severe congestive heart failure whose renal function may depend on the activity of the renin-
angiotensin-aldosterone system, treatment with angiotensin converting enzyme inhibitors, includ-
ing ALTACE, may be associated with oliguria and/or progressive azotemia and (rarely) with acute
renal faiture and/or death. .
In hypertensive patients with unilateral or bilateral renal artery stenosis, increases in bicod urea
nitrogen and serum creatinine may occur. Experience with another angiotensin converting enzyme
inhibitor suggests that these increases are usually reversible upon discontinuation of ALTAGE
- and/or diuretic therapy. In such patients renal function should be monitored during the first few
weeks of therﬁpy. Some hypertensive patients with no apparent pre-existing renal vascular disease
have developed increases in blood urea nitrogen and serum creatinine, usually minor and tran-
sient, especially when ALTACE has been given concomitantly with a diuretic. This is more likely to
occur in patients with pre-existing renal impairmeﬁt. Dosage reduction of ALTACE and/or discon-
tinuation of the diuretic may be required.
Evaluation of the hypertensive patient should always include assessment of renal function.
 (See DOSAGE AND ADMINISTRATION.) |
. Hyperkalemia: In clinical trials, hype’rkélemia (serum potassium greater than 5.7 mEq/L) occurred
in approximately 1% of hypertensive patients receiving ALTAGE (ramipril). in fnost cases, these
were isolated values, which resolved despite continued therapy. None of these patients was dis-
continued from the trials because of hyperkalemia. Risk factors for the development of hyper-
kalemia include renal insufficiency, diabetes mellitus, and the concomitant use of potassium-spar-
ing diuretics, potassium supplemants, and/or potassium-containing salt substitutes, which shouid
~ 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 diagnosis of cough.
impaired Liver Funclion: Since ramipril is primarily metabolized by hepatic esterases to its active
‘ moiety, ramiprilat, patients With impaired liver tuncﬁnn could develop markedty elevated plasrﬁa

levels of ramipril. No formal pharmacokiﬁetic studies have been carried out in hypertensive
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Surgery/Anesthesia: in patients-undergoing surgery o during anesthesia with agents that produce
hypotension, ramipril may block angiotensin 1l formation that would otherwise occur secondary to
compensatory renin release. Hypotension that occurs 25 a result of this mechanism tan be cor-
rected by volume expansion.

Information for Patients |

Pragnancy: Female patients ot childbearing age should be told about the consequences of second-
and third-trimester exposure to ACE inhibitors, and they should also be told that these conse-
quences do not appear to have resufted from intrauterine ACE inhibitor exposure that has been
limited 1o the first trimester. These patients should be asked to report pregnancies to their physi-
cians as soon as possible.

Angioedema: Angloedema including laryngeal edema, can occur with treatment with ACE
inhibitors, espec;ally following the first dose. Patients should be so advised and told to report
immediately any signs or symptoms suggesting angioedema (sweiling of face, eyes, lips, or
tongue, or difficulty in breathing) and to take no more drug until they have consulted with the pre-
scrlblng physician.

Symptamar:c Hypotension: Patlents 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-
cope occurs. ALTACE should be discontinued until the physician has been consulted.

All patients should be cautioned that inadequate fluid intake or excessive persp_iratiun. diarrhea, or
vomiting can lead to an excessive fall in blood pressure, with the same consequences of iigmhead-
edness and possible syncope.

Hyperkalemia: Patients should be told not to use salt substitutes containing potassium without
consultmq their physician. |

Neutropenia: Patients should be told to promptly report any indication of infection (e.g., sore

" throat, fever), which coutd be a sign of neutropenia.

. Drug Interactions

With diuretics: Patients on diuretics, especially those in whom diurstic therapy was recently insti-
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- py with ALTACE. The possibility of hypotensive effects with ALTACE can be minimized by either dis-
continuing the diuretic or inereasing the salt intake prior to initiation of treatment with ALTACE. if
this is not possible, the starting dose ehould be reduced. (See DOSAGE AND ADMINISTRATION.)
With potassium supplements and potassium-sparing diuretics: ALTACE can attenuate potassium
loss caused by thiazide diuretids. Pdtassium-sparing diuretics (spironolactone, amilaride, tri-
amterene, and others) or potassium supplements can increase the risk of hyperkalemia. Therefore,
if concomitadt use of such agents is indicated, they should be given with caution, and the patient's

- serum potassium shouid be monitored frequently. ) _

With Ilthium;' Increased serum lithium leveis and symptoms of lithium toxicity have bee_n 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 aiso used, the risk of lithium toxicity may be mcreased

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

iurosemlde clmetldme indomethacin, and simvastatin. The combination of ALTAGE and propra-

ndlol showed no adverse effects on dynamic parameters (blood pressure and heart rate). The co-
administration of ALTACE and warfarin did not adversely affect the anticoagulant effects of the lat-
ier drug. Additionally, co-administration of ALTACE with phenprocoumon did not affect minimum

phenprocoumon levels or interfere with the subjects’ state of anti-coagulation.

Carcinogenesis, Mutagenesis, impairment of Fertility 7

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 doses of up to

1000 mg/kg/cay. (For either species, these doses are 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 micronucleus test in mice, unscheduled DNA synthesis in

a human ceII line, ora forward gene—mutatlun assayina Chmese hamster ovary cell line. Several

metabolites and degradation products of ramipril were also nega,twe in the Ames test. A study in

rats with dosages as great as 500 mglkglday did not produce adverse effects on fertility.

Pregnancy
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Fetal/neanatal morbidity and mortality.

Nursing Mothers | _

Ingestion of single 10 mg oral dose of ALTACE resulted in undetectable amounts ofvamipril and its
metabolites in breast milk. However, because muitiple doses may produce low milk concentrations
that are not predictable from single doses, women receiving ALTACE should not breast feed.
Gerialric Use |

0Of the total number of patients who received ramipril in US clinical studies of ALTACE 11.0% were
.65 and over while 0.2% were 75 and over, No overa!! differences in effectiveness or safety were
observed beMeen 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 hospitaiized elderly patients 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.
ADVERSE REACTIONS |

Hypeﬁehsian ‘
ALTACE has been evaluated tor safety in over 4,000 patients with hypertension; of these, 1,230
. patients were studied in US controlled triats, 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 similar in ALTACE and placebo patients. The mast frequent clinicai side effects
{possibly or probably related to study drug) reported by patients receiving ALTACE in US placebo-
| cunfrolled trials were: headache (5.4%), “dizziness™ (2.2%) and fatigue or asthénia (2.0%), but
nnlﬁr the last was more common in ALTACE patients than in patients given placebo. 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 approximafely

3% of US patients treated with ALTACE. The most common reasons for discontinuation were:
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The side effects considered possibly or probably related to study drug that occurred in US place-
bo-controlled trials in more than 1% of patlents treated with ALTACE are shown below.

PATIENTS IN US PLACEBO CONTROLLED STUDIES
ALTACE  Placebo

{n=651) (n=286)
4L % n%
Headache 35 54 1759
“Dizziness” 14 22 931
Asthenia (Fatigue) 1320 207
-Nausea/Vomiting -7 14 31.0

in placebo-controfled trials, there was also an excess of upper respiratory infection and flu syn-

drome in the ramipril group. As these studies were chrried out before the relationship of cough to

~ ACE inhibitors was recognized, some of these events may represent ramipril-induced cough. In a

later 1-year study, increased cough was seen in alrhost 12% of ramipril patients, with about 4% of
these patients reduiring discontinuation of treatmant.

Heart Failure post-myocardial infarction

Adverse reactians {except laboratory abnormaiities) considered possibly/probably refated to study
@rug that occurred in more than one percent of patients with heart failure treated with ALTACE are
shown below. The incidences represent the experiences from the AIRE study. The follow-up time
was between 6 and 46 months for this study.

Percentage of Patients with Adverse Events Possibly/Probably Related to Study Drug
Placebo-Controlled (AIRE) Mortality Study

Adverse Event Ramipril Placebo
(n=1004) {n=082)
Hypotension 10.7 47
Cough Increased 76 37
Diziness 4.1 3.2
Angina Pectoris 29 20
Nausea | 2.2 14
Pustural Hypotension 2.2 14
- Syncope 21 14
Heart Failure 2.0 2.2

- Severe/Resistance Heart Failure 2.0 30
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Vomiting 16 05

Vertigo : 1.5 07

Headache o 12 08

‘Kidney Function 12 05 -
Abnorma! Chest Pain 1.1 09 '
Diarrhea : 1.1 04

Asthenia 0.3 0.8

 Other adverse experiences reported in controlled clinical trials (in less than 1% of ramipril

patients), or rarer events seen in postmarketing experience, inciude the following {in some, a

- . causal relationship to drug use is uncertain):

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

. Gardlovascular. Symptomatic hypotension (reported in 0.5% of patients in US trials) {See WARN-

~ INGS and PRECAUTIONS), syncope {not reported in US trials), angina pectoris, arrhythmia, chest
. pain, palpitations, myocardial infarction, and cerebrovascular e‘)ents.

- Hematologic; Pancytopenia, h._emoly_tic anemia and thrombocytopenia.

Renal: Some hypertensive patients with no apparent pre-gxisting renal disease have developed

 minor, usually transient, increases in blood urea nitregen and serum creatinine when taking

. ALTACE, particuiarly 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.) |

Cough: A ticklin_g, dry, persistent, nonproductive coug_h has been reported with the use of AQE_
inhibitors. Approximately 1% of patients treated with ALTACE have requireﬂ discontinuation
because of cough. The cough disappears shortly after discontinuation of treatment. (See PRECAU-
TIONS, Cougk subsection.)

‘Gastrointestinal: Pancreatitis, abdominal pain {sometimes with enzyme changes suggesting pan-
creatms] anorexia, constlpanon dlarrhea dry mouth, dyspepsia, dysphagia, gastroenterms hepa-
titis, nausea, increased sallvanon taste disturbance, and vomiting.

Dermalolngu: Apparent hypersensitivity reactions (mamfested by urticaria, pruntus or rash, mth

‘ or without fever), erythema mult:forme pemphigus, photosensitivity, and purpura

Neurolopic and Psychiatric: Anxiety, amnesia, convulsions, depression, hearing Iuss. insomnia,
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disturbances.

Misceilaneous: As with other ACE inhibitors, a symptom complex has been reported which may

include a positive ANA, an elevated erythrocyte sedimentation rate, arthralgia/arthritis, myalgia,

fever, vasculitis, eosinophilia, photosensitivity, rash and other dermatologic manifestations.

Additionally, as with other ACE inhibitors, eosinophilic pnéumonitis has been reported.

Fetal/nsonatal morbidity and mortality. See WARNINGS: Felal/neonatal morbidity and mortality.

Other: arthralgia, arthritis, dyspnea, edema, epistaxis, impotence, increased sweating, malaise,

. myalgia, and weight gain,

Clinical uboﬁtuw Test Findings:

Creatinine and Blaod Urea Nitroen: Increases in creatinine levels occurred in 1.2% of patients

~ receiving ALTAGE alone, and in 1.5% of patients receivlnu ALTACE and a diuretic. Increases in

blood urea nitrogen levels occurred in 0.5% of patlents receiving ALTACE alone and in 3% of

pat:ants receiving ALTACE with a diuretic. None of these Increases required discontinuation of treat-

" ment, Increases in these laboratory values are more likely to occur in patients vmth renal insufficien-

| cy or those pretreated with a diuretic and, based on experience with other ACE inhibitors, would be
expected to 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 shouid 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 hematocrit (a low value and a decrease
of 5 g/dl or 5% respectively) were rare, occurring in 0.4% of patients receiving ALTACE alone and
in 1.5% of patients receiving ALTACE plus a diuretic. No US patients dlsconnnued treatment
because of decreases in hemogiobin or hematocrit.

Other (causal relationships unknown): Clinically important changes in standard laboratory tests
were rareiy associated with ALTACE administration. Elevations of liver enzymes, serum bilirubin,
uric acid, and blood glucose have been reported, as have cases of hyponatremia and scatteret_i

b incidents of leukbpenia, eosinophilia, and proteinuria. In US trials, less than 0.2% of patients dis-

continued treatment for laboratory abnori'nalities; all of these were cases of proteinuria or abnor-
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OVERDOSAGE

Single oral doses in rats and mice of 10-11 g/kg resulted in significant lethality. In dogs, oral doses
as high as 1 g/kg induced only mild gastrointestinal distress, Limited data on human overdosage are
available. The most fikely clinical manifestations would be symptoms attributable to hypotension,
Lhi:oratory determinations of serum levels of ramipril and its metabolites are n.ot widely available, and
such determmatlnns have, in any event, no established role in the management of ramipril overdose.

No data are available to suggest physiological maneuvers (e.0., 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 usefully removed from the body by hemodialysis.

Angiotensin Il could presumably serve as a specific antagonist-antidote in the setting of ramipril

overdose, but angiotensin Il is essentially unavaitable outside of scattered research facilities.

Because the hypotensive effect of ramipril is achim through vasodilation and effective hypov-

olemia, it is reasonable to treat ramipril overdose by infusion of normal safine solution.
DOSAGE AND ADMINISTRATION

Hypertension . ) _
The recommended initial dose for patients not receiving a diuretic is 2.5 mg once a day. Dosage
should be adjusted according to the blood pressure response. The usual mamtenance dosage
range is 2.5 10 20 mg per day 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 controfied with ALTACE alone, a diuretic can be added.

Heart Failure post myocardial infarction

For the treatment of post-infarction patients who have shown sigris of congestive failure, the rec-

ommended starting dose of ALTACE is 2.5 mg twice daily. A patient who becomies hypolensive at
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ated) toward a target dose of 5 mg twice daily.

After the initial dose of ALTACE, the pﬁtient shouid 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
should be reducad which may diminish the likelihood of hypotension. The appearance 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 Gapsule Is usually swallowed whole. The ALTACE Capsule can also be opened and the
- contents sprinkled on 2 small amount (about 4 oz.) of apple sauce or mixed in 4 oz. (120 mi) of

- water or apple juice. To be sure that ramip:il is not fost when such a mixture is used, the mixture

~ shotld be consumed in its entlrety The described mixtures ¢an be pre-prepared and stored for up _

to 24 hours at room temperature or up to 48 hours under refrigeration.
Concomitant administration of ALTACE with potassium suppiements, potassium salt substitutes, or
potassium-sparing diuretics ¢an lead o increases of serum potassium. {(See PRECAUTIONS.)
In patients who are currently being treated with a diuretic, symptomaﬁc hypotension occasionally
can occur following the initial dose of ALTACE. To reduce the Iikelihood. 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 controlled with ALTACE alone, 'diureﬁc therapy
should be resumed. = -
If the diuretic cannot be discontinued, an initial dose of .25 mg ALTACE should be used to avoid
excess hypotension.
Doszge Adjustment in Renal Impairment
In patients with creatinine clearance <40 ml/min/1.73m? (serum creatinine approximatety 2.5
mg/di) doses only 25% of those normally used should be expected to induce full therapeutic levels
of ramiprilat. (See CLINICAL PHARMACOLOGY)
.. Hypertension: 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 controlled or

to a maximum total daily dose of 5 mg. -
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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 myg b.i.d. depending upon clinical response and tolerability.
HOW SUPPLIED | -

ALTAGE is availabie 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 (1€ capsules/blis-
ter card). _

ALTACE 1.25 mg capsules are supplied as yellow, hard gelatin capsules in botties of 100 (NDC

- 61570-110-01), and Unit Dose packs of 100 {NDC 61570-110-56). B

ALTACE 2.5 nig capsules are supplied as orange, hard gelatin capsules in bottles of 10ﬁ (NDC
61570-111-01), and Unit Dose packs of 100 (NDC 61 570-111-56).

- ALTAGE § mg capsules are supplied as red, hard gelatin capsules in botties 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 bottles of 100
(NDC 61570-120-01).

Dispense in well-closed container with safety closure.

Store at controiled room temperature (59 to 86° F).
Rx only.

Prescribing Information as of XXX

Distributed by: Monarch Pharmaceuticals, Inc., Bristol, TN 37620

: Manufactured by: Hoechst Marion Roussel, Inc., Kansas City, MO 64137
FEEEFEREFEEF (Item #)
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~ Event Adjudication Definitions

Primary Outcomes -~

- 1.0 Cardiovascular Death

1.11 Unexpected Death: Unexpected death presumed to be due to ischemic cardiovascular
disease, occurring within 24 hours of the onset of symptoms without confirmation of cardio-
vascular disease, and without clinical or post mortem evidence of other etiology.

- 1.12 Fatal myocardial infarction (Ml): death within 7 days of the onset of documented M|
(see 2.0).. ' :

1.13 Congestive heart failuyre (CHF): death due to clinical, radiological or postmortem evi-
dence of CHF without clinical or postmortem evidence of an acute ischemic event {cardio-
genic shock to be included).

1.14 Post cardiovascular invasive interventions: death associated with the intervention:
within 30 days of cardiovascular surgery, or within 7 days of cardiac catheterization, or angi-
oplasty, atherectomy, stent deployment or other invasive coronary or peripheral vascular
interventions. _ .

1.15 Dmm_amm[mgz death due to bradyarrhythmias or tachyarrhyhthmias not

induced by an acute ischemic heart disease (IHD) event

1.16 th followi i lar : death due to cardiovascular causes as
defined in 1.11-1.15, 1.17-1.18 and within 30 days of surgery.

1.17 Stroke: death due to stroke occurring within 7 days of the signs and symptoms of a
stroke (see 3.0). : - : . -

1.18 Other cardiovascular diseasas: death due to other vascular diseases including pulmo-

nary emboli, abdominal aortic aneurysm rupture, ...

1.19 Presumed Cardiovascular Death: Suspicion of cardiovascular death with clinically sup-

~ porting evidence which may not fulfill criteria otherwise stated. Example: Patient admitted
with typica! chest pain of 3 hours duration and treated as an Mi, but without ECG and enzy-
matic documentation to meet normal criteria. :

NB Accidental Death: Qualifies as a cardiovascular event unless clear evidence of extrane-
ous disease is known. :

'. NB Cardiac transplantation is not a cardiac death.

-




2.1 Q-Wave MI: in comparison to the last ECG, presence of at least one new signifi-
cant Q-wave on the standard 12-lead ECG as described in the Minnesota Code
1.1.1. appendix A, and at least one of:
1. Typical symptoms (e.g. typical ischemic chast pain >20 min).
and/or :
2. Significant elevation of serum enzymes - presence of any oné of the following
criteria: -
a) elevation of CK-MB to twice the upper limit of normal for the laboratory that
performed the test.
b) CK total at least twice the upper limit of normal for the laboratory that per-
formed the test.
¢) SGOT, LDH, or other cardiac enzymes at least twice the upper limit of nor- _
mal for the laboratory that performed the test with a characteristic pattern.

2.2 Non Q-wave MI: defined as patient with significant elevation of cardiac enzymes
(at least twice the upper limit of normal) with or without characteristic pain in absence
of new significant Q wave.

2.3 Probable non Q-wave Mli: presencé of new and persistent ST-T changes (>24
hours in duration) on the ECG with characteristic symptoms of ischemic chest pain

without documentation of enzyme elevation.

2.4 Silent M!: development of new significant Q waves (as per the Minnesota Code
1.1.1) in at least 2 adjacent Ieads in the absence of any other evidence of myocardial
infarction (note that the date of event will be assessed as halfway between the date of
discovery and last normal ECG). '

al Ml rdi lari ive i ions: Ml (as defined in 2.1, 2.2,
2.3 or 2.4) associated with the intervention within 30 days of cardiovascutar surgery,
or within 7 days of cardiac catheterization, or angioplasty, atherectomy, stent deploy-
ment or other invasive coronary or peripheral vascular interventions.

2.6 Non-fatal M| post non-cardiovascular surgery: Mi (as defined in 2.1, 2.2, 2.3 or
2.4) occurring within 30 days of non-cardiovascular surgery.

3.0 Stroke

3.1 Definite ischemic stroke: CT or MRI scan within 14 days of onset of a definite
stroke (focal neurological deficit greater than 24 hours) with evidence of infarction, or
autopsy confirmation

3.2 Detinite hemorrhagic stroke (primary intracerebral, subarachnoid, or secondary to
cerebral infarction): confirmation with CT or MRI scan within 14 days of stroke, or at

" autopsy or by lumbar puncture




3.3 ti : Definite stroke of unknown etiology when CT, MRI or
autopsy are not done. ‘

3.1-3.3) associated to the intervention within 30 days of cardiovascular surgery, or
within 7 days of cardiac catheterization, or angioplasty, atherectomy, stent deploy-
ment or other invasive coronary or peripheral vascular interventions.

3.4 Non-fatal stroke t cardi !f'n ysive j ions: stroke (as defined in

3.5 Non-fatal jovascul - Stroke (as defined in 3.1-3.3)
occurring within 30 days of non-cardiovascular surgery.

Secondary Outcomes

4.1 Unstable angina; unstable angina requiring hospitalization because of increased
frequency or severity of angina. Note: If the unstable angina was not the reason
for hospitalization then the unstable angina is coded as 411.9.

4.2 i ! izati to inciude CABG surgery, coro-
nary interventions, carotid endarterectomy (for stenosis of carotid luminal wall, tran-
sient ischemic attacks or stroke), peripheral cardiovascular surgery or angioplasty (for
limb ischemia) or limb amputation.

- 4.21 PTCA
4.22 CABG
4.23 Peripheral Angioplasty
4.24 Peripheral vascular Surgery
4.25 Carotid Endarterectomy

4.26 Limb Amputation: Inciuding partial or digit amputation due to cardiovascular
disease.

4.3 Total Mortality. All non-cardiovascular deaths
4.361 Cancer Death: Primary site of cancer is gastrointestinal.
4.362 ‘Cancer Death: Primary site of cancer is lung.
4.363 Cancer Death: Primary site of cancer is breast,
4.364 Cancer Death: Primary site of cancer is prostate.
4.365 Cancer Death: Primary site of cancer is brain,
4.366 Cancer Death: Primary site of cancer is ‘other’
4.367 Cancer Death: Primary site of cancer is mutti site.
4.368 Cancer Death: Primary site of cancer is genito-urinary.




{ - a) A 24 hour urineprotein greater than or equal to 500 mg.
: b} A 24 hour urine albumin greater than or equal to 300 mg.
¢} A timed albumin excretion rate greater than or equal to 200 microgram/min.

4.5 Hospitalizati r iv ailure with documented clinical and radiolog-
ical evidence.Note: If CHF was not the reason for hospitalization then the CHF is
coded as 428. -

4.6 Cancer or other malignancy by site and morphology.

4.61 Cancer gastrointestinal
4.62 Cancer lung |
4.63 Cancer breast

4.64 Cancer prostate

4.65 Cancer brain

4.66 Cancer other site

4.67 Cancer multi site

4.68 Cancer genito-urinary
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Summary: The HOPE (Heart Outcomes Prevention Evaluation] Study

Background: Although it is well established that elevated cholesterol, smoking and
hypertension are major risk factors for cardiovasculer disease (CVDJ,these factors do not
account fully for the risks of developing CVD in a population. Therefore, identification of other
risk factors and modifying them are needed to further reduce death and disability from CVD.
Recent epidemiological and experimental data suggest that activation of the renin-angiotensin
system has a strong role in increasing the risk of CVD events, such as myocardial infarction
{Ml). Additionally, studies in animals suggest that angiotensin converting enzyme inhibitors
{ACE-l) which block the activation of the renin-angiotensin system may retard atherosclerasis.
- Three large clinical trials of ACE-1 (SOLVD trials and the SAVE trial) which randomized more
than 8000 patients with low gjection fractions found a significant 23% reduction in risk of
Ml (2p <0.0002). The reduction in Ml in the SOLVD trials was independent of the level of
ejection fraction, etiology of low ejection fraction (ischemic or nor-ischemic), concomitant use
of various cardiac medications, presence or absence of diabetes and blood pressure response,
suggesting that ACE- may have a role in preventing Mis in a much wider range of patients
and not just those with low ejection fraction. However, this hypothesis requires direct
confirmation by prospective randomized clinical trials. L K ‘ T

Atherosclerosis also appears to be increasad with oxidation of lipids. Oxidized lipids affect
many atherogenic processes and data from epidemiological and laboratory studies suggest
that the use of naturally accurring and safe anti-oxidants such as Vitamin E may retard
atherosclerosis or its clinical sequelae. However Vitamin E has not been properly evaluated
- and large-scale randomized clinical trials are needed to establish any efficacy. :

We therefore propose to evaluate the effects of-an ACE-l, Ramipril and a naturally occurring
anti-oxidant, Vitamin E, in a large, simple randomized clinical trial of 8,000 to 9,000 patients

in a 2 X 2 factorial design.

Objectives: To evaiuate if use of Ramipril and/or Vitamin E, two safe and practicable therapies,
[Teduce myocardial infarction, stroke and cardiovascular death in a broad group of patients at
risk for cardiovascular events. - ‘ - : '
Study design: A randomized, place ntrolled, double blind clinical tfial of 8,000 to 9,000
patients at significant risk of CVD'events (including patients with previous M|, stable and
unstable angina, bypass or angioplasty, previous stroke, peripheral vascular disesse and high
risk diabetics) utilizing a 2 X 2 factorial design and a simple and focused protocol. Patients will
be recruited from approximately 200 centres internationally over a one year time period. After
an initial three-week run-in period, patients will be randomized to Ramipril {2.5 mg OD- for 1
week then 5.0 mg OD for three weeks then 10 mg OD thereafter) or placebo and Vitamin E
(400 IU OD} or placebo. Patients will be followed for an average of 3.5 years at regular six
month intervals during which all cardiovascular events and hospitalizations will be monitored.

Importance of the study: If Ramipril and/or- Vitamin E is found to be beneficial in this trial,
these safe and practicable therapies could be applied world wide and prevent thousands of
patients suffering disability or death from CVD.
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~ LARGE, SIMPLE RANDOMIZED CLINICAL TRIAL OF ACE-INHIBITORS AND VITAMIN E IN
PATIENTS AT HIGH RISK FOR CARDIOVASCULAR EVENTS: :

e
L !.

.-

ELIGIBILITY: MEN OR WOMEN OVER AGE 55 AT HIGH RISK OF CARDIOVASCULAR EVENTS
1. CARDIAC DISEASE: Previous M|, previous stable or unstable angina (with documented multivessel coronary’

artery disease or a positive stress test), previous muttivessel PTCA (more than one month ago), previous
multivessel CABG > 4 years ago or with angina, or muftivessel Coronary disease seen on angiography.

2. OTHER HIGH RISK:
i : Previous iimb bypass surgery or angioplasty, previous Emb amputation, history
of intermittent claudication with leg/anm BP ratio <0.80 in at least one side, or significant stenosisby
documented angiography or non-invasive testing.
B. Previous stroke more than one month ago.
- C. Diabetes {type | or I): With one other risk factor: hypertension; (>160 systolic or >80 diastolic or on

treatment); total cholesterol > S 2mmolL(200 mgAlL); curently smoking; known microattwminuria: HDL < 0.9
or any evidence of previous vascular disease. ‘
D FICATION & INVITATION
1. identiy efigible patients from patient fsts, procedurs logs, coronary care unit jogs, referral clinics, etc.
2 Enter brief, koy data on patierits into H¥ PE Screening Log. .
3. invite patient to participate and send Patient information Pamphlet.

ELIGIBILITY & RUN-IN VISIT (-3 Weeks)
' 1. in informed consent. : .
. 2. Check urine using dipstick (exclude i proteinuria 21+). :
t 3. Complete one page Run-in Foan and Fax to the CCC Project Office (C3PO) at 1-800-268-2376.
4. Start run-in period with 2.5 mg of Ramipr? OO (active for 7-10 days and then placebo for 10-14 days).
5. Obttain creatinine, potassium and glycated Hb{the latter in diabetics only), at days 7-10 of Run-In Phase.

RANDOMIZATION VISIT (0 weeks)
1.Gwdcmmpﬁanceandoonf‘rmeligibﬂity. _ a
2. Randomize patient by calling (toll-free) C3PO at 1-800-667-7263 (RAND) between 7:00am and 7:00pm EDT.
. Dispense allocated medication from HY PE Medication Kits: o
= Ramipril 2.5 mg OD (increased to 5 mg QD after one week, thep increased to 10 mg at one month) or
placebo _ : , . . o - L
_- Vitamin € 400 IU OD or placebo

4. Complete and Fax Randomization Forms (including bottom half of Run-in Form) and Fax to 1-800-268-2376.

5. Maka follcw-up appointment for 1 morth {1 week).

FOLLOW-UP (at 1 month, 6 months, then every 6 months for 3 years)
1. Check for all cardiovascular events and aft hospitalizations.
2. At one month visit, repeat local creatnine and potassium determination.
3. Dispanse medication and-encourage-compliance. o
4. Fax Follow-Up Form and, as needed, relevant Event Reports to C3PO.

CENTRAL MONITORING FOR SAFETY, EFFICACY & OUTCOMES
1. Fax Hospitaiization, Deatt:, MI and Stroke Forms.

2. Send discharge summaries, CT Scans etc., by mai in the HOPE Document Envelope.
3. Send laboratory results when requested to do s0.

¢
¥ LOCAL INVESTIGATOR:

. T phone fax
C3P0: 237 Barton Si. East, Hamilton, Ontario, L8L 2X2. For questions call 1-800-263-9428 (WHA"
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Tie HOPE (Heart Outcomes Prevention Evaluation) Study - A LARGE, SIMPLE RANDOMIZED TRIAL -
OF ACE-INHIBITORS AND VITAMIN € IN PATIENTS AT HIGH RISK OF CARDIOVASCULAR EVENTS.

BACKGROUND AND RATIONALE | -

1.

-

REDUCING CARDIOVASCULAR DISABILITY AND UNTIMELY DEATH REQUIRES INTERVENTIONS
IN ADDITION TO THE CONTROL OF TRADITIONAL RISK FACTORS.

The sequelae of atherosclerosis, such as coronary artery disease (CAD) or cerebrovascular disease

constitute the biggest causes of death, including premature death in Western countries.

Approximately 40-50% of all deaths are due to CVD and as the population ages in Western
countries, the absolute burden of CVD is certain to rise ™. .

Prevention of these cardiovascular diseases (CVD)requires modification of known risk factors for
atherosclerosis such as blood prassure, cholesterdl and smoking.” However, these risk factors
only party account for the risk of premature CVD and it is highly likely that additional factors are
of importance.” Recent experimental evidence indicates that the formation and progression of
atherasclerotic lesions are influenced by a number of additional complex biological processes,

such as the post-secretory modifications of low density lipoproteins (LDL). The interaction of

oxidized LDL with arterial wall, endothelial cells, macrophages, vascular smooth muscie cells,
platelets and circulating coagulation factors promotes atheroscleresis.“¥ Further, a number of
stimuli increase the proliferation of smooth muscie cells in the vascular wall. The role of the above
rocesses in increasing the risk of atherosclerosis and its complications is supported by
experimental, clinical and.epidemiological data. This muiti-factorial causation of atherosclerosis
suggests that multiple approaches to preventing events in high risk patients are needed.

In this document, we will first summarize several independent but complementary fines of
evidence suggesting that angiotensin converting erzyme (ACE) inhibitors (ACE-l} and a naturally
occurring anti-oxidant, Vitamin E, may be effactive in reducing the risk of clinical sequelae of
CVD. Bath therapies are simple, safe and are relatively inexpensive, so that they are likely to
have substantial public health impact and are potentially applicable worldwide. Second, we will

outiine a protocol for a large, simple and cost-efficient trial that will definitively and simultaneouslv .

test these therapies.

USE OF ACE-INHIBITORS (ACEH) IN PATIENTS WITH LOW EJECTION FRACTION HAS SHOWN
A SIGNIFICANT REDUCTION IN MYOCARDIAL INFARCTION. '

Three recent large randomized trials in patients with low ejection fractions reported significant
reductions in the risk of myocardial infarction (M) with the use of ACE-l. The results of these

studies are summarized in Table 1. ‘




. Table 1: Reduction in risk of myo;::ardial infarction {MI) in patients with low ejection
fractions (EF) in three randomized trials of ACE-inhibitors S

MIfNo. Patients

Trial/ACE-l used ™ Patient ACE-( Placebo ARR 2P
: Characteristics {(95% CL) Value
SOLVD &1 | EF<35% with | 127/1285 | 168/1284 | 231210 391 | 0.02
Treatment/enalapril CHF (9.9%) (12.3%!)
SOLVD 7u EF<35% 161/2111 | 204/2117 | 2460 38) | 0.01

Prevention/enalapril without CHF {(7.6%) {9.1%)
"SAVE/captopril ™ EF <40% post- | 133/1115 | 170/1116 24(5 ta 40) 0.02

; M (11.9%)’ | (15.2%)}
Total of all three o .. |-421/4511 | 532/4517 | 23112 t0 33) | 0.0002
tials . . 0 | e3w | (11.8%) S |

~In each of the two Studies Of Left Ventricutar Dysfunction (SOLVD) trials,®® there was a
significant reduction in Ml with enalapril versus placebo (for both trials: 23% relative risk
reduction or RRR; 95% Canfidence Limits =11% to 34%). Further, there was a highly significant
reduction in the risk of unstable angina in each trial (for both trials: 20% RRR; 95% CL=9% to
29%). In the Survival And Ventricular Enlargement (SAVE) trial,™ there was a significant
reduction in Ml (24% RAR: 95% CL.=5% to 40%) and in the need for re-vascularization
procedures (23 % RRR p <0.001) with use of captopril versus placebo. Reductions in the incidence
of myocardial infarction and unstable angina only became apparent in the above three studies
after at loast 6 months of treatment. Thereafter the difference continued to widen until the end
of the study. This delay in the reduction of ischemic events resembles the pattern observed in
trials of cholesterol lowering™™ and suggests that the mechanism for this observed anti-ischemic
action of ACE-l is not solely related to the beneficial hemodynamic effect of the drug, which is

observed early. -

Reductions in ischemic events were consistently seen in the SOLVD study among various
subgroups defined by differing levels of ejaction fraction (EF), etiology (ischemic and non-
ischemic) with.and without a history of diabetes and against a background of different drugs
{beta-blockers, aspirin-or calcium blockers).™ Further, reductions in ischemic eveats were
observad both among patients with congestive heart failuce, who might be expéacted to have high
renin profiles and among patients without failure, in whom renin levels were not elevated in the

absence of diuretic use."" In addition. tha effects cannot be explained by the hypotensive actions -
of ACE- alone, as the magnitude of risk reduction was substantially maore than that expected from

short term reductions in blood pressure."? Moreover the risk reductions were similar among
patients with diffesent degrees of blood pressure reductions.

This evidence suggests that the benefits observed in these trials among patients with low ejection
fraction also may occur in a broader group of patients without feft ventricular dysfunction and that
the mechanisms of benefit are perhaps related to a "cardioprotective™ or "cardiovascular-
protective” effect. However, since the degree of activation of the renin-angiotensin system,
systemically and in localized vascular tissue is not known patients with preserved ejection
- fractions (who presumably have no elevation of systemic renin levels), direct groof of the benefits

2




.

ACE-l is required in such patients. Moreover, two short-term trials of ACE-I in patients
«ollowing PTCA did not demonstrate any impact on the degree_of re-stenosis.”™* However, in
these trials treatment was for only 6 months and the process of restenosis following PTCA likely
differs from native vessel atherosclerosis. Nevertheless, these data emphasize the need for
caution in extrapolating the results from the trials in patients with low ejection fraction to other
patient groups. ‘

LABORATORY AND EXPERIMENTAL EVIDENCE SUGZEST THAT ACE-I MAY REDUCE THE RISK
OF CVD EVENTS THROUGH MULTIPLE MECHANISMS. '

1. The anti-proliferative action of ACE- on the myocardium and the vascular wall may be
beneficial. The prospective Framingham Heart study has noted that left ventricular mass is an
independent predictor of CAD death (1.7 fold risk elevation for men and 2.1 risk elevation for
women}."¥ ACE-l have been shown to reduce left ventricular mass. "% Recenty, angiotensin I
has been found to inducs growth and proliferation-of vascular smooth muscle cells in culture and
in animal models in vivo."*'* -At the molecular level, angiotensin Il increases expression of proto-
oncogenas c-nyc mANA and c-fos and of the A-chain of platelet-derived growth factor (PDGF)
and these effects ere inhibited by the ACEY saralazin®® The ssquential activation of proto-
oncogenes and growth factor genes may represant an important mechanism by which angiotensin
Il promotes vascular smooth muscle cell growth and proliferation.®'22 ftis possible that the anti-
proliferative effects of ACE-l would reduce cardiac hypertrophy and simultaneously have a
pratective effect on the vascular wall.®

onal cular an rdio i may aiso be invoived in the mechanisms of
wenefit derived from ACE-l. Epidemiological studies have examined the association of renin levels 5
with risk of CAD events. Although two of the early, small retrospective studies reported
conflicting results,?“*® the best epidemiologic evidence is provided by a recent larger prospective
cohort study,® in which 1717 subjects with hypertension were followed for a mean of 8.3 years.
The risk of MI was increased 5.3 fold among subjects with high renin profiles versus thase with
low renin profiles (95%CL=3.4-8.3), and this effect was independent of other established
- cardiovascular risk factors such as elevated cholesterol, blood pressure levels and diabetes. Gther
cardio-protective effects of ACE-l reported include reduction-in fmyocardial ‘oxygen demand
through reductions in.preload and afterload, prevention of ventriculer dilatation®” and myocardial
- hypertrophy,” blockade of coronary vasoconstrictor and inotropic effects of angiotensin 112"
decreasa in angiotensin il mediated sympathetic activity®® increass in cardiac electrical stability
‘demonstrated in animal preparations.® improvement in cardiac energetics by inhibition_ of the
renin-angiotensin system,®® protective effects on endothelial function possibly through bradykinin
accurulation™ and possible antioxidant properties.™ : :

3. Evidence for an anti-athe i ion o i efiments is substantial. In tl:le
normotensive Watanabe heritable hyperiipidemic rabbit, captopril caused a dramatic reduction in
atheroscierotic lesions whereas this effect was not seen with beta-blockers or calcium channel
blockers in doses producing similar reductions in blood pressure.®53® Cellularity and cholesterol
content of atherosclerotic plaques were found to be decreased and extracellular matrix was
increased by ACE-I, suggesting plaque stabilization. Similar results were obtained in animal studies
of ACE-l in monkeys.®” :

- The antihypertensive action of ACE-I. The link between hypertension and atherosclerosis is vyelf
established. Hypertension may contribute to atherogenesis by several mechanisms, including : -

endothelial damage and increased endothelial permeability, tacilitating deposition in the arterial

[#]




“atherosclerosis and levels of antioxidant suscentibility™ as w

wall of lipoproteins and other circulang substances. %™ Experimental studies suggest thatg
hypertension thickens the arterial intima and media (changes thought to be early atherosclerosis}
in the presence of high serum lipids and increases the extent of fatty streaks and atherosderotic
lesions in coronary arteries.®* Epidemiologic studies demonstrate that blood pressure levels are
positively and independently associated with the risk of CAD and stroke, even within the ranges )
considered to be "normotensive” {eg below 90 mm diastolic). A recent meta-analysis*®of g large
prospective observational studies estimated that a prolonged reduction of -6 mmHg in diastolic
blood pressure is associated with 20-25% reduction in CAD and 35-40% reduction in stroke. An
averview of 17 randomized clinical trials“® found that a reduction of 5-6 mmHg over 2-3 years
{the effective duration of therapy in these trials) resulted in 17% reduction in risk for CAD and

a 38% reduction in stroke.
The apparent smaller effect of treatment on CAD observed in these randomized trials (compared

to the effect observed in epidemiologic studies), could be related to the relatively short duration
of treatment, (possibly insufficient to affecta chronic process such as atherosclerosis), and to the

fact that most of these trials used diuretics, whose adverse metabolic effects may partially offset .

the beneficial effect of blood pressure kawering. ACE- have no such adverse metabolic effects:
they do not raise serum lipids, do not cause hyperglycemia; have no hypokalemic effects and are
effective at lowering blood pressure in both hypertensive patients and those with blood pressure
in the traditionally normal range.*" Since most cases of CAD occur among individuals with
“normal® BP, and as there is a continuous relationship between BP levels and CAD. lowering BP.
levels among high risk "normotensive™ individuals could be of worthwhile public health benefit.

5. Genetic studies. A recent case-control study™? found that the frequency of an ACE genotype
(ACE-DD) was significantly more common in 610 patients with MI than among 733 control

subjects (p =0.007).

In summary, the available data suggest that the benefit derived from ACEA is not limited to
patients with reduced ejection fraction and ACEH may have a wider role in preventing major CVD
events In high risk populations. This effect appears to be attributable to multiple mechanisms
including blood pressure reduction, prevention of myocardial hypertrophy, anti-profiferative
effects on vascular smooth muscle, and the preveation of atherosclerosis progressign. Inftial
randomized trials in patients with low ejection fraction support the hypotheses. However, direct .
evidence is necessary before ACEJ can be justified for use in patients with preserved left

‘ventricular function but at high risk of cardiovascular events,

ANTIOXIDANTS MAY REDUCE THE PROGRESSION OF ATHEROSCLERQSIS.

1. Oxidized LOL is atherogenic. Although there is now strong evidence that LOL is causally n_alaté_d
to atherosclerosis, the exact process by which elevated LDL levels cause atherosclerosis is still

being unravelled. Laboratory and animal experiments reveal that oxidized LDL is substantially more
atherogenic than native LDL and that this occurs through several mechanisms. 3! Oxidized LDL
is chemaotactic for monocytes and macrophages, some of which become foam cells {cholesterql-
filled cells within arterial walls) that may develop into atherosclerotic plaques. Oxidized LDL Is
mare easily taken up by specific fdam cell receptors than non-oxidized LDL. Oxidized LDL s
directly cytotoxic to arterial endothelium in vitro studies. Oxidized LDL releases cytokines from
macrophages, and inhibits the acerial wall relaxation medrated through endetbielial denved

relaxation factor. Clinical studies have documented a positive correlation between the extent of
ell as with levels of oxidized LDL

auto-antibodies, ™% i




VitaminE r ro rosis i imals. Three of four animal triais reported that Vitamin
. e-fed animals had between 25% to 50% less atheroma formation than control animalg 7%
Studies in animals with probucol, an agent with both antioxidant and lipid lowering properties,
have also shown slower progression of atherosclerosis.®™ The effect of probuco! was
independent of any cholesterol-dowering properties of these drugs.™®

3. Human ecological studies. A cross-sectional survey of 16 different populations suggested that
a two-fold difterence in serum alpha-tocopherol (Vitamin E) corresponded to an approximately
30% lower rate of CAD deaths,™ whereas levels of Vitamin A, C and selenium were less
consistently associated with CAD. Two other smaller correlation studies did not find an
association between Vitamins A, C or E with CAD mortality. ®+%

4. ve cas . A study of 110 middle eged men with angina and 394
controls found a 2.2 fold-elevated risk of angina with. the lowest quintile™ of alpha-tocopherol
versus the highest quintile. In a group of patients referred for catheterization, lower levels of
serum ngfn Clevels were found in those with angiographically proved CAD compared to those
without.(*)

S. Prospective studies. A nested case-control study noted an inverse association between serum
beta-carotene levels and risk of MI (RR=0.42;95% CL =0.19-0.89).%% Two other smaller nested
case-control studies on archived blood samples did not find an association with serum Vitamin
E or Vitamin C levels and CAD, although prolonged storage is known to .reduce alpha-
“rcopheral.®**1 One large prospective study of over 87.000 nurses found that those who took
tamin E supplements had a decreased incidence of CAD by 37% (95% CL=12%-55%! after
8 years of follow up. These resuits were independent of any effects of supplementation with
Beta-carotene or Vitamin C. Another prospective study of over 39,000 male health professionals
found Vitamin E supplementation was associated with a 25% lower risk of CAD {95% CL=7%-
34%) after 3.5 years of follow-up, but found only ‘a minimal effect in those taking
supplementation for less than two years.®® Another cohort study among the elderly found an
inverse retationship between intake of fruit and vegetables high in beta-carotene and subsequent
CAD death (RR=0.55 95% CL=0.34-0.87 for.highest versus lowest quintile).™ A cohort of
13,000 U.S. subjects taking Vitamin C supplementation found a standardized mortality ratio of
0.66 (95% CL=0.53-0.82} for CVD death. A smaller cohort of 1,200 Swedish women found no
association of Ml or stroke with Vitamin C supplementation.® ) ] ‘

G. Bandomized clinical trials. Given that confounding routinely occurs in ecological and

observational studies and may be of the same magnitude as the moderate effects being sought.
randomized clinical trials are needed to evaluate definitively the role of antioxidants in the
prevention of CVD events. A recent trial of 100 patients assessing the effect of alpha-tocopherol
on re-stenosis post-coronary angioplasty, found a re-stenosis rate of 36% in patients receiving
1200 (U of alpha-tocophero! versus a 48% re-stenosis rate in patients receiving placebo (risk
reduction=31%; p=0.06)."" A retrospective subgroup analysis of 333 men with pre-existing
CAD in the U.S. Physicians’ Study®’*® indicated a significant risk reduction in CVD events with
Beta-carotene supplementation. These data-derived subgroup findings, although encouraging, are
unrelizble. Several other small triats have been conducted®* ™" showing reduction in claudication

with Vitamin E supplementation, while another trial showed no effect of Vitamin E on angina
~ctoris at six months. 73 It appears however that prolonged supplementation or high dietary
-1take for several years may be required before clinical benefit can be demonstrated from rqtardiﬂg
— the development or progression of atheroscierosis, %'

f}




5. RATIONALE FOR THE CHOICE OF VITAMIN € AS THE SOLE ANTIOXIDANT IN THE TR(A(

Vitamin € is naturally occurring, very safe and circulates in the bload incoarporated into the LDL
particle itself.™ In addition to the anti-atherogenic effects already described, Vitamin E has other
potentially beneficial effects, including decreased platelet adhesiveness, ™ deactivation of protein”
kinase C," protection of prostacyclin PGI2 and stabilization of cardiovascular tone, 9 gnd infarct
size fimitation.”” In several epidemiologic studies,®*'%3 Vitamin E levels demonstrated a
stronger assaciation with CVD than Vitamin C and Beta-carotene.

As dietary intake is complex, and as the intake of various vitamins may be correlated with each

other, itis not possible from observational studies of vitamin intake to ascertain definitively which
of the naturally occurring antioxidants is most likely to have a benefit on CVO. In addition, there
are no substantive human data suggesting that the use of sevaral antioxidants will produce a
synergistic response. Furthermore, the primary prevention triaf of beta-carotene supplementation
in 22,000 male physicians, has now completed at least 11 years of follow-up,*? and yet has not
been terminated. It therefore appears that the benafit from beta-carotene alone cannat be more
than modest. For these reasons, we have therefore dacided to study the effects of Vitamin E
alone {versus a combination of thwvee antioxidant vitamins or sa evaluation of Bata-carotene

separately in a fucther 2 X 2 X 2 factorial randomization).

- A 400 U dose of Vitamin E has been found to achieve serum levels of alpha-tocaphero! as high
as those achieved with higher doses, and achieves serum levels above those of 95% of the US
population.”** Tha doubling of serum alpha tocopherol comresponds to a 30% differenca in CAD
rates betweeon different populations,®™ thus this dose should be adequate to demonstrate the

efficacy of the antioxidant effects of Vitamin E. if they exist.

In summary, an intervention trial of Vitamin E of adequate size can potentially have widespread
clinical and public health impact, and if proven effective, would be a low cost and safe means of
prevention that could be adopted in most developed and developing countries.

6. RATIONALE FOR INCLUDING A BROAD GROUP OF HIGH RISK INDIVIDUALS.

The various patient populations to be studied in this trial have on average about a 5% dsk of a
major cardiovascular event per year (Appendix A}. Amongst those groups; traditional risk factors
increase the risk of CVD regardless of the presence or absence of established cardiovascular
disease, Among both diabetic and non diabetic patients elevations of cholesterol, blood pressure,
or renin each independently increase the risk of ML Further data suggest that the rationale for
evaluating ACE-1 ar Vitamin E are applicable across the various groups to be included in this trial.
For example, renin levels appear to be a risk factor among both diabstics and non-diabetics, and
among those with elevated or normal cholesterol.”® In diabetic patients, oxidation of lipids )

- @ppears as important™ as it does among angina patients.™ Details of these risk profiles are -
discussed in Appendix A and Appendix H. The various types of high-risk patients that are to be
entered into this trial are expected to derive benefits from both interventions.
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We propase a large randomlzad trial, utilizing a 2 X 2 factorial design, that would simultaneously
test the efficacy of an ACE-inhibitor, Ramipril, and Vitamin E in reducing cardiovascular events,
Key design and organizationa! aspects of the study include:

1.. Inclusion of sub,ects at lugh risk of subsequent carduovascular events mdependent of the initial

2.

3.

4.

_ mode of presentation. , -

‘P

Large size, so that moderate, but jmportant effects on dumcally relevant endpoints may be

reliably detected or excluded.

Clinically important results will be obtained as even modest reductions in risk may be of great
public health importance -among the millions of people world wide at risk of premature death

from CVD. i

stmpn'aty in study design in which oaly key baseline and endpoint measuras are recorded in
all subjects. This approach’i increases the feasibility of the study in a wide variety of settings

(i.e. University or community hospitals, doctor's offices) and speeds up reciuitment.

7.

Wide efigibility criteria, so that the results of the trial will be appiicable to a hroad, yet high

- risk, population. Further, the combination of wide entry criteria, simple study design, dinical

endpoints and the use of a factorial <design considerably lowers the cost of the trial.
l

’Factorial design. wheraby thereis cons:darable efﬁaency in simultaneously and mdependently
evaluating two different interventions (Ramipril and Vitamin E). _

Inclusion of several studias of mechanism will be schieved by few focused detsiled
sub-studies on surrogate endpoints (such as carotid atherosclerosis measured by B-mode
ultrasound or left ventricular mass) (see Appendix F]. Such s tiered approach will further our

knowiedge of atherosclerosis.

8.

Publications to be in the names of all whoiehearted collaborators. ' - .

Figure 1 (page i) outlines key aspects of the study protocol and design.

STUDY DESIGN: A LARGE, SIMPLE, COST-EFFICIENT TRI AL WITH A MINIMUM OF EFFORT FOR
LABORATING PHYSICIANS.

1. PRIMAHY OBJECTIVES®

1.

“

To evaluate if use of an ACE- {Ramipril) compared with placebo, reduces CVD events in high

. risk patients.

2. To evaluate if use of Vitarnin E compared with placebo, reduces CVD events in high risk

patients.

~ The primary endpoint for this study (CVD events) will be the occurrence of myocardial infarction.

stroke or cardiovascular death. Secondary endpoints will add to the primary endpoint




hospitahzauon for unstable angina, emergent re-vascuiarization procedures (CABG aor PTCA)
carotid endarterectomy. peripheral vascular angioplastyfsurgery and limb amputation: J—
Development of congestive heart failure {for Ramipril) as well as cardiovascular mortality and total -
mortality will also be secondary endpoints. Among patients with diabetes, a secondary analysis
. would include nephropathy. The effects of each intervention in different sub-groups (patients -
with coronary disease, with cerebrovascular or peripheral cardiovascular diseases, with diabetes;
men or women; and by age group) will be examined for consistency and coherence. These
endpoints have been defined in Appendix E. Endpoints of interest also include cancers (see
Appendix B for brief discussion of rationale that Vitamin E may prevent cancers).

2. PARTICIPANT ELIGIBILITY: A WIDE RANGE OF HIGH ﬁlSK PATIENTS.

1. Women and men.aged 55 or abave at high risk of developing a major cardiovascular event:

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

* multivessel coronary artery disease is defined as > 50% stenosis in at least two major
coronary artenes '

B. Other patients at high risk of developi {or :

{i} Peripheral vascular disease: Previous limb bypass surgefy of percutaneous trans-
luminal angioplasty. previous limb or foot amputation, history of intarmittent
claudication with anklefarm blood pressure ratio of 0.80 or fower /1 at Jeast one side,
significant stenosis (> 50%) documented by angiography. '

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

{ii) Diabetes (insulin-dependent or non-insulin dependent} with one «of the following
cardiovascular risk factars: hypertension, {B.P. > 160 mmHg systolic or > 90 mmHg 5
diastolic or on treatment); total cholesteroi>5.2 mmoll. (>200 mg/df); HOL |
cholesterol < 0.9 mmolA{3.5 mg/dl); current cigarette smoking: known :
microatbuminuria or any evidence of previous vascular disease.

2. All patients must provide informed consent (see Appendix C).

3. Exclusion criteria relate primarily to absolute indications or contra-indications for the use of
ACE-l or Vitamin E, and to the presence of other medical problems that would either interfere
with participation in the trial or {ead to the inability to complete the trial.

1. Drueg use: Current use of ACE- {eg. for congestive heart failure, EF <40% or severe
hypertension) or current use of Vitamin E and inability to discoatinue these medications: or
knowan hypersensitivity to ACE-l or Vitamin E. v




2. Cardiov lar dise S3 .
1. Ejection fraction <40% (only if known). | . R

2. Hemodynamically significant primary valvular or outflow tract obstruction (eg. m‘ma;
-valve stenosis, asymmaetric septal hypertrophy, malfunctioning prosthetic valve).

3. Constrictive pericérd:tis.
-4. Complex congenital heart disease.

5. Syncopal episodes presumed to be due to uncontroiied life-threatening arrhythmias
(asymptomatic cardiac arrhythmias including ventricular tachvcard:a are not an exciusion

criterion).

6. Piann_ed cardiac surgery or angioplasty within 3 moaths (patient may be reconsidered
for the trial after the procedure).

7. Uncontrolled hypertension.
8. Cor pulmonale.

9. Heart transplant recipieat.

3. Other conditions:

1. Significant renal disease defined as:

a) renal artery stenosis;
b} creatine clearance <0.6 ml/second or serum creatinine

2 200 mEqQ/L (=2.26 mg/dl);
c) overt nephropathy: =7 plus proteinuria on dipstick or urmary albumin excretion

> 200 micrograms/minute (300 mg/24 hrs);
d} hyperkalemia; K>5.5 mEgq/L. - - - SRR

2. Any other m-aior non-cardiac illness expected to reduce life expectancy or interfere with
study participation.

3. Patient is simultaneousty taking another experimental drug.

4. Previously randomized to HOPE.

3. SIMPLE SCREENING AND PRE-RANDOMIZATION PHASE.

1.

Overview. The efforts in recruitihg each patient are kept to a mintmum. Study subjgcts are
to be recruited from among participating hospitals and clinics under the responsibility of 3

Collaborating Investigator. “The enroiment process involves three steps.

Initial Screenina. During the planmhg phase, investigators will identify the pool of potential
study subjects prior to the initiation of the recruitment phase. Each centre will be required 10
identify at feast 30 potentially eligible patients in advance by either reviewing past medical

Ly ]




records and diagnoses. admissions to coronary care units, logs of invasive and Non-invasive
laboratories and relevant surgical procedures, screening in diabetic clinics, referrals from
physicians, or other sources of recruitment. All participants who are found to be eligible, may
be entered into the HOPE Screening Log to be provided to each Collaborating Investigator
which is sent to the Canadian Cardiovascular Collaboration Project Office {C3P0).

The Log contains basic screening critesia such as diagnosis, key identifiers, contact details,
age and sex. If the patient is potentially suitable for the trial, hefshe is scheduled for the
Eligibility and Run-In Visit. A Patient Information Pamphlet will be provided to aid recruitment.

3. Eligibility and Run-In Visit: (3 weeks hefore Randomization) At this visit the following will be

aobtained:

1. Written informed consent, ‘which is then mailed to the C3PO in the HOPE Document
Envelope (a copy is kept in the HOPE patient folder).

2. Assessment if the patient meets inclusion criteria and has no exclusiton criteria, including
"~ performing a urine dipstick. If it shows =7+ prateinuria, the patient is excludid. .

3. Patients who remain ekgible for the study will be given a 2.5 mg dose of active Rarnipril
far 7 ta 10 followed by 10to 14 days of placebo Ramipril. A local determination of serum
creatinine and potassium will be made between days 7 and 10 of the Run-in Phase (on
active Ramipril). In diabetics, the glycated haemoglobin will also be noted. Following the
blood test patients are instructed to use medication from the next row of the calendar
pack (i.e. placebo Ramipril, on days 11 to 24 of the Run-ln Phase). Patients are instructed
to return for the Randomization Visit after an 8 hour (usually overnight) fast for blood
collection and with a first morning urine sample. The blood and urine samples, from the

Randormization visit will be sent to the HOPE Central Lab.

4. The first visit also will be an opportunity for ancillary treatments to be optimized in terms
of diet, anti-hypertensive therapy, lipid lowering therapy and advice about smoking

cessation.

Based on the SOLVD study in 7,400 patients, it is expected that 2% to 3% of patients will
report side effects and will not be willing to continue participation in the trial. If a patient fails
the first Run-In Phase due to non-compliance, and they are willing to re-enter-the study, the -
Run-in‘Phase may be repeated once. 3% to 4% of patients will be non-compliant and would

therefore not be reliable partictpants in a long term study.

4. RANDOMIZATION AND TREATMENT REGIME (0O WEEKS).

At this visit any intolerance such as symptomatic hypatension, will be recorded and the results
of the local potassium and creatinine tests will be reviewed. Patients who have adhered to the
medication regimen {80% or more of Ramipril during the Run-In Phase} are tolerant (no severe
adverse effects), show no gross elevations in potassium and creatinine, and didn‘t show = 7 +

| proteinuria at the Run-In Visit may be randomized. .

-

Key detaiis will be provided to the C3PO by a toll-free telephone call between 7:00 AM and 7:00
PM (EDT) 1-800-667-7263 (RANDY)). After receipt of complete and appropriate balseline data over




( 3 telephone, the patient is randomized. The Randomization Form is completed and taxed to the
.dPO. The original is kept in the HOPE patient folder. -
The randomization is to RAMIPRIL (2.5 mg OD for 1 week then § mg OD for 3 weeks then 10 mg
OD) OR PLACEBO AND VITAMIN E 400 U OD OR PLACEBO utilizing a 2 X 2 “factorial™ design
as in Table 2. The HOPE Study Medicstion Kit bearing the randomization number is assigned to
the patient. At 1 month the dose of Ramipril will be increased to 10 mg daily. At the
randomization visit, each patient will be given a patient identification card. This card indicates the
date of the next visit, providss a brief description of the study, lists a toll free contact number in
case of questions or emergency, and provides his or her study physicians’ name. The patient is
then given a date for a ficst follow-up visit (1 month £ 1 week). Once randomized, the patient
will be followed until the end of the study, and all endpoints will be recorded even if the study
medication has been stopped, _

Table 2. Factorial Design of Trial of 8,000 Patients ..

Ramipril vs placebo q
(4,000) {4,000)
Vitamin E (4.000) A. Active Ramipril + B. placebo Ramipril + 1
i ' ‘ -Active Vitamin E Active Vitamin E '
vs - {2,000 (2,000
E C. Active Ramipril + D. placebo Ramipril + H
| ‘
| placebo {4,000) placebo Vitamin E _placebo Vitamin E
(2,000) (2.000)

3. FOLLOW-UP AND DATA COLLEZTION. ’ -
1. Follow-up schedyle: a 12,18, 24,30, 36, 42 and 48 months. The follow-up visits will’
occur at 1 month (+ 1 week), 6 months (£ 4 weeks} and every 6 months thereafter until the end

of the study. Each visit beyond the first month shall have a designated “window" of plus or
“minus four weeks. Every attempt should be made to complete the clinic visit during this window
period. In unusual circumstances when the participant cannot be seen in the time window,
secticns of the Follow-Up Form may be completed by phone and medications may be mailed to

the patient.

2. Follow-up procedures. At each visit, a Follow-Up Form will be completed by the Physician or
local study nurse and faxed to the C3PO. These forms will provide data on the occurrence of any
major event (which will trigger an event form), on adverse effects and adherence of dosage
change of the study medication. Blood pressures and heart rate will be recorded at 1 month and
2 year visits. Adherence to study drugs will be assessed by estimating the remaining pills in the
"attle. Reasons for poor adherence will be determined and patients will be appropriately
{ unselled. If a lower drug dose of Ramipril is believed to be likely to increase adherence, the
__CGosage may be reduced temporarily by using the extra 2.5 mg titration capsules provided in the
patients medication kit or by calling C3PO to use the Back-up Kit. Only in cases of extreme




adverse reacuons will the Swudy medicatuon be withdrawn. If the drug 1s stopped, every attempt
should be made 10 restart it if rmedically appropriate. In addition to the above, at first follow-up
visit, blood will be drawn locally for creatinine and potassium. Elevations in creatinine or
potassium fevels could necessitate a reduction in dose or adjustment of concomitant medications
(such as diuretics or potassium supplementation). If the patient moves, a Change of Address-
Report is completed and faxed to C3pP0.

~

3. Special Event Data. Event Reports are required for: 1. Every hospitalization, 2. Every
myocardial infarction, 3. Every stroke, and 4. Death. One primary diagnosis and several

secondary diagnoses for each hospitalization will be recorded. in patients with myocardial
infarction, details of the histary, cardiac enzymes and ECG changes will be sought. For every
stroke, further details (e.g. report of CT or MRI scan) will be collected (see Appendix E). A
photocopy of the discharge summary and other documents for each hospitalization is also sent
to C3PO0 in the HOPE Event Document Envelope.

4, . f Forms to be faxed to C3PQ

.

al Him-ln Visit (1 page): Records patient's principle diagnosis, date of Run-In ard ordering
~ of lab tests. . : s

b) Randomizations Form (S pages): Records Randomization Number (after toll free phone call
to Randomization operator to obtain Randomization Number) and patient’s address, social
and medical history, current medications, physical exam and lab test results.

Foliow-Up Form (2 to 3 pages at 1 month, 6 meaths, then every 6 months for up to 4
years}: Records patient compliance with medication, and brief history on endpoints not

needing hospitalization. .

c}

d)  End of Study Form (2 pages): Records physical exam, ECG Results and current medication
use at the end of the follow-up period.

el  Hospitalization Report (1 page}l: Records al hospitalizatiqﬂs and the primary and
secondary reason for them. This is faxed to C3P0O. A copy of the discharge summary or
other relevant reports is mailed to C3PQ in the HOPE Document Envelope within_four

weeks.

il M. Report (1 page): Records all myocardial infarctions. This form is faxed ta-C3PO. A
"~ copy of the hospital discharge summary, diagnostic ECG, autopsy report-and other
relevant reports are mailed to C3PO in the HOPE Document Envelope withiq four weeks.

Stroke Report (1 page): Records all strokes. These forms are faxed to C3PO. A copy Of-_-;_'
the hospital discharge summary, CT/MR! reports, autopsy reports and other relevant
reports are mailed to C3PO in the HOPE Document Envelope within four weeks.

g}

h}  Death Report {1 page): Records all deaths and their cause. This form is faxed to C3PO.
A copy of the death cernificate, autopsy report ar discharge summary or other relevant
reports is mailed to C3P0 in the HOPE Document Envelope within four weeks.

-

¥ Change of Address Report (1 nagel: Faxed to C3PQ if patient moves.
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i Serious Adverse Experience (SAE) Report (1 pagel: Records all serious adverse

. experiences which are unexpected and attributable to study medications. A copy of the

discharge summary or other relevant reports is mailed to C3PO in the HOPE Document

Envelope as soon as possible to a maximum of one week.

5. Standardizati itor lity. All study staff will undergo a one-day training

session prior to study commencement to resolve questions about the study and to ensure

uniformity in study procedures. The HOPE Operations Manual will provide a detailed outline uf-

each step of the protocol. The HOPE Coordinator and Regional Coordinators will provide training

and information on a regional level and will provide re-training as necessary. Staff from the C3P0

will be freely available to answer any questions on the protocol or to heip resolve operationa!
problems. Further, a toll-free assistance number will be available to resolve procedural problems.

Data collection will be monitared regularly. For all deaths, a copy of the death certificats, autopsy
report (if available} and/or hospital discharge spmmary will be submitted and for all major
cardiovascuiar events a photocopy of the hospital discharge summary and other relevant reports
will be mailed. The C3PO will perform the majority of edit checks on the data as they are
obtained. Errors, missing items or inconsistent values will be resolved by fax, telephone calls and,
if needed, by visits from a member of the C3P0O. Reguler reports by dinic, and overail, will be
generated for the Steering Committee and the independent Data and Safety Monitoring Board
(OSMB), outlining recruitment rates, patterns and timeliness of data receipt, consistency of data
over forms, adherence rates, losses to follow up, completeness of forms, ascertainment of
endpoints, error rates, screening and randomization rates, and participant follow-up. A random

wmple of forms and key endpoint measures will be compared with hospital records for

arification (see Appendix D).

The responsibility of the Collaborating Investigators at each or centre is to ensure that the data
fram their respective centre are accurate and complete. Prior to the annual meeting, data
summaries will be sent to each Investigatorgo that any difficulties can be discussed in detail at

the meeting.

. ication of all events. All suspected cardi lar deaths or major events for
which there is any discrepancy between the Event Reports and hospital discharge summary will .
be reviewed blind to the study drugs by the Events Adjudication Committee. This will be done for -
the following events: 1. Deaths classified by cause; 2. Myocardial infarction: 3. Strokes. These
events are defined in Appendix €. A study physician at C3PO will compare ali discharge
‘summaries with Event Reports for consistency. ‘

7. Central {abora analysi i ical s. At selected centres, patients will have a

fasting (8 hour, usually overnight) sample of blood drawn at the Randomization Visit which will
be frozen, shipped and stored centrally at the HOPE Centra! Biood Lab. These blood samples will
be analyzed at a future date in nested case-control or correlation studies relating eveats to factors
such as Vitamin E levels, lipids, or other potential risk factors. etc. Two further candom samples
on 10% of patients will be obtained. one at 6 and another at 18 months. These will be anal\fzed
to measure the size of the regression-dilution bias and the effect on treatments on various

biochémical parameters.®"

s well, 2 first morning urine sample will be collected in all patients at the randomization visil.
This will be sent centrally for microalbuminuria testing. Results from this test will be kept .

centrally.




6.

ADVERSE EFFECTS AND MEDICATION SAFETY.

ACE-I r!ave.been used extensively in .dinical practice in the last decade. Data from 3 large long-
term trials, involving over 9,000 high risk patients treated with enalapril (SOLVD)®* or-captopcil .

(SAVE)™ compared with placebo, over about 3.5 vears, indicates substantial safety. In SOLvO, -

there were only two instances of severe angioneurotic edema among 7,400 patients {both were
detected during the run-in pghase), and oaly a few patients with hyperkalemia {49%), elevated
creatinine (3%), dizziness (7%) or cough (6%). Most of these effects were mild and did not
require stopping the study drug; the excess in the percentage of patients stopging medications
for side-effects was only 4.8% in SOLVD. Ramipril is an ACE-I with greater tissue specificity than
enalapril or captopril and can achieve ACE-inhibition at relatively low doses. Data from controlled
trials of Ramipril involving aver 4,000 patients indicate that side-effects are few (discontinuations

for cough was 1%, for dizziness 0.5% and impotence 0.4%).%'"** Ramipeil has baen registered

for use in 24 countries, including Canada and the U.S. Nanethelass, the study will record details
of all adverse events which resutt in temporsry or permanent withdrawal of study medication or
& change-in dosage, and report them periodically fo the independent DSMB. The management of
adverse reactions will be at the discretion of the patient’s physician, and depends on thersaverity
of the adverss reaction and the clinical setting in which it occurs {see Appendix D). Allchanges
in the medication dosage will be recorded with C3P0. -

~ The formulation of Vitamin € will be a d-alpha tocopheryl acetate provided by The Natural Source

Vitamin € Association. The bioavailability and pharmacokinetics of this preparation have been
wall studied™ (see Appendix BJ. Itis an extromely safe, naturally occurring antioxidaat for which

no major side-effects have been dascribed.”®

MANAGEMENT OF INTERCURRENT EVENTS.

A number of illnesses and other major events may befall patients during the study. Collaborating
Investigators are free to treat each patient according to their best judgment. However, when in
doubt they are encouraged to discuss an individual patient’s management with the C3PO. It will
be recommended that, unless clear contraindications arise, the study drug be continued at the
same or lower dose, or only briefly interrupted. Some possible situations are:

1. Congestive heart failure: Congestive heart failure is a clear indication to prescribe diuretics
and ACE-l. Therefore, such patients will be given open label ACE-l and discontinue the

corresponding Ramipril.

2. Mxmi-g' ial infarction or unstable angina: The protocol does not require stopping..the study
drug when a patient develops an acute MI or unstable angina. The continued use of study

medications during the event is encouraged. However, the physician may at his/her discretion,

stop the Ramipril/placebo during the early phase of convalescence following acute MI. If the .
physician is encouraged to restart within a week of

study medication has been discontinued, the

the event.

3. Haspitalization for other medical ilfﬁ‘ésses ar for cardiac or ngn-cardiac surgery: Although it may
be necessary to discontinue the study medication during hospitalization for acute medical illness
or for surgical procedure, it should be cautiously re-instituted prior to discharge, increasing the
dose to the previous maintenance dose if tolerated. In the event of cardiac transplantation, the

trial medications will he stopped permanaatly.




o T R———————
{ - CABG or PTCA: The study medication could be withheld prior to scheduied surgery or ag early
.5 needed for unplanned surgery. Study medication should be re-started as soon as possible.

S. Azotemia or hyperkalemia: In patients with azotemia, Ramipril can usually be continued at a
fower dose and, if appropriate, by reducing the dosage of concurrent diuretics. Hyperkalemia can
be treated by stopping any K* supplementation, or K* sparing diuretics or by reducing the dose
of Ramipril. In patients with K* > 5.5 MEq/L, the usual medical interventions for hyperkalemia will

be followed.

6. d :  Physicians will be encouraged initially to employ an
antihypertensive drug from a different class, such as diuretics, beta-blockers, calcium blockers,
alpha-agonists, ete.

None of these events is an indication to discontinue Vitamin E. All these events will be reported
at once to the C3PO. In-all-cases, including sttuations when the patient has discontinued study
medication or recelved-open-label ACEH or Vitamin E, the patient will remain In the study and ail
follow-up visits and events will be reported. Patients will remain in their originally allocated group
foe analysis. ) :

8. PARTICIPANT SAFETY AND CONFIDENTIALITY.

1. Overview. Ensuring the safety of participants and confidentiality of their data are esseatial.
Each collaborating physician will be responsible for the safety of participants under his or her care.

“e DSMB will have primary responsibility for the monitoring of study data for adversa trends in

-Jortality, morbidity.and drug toxicity. All patients with contraindications to Ramipril or Vitamin
E will be excluded. Tolerance to Ramipril will be assessed during the Run-ln Phase prior to
randomization, thereby minimizing the risk for serious early side effects. Adverse events (both
minor - those that result in temporary or permanent withdrawal of study medicstion or & change
in dosage, and serious) will be manitored regularly. Routine 6 monthly reports on adverse events
will be genersted and shared with the DSMB. These data will ba shared in 8 blinded fashion with
regulatory authorities. These reports will not include information about events that constitute the
primary outcomes of the trigl,

2. Emergency Unblinding. Emergency unblinding will be available locally. Unblin’ding_will only
be done when absolutely necessary in the judgment of the patient’s physician.” ~Prior to
-unblinding, a telephone call is made to C3P0O. A check list will be completed over the telephone
1o ensure that unblinding is really necessary and that sppropriate steps for patient management
are taken. All such patients will continue to be part of the study.

3. Confidentiality. The confidentiality of all participants will be protected at both the local centres
and at the C3PO. Paper records at clinical centres will receive the same protection as other
medical records. Data at the C3PO will be kept secure. No patient identifiers will be presented
on any files transmitted to any committee or any clinical centre. A duplicate copy of the most
recent data tapes will be stored Securely in a bank vault,

- SAMPLE SIZE AND ANALYSES.
( . Sgudx' Power. We are proposing a study of 8,000 to 9,000 subjects recruited in a single year

and followed for an additional three vears (average follow-up 3.5 years). This total will inclu_de
about 4,000 to 5,000 cardiac. 1,000 peripheral vascular, and 3.000 to 4.000 high risk diabetics
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{inciuding 1,000 19 2.000 with cardiac disease). Based on an extensive review of over 93_goo
patients {Appendix Al in the available literature, we anticipate an averall 5%, per year event rate
foc the primary endpoint cluster of M\, stroke. and cardiovascular death. To be prudent, we have
also considered the implications of somewhat low
rates. As the patients included in our trial are older { = 55) than those covered in the extensive
review, we anticipate that event rates will be at least 5% and in all likelihood much higher. For
example data from ISIS-2 long-term follow-up of post Mi patients"s suggests that death occurred
two times more commonly in patients over ‘S5 versus those under 55. Alower age limit of 54
also ensures that many more woman may be randomized into the trial, as most CVD in women

occurs after menopause'™.

Based on a total of 8,000 subjects overall and 6,000 patients from North America, we have
calculated the estimates of risk reductions fi.e. including non-compliers) which wilf be detectable
with power of 80% and 90% (Table 3). These calculations are based an a constant praportional
risk reduction and a Mantel-Haenszel test on an intention-to-treat viewpoint. A 1% per year non-
cardiovascular mortality rate has been assumed which reduces time-at-risk for the- primary
endpoint. We propose (o include an additional 1,000 patients if feasible, to protect~against
unexpectedly lower event rates, compkance or other reasons that may reduce study power,

Table 3 Estimates of Detectable Relative Risk Reduction at 80% and 90% Power

Event Rate Power Number of Patients
Per Year )
8,000" 6,0002 5,000° . 4,0004

4% 80% 17% 19% 20% 22%

90% 19% 21% . 23% 25%

5% 80% 15% 17% . 18% - 20%

: 90% 17% 20% 21% 23%

6% 80% 14% 16% 17% 19%

90% 16% 18% 19% . 21%

'Overall sample size. (if possible a further 1,000 patients will be recruited for a total

of 9,000 patients).

*Qverall sample size in Canada and u.s.

*Size of subgroup of all patients with previous cardiac disease.
“Size of subgroup of diabetic patients.

This trial is not designed primarily for detection of reductions in tatal CVD mortality.

Nonetheless assuming an overall 7.5% CVD death rate in the placebo group, with

8.000 patients there would be -80% power ta detect a 24% RAR in mortality and

30% power ta detect a 27% RRA.

Risk reductions of 20% 10 25% for vascular events are biologically plausible and

have been seen with ACE-l in heaet failure trials (23% rish reduction). fFor Vitamin

E. epiderniclogical studies have indicated that pralonged doubling in serum alpha-
!
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tocopherol levels is associated with a 30% reduction in CAD rates "> ¢'-n Assuming
that two-thirds of the reduction observed in epidemiological studies will be apparent
over the 3.5 year follow-up period, then a 20% risk reduction could be observed,
which should be detected with adequate power by including 8,000 pauents (see
Appencﬁx B).

From Table 3, it is clear that the study of 6,000 to 8,000 subjects will be able to reliably detect
risk reductions in the 15%-20% range associated with either active treatment component.
Increasing the study size by a further 1,000 to 1,500 patients protects study power in case of
lower event rates than expected. We ;udge effect sizes in this range to be both dinically
important and biologically plausible. A major subanalysis will involve patients with cardiovascular
disease (n = 5000 or diabetes (n = 4,000) separately. Analysis of these major subgroups would
yield adequate power to detect relative risk reductions (RRR) in the 25-30% range utilizing the

‘primary endpoint and adequate power to detect risk reductions in the 20% to 25% range for the

secondary endpoints.

2. Statistical analysis. The primary endpoint is defined as the first occurrence of an event in the
cluster of non-fatal Ml, non-fatal stroke, or death from a cardiovascular cause. Secondary
analyses will broaden the cluster of cardiovascular events to include, in addition, hospitalization
for unstable angina, emergency coronary revascularization, carotid endarterectomy, peripheral
engioplasty/surgery or limb amputation. Othier analyses will also be conducted for cardiovascular
mortality and for total mortslity and for hospitalization for congestive heart fallure (for Ramipril).

mong diabetic patients, the incidencs of nephropathy will be assessed for each therapy. Data

All- be summarized for each treatment group in the form of a survival curve which depicts the
proportion of patients remaining event free over time since randomization. Survival curves are
estimated using the Kaplan-Meier™ procedure and compared between treatments using the log-
rank test,® based on an intention-to-treat approach. The factorial design will require that the
comparison of Ramipril will be stratified by Vitamin E (and vice-versa), and clinical centre. We
anticipate that the treatment effects of Ramipril and Vitamin E, if present, will act independently
and thus that the combined effect of both active agents will be the multiplication of their
individual effects on risk reduction. We will, however, investigate the possibility of synecgism by

formally testing the interaction term in a Cox model®™ allowing for potential non-multiplicative -

effects. Subgroup analyses (e.g. cardiac patients, diabstics) will be done by ratrospective.
stratified analysis, including tests-of interaction in the Cox model. The Cox model will also be
used for treatment effect estimates which are adjusted for baseline-prognostic imbalances. Data
derived firdings will not have a p value assigned.

alysi d data monitordng. The independent DSMB will monitor the progress of all
aspects of the study and will ensure that the study meets the highest standards of ethics and
patient safety. In particular, data on key study endpoints will be monitored at regular intervals
to ensure that the event rates meet protocol projections. If the event rates are lower than
expected, the DSMB can recommend an extension in the duration of follow-up to maintain study
power. Four formal interim analyses are pianned, equally spaced, with respect to accumulating
years at risk. Specific statistical guidelines for data monitoring will be discussed and formalized

at a later date. One suggestion for early stopping is that a reduction in events by four standard '.

"deviations or a three standard deviation excess in the first half of the trial, or a reduction in ever_lts
y three standard deviation or 8 two standard deviation excess in the second half of the trial.

" This approach has been used in the Digitalis Trial ®, constitutes evidence of benefit and harm,

respectively. The decision to continue or stop the tnal would be based on a number of factors

- addition (0 the main results.




4. Data Verification. It is expected that the data from HOPE will form the basis of an NOA (New
Drug Application). Therefqre, the manufacturers of Ramipril, Hoechst and its refated comgpanies
will arrange for verification of data coflected by auditing case-records on a random basis. It is
expected that 25% of ail patients with a primary event and 5% of those without an event will be’
audited. However, all centres will be audited at least twice during the study 1o ensure that they
are following the study protocol. These visits will be coordinated by the C3PO and Regional

Coordinator.

10. PROPOSED TIMETABLE.
1.Phase | {6 months).
1. Finalizing protocol.
2. Development of forms and pilot centres.
3. Translation of consent form into French and other languages.

4. Identification of centres. .
5. Identification by each centre of at least 30 eligible patients for the trial prior to recruitment.

6. Meetings of collaborating investigatars for discussion of protocol and training.

7. Establishment of telephone lines.
8. Develop all study aids.
‘9. Approval of local ethics committees/HP8 and FDA forms.
10. Drug packaging and kit preparation and randomization sequence blocks determined and
shipping of materials. ’

2, ] thsl.  Recruitment: 6,000 patients recruited in Canada and the
U.S. and 2,000 additional patients from Europe. Careful preparation during Phase | will ensure
initiation of recruitment within a 2 month period at all centres and a high rapid rate of
recruitment because of previously identified patients. This should minimize the early fag in
fecruitment seen in several trials. This strategy was successfully used in the SOLVD and DIG

trials.

3.Phase lli. Follow-Up: The last patient is followed for at least 3 years.
4.Phase IV (12 months): The close out pericd will be 3 months for scheduling final patient
~ visits, obtaining data, completion of missing data, confirmation and classification of events:

data analysis and publication wifl take an additional 9 months.

~ 11. FEASIBILITY OF RECRUITMENT.

. We prapose to include a minimum of 100 to 120 Canadian centres, a minimum of 20-30 U.S.
centres, and a maximum of 50 centres in Europe. Each centre would have to agree to recruit at
least 50 patients within one year. Although recruitment of 8,000 patients within one year
appears to be ambitious, there are several reasons why we are likely to succeed: a) high level of
interest in the questions, b) established network of investigators in Canada and in Europe for trials
that we have coordinated (DIG, ISIS, CAPRIE, CAMIAT, etc.), ¢) simplicity in study design. d)
wide entry criteria, ¢) screening from an easily identifiable large prevalent pool of patients and f}
provision of recruitment aids to centres and q) inittation of screening prior to the official date of

randomization.

An extensive feasibility surveys of ,Sjl hospitals and chart reviews from nearly 1300 patients in
thirteen hospitals across Canada indicates that recruitment is tughly feasibie (Tableg 4).

-

12. HOPE STUDY ORGANIZATION. See Figure 2 {next page)
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13. THE CANADIAN CARDIOVASCULAR COLLABORATION
The Canadian Cardiovascular Collaboration has been established to sdccessfully conduct trials in | -
cardiovascular disease in Canada, the U.S. and waorldwide. S

thodalogic contributions and
tt {McMaster), De. B. Pirr
ersity) and Dr. C. Furberg

The members of the DSMB are internationally respected for both me
for the conduct of large multi-centre trials. These include Or. D. Sacke
{U. of Michigan), Or. C. Hennekens (Harvard), Dr. A. Collins (Oxford Univ
{Bowman Gray Univ.) and Dr. E. Davis (U of N. Carofinal.

14. PUBLICATIONS

The main publication(s) from the trial wilf be in the names of ail fully Collaborating Investigators.

Subsidiary papers will be authored by study investigators.

V. POTENTIAL SIGNIFICANCE OF THE STUDY

The scientific questions addressed by the trial are of major public health importance and have the
potential of making an impact worddwide. The collaborative structure is broad and will attempt
to include every university in Canada and a large number of community based physicians.
. Furthermore there will be a large number of investigators from the U.S.. Europe and S. America.
This strategy not only makes the study feasible and efficient, but the results are likely to be

readily incorporated into clinical practice.




Number of Eligible Patients

We conducted a survey of the numbers. of. patients-in various categocies, other than diaberes,
attending 51 Canadian centres. The numbers of potentially eligible patients in the previous year

were. . P

Category: M Unswable  Post-CABG Post-PTCA  Stroke PVO
Angina ' .

Avg. ¥

percentre = 272 282 210 172 116 218

Towmal number of patients available per centre per year, assuming a 50% overiap of patient
categories = 635. Using a mn;poolaf patients (e.g. 3 year review of charts) 1,905 patients
should be available.

il reviews of 1 pati nadi ' B .
Number of Patients Eligible/Reviewed
Centre (Investigator) ' Cardiac Suoke/PVD  Diabetes*
1. Victoria General, Halifax 37103 12732 28/41
{D. Johnstone) '
2. Sunnybrook, Toronto 25/35 3/30 4/30
" (R. Baigrie)
3. Royal Victoria, Montreal 32/35 . 35/40 -
{N. Racine)
4. Royal Columbian, Vancouver 15729 12/66 3/6
(R. Tsturyuki)
5. University of Alberta 24739 17/30 9/39
Edmonton {K. Teo) -
6. Vancouver General, Vancouver 12/3% 25/34 23135
{A. Fung) : . :
7. Queen’s, Kingston 24/40 20/30 20730
{A. Abdollah) - .
8. St. Paul's Hosp. Vancouver 30135 26/30 7130

{C. Thompson)
9. Hamilton Genera!, _ :
‘Hamilton (E.Lonn] 12724 18727 To- Co-

10. McMaster University Med. )

Centre (M. Farkouhl - - 16120 ‘-
11. Henderson General Hospital, '

Hamilton (M. Farkouh) 13121 7721 721
12. Feothilis Hospital, E

Calgary {B. Mitchell) 17/3% 13/30 - 6/730
13. Hopital Notre Dame, ’ .

‘Montreal {F. Sestier) 32/65 30/49 30198
TOTAL NUMBER OF PATIENTS = 1295 2737496 218/419 153/380

’ {55%) (52%} {40%])

*diaberics above age 50

Thus about 1900 patients are available per centre of which about 50% are eligible. ‘T‘herefore. :
each centre will have clase to 1000 eiigible patients, and it should be easily possible to recruit 50

. 1 100 patients from each centre in one year.
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Appendix A: Rationale for studying a wide range of patients at high risk for cardiovascular events

As atherosclerosis is a complex process which accurs simultaneously in varioUs cardiovascular beds,
it may lead to various clinical sequetae.”™™ Epidemiological evidence has identified that smoking, -
hypertension, high serum cholesterol, and diabetes are some of the major determinants of increased
risk of developing a clinically-important sequelae of underlying atherosdlerosis, such as death,

myocardial infarction {Ml) or stroke.

“"Newer" risk factors which have been identified for atherosclerosis include the activation of the renia-
angiotensin system®® and antioxidants.” These risk factors appear to be related to development of
both strokes and Ml indicating a relationship with cardiovascular disease in general. These risk factors
appear to operate independently of the presence or absence not only of each other but also of the
presence or absence of established cardiovascular disease. For example, hypercholasterolemia is a
risk factor both in post Ml patients and those free qf any ML™'* smoking is a risk factor among
both patients- with established stroke or those without stroke.™ Indeed, patients suffedng one
sequelae of atherosclerosis such as stroke or peripheral cardiovascular disease have hcgh nsk of
another cardiovascular endpoint {such as Ml) {see Appendax A, Table 1!. .

This suggests that rather than restricting entry to include only patients past-Ml or any ather single
category. cfinical trials should not only target individuals with established diseases of one category,
but also individuals at increased risk of clinically important cardiovascular events by virtue of the
presence of sisk factors or avidence of cardiovascular disease in any territory.

In this context "primary”™ or "secondary” prevention are imprecise terms and ought to be replaced by
risk prevention among patients at increased risk.

Thus the fundamental questions for inclusion of patients from various categories of "disease"” are as
follows:

1) Do these groups have high rates of clinically important CVD events? (As seen in Table 1, the
rates are high, as on average one in 20 individuals from all these groups will have such events
every year), '

2) Does epidemiological. laboratory or chinical evidence support the idea that the underlying
mechanism of atherosclerotic disease in these groups are amenable to intervention with ACE-l

- andfor Vttamm E? i
These are disEussed by “disease” category below.

Cardiac Patients:

The rationale for the renin angictensin system having a role in cardiac patients is extensively
discussed in the protocol. Data from the prospective study of 1700 middle-aged men and women
by Alderman®® showed that baseline renin profile was predictive of subsequent risk of MI trelative
rate {RR} =5.3 95% CL = 3.4-8.3). Renin profile was predictive of risk of Ml among smokers and non-
smokers, those with low or high cholesterol and thaose with normal/high fasting glucose. The efficacy
of ACE-l has been well established in the SOLVD and SAVE trials of patients with ejection fractions
below 40%. These showed a reduction in M (23% . P<0.00032; Table 1). in the SOLVD wial,
treatment effects were similar across a variety of underlying clinical conditions, inctuding ischemic
1
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o« . _ischemic etiology, presence or absence of diabetes, levels of ejection fraction and concomitant
drug use (beta blockers, aspirin etc)'”, suggesting that the reduction in ischemic events may occur
across a wider range of patients.

The oxidation of lipids appears to be important in cardiac patients.*” Low levels of Vitamin E are
associated with angina,™® and atherosclerosis in progression is linked to antibodies against oxidized
fipoproteins.“® A small angiographic trial found a bordertine 33% reduction (p =0.06) in restenosis
in angioplasty patients supplemented with Vitamin E_(%® :

Stroke/Peripheral Vascular Disease (PVD Patients):

Although the direct role of renin and stroke is not well studied one small retrospective case-contro!
study found elevated renin levels were associated with stroke.%" The relationship between blood
pressurs elevation and stroke is well established.****¥ In addition, stroke (as well as PVD) patients
suffer from relatively high rates of cardiacischemic events, suggesting that a high proportion of these
patients have silent coronary atherosclerosis. _

The role of antioxidants in stroke prevention is less well astablished than that of cardiac ischemia,
although free radicals appear to have a role in neurologic ischemia.®™ A recent retrospective study
of 80 patients showed that higher levels of antioxidant Vitamin A levels were associated with a
better neurologic endpoint.®® In this study, Vitamin E leveis did not show a similar relationship,
~though the small sample size precludes a definitive null result. Howaever, recent unpublished data
-« ‘he prospective Nurses Study indicates an inverse relationship between Vitamin E levels and
st .as (personal communication C. Hennekens). The inhibitor effect of Vitamin E on platelet
aggregsation/platelet adhesion might help retard arterial thrombosis.” Several small randomized trials
of Vitamin E in a dose of 400-600 mg/day in intermittent claudication suggested improvement in
subjective symptoms, distance walked before pain appeared and blood flow in calf muscles. ™%

Diabetic Patients:

Regardless of the presence or absence of established cardiovascular disease, diabetics have an
increased risk of suffering a cardiovascular event. The relative risk for CVD death in the MRFIT cohort
study was 2.5 for those with diabetics in comparison to non-diabetics and was independent of other’
isk factors.®" In diabetics, a variety of mechanisms may be responsible for accelerated
atherosclerosis including vascular injury by sorbitol deposition, altered cardiovascular reactivity,
enhanced growth effects of insulin, as well as concomitant dyslipidemias."%" Renin profile is
associated with an increased risk of Ml in both diabetics and non-diabetics.2® in addition, it has _been
found that microalbuminuria {urinary albumin excretion at a rate of 30-300 pg per day) is an
ndependent predictor of CVD.! **? Microalbuminuria, which is found in up to 20% of diabetics, may
eflect abnormalities in vascular smooth muscle function. '

ACE-l are well tolerated in diabetics with no adverse effects on lipid or sugar profiles. There is
>vidence that ACE-I reduce microalbuminuria® and this beneficial effect on vascular smooth mus_cle
nay also reduce left ventricular mass " However, any extrapolation of these results to prevention
f CVD events requires large scale clinical trials, of which HOPE is probably the first. in the SOLVD
rir’ '*% beneficial etfects of enalapril in reducing ischemic events are seen in both diabetics or non-
I\ .ics (unpublished data). Other beneficial effects of ACE-1 have been described in diabetics,
ncluding improvement of insulin sensitivity and glycemic profile. 02195 _
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Several studies have found that diabetics suifer abnormalities of lipids, which likely predispose to
oxidative damage. Diabetics have small dense LDL, low HOL. depletion of ascorbic acid and glycation
of LDL, all of which are likely to enhance oxidation.'™ %" Therefore, there is a clear rationale for

trials of antioxidants in diabetics.

in conclusion, there is sufficient evidence that each of the groups eligible for the HOPE study,
regardless of disease category are at high risk and fikely to desive benefit from ACE-inhibitars and
Vitamin E. Thus the results of the HOPE study will be of great public health importance for a wide

variety of individuals at risk of cardiovascular events.
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Appendix B. Antioxidant Vitamin E

1. Rationale for choice of Natural Source Vitamin E -

Vitamin £ (d-alpha-tocepheryl acetate) is available either as natural (RRR or d} or fully synthetic
(all-racemic or d).”* The natural form is one compound, whereas the synthetic form is a mixture
of approximately equal amounts of eight closely related compounds (stereoisomers). It is well
established that RRR-racemic d-alpha-tocopheryl acetate is more biologicaily active than ali-
racemic a-tocopherol. The most extensively used assay has been the rat fetal gestation-resorption
assay. In this test RRR-alpha-tocopheryl is about 1.4 times more active than all-racemic-g-
tocapherol. A newer deuterium-abelled mass spectrometry assay may .be used in humans (G.
Burton, work in progress). in this assay, a day or so after swallowing the last dose, the ratio of
RRR/all-racemic is 2.0 in plasma and red celis and between 1.3 to 1.7 in other human tissues.

Therefore, we shall use Natural Source Vitamin E in the HOPE trial.
2. Altematives to the choice of Vitamin E as the sole antioxidant in this trial.

Qur rationale for using only Vitamin E as the sole antioxidant has been discussed in the protocol.
We did consider the altemnatives of a further factorial design in which beta-carotene and/or
Vitamin C would also be randomly allocated and therefore evaluated. We felt that this might

mplicate the trial to the point where patient compliance may be affected. Another option was

use a combination of Vitamins within the same intervention-arm versus control: This could
produce a bigger treatment effect if these vitamins were additive or synergistic. However, such
a design might also adversely affect patient compliance and one would not be able to distinguish
which component(s} of the cocktail was responsible for the treatment benefit. Therefore, we
have come down on the side of Vitamin E alone to be used in this trial.

3. Plausible risk reduction in endpoints with Vitamin E

The two larger cohort studies of antioxidant Vitamins ®'-°2 noted a minimal effect of using
Vitamin E supplementation for less than two years (RRR 14% in the Nurses study, ARR 5% in the
Health Professionals study). It is possible that only half to 2/3 of the 30% RRR seen in
epidemiological studies may be detected in the trial with a mean follow up of 3.5 years. With
6.000 to 8,000 patients (and assuming a 5%/yr event rate), risk reductions of 19% and 15% can
be detected with 90% power despite the lack of detectable effect in the first two years.
However, the DSMRB will advise the steering committee if event rates are unexpectedly iow and
warrant extension of the Vitamin E component for additional time.

4. Rationale for prevention of cancer with Vitamin E

Free radicals may be able to initiate changes in DNA and antioxidants, for example Vitamin E are
able to scavenge these free radicals."®”* In animal models of chemically induced carcinogenesis,
Vitamin £ has shown, albeit inconsistently, an ability to reduce the frequency of tumour
davelopment "' Data from epidemiological studies in humans show a variable association of
(_ ‘amin € intake and cancer. Dietary intake is difficult to assess as up to 16 different isomers of
vitamin E with variable bio-activity exist and vitamin levels may be unstable."”® However, alarge
case-control study of gastric cancers (1016 cancers and 1159 controls) with a well validated
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tile of o-tocopherol intake was associated with

dietary questionnaire found that the upper qun
0.4-0.8)."" Oietary supplementation ar

reduced risk of gastric cancer (Odds rativ 0.6 95% CI=
serum a-tocapherol {Vitamin £) levels are somewhat maore reliable. A recent farge case-control

study of oral or pharyngeal cancers (1114 cancers and 1218 controls) found Vitamin £
supplementation (> 100 (U OD) significantly protected against cancer (Odds ratio= 0.5, 959

CL=0.4-0.6}.""2

ad the relation of archived serum tocopherol with

A total of 10 prospective studies have examin
of these (766 cancers occurring in

subsequent cancer."*“'?¥ Oply two, including the largest!'*
36,365 men and women)'' 413 ghawed significantly lower levels of a-tocopherol in af] cancer
cases versus controls. Another showed a trend towards lower levels. 012" Overall, these studies
showed a moderate but significant lower level of a-tocopherol in cases than controls ®" The
association with specific cancers was variable, with one study showing a five-fold relative risk
of breast-cancer with low Vitamin E levels®2? whereas others did not find any association of
Vitamin Edevels with breast cancer.""%""% {ung ‘cances was associated with lower Vitamin £

evels in two studies.!"1&1'"

Given that the amount of confounding inherent in these observational studies fikely exceed any

moderate reduction of cancers by use of Vitamin € in these studies, large scale clinical trials of
-Vitamin E supplementation are needed to determine any reduction in the risk of cancer. With
8,000 patients, the HOPE wrial wili be one of the largest trials of Vitamin € supplementation. At
3.5 years of follow-up, approximately 143 cancers in men and 36 cancers in women will be
expected to develop. These numbers vield only 65% power to detect a 30% risk reduction
{presuming an alpha of $%). However, with foliow-up at 10 years the number of events would
be about three times higher and there would be 95% power to detect a 30% risk reduction and

80% power to measure a 25% risk reduction.

We would seek to obtain funding at a later point to follow these individuals, either through annuat
mail contact or linkage with cancer registries and mortality databases. in addition to examining
the effect of Vitamin E supplementation for a few years, the association of baseline Vitamin E
levels could be examined in relation to subsequent cancer risk.

Cancers-are the second most common cause of death in Canada. Death rates from lung cancer
in wamen are rising. Breast cancer affects one in 11 Canadian women_"?* Therefore, even a
small impact of Vitamin E or reducing cancer rates could be of tremendous public healttrimpact.
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-( ndix C: Outline of Consent Form for HOPE Study

You have been asked to pamc:pate in this trial because you have had some form of hean disease,
stroke, blood artery disease or diabetes. Thase diseases are common and they mncrease your risk of
further compilications such as heart attacks or stroke. The Medical Research Council and over 140
_Canadzan. US and International Hospitals are working to find medications which will reduce the risk
of heart attacks and strokes in individuals such as yourself. One promising medication is called
Ramipril, which belongs to a class of drugs called ACE-inhibitors and has been shown to be very
useful in patients with heart failure. We do not know whether it will be useful in patients like
yourself. Another promising, but unproven medlcanon is Vitamin E. We are conducting a study
which will be able to tell us with certainty if Ramtpnl or Vitamin E reduoe the risk of heart attacks,

stroke and other heart problems.

If you choose to participate in this study, you will have én equal chance of receiving Ramipril or its
placebo (an inactive substance) and an equal chance of receiving Vitamin E or placsbo. You wiil take
T “ipril (or its placebo) once a day. You will aléo take one Vitamin E capsule (or its placebo) a day.
“h. 4pril can occasionally cause side effects which are. rarely serious but can sometimes be
bothersome. The side effects of Ramipril include light headedness, dizziness, cough, nausea or
rarely, swelling of the throat. We will carefuily observe if those effects occur in you and ensure they
are dealt with, Vitamin E is a safe, 100% natural substance and has very few, if any side effects.
If side effects occur your doctor may stop or decrease the medication dosage. The treatment may
or may not be of personal benefit to you, but the information gathered from the study will be very
importantin discovering new treatments that could to reduce heart attacks in pecple like yourselves )
You will be one of eight thousand people participating in this trial. Because so many are mvolved in
the trial, we are likely to get a clear answer as to whether Ramipril or Vltam:n E work in reducing

heart attacks, stroke and other ailments.

After starting the medication, you wiil be seen at one month and then evefy six months by a study
doctor or nurse. At the visits, information about your medical history. will be collected and a briet
physical examination will be perfor'med. You will have your blood tested for routine kidney function
about three times during the study. Participation in this study will not prolong your usual visits 10
( physician. You will not pay anything for the study drugs. nor for any visits or tests done.

Further, you will not be denied any treatment that your doctor believes that you require.
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We will ask lar your social INsurance number/social security number and your provincial health care

Aumber so that the clinic can know if You have needed hospital care. We will also neeq vour

pertinent medical information from other hospitals or doctors {such as discharge summaries_ CT Scan
}. This information as well as all other information will be kept strictly confidentig| and

reports, etc.
You will never be identified by hame in any resulrs.

used for medical statistical purposes only.

Your participation in the study is entirely confidential and will not affect any medical care to which

you are entitled. An alternative to participating in the study is individualized care by your physician.

1o withdraw from the study at any time without penalty. If

You are free to refuse to participate or
on telephone number

you have any questions please contact Dr.
- Questions sbout’research related risks can be answered by

* on telephone number

- 1 agree to participate in the HOPE Study and | have been given a copy of this form.

(Patient signatura) (date)
{Witness signature) {date)
{lnvestigator’s signature) {date)
i
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f nadix D: Adverse Reactions of Ramipril and Monitoring
Specific definition of major adverse effects are as follows:
~Azotemia: incrgase in serum creatinine to 200 mEq/L or greater { = 2.26 mg/di).
Hyperkalemia: an increase in sgfdm potaééium level greater than 5.5 mEqg/L.

Symptomatic hypotension: unexplained syncopal episode or any episode of dizziness or
lightheadedness experienced in the upright position, regardless of a blood pressure measurement
- being taken at the same time.

The recommended management of side effects is as follows:

The side effects listed above and gastrointestinal upsat will be dealt with by the individual physician.
Other side effects including renal function impairment, angioedema, neutropenia/agranulocytosis and
severe neurologic adverse reactions requires reduction in Ramipril, stopping study medication with
restarting at a lower dose, of the reduction. of other medication such as diuretics or other

vasodilators.

SERIOUS ADVERSE EVENTS(SAE)

# - adverse events need not be reported to regulatory agencies. Deaths, primary endpoints and
s wdary endpoints are all expected in the study. Only adverse events which in the view of the
investigator are unexpected,serious, and believed to be associated with the study treatments will
need reporting. Reporting is done by completion of a Serious Adverse Experience (SAE) Form after
which details will be obtained by the C3PO. Based on previous experience, it is axpected that less
than 1% to 2% of patients will report 8 SAE during the trial. This corresponds to a total of about
100 such events over 3.5 years or about 30 events per yesr. Periodic (blinded) tabulation of adverse
events by study group will be provided to the independent Data and Safety Monitoring Board. It is
expected that this will be provided every 4 months and these “blinded " data will be shared with the
regulatory authorities. : T

MINOR ADVERSE EVENTS

In addition to serious adverse events as outlined above, information on other events which result in
temparary or permanent withdrawal of study medication or a change in dosage will also be recorded
at each follow up visit.

MONITORING OF THE STUDY

The study will be monitored to ensure data quality and to facilitate entry of patients into the trial.
Monitoring will be done by Hoechst Roussei. All centres will be visited once at the start of the study
and once more during the trial. A random 25% of those individuals with a primary endpoint will h?ve
chart audits. A random 5% of all individuals not suffering a primary endpoint will have chart audits.

(

.
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Appendix E:  Draft definition of primary ang secandary endpoints.

Primary Endpoints: Cardiovascular Death, Myocardial Infarction and Stroke

Cefinitions:

Any deaths due to myocardial infarction, steoke, puimonary emboli

1. Cardiovascular Deaths.
This includes sudden deaths without

arrhythmia or other Cardigvascular events (i.e. tuptured aorta).
any other documented cause.

2. Myocardial Infarction.

A. Q-wave M! - presence of one new significant O-waves (> 0.04 seconds duration or 3¢ mm
depth and loss in height of ensuing R wave) in at least two leads on the standard 12 fegd £CG,

and at least one of-

1. Typical symptoms (e. g- chest pain} associated with

and 7 or

2. Significant elevation of Serum enzymes - presence of any one of the following criteria:
a} elevation of CK-MB above the upper. limit of normal within 36 hours of onset of acute
symptoms of Mi. Total CK ar least twice the upper lmit of normal for the

faboratory that performed the test.
€ upper limit of normal for the

'b) SGOT, LDH, or other cardiac enzymes at least twice th
laboratory that performed the test with a characteristic pattemn.

B. Non Q-wave MI - presence of new and persistent ST changes or T wave changes on the

ECG with significant enzyme elevation and/or symptoms of chest pain.

C. Mvyocardial infarction without £CG changes or minimal £ECG changes defined as patient \_v.-'rh
charactenstic Symptoms plus significant elevation of cardiac enzymes with characteristic
Pattern. In such cases the £CG changes may be minimal, transient ar non-diagnostic.

O. Sitemt Q-wave ar - Development of new Q waves in ar least 2 adjacent leads.

3. Stroke. Presence of neurological deficits-that- persist for-more than- 24 hours:." Location and -
Symptoms and severity of stroke will be sought. CT scan or MRI results will also be sought (if done).

On the basics of clinical Symptoms. autopsy andfoc CT/MRI, strokes are classified as:

A. Definite or arobable ischemic stroke (C1. MR or autopsy exclude haemorrhage/.
8. Definite or probable haemorrhagic stroke (CT. MAI or autopsy confirtn haemorrhage).

C. Definite Stroke, type uncertain (no CT, MR! or autopsy performed).

i

Secondary Endpoints-

I Acute ischemic cardiac syndrames: MI, plus unstabils angina, or severe angina requiring
emergency CAHG ar PTCA (ro, within 7 d3ys of symptom anser).

a0




" ...
All cardiovascular revascularization procedures to include CABG Surgery. coronary PrCa.

carotid endarterectomy (for stenosis of carotid luminal wall, transient ischemic attacks or
strokel, peripheral cardiovascular surgery or angioplasty f(for mb ischemia), or fimp

o~

amputation.
- 3. Cardiovasculsr mortality. )
4. Total Mortality.
5. Development of overt nephropathy or dialysis among diabetics.
6. Hospf'tslizatian for congestive hesrt failure. .

7. . Cancer by s:_'te and morphology.

Emphasis on data collection will be for the primary endpoints (cardiovascular death, Mi and stroke)
each of which have a separate detailed form. However, the death certificate and/or discharge

summary will be collected on all hospitalizations.
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Appendix £: Patential Subsiudies for HOPE

{NB: it is anticipated that Separate funding will be sought for these subsrudies].

1. Studies of atherosclerosis lesion progression and regression”

SECURE (Studies to Evaluate Carotid Uttrasound Changes in patients treated with Ramipril ang

Vitamin E), )

2. Assessment of left ventricular mass. function and archythmic activity measured by two-

dimensional quantitative echocardiography, and Holter monitoring.

3. Assessment of risk factors for atherosclerosis (including conventional risk factors and others, far
example antioxidant vitamin levels, insufin levels, Lp(a), fibrinogen and plasminogen activator

inhibitor). using a nested case-control study approach .

-
-

ty (renin angiotensin i, ACE activity) using convéti;l‘onar

-

4, Assasément of neurohormonal activi
assay methods.

5. Assessment of Vitamin F levels using deuterium labelfed mass Spectrometry of samples falgpn at
baseline and during the course of the study.

6. Renal function and microatbuminuria®.

7. Assessment of functional capacity among patients with peripheral cardiovascufar disease.

" Separate protocals already developed.

ay
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4( dix G: Ftésponsibilities of lavestigators and Payment Schedule

Responsibilities of Investigators at each centre: , -

Investigators are part of the Canadian (and International) Cardiovascular Collaboration and are
responsible for ensuring a successful collaboration. Specific responsibilities include;

1. Familiarization with the protocol.
2. Qbtaining local ethical/IRE approval and annual reviewals.
3. Completing forms for regulatory approval
4. Prime responsibilities at each centre for recruitment and follow up of 50 patients.
5. Collection of biological specimens from patients
6. Maintaining slf -Study records-in-a safe file and sllowing verification by CCC or Hoechst
representatives if requested. :
7. Ensuring a suitable replacement for their duties in the event that they leave the centre,
8. Attendance at regional and national meetings of the CCC/Study.

>3PO Aesponsibilites:

The Canadian Cardiovascular Collaboration Project Office will provide study aids for HOPE, a 24 hour
me-nency line, costs for travel to central and regional meetings (these will include an educational
9" nent with educational credits). '

>ayment Schedule;

o be provided by the HOPE Study:

landomization of patients $ 350
zach Follow-Up visit $ 50
Votification of M, Stroke, Deaths

ind Hospitalizations : $ 50

fo be provided for by the industry sponsor:

\dministrative fee for ‘
:ach monitoring visit $§ 5O

’ayments will be made on a regular basis after receipt of campleted forms (and, where appropriate,
‘upporting documents). :
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( scific jectives Related To Dia s

1t Jrimary objective of this research is to determine if an ACE-I and/or /Natural Source Vitamin £

will protect patients with diabetes from cardiovascular disease.

The specific primary research questions are: -

1. In patients with lnsulin-Dependent Diabetes Mellitus (IDDM) or Non-insulin Dependent Diabetes
Mellitus (NIDDM) who are 2 55 years of age, and who have at least one other cardiac risk
factor, does an ACE-l (Ramipril) reduce the occurrence of myocarciai infarction, stroke or

- cardiovascular death? ,

2. In patients with IDDM or NIDDM who are > §5 vears of age, and who have at least one ather
cardiac risk factor, does Natural Source Vitamin € reduce the occurrence of myocardial
infarction, stroke or cardiovascular death?

Secondary questions include: - I
1. In patients with IDDM or NIDDM who are > §5 Years of age, does either an ACE-{ or Natural
Source Vitamin E decrease the occurrence of other significant cardiovascular events, total

cardiovascular mortality or total mortality?

2. In patients with IDOM or NIDOM who are > S5 vears of age, does an ACE-I (Ramipril) or Natural
Source Vitamin E prevent: .
a) incipient diabetic nephropathy
b} progression of incipient nephropathy to overt nephropathy needing hospitalization or dialysis

( deterioration in renal function . . .. _. e e m o

3. Does an ACE-l or Natural Source Vitamin E:
a) improve glucose control (HbA1c)
b) decrease the occurrence of diabetic retinopathy requiring laser therapy, or
¢} decrease the rate of limb amputations and foot infections requiring antibiotics?

t. Analysis of effects amongst all diabetics in the presence or absence of established cardiac
disease. :

%, Background .

\. Annual Cardiovascular Event and Total Mortality Rates (n Diabetics

he risk of cardiovascutar disease in patients with diabetes mellitus is increased 2-4 fold compared
@ nondiabetic patients, and is independent of other risk factors including age, smoking, cholesterol
levation, and hypertension; the increased risk is more pronounced in women than in men ", The
nnual rate of cardiovascular disease and maortality in middle-aged diabetic patients has been well-
tudied. In a cohort study of 5163 diabetic men (age 35-57, foliow-up=12 years) without heart
isease, there was a 0.85 % anaual rate of cardiovascular deaths and 1.6% annual total mortality rate
salculated relative risk = 2.5). In male diabetics with one other risk factaor (smoking, hypertension,
r elevated cholesterol), the relative risk was 4.8; this excess risk of death increased with the aumber
f risk factors *", Another cohort study of NIDDM patients (age> 50, mean follow-up =5 years)
ielded an annualized cardiovascular event rate of 4.5% (3). A third population-based cohort study
f 249 patients (median age =68, mean follow-up=6.1 years) demonstrated an annualized total
“( ity rate of 6% and a coronary heart disease mortality rate of 1.8% . Finally, a 5 year study
i

Jetics aged 45-64 demonstrated an annual mortality rate of 4% 2,
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Approximately 15-20% of diabetics 193 have a urinary albumin excretion rate of 30-300 mg/24h or
20-200 micrograms/min (i.e. microalbuminuria or incipient diabetic neplwopathy). This abnormality
which may reflect abnormalities in vascufar smooth muscle cell function o structure, may be 4 -
cansequence of one or more of hyperglycemia, protein glycation or genetically acquired abnormalities_

It predicts progression to overt nephwopathy {urinary albumin excretion rate greater than 300 mg/24h

‘ar 200 micrograms/min) in both IDDOM and NIDDM; in IDDM, but not necessarily in NIDDM, patients
with overt nephropathy will eventually develop end stage renal disease. Microalbuminuria s alsa
associated with a relative risk of cardiovascular mortality of approximately 3 in both IDDpM 4128 and
NIDOM #5139, compared to normoalbuminuric patients with diabetes, and is anindependent predictor
of excess mortality in NIDDM 929 Indeed, in NIDDM, microalbuminuria is mare strongly associated
with cardiovascular death than with death from end stage renal disease "9, Moreaver, patients with
NIDDM who have urinary albumin concentrations of 40-200mg/l have a total and caronary heart

. disease standardized Mortality ratio of 2.4 and 4.1 respectively!1¥ _

-

C. ACE- and".}{}arﬁnvasallar Disease in Diabetes :
The reasons for suggesting that ACE-{ may prevent cardiovasculac disease in patients wittrdiabetes

ara desc:ibedfin'dptail in the HOPE Study protocol. In addition, ACE-| may decrease insufin resistance
and improve- glycemic profiles®*12% gnd thie may decrease atherogenesis and cardiovascular risk.
Finally, the well-described salutary effects of ACE- on incipient and overt diabetic nephropathy (see
below) may reflect a reversal of some of the cardiovascular abnormalities in diabetes.

D. Renal Effects of ACE{ in Diabetes '
tic patients with boﬂrwatandincipientnephropattw
(AORZI_ iIn contrast to most other antihypertensive agents, this reduction is independent of any
blood pressure-lowering effect ™ and is ohserved in normotensive as well as hypertensive patients.
tients with IDDM and overt nephropathy i whont blood pressure

Furthermore, in one trial of 409 pa
was controlled by other agents, ACE-l decreased the risk of the compasite of death, dialysis and renal

transplantation*37,

Most of these ACE-! studies have been done in young patients with microalbuminuria; indeed a large
progression of

number have been restricted to Young patients with IDDM, who are at high risk for
diabetic nephropathy to end stage renal disease. The clinical impact of ACE inhibition in older diabetic
patients with microalbuminuria, who are likely to have aother, nondiabetic causes of renal dysfunction
and proteinuria, and who have a lower risk of end stage renal disease is therefore unclear. Moreover,
- asnoted above, these older microalbuminuric patients are much more likely to die from cardiovascuiar

disease than significant renal disease. - oo
At present, there is no evidence that reducing micrealbuminuria by any therapy, including ACE-l, will

decreass the risk of cardiovascular disease"'™ in these patients. Moreover, the routine use of ACE-1
in normotensive patients with diabetes exposes them to the increased cost and risk of adverse

effects associated with these drugs.

E. Renal Effects of Other Antihypertensive Agents in Diabetes )
Any antihypertensive agent which reduces the bload pressure of hypertensive diabetic patients will

decrease microalbuminuria and the progression of overt nephropathy. Aside from ACE-l, there is

_evidence that two of the calcium channel blockers (verapamil and diitiazem) may alsc reduce

microalbuminuria independent of bload pressure!!26132 h
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( amin E and Cardiovascular Risk in Diabetes

). sotential role for Natural Source Vitamin E in prevention of cardiovascuiar disease in general is
discussed in the HOPE protocol. Diabetics have small, dense LOL, low HDL, depletion of ascorbic -
acid and glycation of LOL, all of which enhance oxidation”®'%%_ Thys antioxidants may be of benefit
in diabetics at risk of cardiovascular disease. - :

G. Summary . o
‘Patients with diabetes mellitus are at high risk for cardivascular disease, which Can cause significant

morbidity and mortality. Although there is reason to beliave that this risk may be significantly
decreased by bothr an ACE-! and Natural Source Vitamin E, this is still uncertain. The HOPE study
will test this hypothesis and allow a reliable estimate of the size of benefit of these drugs. .

Although microalbuminuria {incipient nephropaid-ayl is an important risk factor for cardiovascular
disease in diabetes, there is no evidence that reducing it will decrease the cardiovascular risk. There

from the trial.’

3. Studv Design - ' '
A randomized, double blind placebo-controlied factorial design will be used to simultaneously study
the effects of an ACE-| and Natural Source Vitamin £. Patients with.diabetes who meet the inclusion

recorded.

Efigible Disbetic Patients '
Patients with both IDDM and NIDDM who are at increased risk for cardiovascular disease will be
studied. Two groups of diabetic patients will be included in the HOPE trial - diabetic patients with a
history of cardiovascular disease as defined in the HOPE protocol (page 8), and diabetic patents
without a history of cardiovascular disease who have at least one other cardiac risk factor.
A. Inclusion Criteria
1. Patients diagnosed with IDOM or NIDDM
2. Age > E5
3. Coronary cisease, peripheral vascular or cerebrovascular disease (defined in HOPE protacol}
OR at least one of the following:
al fypertension (BP > 160 systolic or > 80 diastolic or on treatment)
b} total cholesterol >5.2 mmol/l (> 200 mg/dl)
c) HDOL <0.9 mmoln { <35 mg/dl}
d} currently smoking
g2} known microalbuminuria (urinary. albumin excretion 20-200 micrograms/minute)
f) with any evidence of previous vascular disease
B. All patients must provide written, informed consent.

(,
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C. Exctusion Criteria (see protocol)
Exclusion criteria relate primarily to absolute indications or contra-indications for the use of ACE-{ gr ~~

Vitamin €, and to the presence of other medical problems that would either interfere with
participation in the trial or lead to the inability to complete the trial.

i. Drug use: Current use of ACE-l {eg, for congestive heart failure, EF < 40% or Severe hypertension)
or current use of Vitamin E and inability to discontinue these medications; or-known hypersensitiviry

to ACE-l or Vitamin E.

. Cardigva r dise :
1. Ejection fraction <40% {only if known)

2. Hemodynamically significant pamary valvulas or outflow tract abstruction {eg. mitral valve
stenosis, asymmetric septal hypertrophy, malfunctioning prosthetic valve).

.Y

a".
3. Constrictive pericarditis. : X

4. Compléx congenital heart disease.

6. Planned cardiac or other vascular surgery or angioplasty within 3 months (pau‘eqt may be

reconsidered for the trial after the procedure).

7. Uncentrolled hyperiension.
8. Cor pulmonale.

9. Heart transplant recipient.

iii. Other conditions:

1. Significant renal disease defined as:
a) renal artery stcnosis
bl creatine clearance < 0.5 milfsecond or serum creatinine
2 200'mEQ/L (= 2.26 mg/dl) '
c} overt nephropathy: > 1 plus proteinuria on dipstick or ur
micrograms/minute {300 mg/24 hrs)
d) hyperkalemia: Kk > 5.5 mEqAL

inary albumin excretion > 200

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

participation.

3. Patient is simultaneousty taking another experimental drug.

5. Additional Data Coltection in Diabetic's :
N ﬁ_-_“_h———_._ " . - -
Patients who meet the eligibility criterig and have na exclusion criteria such as overt nephropathy may
mation will be coliected in all diaietics during

be randomized into HOPE. The foillowing additional infar
the Run-1a Fhase
1
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The following additional information on afl diabetics will be collected during the Follow-up:

1) Glycated hemoglobin;‘ - . |
2} A history of laser therapy for retinopathy, limb uicers/infections, amputations, hospitalizations
for nephropathy and b.aioacidosis. '

lab at baseline, one Year and the end of the study. Urine will be tested by dipstick anually and if the
- results show overt nephropathy or > 14+ proteinuria or urinary albumin excretion > 200
micrograms/minute, then the collection is Tepeated locally. If this repear sample confirms gvert
nephropathy the patient may be withdrawn from the Aamipril arm of the Study. depending on the

ints, Sa le Size, Analyses an sibili ‘
These are described in the HOPE protocol (pages 8, 14-21), Glycated hemogiobin and creatinine will
be done locally. Briefly, we expect to enroll between 3,000 and 4,000 patients with diabetes.
Assuming an annual event rate of 6% to 7% {i.e. total events of 21% to 24.5%) for 3.5 years, we
expect to have 80% Power to detect risk reductions of 18% or 19% in the primary endpoint of
cardiovascular death, myocardial infarction or stroke. i

ag
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EFFECTS OF AN ANGIOTENSIN-CONVERTING-ENZYME INHIBITOR, RAMIPRIL,
ON CARDIOVASCULAR EVENTS IN HIGH-RISK PATIENTS

THE HEART OUTCOMES PREVENTION EVALUATION STUDY INVESTIGATORS *

ABSTRACT _

Background Angiotensin-converting-enzyme in-
hibitors improve the outcome among patients with
left ventricular dysfunction, whether or not they have
heart failure. We assessed the role of an angiotensin-
converting ~enzyme inhibitor, ramipril, in patients who
were at high risk for cardiovascular events but who did
not have left ventricular dysfunction or heart failure.

Methods A total of 9297 high-risk patients (55
years of age or older) who had evidence of vascular
disease or diabetes plus one other cardiovascular
risk factor and who were not known to have a low
ejection fraction or heart failure were randomly as-
signed to receive ramipril {10 mg once per day oral-
Iy} or matching placebo for a mean of five years. The
primary outcome was a composite of myocardial in-
farction, stroke, or death from cardiovascular causes.

The trial was a two-by-two factorial study evaiuat-
ing both ramipril and vitamin E. The effects of vita-
min E are reported in a companion paper.

Results A total of 651 patients who were assigned
to receive ramipril {14.0 percent) reached the primary
end point, as compared with 826 patients who were
assigned to receive placebo {17.8 percent) (relative
risk, 0.78; 95 percent confidence interval, 0.70 to 0.86;

P<0.001}). Treatment with ramipril reduced the rates |

of death from cardiovascular causes (6.1 percent, as
compared with 8.1 percent in the placebo group; rela-
tive risk, [.74; P<0.001}, myocardial infarction {8.9 per-
cent vs. 12.3 percent; relative risk, 0.80; P<0.001),
stroke {3.4 percent vs. 4.9 percent; reiative risk, 0.68;
P<0.001), death from any cause {10.4 percent vs. 12.2
percent; relative risk, 0.84; P=0.005), revascularization
procedures (16.0 percant vs. 18.3 percent; relative risk,
0.95; P=0.002), cardiac arrest (0.8 percent vs. 1.3 per-
cent; relative risk, 0.63; P=0.03), heart failure (9.0 par-
cent vs. 11.5 percent; relative risk, 0.77; P<0.001), and
complications related to diabetes (5.4 percent vs. 7.6
percent; relative risk, 0.84; P=0.03). .

Conclusions Ramipril significantly reduces the
rates of death, myocardial infarction, and stroke in a
broad range of high-risk patients who are not known

to have a low ejection fraction or heart failure. (N Engl

J Med 2000;342:145-53.)
©2000, Massachusetts Medical Society.

LTHOUGH dyslipidemia, diabetes, smok-
ing, and hypertension are major risk factors
for cardiovascular discase, they do not fully
account for the risk. Therefore, other risk
factors must be identified in order to reduce mortal-
ity and morbidity even further. Epidemiologic and ex-
perimental data suggest that activation of the renin-
angiotensin—aldosterone system has an imporrant role
in increasing the risk of cardiovascular events.! An-
giotensin-converting~enzyme inhibitors block the ac-
tivation of the renin-angiotensin system and could
retard the progression of both heart failure and ath-
crosclerosis. In a meta-analysis of three studiest? that
included more than 9000 patients with low ejection
fractions, treatment with angiotensin-converting—
enzyme inhibitors reduced the risk of myocardial in-
farction by 23 percent. This finding, which has not
been widcly accepted, was indcpendent of the ¢jection
fraction, the cause of heart disease, concomitant use
of medications, diabetes status, and blood pressure,
suggesting that angiotensin-converting—enzyme in-
hibitors may have a rolc in preventing myocardial in-
farction in a broad range of patients, not just those
with fow ¢jection fractions. Angiotensin-converting-
enzyme inhibitors may also reduce the risk of stroke,
by Jowering blood pressure, and may prevent compli-
cations related to diabetes.s These hypotheses require
direct confirmarion in prospective, randomized clini-
cal trials.
Therefore, in a high-risk population, we evaluated
the effects of an angiotensin-converting—enzyme
inhibitor, ramipril, in preventing the primary out-

Address reprint requests to Dr. Salim Yusuf at the Canadian Cardiovas-
cular Coliaboration Project Office, Hamilton Gencral Hospital, 237 Barton
S E., Hamihon, ON L8L, 2X2, Canada, or at hope@®cec.memaster.ca,

The wridng group (Salim Yusuf, D Phil., Peter Sleight, DM, Janice Poguc,
M.5c., Jackie Bosch, M.Sc., Richard Davies, Ph.D., and Gillet Dagenais,
M.D.) assumes responsibility for the overall content and imegrity of the
MANUSCTIPT.

*The investigators are lisicd in the Appendis
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come, which was a composite of death from cardio-
vascular causes, myocardial infarction, or stoke, as
well as cach outcome separately. Sccondary cutcomes
included death from any cause, the need for revascu-
larization, hospitalization for unstable angina or heart
failure, and complications related to diabetes. Other
outcomes included worsening angina, heart failure,
and the development of diabetes:

METHODS
Study Design

The double-blind, two-by-rwo Eactorial, mndomized Hart Out-
comes Prevention Evaluation srudy evaluated ramipril and vin-
min E in 9541 patients. A substudy compared a low dosc of rami-
pril (2.5 mg per day) with a full dose (10 mg per day) or placebo;
there were 244 parients in cach group. The results of the placebo-
controlled study of full-dose ramipril arc given here. The effects of
vitamin E are reporied in 2 companion paper’ The design of the
study has been repored previously; a bricf summary follows, -
Patients

Men and wornen who were at least 55 years old were eligible for
the study if they had a history of coronary artery discase, smmoke,
peripheral vascular disease, or diabetes plus at least one other car-
diovascular risk factor (hypertension, elevazed total cholesterol ev-
cls, Jow high-density lipoprotein cholesterol kevels, dgarere smok-
ing, or documented microalbuminuria).* Paticnts were excluded if
they had heart failure, were known to have a low ejection fraction
{<0.40), were mking an angiotensin-convernng —enzyme inhibitor
or viamin E, had uncontrolled hypertension or overt nephropathy,
or had had 3 myocardial infarction or stroke within four weeks
before the study bepgan. All paticnts provided written informed
consent.

In this large study it was impractical to measure left ventricular
function in ail padents. Instead, echocardiograms were obtained at
three centers in 496 patients who were enrolled in a substudy. Of
these patients, 2.6 percent had an ejecdon fracdion of fess than
0.40. A subsequent review of the charts of randomized patiens
showed that ventricular function had been cvaluated before ran-
domizatior: in 5193. Only 421 of these parients (8.1 percent) had
a low ejection fraction, and none had heart failure before random-
ization. We perfortned a separate analysis of the 4772 patients who
were docurmnented to have a normal ejection fraction.

All 10,576 cligible paticnts partdipared in 3 run-in phase in which
they received 2.5 mg of amipril orally once daily for 7 to 10 days
followed by matching placebo for 10 to 14 days. A woral of 1035.
patients were subsequently excluded from randomization because
of noncompliance (<80 pereent of pills taken), side effects, abnor-
mal serum creatinine or potassium kevels, or withdrawal of consent.
Of the 9541 remaining patients, 4645 were randomly assigned to
receive 10 mg of ramipril once per day, 4652 were randomly as-
signed 1o receive marching placebo, and 244 were randomiy as-
signed ro receive a low dose (2.5 mg, per day) of ramipril. Treatment
was scheduled 10 last five years.

Ar randomization, patients were assigned 1o receive ramipril (or
rmatching placebo) at a dosc of 2.5 mg once a day for onc week,
5 mg for the next three weeks, and then 10 mg. In addidon, all pa-
tients were randoinly assigned to receive 400 [U of vitamin E per
dzy or marching placebo. Follow-up visits occurred at one month
and six months and every six months thereafter. At cach visit, data
were collected on the outcome events, compliance, and side effeces
leading to a discontinuation of study medications. All primary and
secondary events were documented and were cenrrally adjudicar-
ed with the usc of standardized definitons.*

Organization of the Study

Patients wep: recruited from December 1993 to June 1995 -t
129 centers in Canada, 27 centers in the United Stares, 76 centers
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.in 14 wostern European countries, 30 centers in Argentina and

Brazil, and 5 centers in Mexico. The review board at each jnsti-
rution approved the protocol. The study was organized and co-

" ordinated by the Canadian Cardiovascular Collabaration Project

Office at McMaster University in Hamilton, Ontario. Adjunct of-
fices were Jocared in London, United Kingdom; 530 Paulo, Brazil;
and Rosario, Argentina. An independent steering committee over-
saw the study.

Outcomes

Thi primary study outcome was a composite of myocan - in-
farcrion, stroke, or death from cardiovascular causes. Each of these
autcomes was also analyzed separatcly. Secondary outcomes were
death from any cause, the need for revascularization, hospitaliza-
tion for unstable angina or hearr failure, and complicadons relat-
ed tor diabetes (whether or not hospialization was required). Crth-
£F OUICOMES Were worsening angina, cardiac arrest, hearr filure
{whcther or not hospiulization was required), unstable angina
with electrocardiographic changes, and the dewelopment of diabe-
3. These outcomes are defined in a companion paper$

Statistical Analysis

The smdy. was originally designed w follow participanes for a
mean of 3.5 years. However, before the end of this period, the stecr-
ing committee (whosc members were unaware of any of the results)
recommencded increasing the duration of follow-up to five years
to account for the impact of a possible lag before weatment had
its full effect. Assuming an event rate of 4 percent per year for five
years, we calculated that 9000 patienss would be required for the
study to have 90 percent power to detect 2 13.5 percent reduction
in the relative risk with 2 two-sided alpha level of 0.05 and with
daa analyzed on an intention-to-treat basis, Survival curves were
estimated according to the Kaplan-Meier procedure, and eat-
ments were compared with use of the log-rank test. Becausc of the
factorial design, all analyscs were siratified for the randomization
to vitamin E or placebo. Subgroup analyses were conducted with
the use of tests for interactions in the Cox regression model. This
model was used to estimate the effeces of treatment afier stmadfi-
cation for randomization to vitamin E or its placcbo.

An independent dara and sfety monitoring board monitored the
progress of all aspects of the study. Four formal interim analyses
were planned. The staristical monitoring boundary indicating that
ramipril had a beneficial effect was a difference in the primary out-
come of 4 SD berween groups during the first haif of the study
and of 3 SD during the sccond half. The respective boundaries
indicating that ramipril had a harmful effect were 3 S0 and 2 SD.
On March 22, 1999, the monitoring board recommended termi-
nation of the srudy because of the clear évidence of a beneficial
effecx of ramipril (consistent crossing of the monitwring boundaries
in two consccutive reviews). Ar thar time, the data showed a 20 per-
cent reducton in the relative risk of the primary ourcome (95
percent confidence interval, 12 percent to 28 pereent; z statistic,
~4.5; P<0.001}. The results of the srudy were disdosed to the in-
vestigators at two meetings held on April 17 and April 24, 1999,
The cutoff date for all events included in the main analysis was sct
for April 15, 1999, and final visits were scheduled to be complet-
ed by Junc 30, 1999. Vital status was ascertained for 9535 of the
9541 randomized patients (99.9 percent) at the end of the study.

RESULTS
Characteristics of the Patients

The base-line characzeristics of the 9297 patents
who underwent randomization are shown in Table
1. There were 2480 women, 5128 patients who were
at least 65 years old, 8162 who had cardiovascular dis-
case, 4355 who had hypertension, and 3577 who had
diaberes.
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TABLE 1. BAsE-LINE CHARACTERISTICS OF THE PATIENTS."

TABLE 2. REASONS $OR DISCONTINUATION GF TREATMENT.

Rawrmi GRour  PLacEno GROur

Crssartemsnc (N=45645) (N=4552)
Age — yr 66+7 6627
Blood pressure — mm Hg 139220/79=11 139x20/79+11
Heart ratc — bess /min 69=11 69x11
Body-mass index 28%4 2824
Female sex — no. (%} 1279 (27.5} 1201 (25.8)
Hinwory of coronary artery discase 3691 (79.5) 3786 (81.4)
— no. {%)

Myocardial infarction 2410 (51.9) 2482 (53.4)
Within %] year 452 (9.7) 446 (9.6)
Widhin >1 year 1958 (42.2) 2036 (43.8)

Suble anginz pectoris 2544 (54.8) 2618 (56.3)

Unustable angina pecroris 1179 (25.4) 1188 (15.5)

CABG 1192 (25.7) 1207 (15.%)

PTCA 853 (18.4) 304 (17.3)

Strokz or transient ischemic antacks 500 (10.8) 513(11.0).
- no. (X}

Peripheral vascular disease 1966 (42.3) 2085 (44.8)
— no. (%)t

Hypertension — no. (%) 2212 (47.8) 2143 {(46.1)

Diabetes — no. (%) 1808 {38.9) 1769 (38.0)

Documented elevated total choles 3036 (654) 3087 (66.4)
terol level — no. (%)

Documnented low HDL cholesteral 842 (14.1) 881 (18.9)
kvel — no. (%)

Currem cigarerte smoking — no. {X) 645 (13.9) 674 (14.5)

ications — no. (%)

Beta-blockers 1820 (39.2) 1353 (39.5)

Aspirin or other antiplatelet agents 3497 (75.3) 3877 (76.9)

Lipid-lowering agenes 1318 (23.4) 1340 (22.8)

Diuretics 713 (15.3} 706 (15.2)

Calcium-channel blockers 2152 (46.3) 2228 (479}

Left ventricular hyperurophy on elec- 379 (8.2) +0¢6 (8.7}
wocardiography — no. (%)
Microalbuminuria — no. (%} 952 (20.5) 1004 (21.6)

* Plus—minus values are means =50, The body-mass index was calculared
as the weight in kilograms divided by the square of the height in meters.
CABG denates coronary-artery bypass gnafing, PTCA percutancous trans-
luminal coronary angioplasty, and HDL high-density lipoprocein.

TPeripheral vasculas discuse included claudication, a history of peripheral
arverial discase, or 1 rtio of blood pressure in the ankle © biood presure in
the arm of less than 0.90.

Compliance

Among the paticnts who were randomly assigned
to the ramipril group, 87.4 percent were taking rami-
pril or an open-label angiotensin-converting—enzyme
inhibitor ar one year, 85.0 percent were doing so at
two years, 82.2 percent were doing so at three years,
75.1 percent were doing so at four years, and 78.8
percent were doing so at the final follow-up visit. The
percentage of patients who were receiving 10 mg of
ramipril per day was 82.9 percent at one year, 74.6
percent at two years, 70.9 percenr at three years, 62.4
percent at four years, and 65.0 percent ar the last visit.
Among the patients who were randomly assigned to
reccive placebo, 3.4 percent were receiving an angio-
tensin-converting—enzyme inhibitor at one year, 6.0
percent were doing so at two years, 8.1 percent were

) Raswrns. GAour  PLacEsc Grour
VARIABLE (N=4645) {N= 4852}

no. of patens (%)

Discontinuation 1t any time
Parmanent discontinuation

1511 {32.5) 1430 (30.7)
1343 (289) 1268 {27.3)

Reasons for mopping®
Cough 340 (7.3) 85(1.5)
Hypowension o dixrtiness : 88 {19 70 (1.5)
Angioedema 17 (04} 7 (0.2
Uncontrolled hyperumnsion 109 (2.3) 183 {3.9)
Clinical events 309 {6.7) 418 (2.0)
Other 1101 {23.7) 1074 (23.1)
Use of dy angi i ring- 648 (14.0) 839 (13.0)
enzyme inhibitor at any time*}
Reasons for use .
Heart failure : - 249 (54) 335 (7.2)
Proteinuria 59 (1.3) 60 (1.3)
Hyperension 272 (4.0} 300 (6.4}
Other 294 (6.3) 335(7.2)

*The carcgorics are not murually exclusive, .
$Clinical progression of disease may have resulted in che need for open-
babel angiowensin-converting—enzyme inhibirors

doing so ar three years, 10.8 percent were doing so
at four years, and 12.3 percent were daing so at five
years. The most common reasons for discontinuing
treatment are outlined in Table 2. More patients in
the ramipril group than in the placebo group stopped
treatment because of cough (7.3 percent vs. 1.8 per-
cent) or hypotension or dizziness (1.9 percent vs. 1.5
percent). By contrast, more patients in the placebo
group than in the ramipril group stopped treatment
because of uncontrolled hypertension (3.9 percent vs.
2.3 percent) or because of a clinical event — a pri-
mary ot secondary outcome (8.9 percent vs. 6.6 per-
cent). The percentage of patients who were receiving
nonstudy angiotensin-converting—enzyme inhibitors
tor heart failure was 5.4 percent in the ramipril group
and 7.2 percent in the placebo group; 1.3 percent
and 1.3 percent, respectively, were receiving such drugs
because of proteinuria, and 4.8 percent and 6.4 per-
cent for control of hypertension. The use of open-
label angiotensin II-receptor antagonists in both
groups was low (1.6 percent in the ramipril group and
1.8 percent in the placebo group), but the reasons for
such usc were similar to those for angiotensin-convert-
ing—enzyme inhibitors,

Blood Pressure

The mean blood pressure at entry was 139/79
mm Hg in both groups. The mean blood pressure was
133/76 mm Hg in the ramipril group and 137/78
mm Hg in the placebo group at one month, 135/76
mm Hg and 138/78 mm Hg, respectively, at two
years, and 136/76 mm Hg and 139/77 mm Hg, re-
spectively, at the end of the study.
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Figure 1. Kaplan-Meier Estimates of the Composite Outcome of Myocardial infarction, Stroks, or Death
from Cardiovascuiar Causes in the Ramipril Group and the Placebo Group.

The relative risk of the composits outcoma in the ramiprii group as compared with the placebo group
was 0.78 {95 percent confidence intarval, 0.70 to 0.85).

TARLE 3. INCIDENCE OF THE PRIMARY OUTCOME AND OF DEATHS FROM ANY CAUSE.

Rasarnn, Onour  PLACERO GRour RELATIVE Risk

OuTcons (Nu4645)
o, (%)
Myocardial infarction, stroke, or death 651 (14.0)
from cardiovascular causes}
Death from cardiovascular causes§ 282 (61)
Myocardial infarction$§ 459 (99)
Stroke§ 156 (3.4)
Death from noncardiovascular causes 200 (£.3)
Death from any cause 482 (104)

{N=4852) (95% Ci)* r8ramgnc P VaLuet
826 (17.8) 0.78 (0.70-0.86) —4.87 <{.001
377 {8.1) 0.74 {0.64-0.87) -3.78 <0.00]
570 (12.3)  0.80(C.70-0.90) -3.63 «<0.001
226 (4.9) 0.68 (0.56-0.84) —3.69 <0.041

192 (4.1) 1.03 (0.85-1.26) 0.33 0.74

569 (12.2) 0.84 (0.75-095) -179 0.005

*Cl denotes conbdencr intcrval.
1F values were calcuiated with wse of the log-rank .

$In the substudy, ud'lﬁpuxnu(ﬂgpuwn)awgmdmuhabwdouofnnupnl(ﬁmgpudq)mdwd

the end point, as

composite with 31 of 244 assigned to take 10 mg of ramipri per day (11.7 percent) and 41
of!ﬂamy\edmplw:bo(lé.spumt) The inclusion of the data from the low-dosc group did noc change i overall

resulbos {relative risk of the primary outcome, 0.78; 95 percent confidence interval, 0.70 o 0.86).

$Al parienrs with this ourcome are included.

Primary Outcomnes and Deaths from Any Cause

A total of 651 patients in the ramipril group (14.0
percent) died of cardiovascular causes or had a myo-
cardial infarction or stroke, as compared with 826 pa-
tients in the placebo group (17.8 percent; relative risk,
0.78; 95 percent confidence interval, 0.70 to 0.86;
P<0.001) {Fig. 1 and Table 3). Treatment with rami-
pril also reduced the risk of the primary outcome
among patients who were receiving vitamin E (338
patients who received both agents reached the end
point, as compared with 421 padents who reccived
only vitamin E; relative risk, 0.79; P=0.001) or its
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placebo (313 patients who received ramipril and the
vitamin E placcbo reached the end point, as compared
with 405 patients who received the vitamin E place-
bo alone; relative risk, 0.76; P<0.001; P=0.79 for the
comparison of the two relative risks). In additon,

- there were significant reductions in risk when each of

these end points was analyzed separately: 282 patients
in the ramipril group died of cardiovascular causes, as

compared with 377 patients in the placebo group
(relative risk, 0.74; 95 percent confidence interval,
0.64 ro 0.87; P<0.001); 459 patients in the ramipril
group had a myocardial infarction, as compared with



TABLE 4. INCIDENCE OF SECONDARY AND OTHER OUTCOMES.

Ramrnn, GROUr  PLACERD GROUF RELATVE Risx

no. (%)

QuTcons (N=4545)
Secondary oytcomes$
" Revascularization 742 (160}
Hospitalizatio.. fou unstable angina 554 (11.9)
Complications refazed to diaberes§ 299 {6.4)
Hospiralization fr heart failure 141 (3.0)
Other outcomes
Han failae 417 (9.0)
Cardiac arrent 37(0.8)
Worscning angina§ 1107 {23.8)
New diagnosis of disbexes) 102 {3.6)
Unsuable angina with electrocandio- 175 {3.5)
graphic changest

(N=4652) 95% Cn" ZSTATETC P Vauet
852 (18.3) 0.85(0.77-054) —317 0.002
565 (12.0) 098 (0.87-110) 041  0.68
354 (76) 084 (0.72-098) -216 0.03
160 (34)  0.88 (0.70-110}  -1]6 0.25
535 (11.5) 077 {067-087) =409  <0.00]
59(1.3) 0.62(041-094) -2.18 0.02
1220 (26.2) 0.89 (0.82-0.98) =291 0.00+4
155 (5.4)  0.66 (0.51-0.85) ~3.31 <0.001
180 (3.9) 097 (0.79-1.19) 0.76

-0.30

‘-'Cl denotes confidence inrerval.

1P values were cakculmed with usc of the log-rank aest.

1These evenu were aenmally adjudicaed.

Waﬂmmmﬁmwmmwrﬂqw

{Complicarions related to disbera include diabetic

per day or urinary protemn excretion of 500 mg per day),
abeth: et T

(defined as urinary albumin exeretion of st kean 300 mg

ﬂuucndforrmddiﬂyﬁ;.mddumndfwluaduﬂpyfor

I‘rhcdmonﬁnmrh&em@ﬂmhd&”i?pﬁmuﬂoddmh&d&ﬁmnmmmm
in the placebo group s the 2883 patieno who did not have disheres ar base Line.

570 patients in the placebo group (relative risk, 0.80;
95 percent confidence interval, 0.70 tw 0.90; P<
0.001); and 156 patients in the ramipril group had
a stroke, as compared with 226 patients in the place-
bo group (relarive risk, 0.68; 95 percent confidence
interval, 0.56 1o 0.84; P<0.001). The risk of death
from any cause was also significantly reduced by trear-
ment with ramipril (relative risk, 0.84; 95 percent con-
fidence interval, 0.75 to 0.95; P=0.005).

Secondary and Other Qutcomes

Significantly fewer patients in the ramipril group .

than in the placebo group underwent revasculariza-
tion (742 vs. 852, relative risk, 0.85; P=0.002), and
there was a trend toward fewer hospitalizations for
heart failure in the ramipril group (141 vs. 160; rela-
tive risk, 0.88; P=0.25) (Table 4). Howcver, treat-
ment with ramipril had no effect on the likelihood of
hospitalization for unstable angina. In addition, sig-
nificantly fewer patients in the ramipril group than in
the placebo group had a cardiac arrest (37 vs. 59; rel-
ative risk, 0.62; P=0.02), worsening angina (1107 vs.
1220; relative risk, 0.89; P=0.004), heart failure (417
vs. 535; relative risk, 0.77; P<0.001), a2 new diagnosis
of diabetes (102 vs. 155; relative risk, 0.66; P<0.001),
or complications related o diabetes (299 vs. 354; rel-
ative risk, 0.84; P=0.03).

Subgroup Analysis

The beneficial eff-ct of treatment with ramipril on
the composite outcome was consistently observed

among, the following predefined subgroups: patients
with diabetes and those without diabetes, women and
men, those with evidence of cardiovascular disease and
those without such evidence, those younger than 65
years of age and those 65 years of age or older, those
with hypertension at base line and those without it,
and those with microalbuminuria and those without
it {Fig. 2). In addition, there was a clear benefit of
ramipril among patients with evidence of coronary ar-
tery discase at base line and those with no evidence
of it, among those with 2 history of myocardial in-
farction and those with no such history, and among
those with a documented ejection fraction of 0.40
or greater (332 of 2379 patients reached the end
point in the ramipril group vs. 451 of 2393 patients
in the placebo group; relative risk, 0.73; 95 percent
confidence interval, 0.63 to 0.84; P<0.001). Bene-
fits were also observed whether or not patients were
also taking aspirin or other antiplatelet agents, beta-
blockers, lipid-lowering agents, or antihypertensive
drugs ar randomization.

Jemporal Trends

The reduction in the risk of the composite out-
come with ramipril therapy was evident within one
year afier randomization (169 patients reached the
end point in the ramipril group, as compared with
198 in the placebo group; relative risk, 0.85; 95 per-
cent confidence interval, 0.70 to 1.05) and was signif-
icant at two ycars (326 vs. 398 patients; relative risk,
0.82; 95 percent confidence interval, 0.70 to 0.94).
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No. of Patients

Overall 9297
Cardiovasculer disease 8162
No cardiovascular disease 1135
Diabetes s
No diabetes 5720
Age <65 yr 4169
Age >65 yr 5128
Male sex 6817
Female sex 2480
Hypaertension 4355
No hypertension 4542
History of coronary artery diseasa 7477
No history of coronary artery disaase 1820
Prior myocardial infarction 4892
No prior myocardial infarction 4405
Cerebrovescular disease 103
No cerebrovascular disease 8234
Peripheral vascular dissase 4051
No peripheral vascular disease 5246
Microalbuminuria 1956
No micrealbuminuria 7341

Incidence of

Composite Qutcome

in Placebo Group
17.8

18.7
10.2

19.8
16.5

14.2
20.7

18.7
144

19.6
16.3

18.6
14,2

20.9
14.2

289
16.7

2240
143

26.4
154

06 08 10 12
Relative Risk in Ramipril Group
(95% canfidence interval)

Figure 2. The Beneficial Effect of Treatment with Ramipril on the Composite Outcome of Myocardiat infarction, Stroke, or Death
from Cardiovascular Causes Overall and in Verious Fredefined Subgroups.

Cerebrovascular disease was defined as stroke or transient ischemic attacks. The size of each symbol is praportional ta the number
of patients in each group. The dashed line indicates overs! relative risk.

The relative risk was 0.78 in the second year, 0.73 in
the third year, and 0.74 in the fourth year, when the
data on patients who were still alive at the end of the
preceding year were analyzed.

DISCUSSION

Our findings show that ramipril, an angiotensin-
converting—enzyme inhibitor, is beneficial in a broad
range of patients withourt evidence of left ventricular
systolic dysfunction or heart failure who are ar high
risk for cardiovascular events. Treatment with rami-
pril reduced the rawes of death, myocardial infarction,
stroke, coronary revascularizaton, cardiac arrest, and
heart failure as well as the risk of complications re-
latzed to diabetes and of diabetes itself.

Our findings indicate that the spectrum of paticnts
who would benefit from teatment with an angio-
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tensin-converting—enzyme inhibitor is quite broad
and complement those of previous studies of patients
with low ejection fractions® or heart failure and acutc
myocardial infarction.? The underlying rationale for
our study was that the inhibition of angiotensin-con-
verting enzyme would prevent events related to ische-
mia and atherosclerosis, in addition to those related
to heart failure and left ventricular dysfunction (al-
though partients with these two conditions were ex-
cluded from the smdy). We therefore included a broad
range of patients with any manifestation of coronary
artery disease (e.g., a history of myocardial infarction
or revascularization, unstable angina, or sable angi-
na}, a history of cerebrovascular discasc or peripher-
al vascular disease, or diabetes and one cardiovascu-
lar risk factor, and ramipril was bencficial in all these
subgroups.




A rotal of 3577 patients in our study had diabe-
tes, 1135 of whom had no clinical manifestations of
cardiovascular disease, and the event rate in this group
was about half that in the other patients (10.2 per-
cent vs. 18.7 percent). Nonetheless, overall, treat-
ment with ramipril was beneficial in patients with
diabetes. . ‘

The magnitude of the bencfit of teatment with
ramipril with respect to the primary outcome was at
least as large as that observed with other proven sec-
ondary prevention measures, such as treatment with
beta-blockers.® aspirin,® and lipid-lowering agents, ¢
during four years of treatment. In addition, there were
reductions in the rates of revascularization, heart fail-
ure, complications related to diabetes, and new cases
of diabetes. The rapid and sustained response w rami-
pril and the continuing divergence in results between -
the ramipril group and the placebo group indicate
that longer-term reatment may yield even berter re-
sults. Ramipril was also well tolerated.

The bencefits of ramipril were observed among pa-
tients who were already taking a number of effective
treatments, such as aspirin, bet-blockers, and lipid-
lowering agents, indicating that the inhibition of
angiotensin-converting enzyme offers an additional
approach to the prevention of atherothrombotic com-
plications. Only a small part of the bencfit could be +
atrributed to a reduction in blood pressure, since the
majority of patients did not have hypertension at
base line (according to conventional definitions) and
the mean reduction in blood pressure with treatment
was exeremely small (3/2 mm Hg). A reduction of
2 mm Hg in diastolic blood. pressure might at best
account for abour 40 percent of the reduction in the
rate of stroke and about one quarter of the reduc-
tion in the rate of myocardial infarction.!! Howev-
¢r, the resules of recent studies, such as the Hyper-
tension Optimal Treatment study,!? suggest that for
high-risk patients (e.g., thosc with diabetes), it may .
be bencficial to lower blood pressure even if it is al-
ready within the “normal” range. Moreover, a recent
reanalysis of 20 years of blood-pressure data from
the Framingham Heart Study!? suggests that the de-
gree of benefit expected from a decrease in blood
pressure may have been underestimated. Despite these
considerations, it is likely that angiotensin-convert-
ing—cnzyme inhibitors exert additional direct mech-
anisms on the heart or the vascularure that are im-
portant. These may include antagonizing the direct
cffects of angiotensin IT oa vasoconstriction,! the pro-
liferation of vascular smooth-muscle cells,' and rup-
ture of plaques™; improving vascular endothelial
function!; reducing left ventricular hypertrophy; and
enhancing fibrinolysis.!

We also observed a reduction in the incidence of
heart failure in patients with no evidence of impair-
ment of left ventricular systolic dysfunction. These
data complement those of a study of patients with a

low ejection fraction's and studies of patients after
myocardial infarction,3%1647 which demonstrated that
weatment with angiotensin-converting~enzyme in-
hibitors prevents heart failure, and the studies of pa-
tients with documented low ejection fractions and
heart failure, which indicated that angiotensin-con-
verting —enzyme inhibitors reduced the rate of hos-
pitalization for heart failure.1? Both these results and
our findings suggest that angiorensin-convertiig -
enzyme inhibitors will be beneficial for patients who
are at high risk for heart failure, irrespective of the
degrec of left ventricular systolic dysfunction.

We believe that the extent 1o which our results may
have been affected by the inclusion of patients with
undiagnosed low cjection fractions is very small, be-
cause a large substudy of 496 consecutive patients at
three centers indicated that only 2.6 percent had an
cjection fraction of fess than 0.40, an extensive re-
view of charts identified only 8.1 percent of patients
with a low ejection fraction before randomization,
and treatment was clearly beneficial in the subgroup -
of 4772 patients who were documented to have pre-
served ventricular function (relative risk, 0.73; 95 per-
cent confidence interval, 0.63 w 0.84; P<0.001) and
in those with no history of myocardial infarction (rel-
ative risk, 0.77; 95 percent confidence interval, 0.65
to 0.91; P=0.002).

We observed a marked reduction in the incidence
of complications related to diabetes and new cases
of diabetes. These effects may be mediated by im-
proved insulin sensitivity, a decrease in hepatic clear-
ance of insulin, an antiinflammatory effect, improved
blood flow to the pancreas,™ or an effect on abdom-
inal fat.’* The results arc also consistent with the
results of the recent Captopril Prevention Project
study,® which indicated a lower rate of newly di-
agnosed diabetes in- patients who were randomly as-
signed to receive captopril than in those who were

assigned to receive a diurctic or bera-blocker, and .-

with the results of other trials, which reported that
treatment with an angiotensin-converting—enzyme in-
hibitor slowed the progression of ncphropathy 2mong
patients with type 2 diabetes?! as welf as those with-
out diabetes.

Our findings clearly demonstrate that ramipril, a
long-acting angiotensin-converting—enzyme inhib-
itor, reduces the rates of death, myocardial infarction,
stroke, revascularization, cardiac arrest, heart filure,
complications related to diabetes, and new cases of di-
abetes in a broad spectrum of high-risk parients. Treat-
ing 1000 paticnts with ramipril for four years pre-
vents about 150 events in approximately 70 patients.
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outcomes in people with diabetes mellitus: results of the HOPE

study and MICRO-HOPE substudy

Heart Outcomes Prevention Evaluation (HOPE) Study Investigators*

Summary

- Background Diabetes mellitus is & strong risk factor for
cardiovascular and renal disease. We Investigated whether
the angiotensinconvertingenzyme (ACE) inhibitor ramipeil
can jower these risks in patients with diabetes.

Methods 3577 people with diabetes included in the Heart
Outcomes Prevention Evaluation study, aged 55 years or
older, who had a previous cardiovascular event or at Jeast
one other cardiovascular risk factor, no clinical proteinuria,
heart faflure, or low ejection fraction, and who were not
taking ACE inhibitors, were randomly assigned ramipril
{10 mg/day) or placebo, and vitamin E or placebo,
according to 3 two-bytwo factorial design. The combined
primasy outcome was myocardial infarction, stroke, or

cardiovascular death. Overt nephropathy was a main

outcome in a substudy.

Findings The study was stopped 6 months early (after
4-5 years) by the independent data safety and monhoring
board because of a consistent benefit of ramipril compared
with placebo. Ramipril lowered the risk of the combined
primary outcome by 25% (95% €1 12-36, p=0-G004),
myocardial infarction by 22% (6-36), stroke by 33%
(10-50), cardiovascular death by 37% (21-51), total
monrtality by 24% (8-37), revascularisation by 17% {2-30),
and overt nephropathy by 24% (3-40, p=0-027). After
adjustment for the changes in systolic {2-4 mm Hg) and
diastolic {1-0 mm Hg) blood pressures, ramipril still lowered
the risk of the combined primary outcome by 25% (12-38,
p=0-0004).

Interpretation Ramipril- was beneficial for cardiovascular
events and overt nephropathy in people with diabetes. The
cardiovascular benefit was greater than that attributable to
the dacrease in blood pressure. This treatment represents
a vasculoprotecuve and renoprotective effect for people
with diabetes.

Lancet 2000; 355: 253-59
See Commentary page 000

*Study organisation and investigators listed at end of paper

Comespondence to:Or Henzel C Garstein, Canadian Cardiovascular
Collaboration Project Office, HGH-McMaster Clinic,
237 Barton Street East, Hamitton, Ontario LBL 2X2, Canada

{e-mail: HOPE®ccc.memaster.ca)

introduction
People with diabetes mellitus are at high risk of
cardiovascular disease. Epidemioiogical studies show
that the risk of cardiovascular monality is two to three
times higher in men with diabetes and three to five dmes
higher in women with diabetes than in people withour
diabetes.™* The age-adjusted prevalence of coronary
heart disease in white adules who have diabetes is abour
45%, compared with about 25% in individuals without
diabetes,” and cardiovascular disease accounts for abour
70% of all deaths in people with diabetes mellitus.®

The presence of other risk facrors increases the risk of
cardiovascular disease in people with disberes mellitus.
The sgbsolute annual risk of fatal and non-fatal
cardiovascular disease in middle-aged and elderly people
with type 2 diabetes is 4-5%.'*** Despite decreases in the
incidence of heart disease in the general population, the
dectine is much smaller in people with type 2 diaberes,
and may even be rising in women with diabetes.**

Experimental srudies, epidemiological studies, and
clinical trials suggest that inhibitors of angiotensin-
converting enzyme (ACE) may delay or prevent
cardiovascular outcomes. For padents with diabetes,
such benefit has been seen after acute myocardial
infarcton," in the presence of hypertension,” " and in
the presence of a low ejection fraction or heart failure.®
ACE ighibitors may also prevent overt nephropathy and
other microvascular outcomes in patients with type 1 or
type 2 diabetes."0a

Although studies suggest that ACE inhibitors may
prevent or delay serious events in some subgroups, their

.role in a broader group of people with dizbezes who are

ar high risk of cardiovascular events remains unknown.
The Heart Outcomes Prevention Evaluation (HOPE)
study investipated whether the addidon of the ACE
inhibitor ramipril to the current medical regimen of high-
risk patents with diabetes mellitus can lower the risk
of cardiovascular events, In the microalbuminuria,
cardiovascular, and renal outcomes (MICRO) HOPE
substudy, the effect of this intervendon on the risk of
overt nephropathy was investigated. We present here the
results from these ™o studies for padents with diabetes
mellirus.”

Methods

Participants

The HOPE and MICRO-HOPE study protocol has been
published ' Briefly, people with and withoutr diabetes were
recruited, who were aged 55 years or older, and who had a
history of cardiovascular disease (coronary ariery disease,
stroke, or peripheral vascular discase) or disbetes plus ar least
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Clinical characteristics :

Maan (S0} body-mass index {hg/m) 28-9 (4-8) 2B6{4-T)
Mapn (SD} heart rate (bexts/min} T2-3{11-4) 125110
Mezn (501 sysioix bigog pressure (mm He} 141-7 (15-6) 142-3 (195
Mean (S0) disstolic blood pressure (mm HE) BG {10-6) 78-3(10-7)
Mean [SD) snhle/ s systolic pressure (mm HY 0-97 (0-15) 096 (0-18)
Mean (SD) waist/hip ratio 0-93 (0-09} 0-93 (0-08}
Maan (SD) waist crcurmierence (cm) 99-9(12-1) 99-6 {12-4)
Microalbyminurnia 553 (31%) 587 (37%)
Mean (SD) HbA, (%)* 123 (30 124 (32)
Mear (SD) serum creatinine {umol/L)* 93.8(223) 940 (276)
Mean duration of disbetes (years) 1100 118007
Type 2 diabetes - 1774 {98%) 1722 (9T%)

K *57 of hypenension 1045 (58%) 951 (54%)
Documented cholestendl >5-2 mmol/L 1174 (E5%}) 1161 (665%}
Currant smoiner 274 (15%) 270 {15%)}
Previoyus coronsry artery sissase 1046 (58%) 1093 (62%)
Previous stroka/ endartemciony 124 (7%} 150 (%)
Previous periphersl wiscubsr disease 311{1T%) 361 20%)
No previous eandiovascular disalse B804 [33%) 515 (29%)
Hypergiycaomio gomtrol

Diatary therapy slone 331 (18%) 300 {1 7%}
insulin therapy sione 432 (24%) 482 QT%)
Oral agants slone . P57 (53%) 895 (51%)
Insulin plus oral agents 85 [S%) 92 (5%)
Other dnigs

Acetytsalicylic acid 882 (54%) 958 (56%)
Diuretics 350 119%) 50 (20%)
Pblocrers 510 (26%) 505 (20%)
Calcham-channel blockers 176 (43%) 801 (45%)
Hypolipidsemic drugs 409 (23%) 390 (2%}

*Mazsured 31 loc! lsbommtonies; Hod, i Rporiad 85 percenlisge BDOVE UDDer it of
wommal for local leboratovy.

Table 1: Baselina characteristics of participants with diabetes

one other cardiovascular risk factor (total cholesterol »5-2
mmol/L, HDL cholesterol «0-9 mmol/L, hypertension, known
microalbuminuria, or current smoking). Key exclusion criteria
were  dipstick-positive proteinuria or esublished diaberic
nephropathy, other severe renal disease, hyperkalaemis,
congestive heart failure, low ejection fracton (<0-4),
uncontrolled hypertension, recent myocardial infarction or
soke (<4 weeks), and use of or hypersensitivity to vitamin E or
ACE inhibitors.® The study was done in 19 counties in
North and South America and in Europe. The HOPE study
protocol was approved by each institution’s review board or
ethics commirtee, and all participants provided written,
informed consent.

Eligible partcipants were included who completed a run-in
period, during which they received 2-5 mg ramipril daily for
7-10 days, followed by matching placebo for 10-14 days, who
were st least 80% complisnt, tolerated the drug withour side-
effects, and maintained a serum creatinine concepradon of
200 wmol/L or lower and potassivm concentraton of 55 mmol/L
or lower. '

Study design

The study had a two-by-two factorial design with randomisation
of pardcipants 10 10 mg ramipril or placebo taken once daily in
the evening and 400 IU vitamin E or placebo daily. Follow-up
visits were at § month and then every 6 months.

The combined primary endpoint was the development of
myocardial infarction, sooke, or cardiovascular desth.
Secondary endpoints were total mortality, admission to hospital
for congestive heart failure or unstable angina, cardiovascular
revascularisation, or development of overt nephropathy. Other
outcomes were any beart failure, worsening angina, and the
development of diabetes in people with no history of the
disorder. A preplanned znalysis in the HOPE and MICRO-
HOPE studies was to find out whether ramipril delayed or

wougn - 133 (0% 37 (2%

Hypotension/dizoness 30(%) 24 (1%)

Angioeoerna $(0-3%) 110-1%)]

Hypanansion 60 (3%) 100 (6%)

Clinical svent 138 (B%) 171 (10%)

Other 511 (28%) 503 (28%}

ACEdnhibitor wee

Nom-Study use at any time* = 366 (20%) 431 (24%)

Rewsons for use .
Heart tailure 116 (6%) 133 (B%)
Preteinuria 57 (3% 4 (2%)

_ Hypertension 123 (M) 173 (10%)

Other 181 (10%)} 191 (11%)

*Categories not mutually exciusive.

Table 2: Reasons for stopping treatment

prevented these cutcomes, 8t well as microalbuminuria or overy
nephropathy, in partcipants with disbetes.™ All primary and
secondary ourcomes were documented on scparate forms and
centrally assessed by the event committee (who were unaware of
the puticipants’ assigned meauments) sccording to standard
definitions.® .

Disbetes status and other demographic and clinical varigbles

" were esublished by history and physical examination at each

visit. Participants were judged to bave type 2 diabetes if they
developed diabetes at age 30 years or clder or were not mking
insulin. We defined a history of hypertension as the taking of
dtugs to trear hypertension or blood pressure at recruitment
higher than 160 mm Hg syswolic or %0 mm Hg diastolic,
Glycated baemoglobin (HbA,) and serum crestinine were
assayed for purticipants with 3 bistory of disbetes in each study
centre’s local lsboratory. Results for HbA,, were expressed as
the percentage higher than the upper limit of normal for the
assay used. Any admissions for hypoglycacmia were recorded.

At part of the MICRO-HOPE substudy, urinary slbumin
excretion was measured at baseline, 1 year, snd study end
{4'5 years) by measuring the albumin/creatinine radoe in a first
morning urine sample.  Urine was . stored st -70°C. The
albumin/creatinine ratio was measured in four different
laboratories during the study (in Canada, UK, Argentina,
and Brazl) by different assay systems.® Microalbuminyria was
defined in 1992 as a ratio of 2 mg/mmol or higher in men and
women.®

Participants whose albumin/creatinine ratio was higher than
36 mg/mmol after randomisation were asked o provide a 24 b
urine sample that was assayed in their local laboratory for total
protein or urinary albumin; assays were chosen according to
availability at esch climical site. Overt nephropathy was

" diuagnosed if the 24 h urine albumin was 300 mg or mare per - '

day, if the 24 b urine total protein excrerion was 500 mg or more
per day, or if the measured albumin/creatinine ratic was higher
than 36 mg/mmol and no 24 h urine result was available (ie, if
there was evidence of clinical proteinuria). The measurements
of actual daily excretion of albumin or protein for all 24 b urine
collections were sent to the project office and all cases of overt
nephropathy were cenaally assessed.

Statistical analysis

The HOPE study was designed to recruit up wo 4000
participants with diabetes. With the assumption of & constant
event rate in participants with diabetes of 5% per year, this
sample size would provide 90% power (two-sided a=0-03) to
detect an 18% relative risk reduction in the rate of myocardial
infarction, sroke, or cardiovascular desth during the planned
mean follow-up period of 5 years. The study was ended
6 months early on the recommendation of the independent data
safery and monitoring board. Therefore, we report results for a
median follow-up period of 4:5 years.
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Casdrovascular deatn 112 (6-2%) 112(9-7%) 37% (21w 51} 0-0001
Secondery sulcomes

Tousl mortality 196 (10-8%) 248 (14-0%) 24%{@ o 37) 0004
Unsuable angina® 213 (11-8%; 207 (11-7%) O(-21w01T) 099
Hean faiure* 81(4-S%) 79 (4-5%) Mmi-Muin 093
Revasculsrisation 254 (14-0%) 291 [16-4%) 17% (2 to 30) 0031
Qwert nephropathyy 117 (6-5%) 149 [B-4%] 24% (310 40) o027
Other suttames.

Any heart failure 198 {11-0%] 236 (13-3%] 20% (4 o 34) 0-01%
Transient ischaemic attacks B0 (4-4%] 104 {5.0%)  26% {1 to 45) 004
Worsening mging 363 (20-1%] 397 (224%) 13% {00 24} 0057
Laser therapy} 170 (9-4%) 186 (10-5% 22% (-9 1 28) 024
Disdytis 10 [0-5%) 8(0-5%) -20%(~20510 53] 010
Ovart nephropathy, t 213{151%) 312{176%) 16N (1w 29) 0036

asar tharapy, of dialysis

*Requiting admission. $8ased o positive 24 h wrine coliection or situmin/ Crestning
ratio »36 mg/mmnot if no 24 h wrine svailabie. $Laser therspy for retinopathy.
Table 3: Clinical outcomes for ramipril and placebo groups

‘We report only analyies done by intention to weat. Analyses
were smatified according to randomisation to vitamin E or
placebo by Cox's regression, to account for the factorial design.
Results are reported ‘ss the relative risk reducdon (95% CI),
defined as I minus the relative hazard. Kaplan-Meier curves
were used to estimare survival and were compared by log-rank
test. Changes in continuous varisbles (ie, HbA,,
albumin/crestinine ratia, bleod pressure, serum crestinine) from
baseline values, by treacment group, were analysed by ANOVA,
adjusted for the baseline value. Albumin/creatinine ratios were
transfortned to account for non-normality and walues were.
adjusted for the laborutories in which ratios were measured.
Stacistical tests for interaction were done with Cox’s regression
1o assess the effect on the primary outcome of diabetes type,
dizbetes oeamnent, history of previous cardiovascular events,
and presence of microalbuminuria or a history of hypertension
at randomisation, and a similar approach was used to assess the
effect of the presence of bateline microalbuminuriza on the

Primary outcome
0-251
— Placebo
0:204 = = = Rampiri!

0-15-

0-104

0-051

0-16+

-]

QD

§ 0 T T Lg Ll L T L Ld L -
e Q

i £ & P PP PSP
F Myocardial Infarction omwo

¥

x

0-12-

0-08+

0-044

NoeUILYy
Of all 9541 parmicipants in the HOPE study, 3654
(39-3%) had diabetes at randomisation. 77 peopie who
participated in another substudy in which they received
only 2-3 mg ramipril or placebo were excluded from the
analysis. Therefore, 3577 people with diabetes were
included. The mean age was 65-4 years, 1322 (37%)
were women, and 1996 (56%) had a history of
bypertension. Baseline characteristics of participants in
the ramipril and placebo groups were similar (table 1).
Of surviving participants at 1 year, 1486 (84%)
padents in the ramipril group and 1516 (88%) in the
placebo group were still taking study drugs, as were 1045
(65%) and 992 (66%), respectively, at the end of the
study. At 4 years, 184 (12%) participants inidally
assigned mamipril and 220 (15%) initally assigned
placebo were making open-label ACE inhibitors. Non-
medical reasons for stopping the study drug are shown in
table 2. The only notable side-effect that led to excess

" discontinuation of study drug was cough, which was 5%

more frequent among participants taking ramipril than
among those taking placebo. The rate of admission to
hospital because of hypoglycaemia did not differ between
the ramipril and placebo groups (2 vs 2%), nor did the
mean change in serum creatinine concentration.

The rate of the combined primary outcome of
myocardial infarction, stroke, or cardiovascular death
was significantly lower in the ramipri] group than in the
placebo group (relative risk reduction 25% [95% CI
12-36), p=0-0004). When the outcome components
were analysed separately, the rates were also lowered
significantly in the ramipril group, as were the secondary

Al-cause mormltf
016,

0-034

0

0 S00 1000 1500 2000 e 500

1000 1500 2000 O

Duration of follow-up (days)

Fgure 1: Kaplan-Meier survival curves for participants with diabetes
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L omv—

Microalbuminuna 1140 286 ‘
positive —"—'
Microatbuminuria 2437 15-5 ——
negative :
Cardiovascutar 2458 239 —'—.
diseass .
No cardiovascuiar 1119 99 ———
disease f
Dietary hyperglyceemic 631 19-0 ———
control :
Insutin 1852 193 Set

L]

L]

. L]

Oral hypergiycaemics 914 216 ——
Insulin plus orad 180 185 —
hyperglycasmics '
Type 1 diabetes 81 2585 — —

L]
Type 2 disbates 3496 197 -+

oto* °§: Q.‘b ,’D ,,y."l-

' Figure 2: Effact of ramipril on combined primary outcome in

subgroups

Size of symbo is proportional to number of participants in subhgroup;
broken line=overall relative risk. .
outcomes (table 3, figure 1). Ramipril lowered the risk of
the primary outcome by 16% (~14 to 39, p=0-26) after
1 year, and significantly by 26% (6-41, p=0-011) after
2 years. This effect was maintained at each subsequent
year of follow-up.

Ramipril’s benefit was noted irrespective of whether
participants had & history of cardiovascular events {(p for
interaction=0-91), hypertension (p for interaction=0-93),
or microalbuminuria (p for interaction=0-34), whether
of not participants had rype I or type 2 diabetes (p for
interaction=0-32), and irrespective of current creatment
for hyperglycaemia (p for inreraction=0-51). The effect
of ramipril in different diabetes-related subgroups is
shown in Sgure 2.

Compared with baseline, mean absolute HbA,_ values
increased by absolute amounts of 1-5% higher than the
upper limit of normal in the ramipril group and 3-4% in
the placebo group at 1 year (p=0-04). They fell by 0-1%
among participants taking ramipril and rose by 2:2%
among participants taking placebo at 2 years
(p=0-016); the change from baseline in HbA,, was the
same for both groups at subsequent visits and at the end
of the study (2-2% for rumipril and 2-0% for placebo
respectively; p=0-8).

Blood prezsire  Haseiine Changy st Changewl  Change st
(e HE) 1 moerth 2 yosn #inal visht
Systolic

Ramitpril 1437 ~5.3 -21 -1.9
Pilacebo 1423 -1.3* 06" 0-85¢
Diastolic '
Ramipril 8O- -26 -26 -33
Pacebo 793 -0-3r -105* -3

*p=0-0001. to=0-0002. tp=0-008. p vaiues jor dilference in Change om Daseline
{raemipril vs placebo).

Table 4: Change In blood prassure with ramiprit and placebo

Mean slbumin/cree

0-54 " /L
3 7 as

-
fr
[N ]

Time (y.ears}

Figure 3: EHact of ramiprit  Jegree of albuminuria
Geometric mean albumin/creatine mtio of ail participants with available
mmmhm.wummummhm;m
Blood pressure decreased slightly mare among
participants on ramipril than among those on placebo.
By the end of the study, systolic blood pressure had
fallen by 192 mm Hg and risen by 0-55 mm Hg in
participants on ramipril and -placebo, respectively

- (p=0-0002); diastolic blood pressure had fallen by 3-30

mm Hg and 2-30 mm Hg in the ramipril and placebo
groups (p=0-008; table 4). After adjustment for changes
in blood pressure, ramipril had the same effecr on the
primary outcome as that before adjustment (relative risk
reduction 25% [12-36], p=0-0004).

Albumin/creatinine ratio was measured in 3498 (98%)
participants at baseline, 2914 (83%) of 3511 at 1 year,
and 2671 (86%) of 3106 at the end of the study. During
follow-up, 345 (10%) participants developed an
albumin/creatinine ratio of more than 36 mg/mmol and
were asked to provide a 24 h urine collection to test for
overt nephropathy. Results were available for 295
(85-5%) individuals. 117 (7%) pamicipants on ramipril
and 149 (8%) on placebo developed overt nephropathy
(24% [3-40], p=0-027). When a more stringent
definition of overt nephropathy was used and the analysis
was restricted to people in whom 24 h urine results were
available, 100 (6%) participants in the ramip:il group
and 124 (7%) in the placebo group were affecred (22%
[-2 o0 40], p=0-07). Restriction of the definition of ovart
nephropathy even further to include only people who had
a posiuve 24 h urine collection and who reported a

" history of laser therapy for retnopathy gave similas

results (25% {-39 1o 59], p=0-36).

225 (20%) participants with and 41 (2%) without
baseline microalbuminuria developed overt nephropathy
(relative risk 14-0 [10-19], p<0-0001). Ramipril Jowered
the risk of overt nephropathy in participants who did and
did not have baseline microalbuminuria (p for
interaction 0-51). Moreover, ramipril treatmment Jed 10 a
lower albumin/creatinine ratio than placebo at 1 year and
at the end of the study end (figure 3). In participants
withcut baseline microalbuminuris, the risk of new
microalbuminuria was non-significantly reduced (relative
risk reduction 9% {—4 to 20], p=0-17).

The effect of ramipril on 2 reported history of new
laser therapy for diabetic retinopathy, and on a reported
history of renal dialysis are shown in rable 3. Ramipril
reduced the risk of 2 combined microvascular outcome
of overt nephropathy, dialysis, or laser therapy by 16%
(1-29, p=0-036).
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events, hypertension, or microalbuminuria, were taking
insulin or oral antibyperglycasemic agents, or had type 1
or type 2 diabetes mellitus. The study had, however, low
power to detect different effects in the subgroups. Since
adherence to ramipril was 65% at the last visit, our
results may underestimate the benefit that would have
been seen with higher adherence.

Ramipril also lowered the risk: of overt nephropathy,

renal feilure, or laser therapy. It had no long-term effect

on glycaemic control.
. When the major cardiovascular and microvascular
events are taken into sccount, 15 high-risk people with
diabetes would have to be trested with ramipril for a
median of 4-5 years 10 prevent one individusl from
having s myocardial infarction, stroke, cardiovascular
death, admission to hospital for heart failure, a
revascularisation procedure, development of owert
ncphropathy, laser therapy for retinopathy, or renal
We assessed blood pressure by cuff pressures, which is
the normal approack in clinical practice and large
randomised trials. We did not monitor ambulatory bload
pressure and, therefore, excess overnight hypertension in
the placebo group cannot be excluded. The risk

reduction for cardiovascular events was, however, greater .

than would be expected from the observed mean
difference in blood pressure between groups, which
supports the results of the regression mode! showing that
the effect of ramipril was much greater than can be
attributed ro its effect on blood pressure. For example, in
the UK Prospectve Diabetes Study (UKFPDS),"™ mean
differences between groups in systolic and diastolic blood
pressures of 10 mm Hg and 5 mm Hg, respectively,
lowered the risk of myocardial infarcton by 21% and
stroke by 44%. Similarly, in participants with diabetes in
the Systolic Hypertension in the Elderly (SHEP) study,*
8 decrease in systolic and diastolic pressures of
10 mm Hg and 2 mm Hg, respectvely (using a diuredc-
based approach), reduced the sk of cardiovascular
events by up to 34%. By contrast, in the HOPE study the
differences in systolic and diastolic blocd pressures were
only slight at 2-2 mm Hg and 1-4 mm Hg, yet the
decreases in risk of myocardial infarction and stoke were
similar 1o those seen in UKPDS.

These consideradons suggest that the observed
bensfis of ramipril may be due largely to a protective
effect of ACE inhibitors on rthe arterial wall”
Angiotensin II is a powerful direct vasoconstrictor, and
promotes vascular smooth-muscle growth, possibly by
inducing various proto-oncogenes and growth factors. It
may also promote plaque ruprure, possibly by
stimulating release of endothelin, inhibiring fibrinolyis,
and promoting thrombosis.” Bradykinin is a direct
vasodilator and alsoc promores release of the vasodilating
substances nitric oxide and prostacyclin. The effect of
ACE inhibitors may, therefore, be mediated by the
lowering of angiotensin-Il concentratons and the
increasing of bradykinin concenmadons.

The observed effect of ramiprii on cardiovascular
outcomes are consistent with the results of other trials of

Hp WIUSE Ldballg CAPLURTU GAW & t470 (Y% WLl 1=-£0)
lower rate of myocardial infarction, ‘stroke, or
cardiovascular death than those taking diuretcs and B-
blockers.'* Similarly, the UKPDS study showed that the
lowering of blood pressure with captopril or atenolol
clearly decreased the risk of cardiovascular and
microvascular events, but found no bencfit of captopril
over atenolol." Because 758 participants were randomly
assigned captopril or atenolol and the event rare was
34%, the study had high power (about 80%) to detect
large differences (eg, 30% differences in relative risk),
However, differences in benefit berween two actve
therapies are likely 1o be smaller than those berween
active treatments and placebo, and may typically be
about 10%. Such differences could, therefore, have been
missed. The results of other trials have supported a
beneficial cardiovascular effect of ACE inhibitors over
calcium-channel blockers, although this was not the
primary aim of these studies. ™" .

For microvascular outcomes, our results are consistent
with previous observadons in individuals with type 1 and
type 2 diabetes that ACE inhibitors Jower the risk of
disbetic nephropathy™* and renal failure,® and are
consistent with previous repoms suggesting that ACE
inhibition with lisinopril reduces the risk of diaberc
retinopathy in normotensive people with type 1
diabetes.” The findings are limited by the fact thar the
albumin/creatinine ratic was messured in four different
laboratories, and thar 24 h urine collections to confirm
the presence of overt nephropathy were done in many
different Jaboratories. Nevertheless, we adjusted analysis
of the albumin/cresdnine ratio for the laboratory in
which it was measured and all 24 h urine results were
adjudicated cenmally. Moreover, a beneficial effect of
ramipril was seen despite the increased variability
because of the different laboratories, which would
lead to an underestimare of the effect of ramipril on
overt nephropathy.

The results are also limited by the fact thar overt
nephropathy was not confirmed by a repal biopsy—a
poine that may be important because of observations of a
high rate of non-diabetic renal disease in people with

- type 2 diabetes.?* Nevertheless, & report and review of

morphological date from several studies suggests thar
clinical proteinuria is a reliable marker for overt diabedc
nephropathy in people with type 2 diabetes.™ Moreaver,
our results were unchanged after use of a more soTingent
definition for diabetic nephropathy (a positve 24 h urine
collecton plus a history of retinopathy that was treated
with laser therapy). In addition, epidemiological studies
show a high rate of renal failure in people with type 2
diabetes and oven nephropathy defined on the basis of
clinical proteinuria alone.” For retinopathy alone, these
results are clearly limited by the fact that rednal
photographs were not taken. Nevertheless, s history of
laser therapy for diabetic retinopathy is likely to be highly
specific, but not sensitive, for serious diabetic retinopathy.
Because the HOPE study was not designed to be a trial
of the effect of lowering blood pressure, only general
comparisons can be made with other studies. In the
HOPE study, ramipril was added to partcipants’ current
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pressure. A5 adqiuon to other pro\icn prevention
strategies such as decreasing blood pressure, glycaemic
conwol, lipid lowering, stopping smoking, and aspirin
should further lower the nisk of cardiovascular and
microvascular events in people with diabetes.
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VITAMIN E SUPPLEMENTATION AND CARDIOVASCULAR EVENT
IN HIGH-RISK PATIENTS .

THe HEART OUTCOMES PREVENTION EVALUATION STUDY INVESTIGATORS®

ABSTRACT

Background Obsarvational and experimental stud-
ies suggest that the amount of vitamin E ingested In
food and in supplements Is associated with a lower
risk of coronary heart disease and atherosclerosis.

Methods We enrolled a total of 25645 women and
6936 men 65 years of age or older who were at high
risk for cardiovascular events because they had car-
diovascular disease or diabetes in addition to one oth-
er risk factor. These patients were randomly assigned
according to a two-by-two factorlal design %o recelve
either 400 U of vitamin E dally frorn natural sources
or matching placebo and either an angiotensin-con-

verting—enzyms Inhibitor {(ramipril) or matching pla-

cebo for a mean of 4.5 years (the results of the com-
parison of ramipril and placebo ere reported In a
companion article). The primary outcome was a com-
posite of myocardial infarction, stroke, and death from
cardiovascular causes. The secondary outcomes in-
cluded unstable angina, congestive heart failure, re-
vascularization or amputation, death from any cause,
complications of diabetes, and cancer.

Results A total of 772 of the 4761 patients as-
signed to vitamin E (162 percent) and 729 of the 4780
assigned to placebo (15.5 percent) had & primary out-
come event (relative risk, 1.05; 95 percent confidence
interval, 0.95 to 1.16; P=0.33). There were no signlifi-
cant differences in the numbers of deaths from car-
diovascular causes (342 of those sssigned to vits-
min E vs. 328 of those assigned to placebo; relative
risk, 1.05; 85 percent confidence interval, 0.50 to 1.22),
myocardial infarction (632 vs. 624; relative risk, 1.02;
85 perrant confidence Interval, 0.90 to 1.15), or stroks
(209 ve. 180; relative risk, 1.17; 95 parcent confidence
Interval, 0.95 to 1.42). There were also no significant
differences in the incidence of secondary candiovascu-
lar outcomes or in death from any cause. Thers were
no significant adverse effects of vitamin E.

Conclusions In patients at high risk for cardiovas-
cular avents, treatment with vitamin E for a mean of
4.5 years has no apparent effect on cardiovascular
outcomes. {N Engl J Med 2000;342:154-60.}
€2000, Massachusetts Medica! Socloty.

XIDATIVE modification of low-density
lipoprotein is an important step in the de-
vclopment and progression of atheroscle-
rosts in experimental studies, 1 and gntiox-
idants such as vitamin E have been shown to slow
athcrosclerosis ¥ An inverse relation has been ob-
scrved between coronary heart discase and the con-
sumption of fruits, vegectables, and other foods
containing viramins, particularly viamin E.$* Obser-
vational studies have indicated that persons who con-
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sume more than 100 I'U of vitamin E a day for more
thmtwoywshavelowuqn:ofmmrycvmulm

‘tion is duc to the vimmin or to other assodiated Life-

style factors such as increased cxercise and other
aspects of dict. There have been four i
mnnoﬂedﬁdth:%bmmmnlﬁmd
<coronary discasc, 1316 ir resalts are con-
flicting, perhaps because of the low dases of vita-
min E used in some studies, )™ the small numbers
of events,!$ or the limited duration of treatment 1536
We evaluated a high dose (400 TU per day) of vi-
tamin E from natural sources, which has high bio-
mﬂzbiﬁty,inahrgc,ﬁve-yur,protpecﬁvcsmdyof
patients at high risk for cardiovascular events. The
primary outcome was & composite of nryocardial in-
farction, stroke, and death from cardiovascular causes.
The sccondary outcomes induded death from any
cause, hospitalization for unstable angina or conges-
tive heart failure, revascularization or limb amputa-
tion, complications of diabetes, and cancer. The trial
wasalsodesignedmcva!uat:thccﬁbasofanangg:-
tensin-converting—enzyme inhibitor, ramipril, on the
inddence of cardiovascular events. After ncarly 4.5
ywsofﬁoﬂaw-up,d:coollecﬁmofdmanwdm:f-
cular disease wmppedinAprﬂlﬁo:&ogcbass -
of a finding by the independent data mon-
itoring board that the trial had ively demon-
strated the benefits of ramipril and a lack of effect of
viuminEouc:\rdiomcularcvan.'lhisuport?rc-
scots our findings relating to the effccts of viamin E
on the primary and sccondary cardiovascular out-
comes. The study has been continued in the majoricy
of centers to evaluite the effects of vitamin E on the
inddence of cancer, :

METHODS

Study Design .
m!ieutOuum&:luﬁou(HOPE)St_udys
2 double-blind, randomized trial with 2 two-by-two facrorial de-

Addnces %0 D Salion Yns st the Canadiany Cardiovsscalar
A it et ot = e G o
E., Hamiiton, ON LIL 21X2, Canada, or .
The writing group (Selim Yol D.Phil, Gills Dugeoais, MLD., Janice
Pogue, M.Sc, Jackic Bosch, MSc., aod Procr Sleighe, D) sammcs re-
spansibilivy for the owerall comterst and inergricy of the manascript.
*The investi listed i the Appendix of the Han Ouweoomes Fre-
o e e T A e B O .
ing-Enzymc Inhibitor, Ramipril, on Cardiowascubar Even in High-Risk
Paccnes. N Engl | Mcd 2000;,342:145-83.




VITAMIN E SUPPLEMENTATION AND CARDIOVASCULAR EVENTS IN HIGH-RISK PATIENTS

sign, conducted to evaluate the effects of ramipril and vitamin E
in 9541 patients at high risk for cardiovascular events. The results
of the comparison of ramipril with placebo are reported in a com-
panion article,”? Details of the methods are given in that arricle!?
and in a previously published article.’® Bricfly, cligible paticnts at
high risk were randomly assigned to receive cither 400 I of vi-
tamin E from natural sources or an equivalent placebo daily for
4 to 6 years (mean, 4.5) and in addition to receive either 10 mg of
ramipril or an equivalent placebo daily. Patients were evaluated
every six months for a varicty of outcomes.

Outcomes

‘The primary outconie was 2 composite of myocardial infarction,
stroke, and death from cardiovascular causes. Deaths classified as
due to cardiovascular causes were uncxpected deaths presumed to
be due 1o ischemic cardiovascular disease and occurring within 24
hours after the onsct of symptoms without clinical or postmor-
tem evidence of another cause; deaths from myocardial infarction
or stroke that occurred within seven days after the myocardial in-
farction or stroke; and deaths from congestive heart failure, dys-
rhythmia, pulmonary embalism, or ruptured abdorminal aortic an-
curysm. Deaths for which the cause was uncertain were presumed
to be due to cardiovascular discase. Myocardial infarction was diag-
nosed when two of the following three criteria were met: typical
symptoms, increased cardiac cnzyme levels {at Jeast twice the up-
per limit of normal), and diagnostic clectrocardiographic changes.
Stroke was defined as a ncurologic deficit lasting more than 24
hours. A computed tomographic or magnetic resonance imaging
examination was recommended to define the type of stroke.

Secondary and other outcomes were death from any cause; un-
stable angina, defined as worsening angina or angina at rest requir-
ing hospitalizaton; hospitalization for heart failure with clinical
and radiologic signs of congestion; revascularization or limb am-
putation; the development of overt nephropathy or the need for
dialysis or laser therapy among patients with diabetes; and the de-
velopment of heart failure or new or worsening angina regardless
of the need for hospitalization.

RESULTS
Characteristics of the Patients

The characteristics of the 9541 patients are shown
in Table 1. The rate of compliance with the assigned
regimen was high throughout the study. The percent-
ages of patients who were taking vitamin E in the
vitamin E and placebo groups, respectively, were 94.2
percent and 1.0 percent at one year, 93.3 percent and
1.7 percent at two years, 91.3 percent and 2.0 per-
cent at three years, 90.2 percent and 2.7 percent at
four years, and 89.2 percent and 3.4 percent at the
final visit.

Primary Cardiovascular Qutcomes and Deaths
from Any Cause

A total of 772 of the 4761 paticnts who were as-
signed to receive vitamin E (16.2 percent) and 739
of the 4780 who were assigned to placébo (15.5 per-
cent) had a primary cardiovascular event (relative risk,
1.05; 95 percent confidence interval, 0.95 to 1.16;
P=0.33) (Table 2 and Fig. 1). There were no signif-
icant differences between the groups in the numbers
of deaths from cardiovascular causes (342 in the vi-
tamin E group vs. 328 in the placebo group; relative
risk, 1.05), myocardial infarctions (532 vs. 524; rel-
ative risk, 1.02), deaths from coronary heart disease

TaBLE 1. BaSE-LINE CHARACTERISTICS OF THE PATIENTS.*

Vramm E Gaoe  PLacEBo Grour

CHARACTERISTICT (N=4761) (N=4780)
Age —yr 667 6627
Blood pressure — mm Hg, 139+20/79+11 139+20,/79x11
Heart rate — beats/min 69+11 69+11
Body-mass indext 284 28+4
Fernale sex — no. (%) 1263 (26.5) 1282 (26.8)
History of coronary artery disease 3857 (81.0) 3832 (R0.2)
— no. (%
Myocaniiil i)nﬁrction 2499 (52.5) 2535 (53.0)
Stable angina pectoris 2653 (55.7) 2668 (55.8)
Unstable angina pectoris 1205 (25.3) 1246 (26.1}
CABRG 1229 (25.8) 1251 (26.2)
PTCA 851 (17.9) 863 (18.1)
Stroke or transient ischemic attacks 530 (11.1) 500 (10.5)
— no. (%)
FPeriphcral vascular disease — no. {%)§ 2109 {44.3) 2037 (42.6)
Hypertension — no. (%) 2219 (46.6) 2222 (46.5)
Diabetes — no. (%) 1838 (38.6) 1816 (38.0}
Known clevated total cholesterol 3109 (65.3) 3171 (66.3)
-— no. (%}
Known low HDL cholesterol 893 (18.8) 869 (18.2)
— no. (%)
Current cigarctte smoking — no. (%) 665 (14.0) 679 (14.2)
Medications — no. {%)
Beta-blockers o 1901 (39.9) . 1870 (32.1}
Aspirin or other antiplatelet agents 3665 (77.0) 3616 (75.6)
Lipid-lowering agents 1352 (28.4) 1401 {29.3)
Diuretics ‘ 728 (15.3) 717 (15.0)
Calcium-channe] blockers 2249 (47.2) 2236 (46.8)
Left ventricular hypertrophy on ECG 411 (8.6) 382 (8.0)
’ — no. {%)
Microalbuminuria — no. (%) 1012 (21.3) 976 (20.4)

*Plus—minus values are means +$D,

tCABG denotes coronary-artery bypass grafting, FTCA percutancous
transluminal coronary angioplasty, HDL high-density lipoprotein, and
ECG electrocardiogram.

{The body-mass index is calculated as the weight in kilograms divided
by the square of the height in meters.

§Peripheral vascular disease included claudication, a history of peripheral
arterial disease, or a ratio of blood pressurc in the ankle 1o blood pressure
in the arm of less than 0.90.

(287 vs. 277; relative risk, 1.06), or strokes (209 vs.
180; relative risk, 1.17) (Fig. 2 and 3). The total num-
bers of deaths were similar in the two groups {535 vs.
537; relative risk, 1.00). Vitamin E had no signifi-
cant effect on the primary outcome either among
paticnts who were receiving ramipril (338 events
among those who were receiving vitamin E and 313
events among those who were receiving placcbo; rel-
ative risk, 1.08) or among patients who were not re-
ceiving ramipril (421 and 405 cvents, respectively;
relative risk, 1.05). .

Secondary Cardiovascular and Combined Outcomes

There were no differences between patients as-
signed to vitamin E and thosc assigned to placebo in
the number of hospitalizations for unstable angina
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(586 vs. 569; relative risk, 1.04), hospitalizations for

heart failure (160 va. 144; relative risk, 1.12), or re-
vascularizations or Limb amputations (848 vs. 787,
relative risk, 1.09) (Table 3). There were no signifi-
cant differences in the number of patients with angina
of new onset (278 vs. 245; relative risk, 1.15) or mi-
crovascular complications of diaberes (340 vs,-325;
relative risk, 1.06). A combined analysis of the pro-
portion of patients who had any primary or second-
ary event found a nonsignificandy higher ratc among
those assigned to vitamin E (1630 vs. 1576; relative
risk, 1.05; 95 percent confidence interval, 0.98 to
1.13; P=0.14).
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Subgroup Analyses _

There was no heterogencity of resules among sub-
groupsdcﬁuedaccordingmscx,agc,prcviousm—
diomh:disasc,oruscofoﬂiadmgswdthrc—
spect to the primary or outcomes (datz not
shown). Specifically, there was no significant differ-
cnce in the incidence of the primary outcome among
paticots with diabetes (325 of those assigned to vita-
min E vs. 313 of those assigned to placebo; relative
risk, 1.04) or among smokers (135 vs. 139; relative
risk, 1.02),

Adverse Effects

in the incidence of adverse effects or in the number
There was no increase in ic stroke assodi-
ated with vitamin E usc (17 of those assigned to vi-
@min E had hemorrhagic stroke, as compared with
13 of those assigned to placebo) or among those who
were also taking an antiplatelet agent (11 vs. 8).

DISCUSSION
In our study, vitamin E did not reduce the inci-

dence of cardiovascular cvents, as compared with the

incidence among paticnts assigned to placebo, dur-
ing a follow-up period of four to six years. Given the
largtnumberofmuandﬂmoonﬁstmthckofdi:f-
ference in all caardiovascular coutcomes, it is

very unlikely that vieamin E had any clinically worth- -

while beneficial effect on cardiovascular disease dur-
ing four or five years of treatment.

Results have been reported from four randomized
trials of the cffects of vitamin E on cardiovascular
events. In a Chinese study, 29,584 adults from Linxian
Province, who did not have cardiovascular discasc at
entry, were randomly assigned to receive daily vim-
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Figure 2. Kaplan—Meier Estimates of the Effect of Vitamin E an
the Incidence of Myocardial Infarction {Panel A} and Stroke
(Panel B).

The retative risk of myocardial infarction in the vitamin E group
as compared with the placebo group was 1.02 {95 percent confi-
dence intarval, 0.90 to 1.15; P=0.74}, and the relative risk of stroke
was 1.17 {95 percent confidence interval, 0.95 to 1.42; P=0.13),

min E (30 mg), beta carotene, and selenium supple-
ments or to receive placebo.? During the 5.2 years of
follow-up, there was a 9 percent decrease in deaths
from any cause without any significant reduction in
cardiovascular events. The dose of vitamin E in this
study was small, the nutritional starus and cardiovas-
cular risk of this population were very different from
those of Western populations, and the beneficial ef-
fects on overall mortality cannot be attributed only to
vitamin E. ’

The second trial was the Alpha-Tocopherol, Beta
Carotence Cancer Prevention Study, involving 29,133
male smokers who were 50 to 69 years of age 1* Daily
treatment with 50 mg of vitamin E for five to cight
years had no effect on the risk of death from coronary
heart disease. In a subgroup of 1862 men with a pre-
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Figure 3, Kaplan-Meier Estimates of the Effect of Vitamin £ on
the Incidence of Death from Any Cause.

The relative risk in the vitamin E group as compared with the
placebo group was 1.00 (95 percent confidence interval, 0.89 to
1.13; P=0.99)}.

vious myocardial infarction at entry, there was a non-
significant increase in the risk of death from coronary
heart disease (relative risk, 1.33; 95 percent confidence
mnterval, .86 to 2.05; P=0.20). However, a reduc-
tion in the risk of nonfatal myocardial infarction was
documented among men assigned to vitamin E only
(40 vs. 55; relative risk, 0.62; 95 percent confidence
interval, 0.41 to 0.96), but not among those receiv-
ing the combination of vitamin E and beta carotene,
in comparison with those recciving placebo only.?
In this subgroup, the number of events was small. In
the remaining patients in this study, there was no sig-
nificant effect of vitamin E on nonfatal or fatal my-
ocardial infarction, despite large numbers of events
(1204 and 907, respectively).2® Thus, in this well-
conducted trial, vitamin E had no effect on coronary
heart disease. Although the trial used a low dose of
synthetic vitamin E (50 mg per day), the median level
of alpha-tocopherol increased significantly, from 28.5
pumol per liter at base line to 42.5 umol per liter at
three months, }

The third trial was the Cambridge Heart Antiox-
idant Study, which randomly assigned 2002 patients
with coronary atherosclerosis to receive either vita-
min E or placebo.!$ The mean alpha-tocopherol levels
increased from 34.2 to 51.1 umol per liter in pa-
tients receiving 400 IU of vitamin E per day and to
64.5 pmol per liter in patients recciving 800 IU per
day. The majority of the paticnts received 400 IU per
day. After a median follow-up of 1.4 years, a large re-
duction in the number of patients with nonfatal my-
ocardial infarction was observed (14 in the vitamin E
group vs. 41 in the placebo group,; relative risk, 0.53;
95 percent confidence interval, 0.11 to 0.47; P=
0.005), but there was no difference in deaths due to
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{Relative sisks and coafidencr initervals were derived by the mcthod of Yo et a3 P=0.27.

cardiovascular cruses (27 vs. 23; relative risk, 1.18; 95

t confidence interval, 0.62 to 2.27; P=0.61).
In this trial, the number of events was small and there
were imbalances in scveral base-line characteristics thar
call into question whether randomization resulted in
truly comparable groups.

Furthermore, the very large reduction in nonfaral
myocardial infarction within a relatively short time
(median, 1.4 years) is inconsistent with the results of
other interventions, such as lipid-lowering agents or
antihypertensive medications, that reduce cardiovas-
cular events. It is therefore likely that the results of the
Cambridge Heart Antioxidant Study may have been
due to chance. This possibility is supported by the
results of a receat Italian trial ¢ in which 11,000 pa-
tients who had had ial infarctions were ran-
domly assigned to receive 300 I of viamin E per
day cr placcbo for a median of 3.5 years. The num-
ber of paticnts with nonfaral myocardial infarction
was slightly higher in the vitamin E group than the
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placebo group (295 va. 284; rclative risk, 1.02; 95 per-
cent confidence interval, 0.87 to 1.21), and the num-
ber of deaths from coronary heart disease was slighdy
smaller (227 vs. 249; reladve risk, 0.92; 95 percent
confidence interval, 0.77 to 1.11). Neither difference
was statistically signi t1é .
Our study used a high dose of vitamin E (400 ITU
per day), had high rates of compliance, and involved

primary outcomes and thercfore had high statistical
power (more than 90 percent power to detect a 13
percent relative reduction in the risk of the primary
outcome). Furthenmore, a large number of sccondary
outcomes (¢.g., revascularization or limb amputation,

were examined. Such dara are not available from most
trials. Combining the dara from all trials of vimmin E
indicates that such treatment has lictle effect on the
risk of death or cardiovascular events (Tablc 4), at least
over a four-1o-six-year period.

high-risk padents. The study had a large number of

unstable angina, worscning angina, and heart failure) -
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Steinberg has hypothesized that unhkc agents that
lower cholesterol or blood pressure, antioxidants may
have to be used for more than five years to have a de-
monstrable benefit, since the primary mechanism of
these agents may be the prevention of new lesions.22
Therefore, in a population like the one we studied, it
may take longer than five years to detect an effect on
clinical outcomes. However, the Physicians’ Health
Study did not find a benefit of beta carotenc (another
antioxidant with a different action) after 12 years,®
Similar data are not available for vitamin E, but ob-
servational studies that demonstrated a lower rate of
coronary heart disease with vitamin E supplementa-
tion suggested that a lower risk should be evident af-
ter two years.!%!! In a nested subsmudy, we are examin-
ing whether the thickness of the carotid intima and
media (an indication of the risk of carly atheroscle-
rosis) can be favorably altered by vitamin E.2* If so,
Steinberg’s hypothesis may be worth exploring with
more prolonged follow-up or treatment to asscss
whether such changes in the development of athero-
sclerosis would translate into a benefit in terms of clin-
ical outcomes.’

Although the moderate duration of vitamin E sup-
plementation (four to six years) and the characteris-
tics of the population may explain our finding of a
lack of benefit of vitamin E, another rcason may be
our use of vitamin E alone, without other antioxidants.
In the epidemiologic studies rthat found an associa-
tion between higher dietary intake of vitamin E and

lower rates of coronary heart discase, higher vitamin E

consumption was also associated with higher intake
of a number of other antioxidants and micronutri-
ents.5* It is possible that vitamin E supplementation
rcquires these cofactors to have a beneficial effect.2s
Although the existence of interactions between vita-
min E and other vitamins,!® beta carotene$!4 or
selenium??® is not supported by the findings of pro-
spective observational studics or randomized trials,

-this hypothesis can be tested only in trials in which

combinations of vitamins are given; some such trials
are now in progress.¢-28

In conclusion, 400 IU of vitamin E administercd
daily for four to six years had no benceficial effects on
cardiovascular outcomes in a high-risk population of
patients who were 55 years of age or older. Vita-
min E was well tolerated, with no significant adverse
cvents as compared with placebo. This finding pro-
vides some reassurance for the conduct of large,
longer-term trials to address unanswered questions
regarding vitamin E, such as its possible cffects in
preventing cancer.
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cardiovascular events. Can J Cardiol 1996;12(2):127-137.
OBJECTIVE: To describe the design of the HOPE (Heart Ouz-

de conversion de Pangiotensine (ramipril) et Ia
vitamine E chez des patients eXposés 3 un risque

comes Prevention Evaluation) Scudy. cardiovasculaire glevé _
~ SSIGN: Description of the key design features oF HOPE, a large, . N
' ple randomized trial of rwe widely applicable rreatmencs — gmalzcml : ';"“““"‘“"“'"‘“* HOPE (Heare Ouscome Preven.

ramipril, an angiotensin-converting enzyme inhibitor; and vita-
min E, a naturally occurring antioxidant vitamin — in the preven-
tion of myocardial infarcrion, stroke or cardiovascular deach.
SETTING: Two-hundred and sixty-seven hospitals, physician
offices and clinics in Canada, the United States, Mexico, Europe
and South America.

PATIENTS: Over 9000 women and men aged 55 years and above
athigh ﬁskforutdiovasmh:wenumchumyowdial infarction
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vitamin E with follow-up for up to four years.
CONCLUSIONS: HOPE will be one of the largest erials of two
Rew interventions to prevent myocardial infarction, stroke or
cardiomml:rdeathinhightiskpadm'rbemduoﬂ-!OPE
will have direct public health impact and are likely vo be readily
incorporated into clinical practice. Key design features of HOPE
are inclusion of individuals ar hn‘ghtisko(m'diovuculudisnn.
inclusion of a substantial proportion of patients with diabetes
(36%) and women (27%), and derailed substudies to provide daca
on mechanisms of benefir.

Key Words: Ammmmammhhm, Cardiovascy-
lar prevencion, HOPE Saudy, Randomized trial methodology, Visamin
E andoxident

| OPE Snidy lnvestigaors are listed in Appendix B
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1.2 large, randomized clinical trial of the efficacy

g oo inanada, CVD coses tor] a quarter of al]
disability pensions and consume about US$12 billion in
direct and indirect health care coses every year (1).

gression of atherosclerosis, the precursor to clinical CVD
events (5,6). This multifactorial causation of atherosclerosis
Suggests thar multiple approaches o preventing events are
needed in high risk patiens,

In this document, we oudline the rationale, key methodo-
logical and practical steps in the ongoing HOPE (Heart
Outcomes Prevention Evaluation) Seudy. The HOPE Snudy

and ofa naturally occurring antioxidant, vieamin E, in reduc-
ing myocardial infarction (ML), seroke or CVD death in over
9000menandwomenatl'ﬁghriskofCVD.Alldsign
features presenced were specified before the trial starred. We
also briefly present the resules for screening, exclusion and

tients entered.

BRIEF RATIONALE FOR USE OF ACE-]
AND VITAMIN E
Data from three large erials in patients with low ejection
fraction suggese that ACE.] use leads to about a 23% relarive
risk reduction (RRR) in M] and other ischemic hegrr events
(7-10). This benefic was seen in a wide range of patients in
these trials and raises che possibility that reductions in is.
chemic heart events may be applicable to a wider range of

and anti-atherogenic effecrs (5.6,11-15). However, wide-
spread acceprance of ACE-] as a preventive therapy must be
preceded by direct proof from randomized trials of benefit in

-patients with preserved ejection fractions. HOPE is a large

randomized controlied trial designed o evaluate whether
ACE-I reduces ischemic cardiovascular evenes.

Evidence from experimental studies suggests that oxida-
tion of lipids may be imporzant in the formacion and progres-
sion of atherosclerosis and chat viamin E is an effective

antioxidanc (3,4). Several large observational studies have

shown that users of vizamin E have a substantially reduced
tisk of CVD evenes such as Ml and stroke in comparison with
nonusers (16-18). However, these observarional studies may
be subject to considerable bias, such as vicamin E consumers
more often adopting other healthy lifestyle changes, eg,

et e e e nnrany hatebnt ¥ 4

1.vaiaunmrﬁa|wmcﬁon(>lmonmggo) -

2. Stable angina or unstable angina (>1 month ago) sach with
documented multivessel Coronary disease*; »50% stenasis in at
hast Momjoreomrymﬁos. Or positive strasg

(ST depression 22 mm Of & positive thaliium)

2. Previous kmb or foot amputation
a. l'ﬂm'yd'llhminamdaudicaﬁon with anide:arm biood
prmuremﬁom.aomn'loastonesde
4, Slgniﬂammmis(MJWedbv""ﬂbﬂmhy
C. Strokas >1 month ago
D. Diabetes (Insulin-dependent or noMmulln-dlpondmt) with
one of the following:
1. Hypertension (blood pressyre > 160 mmHg systolic or
>80 mmHg diastoiic or on treatment)
'arommuw«uﬁznm(»aoomwu
3. HOL cholestarol <0.9 mmolL (<35 mg/dL)
4. Cumdgammiddng
5. Known microalbuminuria .
6. wmumnmms.m
EXCLUSION CRITERLA: Any of:
A. Drug use:
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- <2 SUOSlUdy Principat investigator Objectives Funding source
{ 1. Study to evaluate carotig S Yusut, Eva Lonn, Tommwmmmwim.«ca(mmn MRC grant obtained;
mwmh McMaster University; mmmummdmm mdyongohg(nam)
patients iraated with F Hutchinson, vascular disaase in high risk individuals, as assesseg
ramiprl and vitamin & V Dzavik, University of hymmwoﬁdwuomd:bum
Alberta Wmmmpywimwwﬁnsmm
mdpmmmwmmﬂmm
risk 85 assessed by quantitative carotid
2 Miawquuﬂa, H Gerstein, S Yusyt, To determine whether ACE- prevents o.2p! " MRC grant obtained;
Cardiovascular and OW Taylor, McMaster nephropathy in clder patients with diabetes: 1o Study ongoing (n=9541)
Renal outcomes University: B Zinman, whether vitamin E prevents overt
(MICROHOPE) University of Toronto mptvopamyholdermmﬁmdinbetes
3. Cataract Risk Reduction JTnviﬂid(.UnMraity Toimmehmdmrbkbydim Noemhmaxgroqmd
by Dietary of Western Ontario WMC.MEMMM (n=9230)
Supplementation with )
Mixturs of Antioxidants
Vitamins C& Eand -
Beta-Carotens ‘
4. Cosi-effectiveness of J Ostergren, Karolinska Tomhmwmmwmm Funded by Astra Sweden
ramipril and vitamin E Institute, Stocidyoim, memmw (n=550)
Sweden coat-effectiveness ratios
5. Examining tha wffect of R Hoeschen, To analyze mmmwmmm Un!mdod(nﬂaﬂ
vitamin E on lipid University of Manitoba ostou..LDLvltatheonmm.LDLandLDL
peroxidation ﬂ\dmmdeboﬁGaMnbyam
‘ ndudm'glym
6. Hostility in Heart Dissass H Arthur, McMastar Tommwmomm _Unfunded (n=375)
. University ummmymw
7AssessmglezaUpid N Kruseman, Toomddmmetﬂmdwnmhadonaorh Unfunded (n«=79)
{ Levels and Lipoproteins Academisch combination with ramipril, on the lipid disturbances
Ziekenhuis, Maastricht, found in diabetic patients ' .
The Nethertands
8. Oslo Sateliite Study T Henriksen, TowmmMumdmmlpmlndlorﬂhthon Unfunded (n=56)
Univergity of Osio mmmmhdomﬁnkodmmdovdmm
‘ of atheroscierosis
9.Studylaoevaluateimpaet E Lonn, S Yusuf, TomﬂnknpaaofdamﬁcMm%mmipﬂl Is being done in
of long term ACE- on lsft McMaster University mmmmmmmm conjunction with
ventricular mass and hluodpumroorsigniﬂeamhﬂmmmlar SECURE substudy -
function m;hmmhhﬂmm NO extra furding required;
: and possibly in left ventricular systolic and diastolic - study ongoing-(n=375)
ﬂl‘l:ﬁonhdabeﬁcpaﬁems
10. Evaluation of a & min J Ostergren, Karolingka Tommammmmammm Unfunded (nm4s)
walk test in patiants with lnsﬁum.ded'ldm. mwmmmmmhtemmm
Intermittent claudication Sweden dwcluﬂonandmmlmmdhmm
Participatir.g in the HOPE
Study
11. Methanisms Of Reduced € Lonn, M McQueen, Todctemwhem«he_matologinl. biochemical and  MRC/HSFO application to
End-points in Heart J Weitz, McMaster endocrine markers comrelate with anatomical extent of be submitted {n=732)
Outcomes Prevention University mmmhpmmbn
Evaluation ‘
{MORE-HOPE)
12.Atestolmdfffm K Davidson, Dathousie Totuttruhypothesbﬂ'latmenpossessmwmu Submitted to NHRDP
in the relation between University; M Arthur, mminbﬂchatsofangerandhosﬂmy.amm
psychological pradictors McMaster University Melacatshnmmhdepandennyrﬂatedtomo
mortality
7 Ambuiatary Holter ECG R Sarma, Rancho Los ToanmimEchmwhpadmmm Unfunded (n=24)
( monitoring on diabetic Amigos Medizal
T patients in HOPE Certter, Downey,
California

Changss in Paents Trasted with Ramionl and Vieamin £
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rand £ty . b Patients, the trial has 1o be cost
efficient and feasible ina broad group of investigators. There.
we have adopred simple entry and follow-up procedures
the main tria] and wedom:nentadykeymtcoma.Such
an approach has been Successfully applied 1o gther large
clinical trials jn cardiology (26,27). _
Substudies to provide information on biological mecha.
nisms and intermediate end-points: Becayse these substy-
dies are done in paralle] with the main study, the link anwng
mechanisms, interrnediace end-points and clinical outcomes
may be evaluated (Table 4).
Wi c ion: The HOPE study involves cardj.
ologists, internises, endocrinologiscs, family physicians, phar-

DESIGN OF THE HOPE STUDY
'I'hesmdydeignismmmaﬁndinﬁgurel.
Objectives: Objectives of the study are to evaluate, firse,
whether use of an ACE.] (ramipril), compared with placebo,
reduces major CVD evencs in high risk patients; and second,

end-point for this sady (CVD events) will be 5

combined end-poine of the occurrence of MI, sooke or CVD

death.
Major secondary end-poines will include the following:

* total and CVD morralicy; '

® development of overt nephropathy or need for dialysis
among patients with diabetes;

* hospitalization for congestive heare failure (for
ramipril);

* unstable anginy requiring hospicalization because of
increased frequency of angina;

* all cardiovaseylar revascularization procedures:
coronary artery bypass graft surgery, coronary
interventions, carotid Y, peripheral
vascular angioplasty/surgery and limb amputation;

* cancers (for vitamin E), given the dara suggesting that
antioxidants may reduce cancer development (28),

Ethics: At the first visit, written informed consent is cb-
tained from each patient. The HOPE protocol has been

“Tigibility and exclusion criteria: Eligibilicy and excension
-eria are detailed in Tabie ],

nitial screening and prerandomization phase: Eligible pa-

tients are drawn from a prevalent pool of Padents, namely
those with established CVD or diabetes. Potential sources of

XY

were found ineligible and 10,576 entered the run-in phase;
1035 patients were withdrawn at the end of the run-in phase
and 9541 (90.2%) Patients were randomizsed,

Central telephone randomization; Randomization i done
internacionally by telephone call ¢o 4 central office. Afeer
receipr of appropriate baseline data over the telephone, the

minEmin.sathJ). i i
foﬂoweduntildmemdafdlem:dy,md end-points wil] be
recorded even lfd:esmdymedlcauonhas stopped.

will be complered by the investigator or study nurse and faxed

tion on the
occurrence of any major event or hospitalizacion and adher-
mmﬁemediuﬁonordosagct:hange.Specialmport

forms are required for every ML, stroke, death of hos?imliza- .

deniled oudline of each step of the protocol. The HOPE
Coordinator and Regional Coordinaors provided training

i tion on 3 regional level and will provide retrain.
ing as necessary. A 24 h toll. free telephone number is avail-
able to answer any questions related 1o the study.

are read oprically. These
forms are faxed o the project office on toll-free numbers.
Digical reading technology allows most of the informarion to

be read and entered into a computer database directly, The * -

resulss of che computer-read datz are verified against a visual
display of the faxed form by project office staff. Any discrep-
ancies are organized ineg qQuality control reports and faxed
back to the investigator ar regular intervals. The system alsc

- - tammemsas



¢

(

.gddition to the main 7;5;lft;.-ﬁ; -béidg .ud'loscq o m::;:;e :
modified Haybottle-Peto nyle to assist in decision regarding
early termination. During the first half of the study, a differ.

ence of 4 5D in favour of reatment or 3 SDagainst treatment -

would trigger discussion regarding early termination. During
the second half of the trial, the boundaries of 3 and 2 SD
would be used to assess benefit or harm, respectively.

. HOPE STUDY ORGANIZATION
HOPE includes 129 Canadian centres, 27 American cen-
tres, 76cenu'=inl4counn'iainEurope.30cenmintwo

listofinvm:iganorsatthaecenuu is given in Appendix B.)

HOPE is being conducted by the Canadian Cardiovascy-
lar Collaboration (OCC) in collaboration with other groups.
'I'heCCChasbeenunblishednoconductuialsinCVD’in
Canada, the United States and worldwide. The key element
of the COC is the wholehearted inpur and collaboration of
physicians, nurses and others ac participating centres into
&éd&ignandcoﬂduc:ofmndomizeddirﬁcaluiah.&l-
laborating investigators have responsibility for recruitment
andfollow-upofnlldieirpaﬁmn.'rheywillahonmnd
anmnlmeeﬁngswdisamdxem:dyandwhjchmv{dem
educaﬁonalforum.l)ay-to-dayconductof&lemdyinhlordx
America is done at the project office in Hamilron, Ontario
“along with 11 regional coordinarors, Adjuncr project offices
in London, England, S30 Paclo, Brazil and Rosario, Argen-
tina will provide coordination for Europe, Brazil and Argen-
tina, respectively. The overall responsibility for HOPE lies
with the Sceering Committee (see Appendix B for list of
members). The Evenss Adjudication Commirtee will review
and classify end-poines in the trial. The DSMB will have
responsibility for independent review of the conduct of che
protocol changes, recommendations regarding early
termination, ensuring overall patient safety and that event
rates are adequate.

Dmgpa:kaginganddisu-ibutionforNorthmdSoudl
America is being handled by Hoechst-Rousse! Canada and
by CTS Galen Led in London, England for Europe.

PUBLICATIONS
The main publication(s) from the tial will be in the
names of all fully collaborating investigators. Subsidiary pa-
pers will be written by individual investigators after discus-
sion with the Steering Commitree. These papers will include
in the authorship the statement “for the HOPE investiga-
tors”.

PROGRESS UPDATE
" Asof January 1, 1996 the study has completed randomiz-
ing 9541 patiencs. This includes 2543 women, 7553 patients
with previous CVD, 3654 wich diabetes and 4406 wich hy-
pertension. Approximately half the patients are over 65
years of age.

e T

) Wlapies wian Hiay LT ueTu Uy 4 very wige fange ot patiengs

The resules of HOPE will have d; t public health impor-
tance in many different countries 1o 3 broad population who
i events,

: ACKNOWLEDGWTs:Welrenuﬁdmlhcmnyinvmg‘

fon, nurses and support saff for cheir effores on the HOPE :uady
We acknowledge also individuals at che Medical Research Council
(F Roleston, [ Schmid and L Slockin i i

J Mann, | Mathew, E Meaney, D Meldrum, ] Ostergrens, C Pilon,
R Ramos, R Roccaforte, R Stars. Subetudy Commitree: Chair.
DjohnmRDlvis.SHmr.IOWuwu.]thﬁeld.DmS-few
: Chair D Sackeer (University of Oxford);
R Collins (University of Oxford), E Davis {(Univenity of Noeth Caro-
lina).Cfmﬁaz(BomnanGnyUnivaﬁ:y}.CHu\n&m(Hﬂmd
Univensicy), B Pitt (University of Michigan), R Turner (University of
Oxford). Writing Commictee for this report: P Jha, S Yusuf,
T Montague, G Dugenais, )} Probsdfield, P Sleight, L Richardson,
DlohanAmold.RleukL R Davies, E Lonn, | Basch.
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King Pharmaceuticals, Inc,
( 501 Fifth Street
N Bristol, Tennessee 37620

1-800-336-7783
1-423-989.8001
Fax: 1:423-989.8055

Scptember 26,2000  Thormas K. Rogers, I, M.S.
' Executive Vice Prestdens, Regulatory Affairs

Raymond J. Lipicky, M.D., Director

Pood and Drug Administration

Center for Drug Evaluation and Research

Division of Cardio-Renal Drug Products (HFD-110)
1451 Rockville Pike

Rockville, Maryland 20852-1420

Re: NDA 19-901/5028
Altace® (ramipril) Capsules
User Fee ID #: 3892
Pre-Meeting Information

partner, will accompany us to the meeting. A list of anticipated attendees from King and Wyeth-Ayerss is
{ provided on the following page.

As stated to Ms. Birdsong in our meeting request, we are in essential agreement with the Agency’s
recommendations; however, there are g fow substantive points, as well as several minor points, that we
wish to raise for consideration and clarifieation. From the “marked-up draft labeling” received from FDA

Sincerely,
KINGP CEUTICALS, INC.

BN —

Thomas K. Rogers, Uil
Executive Vice President Regulatory Affairs

Cc: Mr. John M. Gregory

Mr. Joseph R. Gregory
| : Mr. Jeflerson J. Gregory
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1-800-336-7783
1-423-989-8001

King Pharmaceuticals, Inc. .
( _ ) 501 Fifth Street - N
Bnstol, Tennessee 37620

. . e e _rn'mnuacrtrncnts" —_— Fax: 1-4;23_18&6__ 1__1}_ .
' S March 10,2000 Thomas K. Rogers, 111, M.S.
' ' Vice President, Regulatory Affairs

Raymond J. Lipicky, M.D., Director

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Cardio-Renal Drug Products (HFD-1 10)
1451 Rockville Pike

Rockville, Maryland 20852-1420

Re: NDA 19-901/5028
Altace® (ramipril) Capsules
User Fee ID# 3892 ,
General Communication Regarding Advisory Committee Meeting

Dear Dr. Lipicky:

Reference is made to King Pharmaceuticals’ January 18, 2000 supplement seeking approval of new
indications for the use of Altace. Reference is also made to the teleconference of March 8, 2000 among
FDA, Dr. Salim Yusuf and his colleagues, and representatives of the firm. .

( ’ In the teleconference, there was significant discussion about the clinical relevance of the reduction of
- proteinuria to the reduction of overt nephropathy and the associated impact of therapeutic doses of ramipril
'in the prevention of diabetes. Consideration was given to the possibility of including recognized
nephrologists and diabetologists as advisors to the Advisory Committee for consideration of this point. The
names of several leaders in these fields were mentioned.

As the applicant, we would suggest that it is not appropriate to consider Dr. Edmond Lewis in this role due
to a potential conflict of interest on other projects with the firm. As discussed, other nephrologists for
consideration may be Dr. George Bakris of the Clinical Research Center in Chicago or Dr. Barry Brenner
of the Brigham and Women's Hospital in Boston, We also propose that Dr. William Keane of the
University of Minnesota Medical School could be considered as an advisor in this capacity.

Additionally, we suggest that Dr. John Buse of the University of North Carolina Diabetes Care Centre be
considered as a recognized diabetologist who could advise the Committee.

Sincerely,

KING PHARMACEUTICALS, INC.

OA N~

Thomas K. Rogers,
Vice President Regulatory Affairs

Cc: Mr. Jefferson Gregory
Dr. Henry Richards
Mr. Ed Reilly

l ' Dr. Salim Yusuf
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King Pharmaceuticals, Inc. AN A ]
S015Fifth Street VY &

Bristol, Tennessee 37620 ,,mﬁ[mmu*
-, Cr———— s e AR T e 4

March 9, 2000

Raymond J. Lipicky, M.D., Director

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Cardio-Renal Drug Products (HFD-110)
1451 Rockville Pike

Rockville, Maryland 20852-1420

Re: NDA 1%-901/5028
Altace’ (ramipril) Capsules
User Fee ID #: 3892
Amendment to Supplement

Dear Dr. Lipicky:

URIGINAL

1-800-336-7783
1-423-989-800]
Fax: 1-423-989-6113

A - A — - w——

Thomas K. Rogers, 11, M.S.

~ Vice President, Regulatory Affuirs :

"NUA SUPPL AMENDMENT

(L)
AL ood

Reference is made to King Pharmaceuticals’ January 18, 2000 supplement seeking approval of new
indications for the use of Altace. Reference is also made to the January 24, 2000 request for information
relevant 1o product patent and exclusivity as affected by the pending Supplement and to the February 10,
2000 request for information pertaining to financial disciosure by clinical investigators. We also refer 1o
subsequent discussions with Ms. Linda Carter, Office of Drug Evaluation 1, on February 10 and 24,
2000 concerning specific documentation needed to fulfill the requirements of 21CFR§54.4. Lastly,
reference is made to the February 25, 2000 request from Dr. Stuart Zimmerman, Office of New Drug
Chemistry, for information on the environmental impact associated with the anticipated increased use of

the product.

In response to these requests, we have included within this amendment the following documents:

* Auachment A: Financial Disclosure by Clinical Investigators

FDA Form 3454
Complete List of Clinical Investigators

* Attactment B: Environmental Categorical Exclusion Request

* Anachment C: Patent and Exclusivity Information

This amendment is supplied in duplicate as an archival copy (blue binder) and a review copy (red
binder). I may be contacted directly at 423-989-8172 if you have further questions on this amendment.

Sincerely, R FO7
KING PH CEUTICALS, INC. Qg&‘&

TN~

Thomas K. Rogers, 11l
Vice President Regulatory Affairs

0,%31
RECD
MAR 10 2000
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March 8, 2000

Central Documen; Room

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Cardio-Renal Drug Products (HFD-110)
1451 Rockville Pike -

Rockville, Maryland 20852-1420

Re: NDA 19-901/5028
Altace® (ramipril) Capsules
User Fee ID #: 3393

Marion Roussel, provided substantia] support as defined in 21CFR§3 14.50(j)(4)(iii) for the

conduct of the HOPE study.

Yours truly, b
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March 1, 2000

Mr. Thomas Rogers

VP Regulatory Affairs

King Pharmaceuticals, Inc.
501 fifth street

Bristol, Tennessee 37620
USA

Dear Tdm.

| am writing to clarify the issue of dispensation of funds to centres in the HOPE
Study.

Funding for the HOPE study was derived from the muiltiple sources that
included the Medical Research Council of Canada, Hoechst-Marion Roussel,
AstraZeneca, King Pharmaceuticals, Natural Vitamin E Association and
Negma, and the Heart and Stroke foundation of Ontario. The collection and
dispersment of all funding for the study was directed by the International
Steering committee of the HOPE study. Compensation provided to clinical
investigators was based solely on patient recruitment and participation in the
study. Compensation affected by the outcome of clinical studies was neither
offered to nor received by clinical investigators involved with the study.

Please do not hesitate to contact me if you have any' questions regarding this
issue.

Yours sincerely,

Director, Division of Cardiology
Professor of Medicine
McMaster University

SY/en

Cc: HOPE FDA Submissions file




King Pharmaceuticals, Inc.
- 501 Fifth Street
Bristol, Tennessee 37620
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1-800-336-7783
1-423-989-8001
Fax: 1423-989-6113

< - ’ 17 BT s i M I T = —
January 18, 2000 Thomas K. Rogers, III, M.S.
Vice President, Regulatory Affairs

Raymond J. Lipicky, M.D., Director
Food and Drug Administration
Center for Drug Evaluation and Research
Division of Cardio-Renal Drug Products (HFD-110)
1451 Rockville Pike
- Rockville, Maryland 20852-1420

Re: NDA 19-901
Altace® (ramipril) Capsules
Prior Approval Supplement - New Labeled Indications
User Fee ID #: 3892

Dear Dr. Lipicky:

Submission forms for a new Supplemental Application to King Pharmaceuticals’ NDA 19-901 for Altace
{ramipril} Capsules are enclosed. This supplement seeks approval of new labeled indications for this
product as supported by the HOPE study that was conducted by Dr. Salim Yusuf, et'al. Results of the

- HOPE study are reported in the New England Journal of Medicine and conclude that “ramipril
significantly reduces mortality, myocardial infarction, stroke, revascularization procedures, and heart
failure.” : . :

Based upon the agreemeh; of our teleconference with you on January 12, 2000, clinical and statistical
data to support this supplement are being forwarded to FDA under separate cover directly by Dr. Yusuf.
Please contact us if you do not receive these data.

We sincerely appreciate your personal interest in this submission and we look forward to working with
the Agency through the review and approval process for this submission.

Sincerely,
KING PHARMACEUTICALS, INC.

ONCN —

Thomas K. Rogers,
Vice President Regulatory Affairs

Cc:  Mr. John M. Gregory
Mr. Jefferson J. Gregory
Dr. Henry Richards
Mr. Ed Reilly
Dr. Salim Yusuf




Shiva Biomedical, LLC

393 Route 17 South
Paramus, New Jersey (7652

December 16, 1999

Dr. David Roeder

Division of Cardio-Renal Drug Products
Food and Drug Administration
FDA/CDER/HFD-110

5600 Fishers Lane

Rockville, MD 20857

Dear Dr. Roeder:
I want to thank Dr. Lipicky, you, Sandra Birdsong,
information that I had sent you and making many help

understanding of the major points that were made at the

1. Dr. Lipicky recommended that we consider

liver slices to identify the metabolites on d

less toxicity.

studies that are required for this.

Carcinogenic stud
me.

Complete a mitogenic screen. You would be sendj

A SUDHIR v. SHAH, M.
%S PROFESSOR AND ounéchrﬁoan ’
CENTER

UNIVERSITY OF ARKANSAS FOR MEDICAL SCIEN

DIVISION OF NEPHFiOLC)GYI e
SLOT 501 " OFFICE (501) 257.5832
4301 W, §T. F -
UTTLE ROCK, AR T2205-7199 thlhsud;xwg‘::t)::as:g?ﬂm.odu

and other FDA staff for reviewing the

ful suggestions. I want to summarize my

meeting.

carrying out in vitro studies using human

eferiprone. The rationale for these studies
is that we may identify a metabolite that is as

effective as the parent compound with

ng me -details of the nature of the

ies following the published guidelines that you would be providing

To consider the potential toxic effects of the chelated product and to carry out. some

animal studies to address this issue. As was pointed out in the discussion, this

becomes more of an issue if during the cours
there is in fact accumulation of the che

insufficiency.

the points related which I will outline below,

It is my understanding that none of these studie

e of the human studies we identify that
lated product in patients with renal

s are required to begin the clinica) trial
but that the FDA would like to see plans

for these studies in the ——.-application. FDA recommends that these studies be

carried out
NDA approval. If new published data are
these studies unnecessary, these data shouid

in parallel with the human studies because they would be required for the

available that would make carrying out
be provided.




Dr. Roeder

. Page 2

December 16, 1999

The clinical studies in which we presented three protocols, in essence, Dr. Lipicky said to cut to
the chase and proceed to study three. The major reason is that proteinuria is a major end-point in
Study-1 and that would not satisfy the FDA as a valid end-point in its own right.

In the discussion related to the clinical protocols the following points were made:

1. Must select appropriate definite end-points, which include ddublihg of the creatinine,
death, dialysis. Other end points, of course, could also be included such as
proteinuria. :

2. There was some concern about maintaining the blind for the petient and for the
investigator because deferiprone causes discoloration in a percentage of patients that
receive it. Several solutions were discussed, the best of which appears to be to
incorporate a substance that would discolor urine in all patients including patients
receiving placebo.

3. There was some discussion about the validity of weekly monitoring of white blood
count followed by intervals of 3 months. Since the precise mechanism does not
appear to be known, Dr. Lipicky suggested that we do the literature search and give

 some thought to when the white blood count should be monitored, how often, and
some rationale for selecting those time points. For example, he said that it may not be
necessary after-the first month or two to be closely monitoring the white count as
opposed to be paying much more attention to the development of infection in the
patient which would prompt a visit and measurement of white blood count. In any
case, he wanted more details developed on this point. ' -

4. He strongly urged us to reconsider the doses that we were using: 75, 50 and 25
mg/kg/day. He said that, in general, this should be in log order rather than the doses
that we selected and aithough this was our call, he would probably omit the 50-mg.
dose. ‘

5. FDA would prefer two separate studies which address the progressive renal failure
and some details were discussed related to design which will be incorporated by Dr.
Lewis in the protocols that are being developed. Importantly though, at the end of the
meeting the transplant patients were brought up and according to the conversation
between Dr. Lewis and Dr. Lipicky if we studied transplant patients as a separate
protocol and if the rest of the progressive renal failure as another protocol, thése two
would satisfy the requirement for two separate studies.




( Dr. Roeder
Page 3
December 16, 1999

6. While the FDA would have no objection to carrying out the study in diabetic patients
- with microalbuminuria, (or for that matter patients with proteinuria) Dr. Lipicky felt it
would be an uphill battle to get NDA approval for this indication. Several strategies

related to this were also discussed but it was left to us to decide whether to study
these patients and in what manner.

) . .
Dr. Roeder, I look forward to your minutes of the meeting as well as the guidelines that we
discussed. If there are things in this letter that are not in keeping with our discussions, please do
not hesitate to let me know. Thank you, once again. ‘

Yours sincerely,

D

SUDHIR V. SHAH, M D.
Professor and Director
Division of Nephrology

( SVSfjn




Page 2
November 30. 1996

1.

Based on the coliective information available about the toxicity of deferiprone, if you
agree that the parameters including monitoring of the white blood cell count and liver
function tests, have been appropriately selected.

Because there is a fair amount of pharmacological and toxicological information available on
deferiprone we do not believe that pharmacokinetic studies are necessary on patients in study
protocols I and 2 who do not have advanced renal failure. On the other hand, we would like
to discuss the extent and nature of pharmacokinetic studies required for study protocol 3

“dealing with patient with progressive renal disease.

Although not specifically mentioned in protocol 3, we consider the patients with chronic
transplant rejection to fall under the category of patients with progressive renal disease. We
recognize that additional studies in this particular group of patient will be required including
documenting that deferiprone does not interfere with the levels of cyclosporine achieved in
renal transplant patients. '

We anticipate the following individuals to attend the Pre-IND meeting:

Sudhir V. Shah, M.D., Professor of Medicine and Director, Division of Nephrology,
University of Arkansas for Medical Sciences, Little Rock, Arkansas.

Mahendra Patel. Ph.D., invaned, finc., Dayion, New Jersey.

Edward Lewis, M.D, Professor of Medicine and Director, Division of Nephrology,
University of Chicago, Chicago, Illinois.

Julia Breyer-Lewis, M.D., Associate Professor of Medicine, Vanderbilt University Medical
Center. Nashville, Tennessee may also attend the meeting.

I am looking forward to visiting with you on December 14, 1999 If you have any questions or
need further information, please do not hesitate to contact me.

Sincerely.

-6“-“;‘}#'_

‘Sudhir V. Shah, M.D.
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: . November 23, 1999 Taocwas K. Rogers, HI, M.S.
Vice Presidens, Regulasory Affairs

Raymond Lipicky, M.D.
Direetor
Food and Drug Administration
Center for Drug Evalustion and Ressarch

Division of Cardio-Rena! Drug Products, HFD-110
Attention: Division Docwmnent Room

1451 Rockville Pike . ‘

Rockville, Maryland 20852-1420

RE: NDA 19-901
Altace® (ramipril) 1.25, 2.5, 5, and 10 ing Capsules
General Correspondence

Dear Dr. Lipicky:

We appreciate the recent opportunity of meeting with Dr. Robert Fenichel and others of your Division on
Friday November 19, 1999. The discussion provided valuable guidance for the snticipated submission of
important new findings generated from the recently completed HOPE study.

You are awere that Salim Yusuf, D.Phil, FRCPC, FACC, served as the principal investigator for the HOPE
study which evaluated the long-term effects of ramipri! in preventing cardiovascular death, myocardial
infarction, and styoke in 9,297 high risk patients. Ms. Jackia Bosch was the study coordinator for the
HOPE smudy; which was conducted under an imvestigator IND,

As sponsor of NDA 19-901 for Altace (ramipril) Capsules, King Phanmaceuticals hereby grants complate
authority to Dr, Jusuf, Ms. Bosch, and their colleagues at McMaster University, Hamiltan, Ontario,
Canada, to communicate dircctly with the Agency on marters assaciated with 3 Supplemental Application
regarding results of this study.

Sincerely, '
KINGP CEUTICALS, INC.

DI\ —

Thomas K. Rogery, III
Vice President Regulatory Affairs

Ce: Jefferson J. Gregory
John A. A. Bellamy
Ed Reilly
Salim Jusuf
Jackie Bosch




