N=1769 ~ . (95% CI). - P
owert nephropathy (protocol)  13.8% | 15.6% | 0.86(0.721.02) | 0.075
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When the endpoint was changed to the following, one with the smallest p value of the three
different sets in the Lancet report,

albumin/creatinine ratio > 36 mg/mmol (without 24 hr urine data), or

= 500 mg/24 hr protein excretion, or

> 200 microgram/min (300 mg/24 hrs) albumin excretion
the result was more suggestive of a treatment effect, with a smaller nominal p value than that
based on the protocol definition for overt nephropathy:

_ : Ramiprl _placebo _hazard ratio  nominal
Diabetes Renal endpoint  N=1808 N=1769 (95% CI) p
owvert nephropathy (Lancet)  6.8% | 85% | 0.78(0.620.99) | 0.045

For other endpoints related to vascular/renal complications of diabetes, ramipril did not
improve in renal dialysis, laser surgery for retinopathy, microalbuminuria, or doubling of
creatinine (see Table 23 of Primary Review). This may be due to low individual event rates, as
retrospectively defined analyses using composite endpoints of these renal/vascular events suggest
that ramipril may be beneficial (Table 24 of Primary Review):

Ramipril  placebo hazard ratio nominal
Composite Endpoint* with: N=1808 N=1769 (95% CI) , p
overt nephropathy (protocol) 49.3% 52.8% 0.89 (0.81-0.98) ; 0.015
owert nephropathy (Lancet) 45.0% 49.8% | 0.87(0.79-0.96) | 0.004
* overt nephropathy, laser surgery, renal dialysis, microalbuminuria & revascularization.

However, because the analyses were retrospective and the endpoint definitions were
confusingly variable (see Primary Review), this finding can only serve as a new hypothesis for
further investigation. The reviewers were thus not very convinced that ramipril reduces diabetes
specific renal or vascular complications, except for the cardiovascular events as described above.

SAFETY DATA

There were no surprising safety problems in the HOPE trial. All adverse experiences
were already known for the drug and more of tolerability rather than safety issues (see Tables 25-
30, Primary Review). Cough was the adverse experience prominently more common in the
ramipril group, leading to withdrawal in 7.3% of ramipril patients (vs 2% in placebo) in both the
main study and diabetes substudy. Angioedema was not particularly frequent or severe in the
"HOPE trial. There was no other significant between-group imbalance in serious events,
hospitalization for non-cardiovascular reasons, or discontinuation due to adverse events.

OVERALL ASSESSMENT

The reviewers all agree that the results of the main study are strongly positive and
convincingly support the major claim of reducing cardiovascular death, MI and stroke in high
risk patients as defined in the study. In contrast, the findings of secondary endpoints and the
diabetes substudy were much less solid statistically and more difficult to interpret, but seemed
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0dd to be dismissed totally in view of totality of the data and external support. The regulatory
issues are thus not so much related to approvability of the main efficacy claims, but instead
concerning how extensive the benefits of ramipril treatment can be extracted from the HOPE
data. The points of deliberation, therefore, are centered on the generalization of the patient
population, validity of secondary endpoint benefits and diabetes related claims.

Patients Indicated to Treat

In HOPE, the patients must have history of vascular diseases or diabetes with additional
risk factor(s) for atherosclerotic complications, but not necessarily hypertensive, symptomatic or
suffering a recent MI and subjects with low left ventricular ejection fraction were excluded.
Since the HOPE patients were of broader spectrum and in general less clinically ill than those in
prior ACEi morbidity/mortality studies, the new indication represents a more preventive use of
ACE:i than previously accepted. As pointed out in the published report for HOPE (New Eng J
Med, 342:145-153, 2000), ramipril was clearly beneficial in patients with preserved ventricular -
function and in those who had no history of MI. In this respect, it is noteworthy that HOPE was
successful to show the effect of ramipril but SOLVD-Prevention had failed for enalapril.

Then there is the question of whether the HOPE protocol has a clinically meaningful
definition of patient to be treated. One may ask if a “large and simple” trial like HOPE may be
too inclusive to have admitted non-responsive (or even adversely affected) patients and further
refining the patient selection may improve the treatment benefit. For instance, the reviewers
were concerned that patients participated in the HOPE study are loosely defined in their
diagnoses of underlying disorders (such as types of diabetes, see comments in Primary Review).
Otherwise, however, conceivable subgroup analyses in HOPE have not generated hypotheses that
ramipril should not be used in certain sub-populations*,

On the other hand, it is also possible that the entry criteria may be too artificially
restrictive. They could be only instrumental to ensure selection of patients with high event rates
(and success of the study), but the benefit of ramipril is actually applicable to a larger population
with the same continuum of pathophysiology.. While very few would accept this non-empirical =
argument without data, because of the impressive showing of the main study, it will be tempting
to extend the applicability of HOPE experience in practice and start the ramipril therapy even
earlier. That is, use in patients with some evidence of atherosclerosis but less additional risk
factors than those specified in the trial (e.g., high cholesterol without history of vascular disease
or diabetes without additional risks). Such use, while neither requested by the sponsor nor
endorsed by the Agency at the moment, should probably be investigated soon, before it becomes
wide spread.

Patients to be treated with ramipril according the new indication should receive the
optimal therapies for the underlying disease, including aspirin, beta-blockers and/or lipid
lowering drugs. There is no evidence of interaction between ramipril and such agents in the
HOPE study.

As noted above, patients not receiving aspirin at baseline appeared 1o have a much greater effect, but
ramipril remained beneficial for those who were so treated with aspirin
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Secondary Endpoints

Statistically speaking, revascularization was the only secondary endpoint reduced
significantly by ramipril (see Efficacy Results above on Page 5). There was no treatment
difference in hospitalization for unstable angina and event rates of hospitaliz=*ion for heart
failure were probably too low to show an effect. As demonstrated by the sponsor’s analyses,
ramipril appeared to decrease cardiac arrest, heart failure and worsening angina (using check box
on case report forms, not hospitalization, see Table on Page 5). Because these endpoints were
not pre-specified in the protocol, the reviewers are reluctant to accept these findings as
conclusive. ' '

Nevertheless, it is difficult to believe that these events are totally unrelated to those of the
primary endpoint and would not have similar treatment effects. On the other hands, these
secondary endpoints, pre-specified or not, most likely represent various manifestations of the
same disease spectrum. Therefore there is no need to describe in details the indirect benefit of
ramipril treatment (including revascularization), which is reasonably implied by the main
efficacy claim. The approved Jabeling should be silent in this respect.

Diabetes related Claims

As noted above, the reviewers are not convinced that ramipril has been shown to reduce
new cases of diabetes mellitus in the main HOPE study. Again, this preventive claim is an
isolated surprise and too important in public health to be approved with less data than meeting
the usual statistical standards. Since patients as identified in HOPE will be treated with ramipril
after approval of this efficacy supplement, however, it will be ethically difficult to initiate
another parallel placebo controlled trial.

While there is no question that ramipril also improve the primary cardiovascular
outcomes in patients with diabetes at baseline, it is much less clear whether the study drug also
reduce the DM-specific microvascular complications. As described above, this part of HOPE
data suffered from variable, not predefined endpoints and low individual event rates. One may
argue that the truth about the claim of preventing overt nephropathy probably lies somewhere
betwesn a p value of 0.075 using protocol defined endpoints and a p of 0.045 for thai modified in
the published report. This renal claim is not inconsistent with the similar finding for captopril
(although not in identical setting). On the other hand, results of the (retrospectively defined)
composite endpoint for several microvascular events suggested that ramipril may be beneficial..
in reducing these complications in diabetic patients. The reviewers are leaning toward non-
approval for this claim, but will not be surprised if the Advisory Committee recommend
otherwise.

DRAFT LABELING

The draft labeling submitted by the sponsor will be further edited after the Advisory
Committee meeting, a mark-up copy will be attached. .
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CONCLUSIONS

It is concluded that ramipril treatment at 10 mg once daily reduces risks of MI, stroke or
cardiovascular death in patients with history of atherosclerotic vascular diseases and in patients
with diabetes and at least one additional cardiovascular risk factor. Claim of indirect benefit, as
suggested by the results of secondary endpoints, shoulu not be described in the labeling.
Decrease in new onset of diabetes and reduction in diabetes-specific microvascular complications
has not been conclusively proven.

The risks of ramipril treatment in the new setting, most of which have been delineated

and not more severe or frequent than previously known for the drug, are acceptable relative to the
potential benefits. :

It is recommended that ramipril be approved for the following new indication:

" Prevention of myocardial infarction, stroke, and death from cardiovascular causes:

cc:
ORIG: NDA- 19-901
HFD-110 _
HFD-110/Birdsong/Targum s
HFD-710/Hung
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Date: April 26, 2000 :

From: . Shari L. Targum, M.D., Medical Officer, HFD-110 BT *(26{00
H.M. James Hung, Ph.D., Statistician, HFD-710 Q@ #/26/00

Through:  Director, Division of Cardiorenal Drug Products, HFD-110

To: Director, Office of Drug Evaluation 1, HFD-100

Subject:  Addendum to NDA 19-901, S-208 '

There are some minor discrepancies in some tables of our original review dated 04/03/00. In this
addendum we made the changes to those tables. The following tables replace the corresponding

tables in the original review. The changes do not affect the conclusions.

Table 2.1. Concomitant medications — 2 year visit

Ramipril Placebo
(N=4462) (N=4472)

Beta blockers 1675 1804
Aspirin 3126 3198

Oral anticoagulants - 245 229
Diuretics 738 854
Nitrates 1285 1364
Cholesterol-lowering drugs 1692 1712
, Diltiazem/verapamil 1026 1066
{ Other calcium channel blockers 929 _ 966
' Estrogen ' 130 156
Tolate 25 30
Vitamin C 254 242
| Multivitamins 302 281
Nonsteroidal anti-inflammatory drugs 293 287

Alcohol ‘ 1584 1624
Beta carotene : . 43 36
If diabetic:* 557 588

Insulin -
Oral hypoglycemic agents 964 977 -

*For baseline diabetic treatment please see table 18.
This table was gencrated by the reviewer from the visit 7 and treatment group databases.

Page 1 of 4 NDA 19-901, S-028
Medical/Statistical Review Addendum




Table 4. Incidence of primary and related cbmponent.outcomes

Hazard ratio

Ramipril Placebo p-value
(N=4645) (N=4652) _(95% CD ‘
Cardiovascular death, M1, 651 (14.0%) | 826 (17.8%) | 0.78 (0.70, 0.86) | 0.0001
Stroke
Cardiovascular death 282( 6.1%) | 377( 8.1%) | 0.74 (0.64, 0.87) | 0.0002
Myocardial Infarction 459 ( 9.9%) | 570(12.3%) | 0.80 (0.70, 0.90) | 0.0003
Stroke 156 ( 3.4%) | 226 ( 4.9%) | 0.68 (0.56, 0.84) | 0.0002
Noncardiovascular death 200 ( 4.3%) | 192 ( 4.1%) | 1.03(0.85,1.26) [0.74
All-cause death 482 (10.4%) | 569 (12.2%) | 0.84 (0.75, 0.95) | 0.005
‘All-cause death, MI, Stroke | 822 (17.7%) | 992 (21.3%) | 0.81(0.74,0.89) | 0.0001
Table 6. Myocardial Infarction by treatment -
Ramipril Placebo
 Symptoms (present) 383 472
[ Thrombolytic therapy 112 143
_ If unknown . 14 .24
{ ECG done 453 . 540
- Anterior Q waves* 71 93
Anterolateral Q waves* 12 14
Lateral Q waves* 12 12
Inferior Q waves* 150 166
New Bundle Branch Block 41 56
This table was generated by checking boxes from the Myocardial Infarction Event Form provided by the sponsor.

*These categories are not mutually exclusive (e.g., patient __

. had both anterclateral and lateral Q waves on
ECG). ‘ ' B

NDA 19-901, S-028
Medical/Statistical Review Addendum
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Table 7. Incidence of secondary outcomes and other outcomes
Ramipril Placebo Hazard ratio* [ p-value*
(N=4645) (N=4652) (95% CI)
Secondary outcomes ‘
Revascularization 743 (16.0%) | 854 (18.4%) | 0.86(0.78, 0.94) | 0.002
Hospitalization for unstable 554 (11.9%) | 567 (12.2%) [ 0.7 (0.87,1.09) [ 0.65
angina
Hospitalization for heart 141(3.0%) | 161(3.5%) | 0.87(0.69,1.09) | 0.22
failure
Other outcomes (not prespecified)
Cardiac arrest 37 (0.8%) 59 (1.3%) [ 0.62 (0.41,0.94) | 0.024
Heart failure 417 (9.0%) | 534(11.5%) | 0.77(0.68, 0.87) | 0.0001
Worsening angina’ 1107 (23.8%) | 1222 (26.3%) | 0.88 (0.82,0.96) | 0.003
Hospitalization for unstable 175 3.83%) 180 (3.9%) | 0.97(0.79,1.19) | 0.76
angina with ECG changes
*All deaths are censored at the time of death
** This was a checkbox at every visit on the CRF
Worsenmg angina was defined a check box on the Unstable Angina Event Form next to the question
“Was it increasing in severity or frequency?”
Table 9. Incidence of pnma:y outcome by vitamin E stratification
Ramipri! Flacebs Hazard ratio p-value
- ..r®) 1.0 (95% C)
Vitamin £ group T _
Cardiovascular death, MI, 338014.5%) | 421(182%) [ 0.79(0.68, 0.91) | 0.0009
Stroke
All-cause death, M1, Sivoke | 424 (18.2%) 497 (21.5%) | 0.83(0.73, 0.95) | 0.006
No Vitamin E group
Cardiovascular death, M1, 313(13.5%) | 405(17.3%) | 0.76(0.66,0.89) | 0.0003
Stroke -
All-cause death, MI, Stroke | 398 (17.2%) 495 (21.1%) | 0.79(0.70, 0.91) [ 0.0006
Table 21. Incidence of cardiovascular outcomes
Ramipril | Placebo Hazard ratio* | nominal
(N=1808) | (N=1769) (95% CI) p-value*
Cardiovascular death, MI, 277 (15.3%) | 351(19.8%) | 0.75 (0.64, 0.88) 0.0004
Stroke
Cardiovascular death 112{ 6.2%) [172( 9.7%) | 0.63 (0.49,0.79) |- 0.0001
Myocardial Infarction 185 (10.2%) | 229(12.9%) | 0.78 (0.64, 0.94) 0.01
Stroke 76 ( 4.2%) | 108 ( 6.1%) | 0.67 (0.50, 0.90) 0.0074 |
All-cause death 196 (10.8%) | 248 (14.0%) | 0.76 (0.63, 0.92) 0.004
Revasculanization . 255(14.1%) | 292 (16.5%) | 0.83 (0.70, 0.98) 0.031
Hospita.lizations for unstable 213 (11.8%) | 208 (11.8%) | 0.99 (0.82, 1.20) 0.92
| angina '
Hospitalizations for heart failure | 81 (4.5%) 79 (4.5%) 0.99(0.72, 1.34) 0.92
*All deaths ar= censored at the time of death
. Page 3 of 4 NDA 19-901, S-028
Medical/Statistical Review Addendum
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Date: April 17,2000 B
From: Shari L. Targum, M.D., Medical Officer, HFD-110 9T 4| %oo
H.M. James Hung, Ph.D., Statistician, HFD-710 Q% 411/oc

Through:  Director, Division of Cardiorenal Drug Products, HFD-110

To: Director, Office of Drug Evaluation I, HFD-100
Subject: Addendum to NDA 19-901, S-028

1. The following sentence and number replaces the “died during run-in period” number
found on page 20 of the joint medical/statistical review dated 04/03/00.
Died during run-in period: 11 patients.

2., Tables 23 and 24 in the original joint medical/statistical review dated 04/03/00 are to
be replaced by the following tables where the analyses take into consideration that the
“time to outcome events” in a few patients were missing from the database and they
were imputed with the “time to last follow-up visits” in the analyses. The changes in
the analyses do not change our view regarding renal outcome endpoints and their
composite endpoints.

Renal outcome endpoints

According to the protocol, overt nephropathy was defined as patient with > I+
proteinuria or urine albumin excretion > 200 microgram/min (or 300 mg/24 hours). In
the reviewers’ analysis, patients who had > 1+ proteinuria reported during at least one of
the yearly visits or urine albumin excretion > 200 microgram/min (or 300 mg/24 hours)
reported in the 24 hour urine database were identified as those having overt nephropathy.
The results are presented in the following table. The Lancet article presents three
definitions of overt nephropathy, all of which are quite different from the protocol
definition. The best p-value (p = 0.045) from the Lancet analyses for overt nephropathy
was based on the definition of “develop an albumin/creatinine ratio of more than 36
mg/mmol if no 24 hour urine result available or have 24 hour protein excretion 2 500 mg
or 24 hour urine albumin excretion > 200 micrograms/min (or 300 mg /.24 hours)”. The
result using this definition is also included in the table. There is no evidence that ramipril
reduces the incidence of overt nephropathy, renal dialysis, need for laser therapy,
micrualbuminuria, or doubling creatinine at any post-randomization visit.

APPEARS THIS way
ON ORIGINAL

NDA 19-501, 5-028
Page 1 of 4




Table 23R. Incidence of reqal outcome endpoiﬁts

Ramipril Placebo Hazard ratio* | nominal

(N=1808) (N=1769) (95% CI) p-value*
Overt nephropathy 249 (13.8%) 276 (15.6%) | 0.86 (0.72, 1.02) 0.075
Overt nephropathy® 122(6.8%) | 110(6.2%) | 1.07(0.83, 1.39) | 0.60
Overt nephropathy@ 122 (6.8%) 151 (8.5%) 0.78 (0.62, 0.99) 0.045

. Penal dialysis” 10 (0.6%) 8 (0.5%) 1.20 (0.47, 3.05) 0.70

Laser therapy” 170 (9.4%) 186 (10.5%) | 0.88(0.72, 1 .09) 0.24
Microalbuminuria® 431 (23.8%) [451(25.5%) | 0.94 (0.82,1.07) 0.34
Doubling creatinine from 40 (2.2%) 28 (1.6%) 1.38 (0.85,2.24) 0.19
baseline at any visit after ' .
randomization'

develop an albumin/creatinine ratio of more than 36 mg/mmotl if no 24 hour urine result avaijlable or

have 24 hour protein excretion > 500 mg or 24 hour urine albumin excretion > 200 micrograms/min (or
300 mg / 24 hours) [used in the Lancet article]

from check box on case report form [also used in the Lancet article]
& definition provided by the HOPE group
' derived from the boxes on case report form
*All deaths are censored at the time of death

Composite renal endpoints

The Lancet article presents the results on incidence of composite endpoint of overt
nephropathy, renal dialysis, or need for laser therapy. In the reviewers’ analyses,
several composite renal endpoints are examined as shown in the following table. Overt
nephropathy was again analyzed using protocol definition and the Lancet definition that
gives the best p-value. The results are quite different based on the definitions of overt
nephropathy in term of nominal p-value and hazard ratio. In our view, there is not
sufficient evidence to conclude that ramipril reduces the incidence of renal endpoints.

NDA 19-90%, S-028
Page 2 of 4




Table 24R. Incidence of composite renal endpoints

Ramipril
(N=1808)

Placebo
(N=1769)

Hazard ratio*
(95% CI)

nominal
p-value*

Overt nephropathy , laser
therapy, renal dialysis

Overt nephropathy®, laser
therapy, renal dialysis

Overt nephropathy®, laser

therapy, renal dialysis

393 (21.7%)

282 (15.6%)

278 (15.4%)

416 (23.5%)

281 (15.9%)

314 (17.8%)

0.90{0.78, 1.03)
0.97 (0.82, 1.14)

0.85 (0.72, 1.00)

0.13

0.70-

0.05

Overt nephropathy ", laser
therapy, renal dialysis,
| microalburminuria

Overt nephropathy®, laser
therapy, renal dialysis,
microalbuminuria

Overt nephropathy®, laser -

therapy, renal dialysis,
microalbuminuria

742 (41.0%)

652 (36.1%)

657 (36.3%)

782 (44.2%)

672 (38.0%)

717 (40.5%)

0.90 (0.81, 0.99)

0.93 (0.84, 1.04)

0.88 (0.79, 0.98)

0.034

0.18

0.016

Overt nephropathy”, laser
therapy, renal dialysis,
microalbuminuria,
revascularization

Overt nephropathy?®, laser
therapy, renal dialysts,
microalbuminuria,
revascularization

Overt nephropathy@, laser
therapy, renal dialysis,
microalbuminuria,
revascularization

891 (49.3%)
814 (45.0%)

814 (45.0%)

034 (52.8%)

846 (47.8%)

880 (49.8%)

0.89 (0.81, 0.98)

0.91 (0.83, 1.00)

0.87 (0.79, 0.96)

0.015

0.055

0.004

" according to protocol definition: = 1+ proteinuria reported at at least one of the yearly visits or urine

H

albumin excretion > 200 micrograms/min (or 300 mg / 24 hours) reported in urine 24 hours database
2 I+ proteinuria reported at a1 least one of the yearly visits or urine albumin excretion > 200

micrograms/min (or 300 mg / 24 hours) reported in urine 24 hours database if urine 24 hrs measurements

are available

develop an albumin/creatinine ratio of more than 36 mg/mmol if no 24 hour urine result available or

have 24 hour protein excretion 2 500 mg or 24 hour urine albumin ex
300 mg / 24 hours) [used in the Lancet article]

from check box on case report form [also used in the Lancet article]

* definition provided by the HOPE group _
*All deaths are censored at the time of death

C e mom e e —— -
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Overview

The sponsor has submitted a supplement for NDA 19-901, seeking approval for Altace®
(ramipril) tablets as a treatment to reduce the risk of myocardial infarction, stroke, and
cardiovascular mortality in “high risk” patients, defined as those with va_.clar or coronary
disease, or diabetes with at least one other cardiovascular risk factor. This is a joint medical-
statistical review of the submission.

Ramipril is currently approved for hypertension and post-myocardial infarction (MI)
congestive heart failure (CHF); the latter approval was based on results from the Acute Infarction
Ramipril Efficacy (AIRE) trial, a 2006 patient randomized, double-blind, placebo-controiled,
parallel-group study in patients with CHF immediately post MI, which showed a reduction in the
risk of death, progression of CHF, and CHF-related hospitalization'! '

The sponsor now has presented the resuits (databases with an annotated case report form) of
the HOPE (Heart Qutcomes Prevention Evaluation) study, as well as manuscripts from The New
England Journal of Medicine 342:145-153, 2000 (ramipril)?, The New England Journal of
Medicine 342: 154-160, 2000 (Vitamin E)’ and The Lancet 355: 253-259, 2000 (diabetes
substudy)* to support the new indication and usage. Efficacy data from substudies evaluating
low-dose ramipril (2.5 mg per day), effects on echocardiograms in HOPE subjects (3 centers),
and effects on carotid ultrasounds (SECURE study) were not provided in this submission and
therefore are not included in this review. While Vitamin E was a randomized treatment in the
factorial design of HOPE, its efficacy will not be discussed in great detail ==
o o * and no related indications are being sought at this time, ©
~ Drafi labeling was received by the reviewers on February 22, 2000. Event forms for 50
patients were received on March 1, 2000. Ethnic/racial data were received on March 2, 2000.
Also provided in the submission were protocols, protocol amendments, and minutes of the Data
and Safety Monitoring Board. No Study Report was included in this submission.

The clinical data were reviewed jointly by Dr. Shari Targum (HOPE trial) and Dr. James
Hung of Biometrics (statistical analysis). The secondary reviewer was Dr. Shaw Chen.

The Table of Contents can be found on the next page.
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Background and History of Protoco) Development::

‘Vascular disease resulting from atherosclerosis continues to be the number one cause of
death in Western countries. Experimental evidence suggests that the development of

. atherosclerotic lesions is a complex chain of events involving oxidized low density liproproteins

(LDL), endothelium, macrophages, vascular smooth muscle, platelets and circulating coagulation

factors.

There has been experimental (in vitro and animal studies) and epidemiological evidence
implicating the renin-angiotensin-aldosterone system in development of atherosclerosis.

The hypothesis that angiotensin converting enzyme (ACE) inhibitors may be protective is

supported by the several large trials of ACE inhibitors where there was a reduction in myocardial

infarction (MI) compared to placebo. In the SOLVD trials, there were reductions in MI and

unstable angina with enalapril use compared to placebo.® In the SAVE trial, there was a

reduction in recurrent MI with captopril use compared to placebo.®

Since oxidized LDL is believed to be causally related to athersclerosis, the question arose as
to cardioprotective benefit with anti-oxidants. The question arose whether Vitamin E, as an
anti-oxidant, could play a cardioprotective role.

A protocol (December 22, 1993), blank Case Report Form (CRF), and Ramipril
Investigator’s Brochure (revised October 1, 1990), were submitted to the Agency on December
30,1993as _ . _In a January 31, 1994 letter to the sponsor (who, at that time,
was the Principal Investigator), the Agency communicated the following concerns about the
protocol:

1) Failure to exclude patients with prior congestive heart failure (CHF) or asymptomatic left
ventricular dysfunction. The Agency recommended prospectively measuring ejection
fraction in all patients, or measuring ejection fraction in a prospectively defined subgroup to
see if there were differences in effect;

2) Definition of the primary endpaint to include “cause-specific montality.” The Agency
strongly recommended that the primary combined endpoint be modified to “all cause
mortality” instead;

3) Involvement of study physicians in the event report reviews and event adjudication. It was
recommended that a panel of physicians blinded to therapy, and not involved in the conduct
of the trial, review the events. It was also recommended that the Events Adjudication
Comun.ittee review all cardiovascular deaths, rather than just those in which there is a
discrepancy; : ..

4) The Agency recommended that the decision to extend the follow-up period, if the total event
rate is low, should be made by those independent of all aspects of the trial and blinded to the
results. Those making this decision should only be informed of the total event rate, or the
event rate in the placebo group only. Furthermore, this decision should be made at the time

_ of the first or second interim analysis.

5) Inadequate definition of MI and inadequate MI documentation in the CRF;
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6) The Agency recommended that the sponsor consider changing nephropathy/dialysis to a
primary endpoint. The portion of the trial evaluating the progression of diabetic
nephropathy was felt inadequate with regard to the determination of baseline

~measurements and documentation of events (i.e., proteinuria and dialysis).  “Overt
nephropathy™ was inadequately defined.  Also, baseline urine collection was inadequate
for defining those with microalbuminuria. The Division recommended 24 hour urine
collection either on all diabetics prior to the run-in, or at least in those with a positive
morning urine.

7) Type of diabetes was not recorded on the CRF;

8) With the approval of captopril for diabetic nephropathy, it was recommended that this
information be incorporated into the protocol and informed consent.

9) The protocol and consent form did not discuss precautions for patients on ramipril with
hepatic insufficiency, elderly, requiring a diuretic, hypotension, history of angioedema,
and on lithium; '

10)  The Agency recommended that concomitant medication, at least aspinn and beta blocker
use, be recorded at all foliow-up visits.

11)  The design strategy could overestimate the effect of ramipril or vitarmin E alone when
Synergism occurs; | |

12)  If statistical analysis was not unequivocally reached on the primary endpoint, then
analysis of the secondary endpoints will not be reliable enough to lead to definitive
conclusions on the secondary endpoints;

13)  The Agency requested the plan for interim analysis.

In a February 1, 1994 response, the sponsor agreed to prospectively study a 700 patient

'subgroup with 2D echocardiography, to determine the sample proportion with low ejection
fraction. Patients with diabetic nephropathy would be excluded from randomization. Diabetics
‘would be screened yearly for development of nephropathy. Those who developed diabetic
nephropathy may be withdrawn from the study and offered open-label capropril or another ACE
inhibitor, depending on their type of diabetes. Overt nephropathy remained a secondary endpoint
and was defined, in that February 1, 1994 letter, as a 24 hour urine protein excretion of > 500

- mg, a24 hour urine albumin excretion of > 300 mg or a urinary albumin excretion rate of >200
micrograms per minute (in the protocol, the urinary albumin excretion rate is listed as > 200

- micrograms per minute); this definition was not in the protocol amendments.  In adjudicating
events, the sponsor planned to have a random proportion of events independently checked by the
Event Adjudication Committee (this was not in the protocol amendments). It was proposed that
the Data and Safety Monitoring Board make the decision early in the process (e.g. before one-
third of the events are in) whether to extend the study. Inclusion criteria for coronary artery
bypass (CABG) and myocardial infarction (MI) were clarified and amended.
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A summary of protocol amendments, dated March 21, 1994, was included in this

submission. Many of the protocol amendments, such as additional eligibility definitions (for

- example, adding stress test results to define eligible patients), secondary endpoints, and safety
monitoring, were added to a subsequent second version of the protocol, dated December 22,
1993 (while labeled “final version,” this protocol is actually different from the other December
22, 1993 “final version™ that the Agency received in December, 1993). Th- only change in
definition of primary or secondary endpoints is the addition of Q wave/R wave criteria to the
definition of a Q-wave M1 . Changes to the older version of the protocol received in 1993 are—
where applicable-- ijtalicized below and include: changes in participant eligibility, data
collection (in unusual circumstances medications could be mailed to patients), and safety
monitoring. A “suggestion” for early termination of the trial was proposed in the protocol
amendments but “formal stopping rules of a statistical sort” were subsequently rejected by the
Data Safety and Monitoring Board.

The Claims;
In FDA form 356h, ,the sponsor proposed the following new indication for ramipril:

Financial Disclosure:
Financial disclosure statements were received on March 10, 2000. A completed FDA Form
3454 was received with box 2 checked, certifying that no investigators had a proprietary interest
~ in the product, no compensation affected by study outcome, and no significant equity interest in
the sponsor. . The HOPE International Steering Committee, chaired by Dr. Salim Yusuf,
administered and disbursed all funding for the HOPE trial. Funding sources for the study as well

as the names and addresses of 905 investigators were provided. There appear to be no financial
conflicts of interest.

The HOPE Protocol

Four different versions of the HOPE protocol, dated September 27, 1993, two versions dated
December 22, 1993, and another version dated March 21, 1994, respectively, were submitted to
the Agency. In addition, a summmary of protocol amendments, dated 3/21/94, was submitted:
these changes were then incorporated into the final version of the protocol. Since the study
began in December, 1993, changes subsequent to the earlier second version of the HOPE
protocol are underlined and italicized below. :
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Title of Study: Heart Outcomes Prevention Evaluation

Objectives:

There were two primary objectives:

1. To evaluate if ramipril use reduces the composite endpoint of myocardial infarction, stroke
and cardiovascular death in patients at risk for ~ardiovascular events, .

2. To evaluate if Vitamin E use reduces the composite endpoint of myocardial infarction, stroke
and cardiovascular death in patients at risk for cardiovascular events.

The primary endpoint was, therefore, the occurrence of myocardial infarction, stroke, or
cardiovascular death.

Secondary endpoints:

Secondary endpoints were: hospitalization for congestive heart failure, acute ischemic cardiac
syndromes (M, unstable angina or severe angina requiring emergency coronary artery bypass
surgery or angioplasty), all cardiovascular revascularization procedures, cardiovascular

mortality, total mortality, overt nephropathy or dialysis among diabetics, cancer by site and
morphology.

Study Design:

This was a randomized, placebo-controlled, double-blind trial, utilizing a 2 x 2 factorial design
(see below), with a 3 week run-in period followed by 48 months of treatment.

Number of Patients to be Recruited: :

8,000 total (see Sample Size calculation), to be recruited over a one year period, including about
4,000-5,000 cardiac, 1,000 peripheral vascular, and 3,000-4,000 high risk diabetics (including
1,000-2,000 with cardiac disease). ' '

Investigators and Sites of Investigation:

The Principal Investigator was Dr. Salim Yusuf, McMaster University, Toronto, Canada.

The protocol specified 200 sites, distributed as 100-120 sites in Canada, 20-30 in the United
States, 50 in Europe, and 30 in South America. The NEJM manuscript’ noted 129 centers in
Canada, 27 centers in the United States, 76 centers in 14 westem European countries, 30 centers
in Argentina and Brazil, and 5 centers in Mexico.

Patient Population: ' 5

Males and females aged 55 and over at high nisk of developing a major cardiovascular event,

Inclusion Criteria:
1. Coronary disease:
® Previous Ml

o Stable or unstalz;le angina with documented multivessel coronary disease, defined as >50%

Stenosis in at least two major coronary arteries or positive stress (ST depression > 2 mm) or

positive thallium '
¢ Multivessel PTCA

(patients can be entered into run-in phase one week after these events but should only be
randomized one month after these events).
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Multivessel CABG (more than 4 years ago_or with angina)
Multivessel coronary disease (defined as above) on angiography.

2. Peripheral vascular disease:

Previous limb bypass surgery or percutaneous transluminal angioplasty
Previous limb or foot « aputation . '

History of intermittent claudication with énkle,faxm blood pressure ratio of 0.80 or
lower in ar least one side

Significant stenosis (>50%) documented b angiograph

3. Previous nondebilitating stroke: (more than one month ago)

N

- Diabetes (insulin-dependent or noninsulin-dependent) with one of the following

cardiac risk factors:
Hypertension (BP > 160 mmHg systolic or > 90 mmHg diastolic or on treatment)
Total cholesterol > 5.2 mmol/L ( >200 mg/dl)
HDL cholesterol < 0.9 mmol/ (35 mg/dl) -
Current cigarette smoking
Known microalbuminuria or any evidence of previous vascular disease

Exclusion Criteria:

Use of ACE inhibitors or Vitamin E with an inability to discontinue these
medications;
Known hypersensitivity to ACE inhibitors or Vitamin E.
Ejection fraction < 40% (only if known).
Hemodynamically significant primary valvular or outflow tract obstruction.
Constrictive Pericarditis.
Complex congenital heart disease.
Syncopal episodes presumed to be due to uncontrolled life-threatening
arthythmias, ' |
Planned cardiac surgery or angioplasty within 3 months (patients may be
reconsidered after the procedure).
Uncontrolled hypertension.
Cor pulmonale. *
Heart transplant recipient.
Significant renal disease, defined as
1. Renal artery stenosis
2. Creatinine clearance < 0.6 mUsecond or serum creatinine > 200 Meg/L (> 2.26 mg/dl)
3. Overt nephropathy: > 1 plus proteinuria on dipstick or urinary albumin excretion > 200
micrograms/minute (300 mg/24 hours)
4. Hyperkalemia; K > 5.5 mEq/L. : :
Any other major noncardiac illness expected to reduce life expectancy or interfere with study
participation, :
Simultaneously taking another experimental drug.
Previously randomized to HOPE.
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Withdrawal Criteria:

¢ Congestive heart failure: Patients who developed congestive heart failure were to
be discontinued from ramipril and given open-label ACE inhibitors.
Cardiac Transplantation. '

¢ Severe adverse experiences: Withdrawal was at the discretion of the treating physician.

* Overt nephropathy: Development of overt nephropathy during the trial was not strictly a
criteria for withdrawal, but was left up to the “judgement of the investigator.” All patients

withdrawn from study medication would remain in the study and were to be analyzed in
their originally allocated group.

In the management of MI, unstable angina, hospitalization for other medical illnesses or for
surgery, CABG, percutaneous transluminal coronary angioplasty (PTCA), hyperkalemia, or
uncontrolled hypertension, patients were encouraged to either continue medication or
temporarily hold and restart medication as soon as feasible. In the case of azotemia, it was
recommended to continue ramipril at a lower dose. None of these conditions were considered to
be criteria for withdrawal from study medication.

Randomization:

Randomization was provided by the Canadian Cardiovascular Collaboration Program Office
(C3PO).

' Dosage/Administration:

Patients were randomized to ramipril (2.5 mg once daily (QD) for one week, then 5 mg QD for 3
weeks, then 10 mg QD) or placebo AND Vitamin E 400 TU QD or placebo. The time of
administration (i.e., day or evening) was not specified in the protocol or case report form.

Duration of Study:
The protocol specified a follow-up schedule out to 48 months. Patients were to be followed for

an average of 3.5 years. The study was to end after the last patient was followed for at Jeast 3
years. According to the C3PO the study was to have ended in November 1998. The study was
extended to November, 1999 to allow for late-appearing Vitamin E effects. In March, 1999, the
Data and Safety Monitoring Board, which had access to the unblinded data, recommended
stopping the ramipri! portion of the study for efficacy reasons.

Study Plan: -4
Eligible patients entered a 3 week run-in period where they received 2.5 mg ramipril for 7-10
days followed by placebo ramipril for 10-14 days. Urine dipstick for proteinuria was to be done
on the first visit, and serum creatinine and potassium were to be performed between days 7 and
10 of the run-in period (on active ramipril). In diabetics, a glycosylated hemoglobin (Hb Alc)
would be done. Patients were eligible to enter the double-blind phase if they were compliant
(>80 %), had no contraindications to therapy, met eligibility requirements, did not have gross
elevations in potassium or creatinine, > 1+ proteinuria or severe adverse effects. Patients were
then randomized to the following groups: '
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Ramipril + Vitamin E (2,000)

Placebo Ramipril + Vitamin E (2,000) .

Rampril + Placebo Vitamin E (2,000) Placebo Ramipril + Placebo Vitamin E (2,000)

During the double-blind phase, follow-up visits occurred at 1 and 6 months, then every 6 months

up to-48 months post-randomization.

Patients without diabetes would have a serum creatinine

and potassium at the ! month visit only. Diabetics would have yearly serum creatinine and

glycosylated hemoglobin.

Schedule and Methods of Assessment:

Run-In Visit (visit 1)
(-3 weeks)

Prior to randomization (visit 2)
{(week 0)

Follow-Up (visit 3)
(1 month)

At 6 months (visit 4)

At 1 year (visit 5)

Page 11 of 51

Demographics, Eligibility Determination
If diabetic, urine dipstick for proteinuria

Mortality, hospitalization, serious, related adverse event
Medical History, including risk factors, medication use
Physical Exam, including heart rate, blood pressure, ankle
blood pressure, height, weight

Waist and Hip Circumference

12-lead ECG (within last 12 months if no new CV event)
Compliance to run-in medication

Blood samples for creatinine, potassium and (if diabetic)
glycosylated Hb

Urine sample for microalbuminuria (central lab)  Blood
sample, 8 hour fasting, selected sites (central lab)

Mortality

Compliance with study medication

Clinical events recorded

Heart rate, arm blood pressure, ankle blood presstire *
Creatinine and potassium (local lab)

Mortality, Clinical events and serious adverse events,
compliance

Mortality, Clinical events and serious adverse events
Compliance with study medication _
If diabetic, record serum creatinine, glycosylated Hb(local
Iab)

If diabetic, urine dipstick for proteinuria (urine sample to
be sent to HOPE central lab)
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Schedule and Methods of Assessment (continued):

At 1.5_ years (visit 6) Mortality, Clinical events and serious adverse events
- Compliance with study medication

At 2 years (visit 7) Montality, Clinical events and seriou zdverse events
Compliance with study medication
Medication history
If diabetic, record serum creatinine, glycosylated Hb (local
lab) and urine dipstick (urine sample to be sent to HOPE
central lab) :

Heart rate, arm blood pressure, ankle blood pressure
12-lead ECG

At 2.5 years (visit 8) Mortality, Clinical events and serious adverse events
Compliance with study medication

At 3 years (visit 9), Mortality, Clinical events and serious adverse events
4 years (visit 11), Compliance with study medication
5 years (visit 13) If diabetic, record serum creatinine and glycosylated
Hb from local lab
~ If diabetic, urine dipstick for proteinuria (need not be sent
centrally) '
At 3.5 years (visit 10), Mortality, Clinical events and serious adverse events
4.5 years {visit 12), and Compliance with study medication

5.5 years (visit 14)

At penultimate visit Medication history, ECG, urine sample (central lab),
creatinine and glycosylated Hb from local lab

Final visit =~ " Heart rate, arm and ankie blood pressures, height/weight

Definitions of Efficacy Endpoints -

Primary Endpoints: : '
Measures of efficacy were described as “primary endpoints.” The primary endpoint was defined

in the protocol as the first occurrence of either nonfatal MI, nonfatal stroke, or death from a

cardiovascular cause.”

1. Nonfatal MI:

(2) Q wave MI: New significant Q waves ( > 0.04 seconds duration or 3-4 mm depth and loss in
height of ensuing R wave) in at least two leads on the standard 12 lead ECG and at Jeast one
of :

* see Event Adjudication Committee, next page, for which events were adjudicated.
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*

typical associated symptoms (e.g. chest pain) and/or
¢ significant enzyme elevation—any one of the following: .

—CPK-MB above the upper limit of normal within 36 hours of onset of symptoms plus
total CPK at least twice the upper limit of normal

--SGOT, LDH, or other cardiac enzymes at least twice the upper limit of normal for the
laboratory that performed the test with a characteristic pattern.

(b) MI without ECG changes or minimal ECG changes: patients with characteristic symptoms
plus characteristic elevation of cardiac enzymes. In such cases ECG changes may be
minimal, transient or non-diagnostic.

(¢} Non Q wave MI: New, persistent ST or T wave changes on the ECG with significant
enzyme elevation and/or symptoms of chest pain.

(d) Silent Q wave MI: New Q waves in at least 2 adjacent leads (without symptoms or enzyme
elevation). : .

The diagnosis of MI was made at the site.

2. Stroke: Neurologic deficits persisting for more than 24 hours. Strokes were further
classified, based on clinical symptoms, autopsy and/or CT/MRI as:

a) Definite or probable ischemic stroke

b) Definite or probable hemorrhagic stroke

¢) Definite stroke, type uncertain.

3. Cardiovascular death: Any deaths due to MI, stroke, pulmonary emboli, arrthythmia or other

cardiovascular events (i.e. ruptured aorta). This includes sudden death without any other
documented cause.

Secondary Endpoints: :

1) Acute ischemic cardiac syndromes: MI, plus unstable angina or severe angina requiring
emergency CABG or PTCA (j.e., within 7 days of symptom onset).

2) All cardiovascular revascularization procedures to include CABG surgery, coronary PTCA,
carotid endarterectomy (for stenosis of carotid luminal wall, transient ischemic attacks or
stroke), peripheral cardiovascular surgery or angioplasty (for limb ischemia), or limb
amputation.

3) Cardiovascular mortality.(Although listed this way, this endpoint is the same as

“cardiovascular death”, counted as an individual component (per C3PO) rather than a
composite.) '

4) Total mortality.

3) Development of overt nephropathy or dialysis among diabetics.
6) Hospitalization for congestive heart failure.

7) Cancer by site and morphology.

P

Event Adjudication:

According to the protocol, the Event Adjudication Committee were to review only those
major events (M, stroke, CV death) where there was a discrepancy between the hospital record -
or death certificate and the case report form/event form. A C3PO physician was to review all
discharge summaries and event forms for consistency.
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According to additional information supplied by the C3PO (not in the protocol or
amendments), all primary and secondary endpoints (event reports and supporting
documentation) were reviewed by a member of the Event Adjudication Committee. If there was
disagreement between the committee member and investi gator, the event was sent to the
committee chair (Dr. Dagenais) for final decision. Only certain committee members were
allowed to adjudicate dez iiz. In addition, a blinded committee member reviewed 10% of those
events confirmed by an adjudicator. _ _

According to the C3PO, the primary endpoint was the composite of the “first event.” A
hypothetical patient who sequentially developed an M1, then a stroke, and then died of a
pulmonary embolus would have reached the primary endpoint with the MI (the first event).

Case Report Forms

The blank Case Report Forms, as provided in the submission are, in general, adequately designed
for collection of pertinent data. For diabetics, age of diabetes onset and medications (but not
dosages) were elicited. Specific concurrent medications were elicited at the randomization visit,
at the 2 year visit, and at the penultimate visit. There were specific Event Forms for:
hospitalization, MI, stroke, death, unstable angina and serious adverse experiences.

Organization and Monitoring of the HOPE Study:

Sites/Investigators: Sites to consist of universities, community hospitals, and private clinics.
Investigators to recruit and follow patients, and meet annually to discuss overall trial conduct
and hold educational forum. ,

Regional Coordinators: Regional follow-up, organize screening and recruitment

Canadian Cardiovascular Collaboration Project Office (C3PQ)—day to day conduct of the trial
Intemnational Steering Committee: Includes chairs and regional coordinators. Disbursed
funding (see Financial Disclosure). Chaired by Principal Investigator, Dr. Yusuf

Events Adjudication Committee: Review and classify components of the primary composite

~endpoint where questions or discrepancies occurred.

Data Safety & Monitoring Board: Independent scientific review of protocol, recommend
changes, early termination of study, ensure event rates are reasonable,

The C3PO was the most important group in organizing and managing the trial, and, together
with the International Steering Committee and the Events Adjudication Committee, had overall
responsibility for the trial. As mentioned above, the International Steerin g Committee disbursed
funding. : ‘ -+

Several members of the International Steering Committee were also members of the Events
Adjudication Committee (G. Dagenais, E. Lonn, M. Amold, H. Gerstein, and A. Avezum); E.

Lonn was also a Coordinator of the study. :

“The Data Safety and Monitoring Board (DSMB), the only group that had access to unblinded

data, did not include investigators or coordinators as members. Accordin g to DSMB minutes,

. the Principal Investigator (Dr. Yusuf) was not in attendance when unblinded data were shown; it

was agreed —per DSMB minutes—that the Principal Investigator would remain blinded to

efficacy data until about six months prior to the expected end of the study.
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Study design:
As in the HOPE trial, diabetic patients will take ramipril or matching placebo AND Vitamin E or

matching placebo in a 2 x 2 factorial design (see HOPE Study design). They will be followed
every 6 months up to 48 months. ‘

Patient population:

This patient population represents the same diabetic population that was recruited as part of the
HOPE trial, namely diabetics with at least one other of four cardiac risk factors (See above:
hypertension, hyperlipidemia, active smoking, or known microalbuminuria. Other risk factors
such as family history, obesity, etc. were not part of the eligibility criteria). This population
included those with non-insulin-dependent diabetes mellitus {(NIDDM) and insulin-dependent
diabetes mellitus (IDDM), and those with and without coronary disease.

Exclusion criterja: o o c
These wouid be the same exclusion criteria as in the main HOPE trial, and include absolute
indications or contraindications for the use of ACE inhibitor or Vitamin E, or medical problems

that would either interfere with participation in the trial or lead to the inability to complete the
trial. B

Study plan:

This would entail the same dosage/administration and schedule of events as in the main trial.
Additional information collected during the run-in phase and at each year visit would include:
serum creatinine and glycosylated Hgb (Hgb Alc), as well as a urine sample for
microalbuminuria. Also collected was reporting of laser surgery for retinopathy.,

Summary of Reviewer Comments on Protocol:

* The eligibility criteria broadly defined those “at risk” for vascular events; these criteria
included post MI or post PTCA patients regardless of stress test results. In this regard, a
hypothetical post MI patient (without stress test or coronary angiogram results) would have
been ircluded whereas a patient with angina and single vessel disease would have been
excluded. :

¢ The primary endpoint in the main study was a composite, including “cause-specific” (i.e.,
cardiovascular causes) mortality. All-cause mortality was defined as a secondary endpoint.

* According to the protocol, major events (the components of the primary composite endpoint)
were adjudicated centrally only in the case of questionable events or discrepancies.

APPEARS THIS way
~ ON QRIGINAL
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The diagnosis and type of diabetes was not predefined. Age of onset of diabetes, but not type
(Insulin-dependenUNoninSUIin-depcndcnt diabetes) was specified on the Case Report Form.
According to the February 1, 1994 letter from the sponsor to the Agency, the two groups
were distinguished by age of onset of diabetes. However, this distinction was not
prospectively defined, nor can any definition be found in the protocol or protocol
amendments. C peptide levels, reflecting endo,enous insulin production, were not drawn,
‘According to the Lancet manuscript?, the two groups were distinguished by age of diabetes
onset (age 30 was used as a cutoff) or medication use (i.e., not on insulin). The age
definition might misclassify some patients. '

Deaths from pulmonary emboli were included in cardiovascular mortality. Pulmonary

emboli can occur in the absence of atherosclerotic disease.

~ In the protocol, overt nephropathy was prespecified as a “secondary research question.” In

the manuscript, overt nephropathy was a “main outcome in a substudy.”

Differing definitions of overt nephropathy: .

® According to the protocol, overt nephropathy (see Exclusion) was defined as > 1+
proteinuria on dipstick or urinary albumin excretion > 200 micrograms/minute (300
mg/24 hours), - : ] ‘

® According to the Principal Investigator (letter to the Agency, February 1, 1994), “Patients
with an albumin creatinine ratio of 30 at the ane year follow-up and at the end of the
study will be considered to have possible overt diabetic nephropathy. This information
will be communicated to the investigators who will be asked to confirm the presence of
overt diabetic nephropathy.” ' ‘

* According to the published diabetes substudy design,” the albumin-to-creatinine ratio and
urine protein dipstick were to be used as screening tests for overt nephropathy and the
diagnosis was to be confirmed with 24 hour or timed urine albumin or protein.

* According to the Lancet manuscript,* patients with a first momning urinary
albumin/creatinine ratio of 36 mg/mmol or higher were asked to give a 24 hour urine
sample which was assayed in a local laboratory. Overt nephropathy was defined as 24-
hour urine albumin of 300 mg or more per day, 24-hour urine total protein excretion of
500 mg or more per day, or if the albumin/creatinine ratio was higher than 36 mg/mmol
and no 24-hour urine result was available (central assessment was done for 24 hour urines
in cases of overt nephropathy). This definition was not in the protocol or amendments.

Microalbuminuria was not predefined in the protocol or protocol amendments. In the Lancet

manuscript* microalbuminuria was defined as an albumin/creatinine ratio of > 2 mg/mmol

and the reader is referred to another journal article describing the HOPE trial methods.” In

this reference, microalbuminuria is defined as a urine albumin excretion rate of 20-200

Kg/min.

In diabetics, glucose control was a “secondary question™ but analysis of this parameter was

not further predefined in the protocol or amendments.

In the protocol, the only prespecified “composite endpoint” was that of the primary endpoint.

A “combined microvascular outcomne” of overt nephropathy, dialysis, or laser therapy, as

published in the manuscript,* was not prespecified.

- In the protocol, deterioration in renal function was mentioned as a “secondary question” but

was not further defined.
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* Congestive heart failure was not a predefined outcome and was not further defined in the
protocol or amendments. There was a Congestive Heart Failure form (plate 052), with
information on diagnosis and treatment, which was not included in this submission and not
previously submitted to the Agency. Hospitalization for congestive heart failure, but not
congestive heart failure itself, was a prespecified secondary endpoint.

* Information regarding jaser therapy in diabetics was collected by patient history and
checking a box on the CRF next to the question, “has the patient required laser therapy for
diabetic retinopathy since the last study visit.” No retinal photos or angiograms were
specifically elicited either at baseline or during the study. A baseline imbalance in
retinopathy between ramipril and placebo cannot be excluded in this study. Changes from
baseline in retinopathy, or recommendations for laser therapy, were not assessed. Since this
is a self-reported measure, there is the error introduced by patient interpretation and
understanding of the question and laser procedure.

¢ Management of adverse events were at the discretion of the patient’s physician. “When in’
doubt,” the treating physician was encouraged to discuss an individual patient’s management

with the C3PO. A potential bias resulting from advice provided by the C3PO cannot be
excluded. , '

‘Termination of HOPE study

As mentioned previously, the statistical monitoring boundary indicating that ramipril had a
beneficial effect was a difference in the primary endpoint of 4 standard deviations between
groups during the first half of the study and of 3 standard deviations during the second half.
According to the New England Journal of Medicine article, on March 22, 1999, the Data Safety
Monitoring Board (DSMB) recommended termination of the HOPE study because of the clear
evidence of a beneficial effect of ramipril (consistent crossing of the monitoring boundaries in
two consecutive reviews). At that time, the data showed a 20 percent reduction in the relatjve
risk of the primary endpoint (95% CI of 12% to 28 % reduction; z statistic = -4.5, p <0.001).
The results of the study were disclosed to the investigators at two meetings on April 17 and April
24, 1999. The cutoff date for all events included in the main analysis was set for April 15,1999, .
‘and the final visits were scheduled to be completed by June 30, 1999,

Comments: The DSMB meeting minutes of March 22, 1999 reported that they concluded that
the data were extremely convincing for the efficacy of ramipril for both primary and secondary
outcomes. There was no meeting minutes reporting that the data had crossed the monitoring
boundaries in two consecutive reviews.

APPEARS THIS way
ON ORIGINAL
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Results:

Patient Descrigtion:
Patient Disposition:

L. the database provided, 10, 585 patients entered the run-in phase; 1044 patients were excluded
from randomization.” Reasons for rejection were:

1044 patients rejected from randomization: *
Refused/withdrew consent/administrative: 338
Did not meet eligibility criterja**: 345

Patients,who did not meet eligibility criterja:

Age < 55 83
CHF/EF < 40% 16
>1+ proteinuria i1
Insufficient coronary artery disease - : 18
CABG < 4 years without symptoms 17
Increased potassium/creatinine during run-in 58
On Vitamin E/ACE inhibitor 23
noncompliant during run-in 108
otherfunspecified** 11
** One patient . - .. ..Wwas not randomized due to “revised entry criteria.”
Adverse events during run-in: 259
Died during run-in period: 10
Other medical illness/clinically unstable: 74
No show/lost to followup: 18

Of the adverse events leading to withdrawal during run-in, the most commonly reported were:

Unspecified 52

Cough 39
Dizziness 34
Nausea 27

Headache 21
Facial swelling/angioedema was reported in 3 patients.

. According to the NEJM m.a'rluscript,2 10, 576 eligible patients entered into the run-in phase. Of thcs_c. 1.035
patients were excluded from randomization because of noncompliance, side effects, abnormal serum creatinine or pofassium
levels, or withdrawal of consent.

! These data were generated by the reviewer from the visit 2 (randomization visit) database (spreadsheet) supplied '
* by the sponsor. Eligibility was determined from a checkbox, labeled yes/no. Under the reasons patients veere
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Of the remaining 9541 patients, 4645 were random]
4652 were randomly assigned to matching placebo;

¥ assigned to ramipril 10 mg per day, and
244 patients were randomly assigned to

receive ramipril 2.5 mg per day-—these Jow-dose patients were not included in the efficacy

. analysis in this submission.
In the database provided there were 8514
unaccounted for/lost to follow-up: 5 in th

Demographics and Baseline Characteristics:

patients who underwent a final visit; 8 patients were
& placebo group, and 3 patients in the ramipril group.”

The ramipril group and the placebo group appeared to be well balanced at baseline (Table 1).

" .
Table 1. Demographics and baseline characteristics

Ramipril Placebo
(N=4645) (N=4652)
Gender , :
Male 72.5% 74.2%
Female 27.5% 25.8%
Ethnic grolip
- Caucasian 89.7% 89.7%
Hispanics 5.7% 5.8%
Asian 1.7% 1.6%
Blacks 1.6% 1.4%
Native 0.3% 0.3%
Others 0.9% 0.9%
Age (in yr) 6617 6617
SBP/DBP (in mm Hg) 139420/79+11 139420/79+11
Heart rate (in bpm) 69111 69+11
Body mass index - . 2844 2844
History of cardiovascular disease 86.8% 88.8%
History of coronary artery disease 79.5% - 814%
Myocardial infarction 51.9% 53.4%
Within £ 1 year 9.7% 9.6%
Within > 1 year 42.2% 43.8%
Stable angina 54.8% 56.3%
Unstable angina 25.4% 255%
CABG 25.7% 25.9%
PTCA 18.4% 17.3%
Stroke or transient ischemic attacks 10.8% 11.0%
Peripheral vascular disease 40.0% 42.3%
Hypertension 47.6% 46.1%

: According to the C3PO there were 6 patients lost to follow-up after randomization: 4 in the placebo group and 2 in

the ramipril group.
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Table 1. Demographics and baseline characteristics (continued)

Ramipril Placebo
{N=4645) {(N=4652)
Documented elevated total cholestero] 65.4% 66.+%
level i
Documented low HDL cholesterol leve) 18.1% 18.9%
Current cigarette smoking 13.9% 14.5%
Medications
Beta blockers 39.2% 39.8%
Aspirin or antiplatelet agents . 75.3% 76.9%
Lipid,lowering agents 28.4% : 28.8%
Diuretics o 15.3% 15.2%
Calcium-channel blockers . 46.3% 47.9%
Left ventricular hypertrophy on 8.2% 8.7%
electrocardiography
Diabetes ' 38.9% 38.0%
Microalbuminuria 20.5% 21.6%

Protocol Violations/Deviations:
- Protocol violations/deviations were not mentioned in the protocol or any of the manuscripts.

According to the DSMB minutes, “procedural deficiencies” were noted in 2 centers, and
“protocol violations” were noted in center 6. However, according to the C3PO, no centers were
excluded because of protocol violations. Also, excluding center 6 did not affect the analysis and
results, according to the reviewers’ analysis.

Six randomized patients, 4 to placebo ramipril and 2 to ramipril, were noncompliant during the
run-in period and therefore did not meet that eligibility criterion.
Onepatient =~~~ randomized to the ramipril treatment group, had a rise in potassium
during the run-in period and was therefore ineligible on that basis.

. Concomitant Therapies: ‘
Information conceming selected concomitant therapies was collected at randomization, at the 2
year visit, and at the penultimate visit. As noted above, the two groups were evenly distributed
regarding the use of beta blockers, aspirin/antiplatelet agents, lipid-lowering agents, diuretics,
and calcium channel blockers. '

Eight patients (3 in the placebo ramipril and § in the active ramipril group) had no history of
diabetes but were on oral hypoglycemic agents. : ' ' :

*Data regarding patient eli gibility were generated from analysis of the visit 2 database provided by the sponsor.
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One patient
Two patients _
insulin.

_ .. »on placebo ramipril had no history of diabetes but was on insulin,
~ ) on active ramipril had no history of diabetes but were on

The above table lists concomitant medications at randomization. Other concomitant
medications for ramipril and placebo at randomization included:

Table 2. Other concomitant mcdicaﬁons—bas;]inc

Medication Ramipril Placebo .
(N=4645) (N=4652)
n n

Estrogen 115 151
Vitamin C 280 257

Beta carotene 61 62
Multivitamins 331 323
Alcohol 1842 1870

This table was generated by the reviewer from the visit 2 and treatment group data .

At the two year visit, concomitant medications were as follows:
Table 2.1. concomitant medications—2 year visit

Medication ' Ramipril Placebo
(N=4645) (N=4652)
n n
Beta blockers 1733 1731
Aspirin 3151 3171
Oral anticoagulants 252 222
Diurctics 833 757
Nitrates 1299 1362
Cholesterol-lowering drugs 1704 1716
Diltiazem/verapamil 1033 1075
Other calcium channel biockers 988 895
Estrogen 144 144
Folate 31 25
Vitamin C 267 228
Multivitamins 304 289
Nonsteroidal anti-inflammatory drugs 278 302
Alcohol 1644 1560
Beta carotene 40 38
If diabetic:*
Insulin 584 556
Oral hypoglycemic agents 979 959

“For baseline diabetic trearment please see table 18.
This table was generated by the reviewer from the visit 5 and treatment group databases.

" These data were generated from analysis of the visit 2 database provided by the sponsor.
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At the penultimate visit, concomitant medications were as follows:
Table 2.2. Concomitant medications—penultimate visit

Medication Ramipril Placebo
(N=4099) (N=4047)
n n

Beta blockers 1565 1764
Aspirin 2807 2863
Antiplatelet agents 256 277
_Oral anticoagulants 294 286
Diuretics 816 0942
Nitrates 1100 1184
Cholesterol lowering drugs 20438 2022
Diltiazem/verapamil 806 808
Other calcium channel blockers 894 928
Estrogen replacement 100 132
Folate 90 102
Vitamin C 257 242
Beta Caroténe 52 32
Insulin 614 591
Oral hypoglycemic agents 916 950
Nonsteroidal anti-inflammatory agents 253 237
Alcohol 1416 1401

This table was generated by the reviewer from the penuitimate visit and treatment group databases.

Compliance:

Compliance was defined on the CRF as the
The following table was generated from the

APPEARS THIS WY
ON ORIGINAL
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Table 3. Compliance
1 year 2 year 3 year 4 year Final
(visit 5) (visit 7) | (visit 9 {(visit11) | visit
Ramipril group |
N 4580 4645 4364 3957 4188
Compliance > 75% 3788 3580 - [3270 2848 2870
(82.7%) | (77.1%) (74.9%) | (72.0%) (68.5%)
On 10 mg ramipril 3766 3488 3103 [ 2705 2705
(82.2%)" | (75.1%) (71.1%) | (68.4%) (65.0%)
Ramipril stopped 665 756 996 1040 1235.
: (14.5%) (16.3%) |(22.8%) (26.3%)  1(29.5%)
Ramipril dose changed™ | 149 N/A N/A N/A N/A
Using nonstudy ACE 101 241 259 307 401
inhibitor 22%) 1(5.2%) (5.9%) (7.8%) (9.6%)
Using A2 antagonist N/A 28 . |36 -1 59 68
(0.6%) (0.8%) (1.5%) (1.6%)
Placebo group
N 4578 4652 4331 3897 4104
Using nonstudy ACE 153 217 348 418 504
inhibitor (334%) | (4.7%) (8.0%) (10.7%) | (12.3%)
Using A2 antagonist N/A 22 - |48 58 79
(0.5%) (1.1%) (1.5%) (1.9%)

" * no separate entry. Number derived from: [ total N- (n with dose change + n where ramipril stopped)] divided by
total N. That result was multiplied by 100 to arrive at a percentage,
**This check box was only present at the | year visit.

For drug discontinuation and reasons for stopping please see Safety Data,
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Efficacy:
Prima;y clinical outcomes

The primary efficacy endpoint is the comp
infarction and stroke. Table 4 summari
primary clinical outcomes. Ramipril g
cardiovascular death, MI and stroke an
effect of ramipril on each component

In 106 deaths, there were differen
- Committee (e. g. the database
reported the same death as “non-cardiovascular”
cardiovascular” but the Event Adjudication Co
The reviewer’s analysis of the compo

the adjudicated events.

Table 4. Incidence of primary and related com onent dutcomes

reported a death as “MI”

osite endpoint of cardiovascular death, myocardiai
zes the comparisons of the two treatment groups on the
ave a statistically significant reduction in the incidence of
d the incidence of all-cause death, MI and stroke. The
event is consistent with that on the composite endpoint.

ces between the database report and the Events Adjudication
where the Event Adjudication Committee

or the event was classified as “non-

mmittee reported the death as “cardiovascular™).
site endpoint using the primary cause of death as
classification criterion give the results almost identical to that of the composite endpoint using .

Ramipril Placebo Hazard ratio p-value
__(N=4645) (N=4652) (95% CI)

| Cardiovascular death, MI, 651 (14.0%) | 826 (17.8%) | 0.78 (0.70, 0.86) |0.0001
Stroke
Cardiovascular death 282 ( 6.1%) | 377( 8.1%) | 0.74 (0.70, 0.90) 10.0002
Myocardial Infarction 459 ( 9.9%) | 570 (12.3%) | 0.80 (0.70, 0.90) {0.0003
Stroke 156 ( 3.4%) | 226 ( 4.9%) | 0.68 (0.56, 0.84) {0.0002
Noncardiovascular death 200 ( 4.3%) | 192( 4.1%) | 1.03 (0.85,1.26) |0.74
All-cause death 482 (10.4%) | 569 (12.2%) | 0.84 (0.75,0.95) |0.005
All-cause death, M1, Stroke |. 822 (17.7%) | 992 (21.3%) | 0.81(0.74, 0.89) .| 0.0001

Mortality data:

The next table provides a breakdown of the primary cause of death, as classified in the database.

Table 5. All cause deaths: Primary cause of death

Event Ramipri} Placebo
n n
MI 84 111
Stroke 33 49
Ventricular tachyarrhythmia 17 24
Other sudden cardiac death 68 88
Worsening CHF 26 34
Pulmonary embolus 6 6
Other embolism - 1
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Table 5. Primary cause of death (continued)

Ramipril Placebo
n n
Other cardiovascular 52 39 (+2)*
Amputation-related 2 1
Ketoacidosis _ - >
Nephropathy/Renal failure 1 2
Cancer 112 108
Other non-CV 81 82
Totals 482 569

This table was generated from the death and treatment databases.

*Two paticats in the placebo group

death. These paticnts were coded as “cardiovascular deaths

cardiovascular” category.

Myocardial Infarction:

The following table lists data obtained from the MI database, obtained from the MI event sheets
(unadjudicated). Note that these numbers represent numbers of events, not numbers of pati_cnts.

Table 6. Myocardial Infarction by treatment

_ did not have listed more specific primary causes of
" and are, therefore, entered into the “other

Ramipril Placebo

Symptoms (present) 383 472
Thrombolytic therapy 112 143

If unknown 14 24
ECG done 453 540
Anterior Q waves* 83 114
Anterolateral ) waves* 12 14
Lateral Q waves* 10 14
Inferior Q waves* 11 12
New Bundle Branch Block 21 37

This table was generated from the Myocardial Infarction Event database provided by the sponsor.

*These categories are not mutually exclusive {e.g.. patient

__ Yhad both anterolateral and lateral Q waves on

ECG).
APPEARS TH)s way
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Secondary and other clinical outcomes

Table 7. Incidence of secondary outcomes and other outcomes

Ramipril Placebo Hazard ratio* | p-value*
(N=4645) {N=4652) {95% CI)
Secondary outcomes ’
Revascularization ’ 743 (16.0%) | 854 ( 184%) | 0.86 (0.78,0.95) { 0.002
Hospitalization for unstable 354 (11.9%) | 567(12.2%) | 0.98 (0.87, 1.10) 0.67
angina _
Hospitalization for heart 141 (3.0%) 161 (3.5%) 0.86 (0.69, 1.08) | 0.20
failure « .
_Other outcomes (not prespecified) _
Cardiac arrest 37(0.8%) 39 (1.3%) | 0.62(0.41,0.94) | 0.024
Heart failure’ 417 (9.0%) 534 (11.5%) | 0.77 (0.68, 0.87) | 0.0001
Worsening angina® 1010 (21.7%) | 1117 (24.0%) | 0.88 (0.81,0.96) | 0.005
Hospitalization for unstable 175 (3.8%) 180 (3.9%) 0.97(0.79,1.19) | 0.76
angina with ECG changes | |
*All deaths are censored at the time of death
** This was a checkbox at every visit on the CRF
Worsemng angina was defined a check box on the Unstable Angina Event Form next to the question
“Was it increasing in severity or frequency?”
APZEARS THlS WAy
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New Diagnosis of Diabetes
(not a prespecified endpoint) -

There is a box in the randomization, 1 year follow-up, 2 year follow-up, 3 year follow-up, 4
year follow-up, 5 year follow-up, and penultimate forms for checking to indicate whether a
patient is diabetic. Based on these data, the following table is constructed to summarize the new
diabetes in the patients who did not have diabetes at baseline. There were a total of 257 new
diabetic cases. Ramipril appeared to yield a greater reduction in the incidence of new diabetes.
Of the 257 new diabetic cases, only 35 had primary clinical outcomes (cardiovascular death, M1,
stroke). The correlation between development of new diabetes and primary clinical outcomes is
almost zero. The correlation between time to new diabetes and time to primary clinical
outcomey is < 0.15. Both treatment groups show the same correlation pattern. Therefore, new
diagnosis of diabetes is an endpoint independent of the primary clinical outcome in the patients

who did not have diabetes at baseline. This makes interpretation of the nominal p-value of new
diabetes difficult. :

Table 8. Incidence of new diagnosis of diabetes in patients who did not have diabetes at baseline

Ramipril Placebo Hazard ratio* p-value*
(N=2837) (N=2883) - (95% CI)
n (%) n (%)
New diagnosis of diabetes 102 (3.6%) 155 (5.4%) | 0.66 (0.51, 0.85) 0.001

*All deaths are censored at the time of death

By vitamin E results

The beneficial effects of ramipril in reducing ihe incidence of the composiie &vents appear to be
similar between vitamin ¥ and no vitamin E strata (Table 9). :

Table 9. Incidence of primary outcome by vitamin E stratification
4 —orira E A DY VITamun & strat

Rarnipril Placebc | Faardratio | pvaloe |
S L% 1 n%) L. (95%CDh -
Vitamin E group
Cardiovascular death, MI, | 338 (14.5%) | 421 (18.2%) | 0.76 (0.66, 0.89) | 0.0003
Stroke

All-cause death, M1, Stroke 424 (18.2%) 497 (21.5%) 10.83 (0.73, 0.95) V67508
No Vitamin E group 7 _
Cardiovascular death, MI, 313 (13.5%) 405 (17.3%) { 0.79 (0.68, 0.91) { 0.0009

Stroke

All-cause death, MI, Stroke 398 (17.2%) 495 (21.1%) { 0.79 (0.70, 0.91) { 0.0006
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