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This study was designed to test two primary prevention hypotheses:

1. Whether low-dose aspirin (325 mg) every other day reduces mortality
- from cardiovascular disease, and

2. Whether beta-carotene (50 mg) on alternate days decreases the incidence
of cancer.

SURJECTS: All male physicians 40-84 years old, residing in the U.S. at the
beginning of the study (1982) were invited to participate. Invitations and
questionnares were sent to 261,248 physicians. Of these 112,528 responded and
59,285 stated that they were willing to participate.

EXCLUSIONS: Subjects were excluded if they had a personal history of MI,
stroke, TIA, cancer, current liver or renal disease, peptic ulcer, gout,
contraindications to aspirin, or if they were using currently aspirin or other
platelet active drugs or vitamin A supplements.

ELIGIBLE: Of the 59,285 physicians who responded, 33,223 were found to be
eligible to enter the study. However, in order to exclude subjects unwilling
or unable to comply with the study regimen the investigators carried out first
an 18-week pilot study. This study eliminated about 1/3 of the responders.
The number of eligible subjects which were actually enrolled in the study was
22,071.

The participants were randomized by a 2 x 2 factorial design into 4 study
groups:

Active aspirin, active beta carotene:
Active aspirin,beta carotene placebo
Aspirin placebo, active carotene
Aspirin placebo, beta carotene placebo

Thus a total of 11,037 physicians were assigned to receive active aspirin and
11,034 to receive aspirin placebo.

Every 6 months for the first year and annually thereafter the participants
were sent a supply of monthly calendar packs of:

and
Red capsules containing beta carotene or carotene placebo for even
nunbered days
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They were also sent brief questionaires about compliance and relevant outcomes

(ML, ischemic heart disease, sudden death, other cardiovascular death, stroke,
or death from any cause).

On Dec 18, 1987 g@gﬂpggg_ﬁpn}tggigg_qurd recommended early termination of the
blinded aspirin component oF the trial based on "the totality of evidence

including 3 major considerations':

1. the presence of a statistically significant (p{0.00001) reduction in
risk of total myocardial infarction among those in the aspirin group;

2. the inability of the trial to detect any effect of aspirin on
cardiovascular mortality until the year 2000 or later due to the

exceptionally low cardiovascular death rate of the participating

phaysicians; and

3. the fact that over 85% of the participants experiencing non-fatal
vascular events were subsequently prescribed aspirin, which made any
finding concerning cardiovascular mortality particularly difficult to
interpret.

The final report of the study presents the results of the cardiovascular
component of the study as of January 25, 1988, the date participants were
unblinded regarding their aspirin assigrment. By that date the participants
had a follow-up ranging from 45.8 to 77.0 months (average 60.2) with 99.7% of
them still providing information about morbidity and compliance. :

COMPLIANCE: 87.6% of the physicians reported that they took at least one type
of pills and 83.0% that they took both types of pills as recommended. All
subjects (100%) were followed up. There were no follow-up losses.

All diagnoses were confirmed by the End Points Committee (two internists, one
cardiologist, and one neurologist), with all members blinded to treatment
assignment. The diagnoses were based on the World Health Organization
criteria and were documended by death certificates, hospital records and
observer's impressions for deaths outside hospitals. All available
information was collected. When written consent or the relevant records were
not obtainable, a reported event was not considered confirmed. Records were
available for review for 95.6% of the reported Mls, 95.2% of strokes and 94.8%
of all deaths. All analyses were based on confirmed events.

Nonfatal Stroke was defined as a typical neurologic deficit, sudden or rapid
in onset, lasting more than 24 hours and attributable to a cerebrovascular
event. Nonfatal strokes were classified according to severity to mild
(impairment not affecting functioning), moderate (functional impairement), and
severe (a major change in lifestyle or dependency) . Strokes were further
classified according to etiology as ischemic or hemorrhagic.
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The data were analysed by using life table statistics. For the end points of
total myocardial infarction and total stroke, only the first event for a
gubject within that category was counted, 1f, however, a subject ﬁad two
different events, @ stroke and an ML, both events were counted. Fifteen
subjects bad both a nonfatal M and a nonfatal stroke, i.e. each of these
subjects provided two events. Twenty-three other subjects had a nonfatal ML
or nonfatal stroke followed by cardiovascular death. For these subjects both,
the fatal and nonfatal event were included in the analyses. Finally for the
combined end point of nonfatal MI, nonfatal stroke and cardiovascular death,

only a participant's first event was counted.

No participant was lost to follow-up. The reported consumption of aspirin was
85.71% in the aspirin group and 14.26% in the control group. Of the
participants 624 taking aspirin and 645 taking placebo requested enteric
coated preparations and an additional 16 assigned to aspirin and 13 assigned
to placebo specifically requested Ecotrin or its placebo.

RESULTS

The investigators claim that the two groups were comparable regarding the
baseline characteristics of age, smoking, diabetes pellitus, family history of
M, cholesterol jevels, blood pressure, aleohol use, vigorous exercise and
body mass index. However, a table showing the comparison of these
characteristics has not been submitted. Although it can be seen from Table 4
1Risk of total myocardial infarction associated with aspirin use, by level of
coronary risk factors' that the groups were balanced regarding these risk
factors it is mot known whether the values given represent baseline values or

values obtained during the study «hen the reported events occurred.

The investigators found that there were 139 MIs among the physicians who were
assigned to aspirin and 239 among those who were assigned to placebo (Table
1). Thus the relative risk for the aspirin subjects was reduced to 0.56
compared to the control subjects, and represents a Very significant reduction
(p ¢ 0.00001). Ten of the aspirin MIs were fatal compared to 26 of the
placebo MIs which were also fatal (p € 0.007).

The number of strokes which were experienced by the participants were also
different but the results favored the placebo: the aspirin group had suffered
119 strokes, 9 of which were fatal, while the placebo group had suffered 98
strokes, 6 of which were fatal. These differences, however, were not found
to be significant (p=0.15 and 0.43 respectively).

Ninety one (91) of the aspirin strokes and 82 of the placebo strokes (p=0.49)
were found to be ischemic (Table 2), while 23 of the former and 12 of the
latter were hemorrhagic (p=0.06) . Thirteen of the aspirin and 6 of the
placebo strokes were '‘'moderate, severe, OC fatal" (p=0.11). These results
suggest that the risk for stroke in the aspirin group was increased by 2.14,
while the risk of severe and fatal stroke was increased to 2.17. (these
stastistics should be checked by our statisticians).
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There were a total of 217 deaths in the aspirin group and a total of 227
deaths in the placebo group (p=0.64; Table 3). Twenty-three (23) of these
deaths (12 in the aspirin and 11 in the placebo group) could not be confirmed
due to unavailability of records. The confirmed deaths summarized from Table
3 were distributed as follows:

ASPIRIN  PLACEBO P value
AMIL 10 28(26)* 0.004
Other Ischemic Heart Disease 24 ' 25;
Sudden Death 22 12 0.09
Stroke 10(9) 76) 0.47
Other Cardiovascular deaths 15 11 0.43
Total Confirmed Cardiovascular 81(80) 83(80) 0.87
Deaths:
Total Non Cardiovascular Deaths: 124 133 0.59
Total Confirmed Deaths: 205(204) 216(213) 0.60

* Numbers in parentheses indicate the number of deaths reported In Table 1
and the resulting new totals.

These results show that not only stroke but also sudden death and death from
other cardiovascular causes were more frequent in the aspirin group and the
total number of cardiovascular deaths was exactly the same in both groups (80
vs 80). The number of fatal MIs in the placebo group were reported in Table 1
to have been 26 not 28. The same table (Table 1) also shows that the number
of deaths from stroke were 9 in the aspirin and 6 in the placebo group.

In order "to clarify a risk-to-benefit ratio'" the investigators calculated a
combined end point consisting of nonfatal MI, nonfatal stroke and
cardiovascular death. Using this combined parameter they found that there
were 307 important vascular events in the aspirin group and 370 in the placebo
group (p <€0.01) They considered these results as suggesting an 18% reduction
in "all important vascular events'. However, as mentioned earlier, for these
calculations the investigators counted only the first event for each subject.
1f a person had all 3 or any two of these events or if he had suffered
multiple occurrences of any of these events, only his first event was

counted. I do not believe that this is a fair representation of the quality
of life of these individuals. 1 think for such an endpoint, and I would say
for all end points, all events should be counted not only first events.

Repeat MIs and repeat strokes can be just as painful and incapacitating as
first MIs or first strokes.



Ay

RN

]

IND-17,275
Page 5

v

The investigators also examined the effect of aspirin among subgroups of
physicians with various risk factors (Table 4). They found that aspirin
reduced the risk of MI in patients aged 50 years and over (p 0.02), but they
found no relationship between age and the effect of aspirin on stroke or
cardiovascular mortality in genaral. However, no data for this lack of

relationships are shown.

The investigators further claim that aspirin reduced the incidence of MI in
all subjects regardless of cholesterol levels, and that the effect was greater
in those with the lowest cholesterol levels ( 209-mg/100ml; p=0.04).

Regarding cigarette smoking the study showed that aspirin reduced the
incidence of MI in all subgroups - smokers, nonsmokers or former smokers.
However the differences from placebo were not significant. The investigators
further claim that "For cardiovascular mortality, there appeared to be effect
modification by cigarette smoking (p=0.05). However, neither the observed
reduction among nonsmokers (p=0.18) nor the apparent increased risk among
current smokers (p=0.20) was statistically significant". No results for this
claim are shown.

Finally, the investigators found that aspirin did not significantly modify the
effect of blood pressure, alcohol consumption, vigorous excercise or body mass
index on the incidence of MI, stroke, or cardiovascular mortality (data shown

only for MI).

Side Effects: The reported effects were mainly gastrointestinal and are
tabulated in Table 5. No significant differences between the two groups were
reported except regarding the incidence of duodenal ulcers, bleeding and
general non-infectious disorders of the GI tract (p=0.04). The investigators
claim that ulcers were observed in 166 aspirin and in 138 placebo participants
(p=0.11). However, addition of the pertinent values from Table 5 (12 + 26 +
54 + 157 + 4 for aspirin and 6 + 16 + 29 + 133 + 4 for placebo) gives a total
of 253 ulcers for the aspirin and 188 ulcers for the placebo group. Also, the
numbers for ''Gastrointestinal symptoms (except ulcer)'" and the total numbers
for bleeding problems were all wrong. I calculated these values and 1 came up
with quite different numbers than those reported in Table 5. My numbers are

as follows:

Aspirin Placebo

Gastrointestinal symptoms 6261 (56.7%) 6134 (55.6%)
(except ulcer)

Bleeding Problems 3999 (36.2%) 2942 (26.7%)

In other words the total incidence of side effects was much higher for both
groups than it was reported by the authors.

Thirty seven (37) of the aspirin and 22 of the placebo ulcers bled (p=0.05).
The aspirin physicians experienced significantly more easy bruising

(p ‘g 0.0001), melena (p <0.00001), epistaxis (p <0.0001) or "other .
bleeding" (p < 0.0003) than the placebo physicians. Forty-eight (48) of the
aspirin and 27 of the placebo physicians required transfusions (p=0.02) and

A 32 3 Lol T | S PN
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DEFICIENCIES:

1. The study was inherently least suitable to show significant
differences within a reasonable period of time, The participants by study
design were more or less at low risk for cardiovascular events. Subjects
with a personal history of MI, stroke, or TIA were excluded from
participating. 1In addition, as physicians, these subjects knew better
than the general public how to protect themselves from cardiovascular
events. They had more or less controlled their risk factors. 1f the risk
factors used in Table 4 represent baseline values, these values show that
only 11% of the aspirin participants and 10% of the placebo participants
had diastolic blood pressures equal or above 90 mm Hg (see Table A which I
made using the values in Table 4); and only 11%Z in each group were current
smokers; 75% of the participants (in both groups) were below 60 years of
age, the age when clinical cardiovascular events normally begin; 87% and
86% had no parental history of cardiovascular disease; and 73% and 72%
were exercising regularly. The only risk factors of some significance
were the blood cholesterol levels and body weight: about one half of the
participants in both groups had cholesterol levels over 210 ng/100 ml and
about 35% were overweight; 25% of all subjects were obese.

2. The investigators discussed the effect of aspirin on the risk factors
regarding stroke and cardiovascular mortality without submitting any data.
Specifically, they failed to present the data regarding the effect of
aspirin on cardiovascular mortality in smokers or nonsmokers, although
they claim that 'there appeared to be effect modification by cigarette
smoking (p=0.05)".

3. 1t is stated that 14% of the placebo patients were prescribed aspirin
after they had a nonfatal cardiovascular event. If these patients had
subsequently a secondary cardiovascular event which was different from the
original event or if they died how was the secondary event counted? With
the placebo or with the aspirin events?

4. Case report forms of the patients with end-points have not been
submitted. The fact that diagnosis of end points was confirmed by an End
Points Committee does not necessarily mean that FDA must accept the data
at their face value without checking the CRFs. How sudden deaths were
differentiated from AMIs? One has to be reminded of the anturane study to
realize how unreliable this assumption can be. Besides, it would be unfair
to the Pharmaceutical Industry if we accept other sponsors' claims without
verification. The mathematical discrepancies in Tables 1, 3 and 5, which
1 mentioned before indicate that the investigators were not careful with
their data or that they changed some results in the process of writing
this paper. Either way, at least some of the data, are suspect.

Even if we accept the data at their face value, this study does not provide
evidence that ingestion of 325 mg of aspirin every other day is beneficial
i.e. that the benefits outweigh the risks. The great reduction in the
incidence of MI which is being claimed that aspirin induced, was-counter-
balanced by a greater incidence in strokes, especially severe, fatal,
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hemorrhagic strokes, and also by a greater incidence in sudden death and
other" cardiovascular deaths. The reason that the differences in the last 3
categories of death did not reach statistical significance in favor of placebo
is due to the fact that these differences were split among 3 categories, while
the favorable aspirin effect was concentrated all in the MI. The total number
of cardiovascular deaths in the aspirin and the placebo group was exactly the
same (80 vs 80). Furthermore, we should consider the fact that it is
generally more incapacitating to survive a stroke than to survive a heart
attack. The investigators have not identified any group in which aspirin
could reduce the incidence of heart attacks without increasing the incidence
of stroke, sudden death or of other cardiovascular death.

We should also not forget that aspirin increased the incidence of bleeding and
the need for transfusions significantly. One subject actually died from G.I.
bleeding. These events happened in a group of people who were selected
regarding their sensitivity to aspirin. Subjects which were unable to
tolerate this drug were excluded during the prerandomization pilot study.

RECOMMENDATION: Considering that at their face value the results of this
study do not show that the claimed benefits in the incidence of MI outweigh
the risks of an increased incidence in strokes, sudden death and other :
cardiovascular deaths, I do not believe that FDA should consider the
possibility of approving aspirin for prophylaxis from primary Mis.
Consequently, review of the CRFs of the patients with end point events will
serve no practical purpose. Scientifically, it may be interesting to go
through those records and see whether the published results are really
supported by the actual data or whether other significant relationships can be
found.

Do we have the time and the authority for this, if the sponsor does not want
to request approval for a new indication?

1f FDA decides to publish a critique of the study after its publication, a
statistician should review the statistics.
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Table 1. Confirmed Cardiovascular End Points in the Aspirin Arm of the

Physicians’ Health Study, According to Treatment Group

END POINT

Myocardial infarction
Fatal
Nonfatal
Total

(person-years)

Stroke
Fatal
Nonfatal
Total

(person-years)

ASPIRIN

10
129
139

(54555.0)

9
110
119

(56645 .3)

PLACEBO

26
213

239

(54360.

6

92

98

(54640,

7)

8)

RISK

0.34
0.59

0.56

1.51
1.20

1.22

.15-0
.47-0.

.45-0.

54-4,
.91-1.

.93-1.

RELATIVE 95% CONFIDENCE
INTERVAL

.75

74

70

28

59

60

P-VAIUE

<0.

<0.

.007

00001

00001

.43

.20

.15

% :
Additional events that could not be confirmed due to unavailability of records

included 17 myocardial infarc

strokes (3 in aspirin and 8 in placebo).

iz (1€ in aspirin and 7 in placebo) and 11



Table 2.

N
£~

.Subgroups of Strokes Classified as Ischemic or Hemorrhagic, According

T 2
to Severity

RELATIVE 95% CONFIDENCE

END POINT ASPIRIN  PLACERO RISK INTERVAL P-VALUE
ischemic etiology
Mild 69 61 1.13 0.80-1.60 0.48
Moderate, severe,
or fatal 21 20 1.05 0.57-1.95 0.88
Unknown severity 1 | 1
Total 91 82 1.1 ‘ » 0.82-1-56 0.49
Hemorrhagic etiology
Mild 10 6 1.67 0.61-4.57 0.32
Moderate, severe,
or fatal 13 6 2.19 0.84-5.69 0.11
Total ' 23 12 2.14 0.96-4.77 0.06
Unknown etiology
Mild 2 1
Moderate, severe,
or fatal 1 2
Unknown severity 2 i
Total 5 4
Total 119 98 1.22 0.93-1.60 0.15

*

Severity was defined as follows: mild, impairment not affecting functioning;

moderate, functional impairment; and severe, a major change in life style or

dependency.



Table 3. Confirmed Deaths According to Treatment Group

CATEGORY OF DEATHS RELATIVE 95% CONFIDENCE
(9th ICD CODES) ASPIRIN PLACEBO RISK INTERVAL . P-VALUE

Total cardiovascplar~
deathst - 81 83 0.96 0.60-1.54 0.87

Acute myocardial
infarction (410) 10 28 0.31 0.14-0.68 0.004

Other 1ischemic
heart disease ]
(411-414) 24 25 0.97 0.60-1.55 0.89

Sudden death (798) 22 12 1.96 0.91-4.22 0.09

Stroke (ﬁ30,431, :
434 436)+ 10 7 1.44 0.54-3_88 0.47

Other cardio-

vascular (402,421,

424 £25,428,429,

437 ,440,441) 15 11 1.38 0.62-3.05 0.43

Total noncardio-

vascular deaths 124§ 133 0.93 0.72-1.20 0.59
Total deaths with ; :

confirmed cause 205 216 0.95 . 0.79-1.15 0.60
Total deaths? | 217 227 0.96 0.80-1.14 0.64
(person-years) (54889.5) (54869.2)

t

For this analysis, all fatal cardiovascular events are included, regardless of

prior nonfatal event.

++

This includes ischemic: 3 aspirin, 3 placebo; hemorrhagic: 7 aspirin, 2
placebo; unknown etiology: O aspirin, 2 placebo.

This includes the one death due to gastrointestinal hemorrhage

Additional events that could not be confirmed due to unavailability of records
included 23 deaths (12 in aspirin and 11 in placebo), of which 11 were
suspected to be cardiovascular (7 in aspirin and 4 in placebo) and 12

noncardiovascular (5 in aspirin and 7 in placebo).
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Table &. Risk of Toéal Myocardial Infarction Associated with Aspirin Use, by

Level of Coronary Risk Factors

- ASPIRIN PLACEBO P-VALUE
. (Trend
MI/Total MI/Total % RR in RR)

Age (years)

40-49 27/ 4526 0.6 24/ 4525 0.5 1.13

50-59 51/ 3725 1.4 87/ 3725 2.3 0.58

60-69 39/ 2045 1.9 84/ 2045 4.1 0.46

70-84 22/ 740 3.0 44/ 740 6.0 0.49 0.02
Smoke Cigarettes ’

Never 55/ 5431 1.0 96/ 5488 1.8 0.58

Past 63/ 4372 - 1.4 105/ 4302 2.4 0.59

Current 21/ 1213 1.7 37/ 1225 3.0 0.57 0.99
Diabetes Mellitus

Yes 11/ 275 4.0 26/ 258 10.1 0.39

No 128/10749 1.2 213710764 2.0 0.60 0.22
Parental History
of MI

Yes 23/ 1420 1.6 39/ 1432 2.7 0.59

No 112/ 9505 1.2 192/ 9481 2.0 0.58 0.97
Cholesterol level
(mg/100 ml)

< 159 ' 2/ 382 0.5 9/ 406 2.2 0.23

160-209 12/ 1587 0.8 37/ 1511 2.5 0.29

210-259 26/ 1435 1.8 43/ 1444 3.0 0.61

> 260 14/ 582 2.4 23/ 570 4.0 0.59 0.04
Diastolic blood
pressure (mm Hg)

< 69 2/ 583 0.3 9/ 562 1.6 0.21

70-79 24/ 2999 0.8 40/ 3076 1.3 0.61

80-89 71/ 5060 1.4 128/ 5084 2.5 0.55

> 30 26/ 1037 2.5 43/ 970 4.4 0.56 0.88
Systolic blood
pressure (mm Hg)

< 109 1/ 330 0.3. 47 296 1.4 0.22

110-129 40/ 5071 0.8 75/ 5130 1.5 0.52

130-149 63/ 3829 1.7 115/ 3861 3.0 0.55

> 150 19/ 454 4.2 26/ 412 6.3 0.65 0.48



Table 4 (continued)

Alcohol use
Daily
Weekly
Rarely

Vigorous exercise
at least once/week
Yes .
No

Body mass index
(kg/m?)
< 23.0126
23.0127-24.4075
24.4076-26.3865
> 26.3866

"ASPIRIN
- MI/Total

26/ 2718
70/ 5418
40/ 2802

91/ 7909
45/ 2997

26/ 2871
32/ 2700
32/ 2713
49/ 2750

—
SWOo

e
HEEN
wN

- O
MM

NN W

27

PLACEBO
MI/Total

55/ 2727
112/ 5314
65/ 2897

140/ 7862
92/ 3060

41/ 280%
46/ 2627
75/ 2823
76/ 2776

N O

W

NN
NN oown

0.62
0.68
0.44
0.65

P-VALUE
(Trend
in RR)

0.26

0.21

0.90



Table 5.

CATEGORY OF EVENTS (9th ICD CODES)

Gastrointestinal symptoms
(except ulcer)

GI discomfort (535)
Other non-infectious dis-
orders of the digestive
tract (536,537.8,537.9)
Miscellaneous symptoms of
the digestive tract
(533.123,787,789.0)
Upper GI ulcers.
Esopnageal ulcer (530.2)
Gastric ulcer (531)
Duodenal ulcer (532)
Peptic ulcer (533)

Gastrojejunal (534)

Bleeding problems
Easy bruising (459)
Hematemesis (578.0)
Melena (578.1)

Nonspecific GI bleeding
(578.9)

Epistaxis (784.7)

Other bleeding*
(599.7,958.2)

Side Effects by Treatment Group

N

3833

2897

391

- 2973

166
12
26

.54

157

2967

1579

37

358

433

859

733

~N
(&=

ASPIRIN

3

34

26.

26.

26.

14.

PLACEBO
N %
3772 34,
2844 25.
336
2954 26.
138
6 0
16
29
133
4
2235 20.
1021
28
243
412 3
639
599

14
P-VALUE

<0.

<0.

<0.

<0.

.49

.49

.04

.82

.11
.16
.12
.006
.16

.99

0001

0001

.26

00001

47

0001

.0003

*
29% were related to shaving or brushing teeth (31% aspirin, 26% placebo), and

71% were hematuria (69% aspirin, 74% placebo)



EBASELINE CHARACTERISTICS

"TABLE A

(Calculated from Table 4) . '
Aspirin Flacebo
Age (years)
40-49 417 417
20-59 Z47. RICYA
60-69 19% 19%
70-84 7% 7%
Cigarette Smoking
Never qﬁﬁﬁx 49 837
Fast 407 I9%
Current 11% 11%
Parental History -
of MI
vyes 13% 13%
No 87% B&7.
Cholesterol Levels
(mg/100ml)
{159 10% 107
160-209 407 =B%
210-259 1CyA 377
>260 15% 15%
Diastolic Blood
Fressure (mm Hg)
< 69 &% &7
70-7% Z1% 2%
BO—-B89 S2% o2%
> 90 117 11%
Vigorous Exercise
at least once/week
Yes ’ YA 727
No Z27% 287
Body Mass Index
Kg/H?
< 23.01 EISYA 25%
27.01-24.40 247 247
24.41-26.39 25% 267
> 26.39 25% 267

EBody Mass Index of 25-27.8 in males

> 27.8 indicates obesity.

indicates overweight,
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DIVISION OF GASTROINTESTINAL AND COAGULATION DRUG PRODUCTS

MEDICAL OFFICER'S REVIEW

IND: 17-275

DRUG: Aspirin

SPONSOR: Charles Hennekens, M.D.
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Harvard Medical School
Boston, MA

DATE OF SUBMISSION: September 28, 1989

DATE RECEIVED BY MEDICAL OFFICER: Octobef 4, 1989
DATE REVIEW COMPLETED: 10/6/89

This submission contains:

1. The response of the PHS Research Group to our Medical and Statistical
reviews of their Aspirin Study,

2. A reprint of this study: the "Final Report on the Aspirin Component of
the Ongoing Physicians' Health Study",

3. A copy of the Galley Proofs of the review article " Aspirin and Other
Antiplatelet Agents in the Secondary and Primary Prevention of
Cardiovascular Disease™,

4. A reprint of the review article “"Guide to Clinical Preventive
Services", and

5. A manuscript entitled "The effect of Aspirin on Clinical
Characteristics of Nonfatal MI in a Randomized Trial of Physicians"

Item 1. Response of the PHS Research Group to the FDA Medical Review.

This response was written by Dr. James 0. Taylor, the Chairman of the
Endpoints Committee.

The parts of the Response which need to be addressed here are:

a) Choice of Diagnostic criteria

AN

It appears that there is a misunderstanding. The members of the Endpoints
Committee think that:

1. 1 (the Medical Reviewer) felt that the Endpoints Committee did
not consistently apply the endpoint definitions and criteria which
were stated a priori.
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2. 1 had basic disagreement with the criteria as stated.

These comments refer to the MI diagnostic criteria. 1 have no
disagreement with these criteria or their application. My disagreement
with the Endpoints Committee refers to whether they are justified to
classify patients in the sudden death category as though they were sure
that the death of these patients was due to a cause different from acute

MIO

The PH Study was not a routine drug efficacy study. The patients were not
treated in a hospital facility nor were they followed regularly by a
physician-investigator. The participants were followed by correspondence
only. When a death occurred the investigators were not notified
jmmediately. They were only informed post-hoc with the return of the
annual Questionnaires. Then, if the proper tests or an autopsy had not
been performed, it was not possible for them to make sure whether the
death was due to an acute MI or not. All these measures were left to the
discretion of the participant's physician. In other words, in such cases
the particular patients who were classified in the sudden death category
in the PHS study did not meet the specific criteria of an acute MI not
because they were tested and failed to meet these criteria but simply
because they were not examined and/or tested properly at the time of the
event. By classifying the cases which were fully studied in the "MI"
category and all the cases, which were incompletely investigated or were
not investigated at all, in the "Sudden Death" category, the investigators
give a false impression of the effectiveness of the drug. Due to the
nature of their study, their data do not allow them to separate these
categories.

b) Exclusion of Patients with Preexisting MIs:

Dr Taylor makes the statement that "applying an additional screening test
to eliminate possible preexisting MIs in what was clearly a low prevalence
population would have primarily resulted in the elimination of people with
preexisting MI and would have a very negative effect on the trials power
to detect a significant effect of aspirin.”

This very statement indicates that the investigators themselves believe
that most of the effect of aspirin in the Physicians? Health Study was due
to the prevention of secondary MIs. Plain reduction in the number of
patients would not reduce significantly the power of the study to detect a
significant difference between aspirin and placebo. Even, if the total
number of patients is reduced to 5000 (from 22000), the number of expected
nonfatal MIs would be 129x5/22=29 cases for the aspirin group and
213x5/22=48 cases for the placebo group, a 40% difference, which is more
than enough to show whether aspirin prevents primary MIs or not, if indeed
the difference which was detected in the Physicians' Health Study was due
to the prevention of primary MIs.
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c)

Case by Case Comments of Dr. Taylor:

Nonfatal MlIs:

I had not disputed cases: 1538887
2721522
3702270
2202155

Case 1729580 (not included in the analysis): Explanation accepted.
Patients # 3793404 and 4222034 (both placebo): My notes show

"disconfirmed" for both cases. I must have made a mistake, although .
it is hard to understand it.

Deaths from MI:

I had disputed only cases:
3151302 (placebo). I had not seen the autopsy report.

1841300 (placebo). As Dr. Taylor says this patient died from
massive stroke two months after his CABG. He did not die from
complications of the surgery. His death should have not been
classified among the MI group deaths but among the stroke deaths.

I had not disputed any of the other cases mentioned in Dr. Taylor's
report. It is, however, informative that he described the cases.

Sudden Deaths:

Case 3129252: It appears that an autopsy was not done; I was
mistaken.

Case 2652327 (aspirin): This patient had severe pain and
vomited. Vomit is one of the atypical MI symptoms. The patient
had severe coronary atherosclerosis. The possibility that he

~ had died because of an acute MI cannot be excluded.

Cases: 3333659 (aspirin) and 3900939 (placebo): The sentence:
"The only indications for the occurrence of MIs in these cases
were found microscopically” is unfortunate. I wanted to say
that the only indications for the formation of an infarct in
these cases were found microscopically. My intention in
mentioning these cases was to stress the fact that a visually
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obvious infarct needs time to develop after an AMI occurs. If
the patient dies quickly within 1 or 2 hours the autopsy does
not show any grossly visible infarct. The only evidence in such
cases can be found by a microscopical examination. I chose
cases 3333659 and 3900939 because they were confirmed MIs and
the patients had died fast.

I had no disagreement with the symptomatology of the remaining
patients

d) Regarding Tables 11 and 12 of my review of September 1, 1989 (second
part of review of the June 9, 1989 submission) I would like to add
that:

a) The listing of the patients who had "old" MIs or were
subjected to CABG and/or PTCA is not complete as I stressed in
my review.

b) The total number of patients in each group was different.
There were 287 patients in the placebo group and 204 in the
aspirin group. Although, the total number of patients who had
"o1d" MIs and/or corrective procedures was the same in the 2
groups, the incidence was different: 4.5% of the placebo
patients had old MIs vs 6.4% of the aspirin patients and 5.2% of
the former had corrective procedures compared to 7.8% of the
latter (see new Tables 11 and 12). In both cases the incidence
was higher in the aspirin cases, which suggests that the finding
that the aspirin patients had significantly fewer MIs may be
spurious. I tried to point out this fact at the Advisory
Committee Meeting but I do not think that I came across.

Items 2-4 have been submitted before and have already been reviewed (MOR of
July 10, 1989).

Item 5: In this manuscript the PHS Research group compare the clinical
characteristics and the angiographic findings of the patients who suffered
nonfatal MIs in the Physicians’Health Study. They found "no significant
difference in the size, location, electrocardiographic features or clinical
severity of infarction between the aspirin and placebo groups" and "no
differences in the distribution or number of coronary vessels obstructed based
on treatment assignment™. They concluded that "...platelet inhibition for up
to 60.2 months does not significantly alter the progression of
atherosclerosis™
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RECOMMENDATIONS: Before any changes in the aspirin insert are implemented FDA
should request that the investigators go back in their files, find all
patients who had:

a) Evidence of old MIs,
b) CABG or PTCA,

c) Taken regularly cardiovascular medication (B-blockers, Ca channel
blockers, etc.),

and compare the groups regarding these parameters.

€. ”T;JAxwiﬁig , MO

E. Triantas, M.D.
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STATISTICAL REVIEW AND EYALUATION

sep 111989

IND No.: 17,275

Subject: Aspirin Mortality Prevention Trial

Document Reviewed: Study report consisting of Attachments I - X,
dated June 9, 1989.

This review was completed after discussion with Dr. Triantas, the
medical reviewer, and Dr. Stephen Fredd, Director of
Gastrointestinal Division.

This review pertains to the U.S. Physician's Health Study (PHS).
This study is a randomized, double-blinded, placebo-controlled
clinical trial of aspirin in the prevention of cardiovascular
disease and of beta-carotene in the prevention of cancer. The
blinded aspirin component of the trial was terminated earlier
than planned, while the beta-carotene component is still ongoing.

1. Study Protocol
1.1 Study Objectives

Two primary prevention hypotheses of concern in the PHS study
are: (1) whether the low-dose aspirin (325 mg taken every other
day) reduces mortality from cardiovascular disease, (2) whether
the beta-carotene (50 mg on alternate days) decreases the
incidence of cancer, in healthy human subjects who have not
previously had a myocardial infarction, stroke, transient
cerebral ischemia or cancer (except non-melanoma skin cancer).

Secondary objectives are the effect of aspirin on the onset rates
of certain non-fatal cardiovascular diseases (particularly, MI
and stroke) and the effect of beta-carotene on the onset rates of
various epithelial cancers and non-melanoma skin neoplasms. It
was also hoped that this large trial would provide conclusive
evidence as to the side effects of the low-dose aspirin and the
low—-dose beta-carotene.

Primary endpoints are total mortality, total cardiovascular
mortality, and total cancer incidence. Secondary endpoints
include the incidences of MI, stroke and transient ischemic
attack, and angina pectoris. Criteria for defining the -
endpoints are provided on pages 5.11-5.17 of Attachmen
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1.2 Study Design

The study subjects were male US physicians, aged 40 to 84 years
at entry. Originally, those 40-49 years of age were not to be
included. The inclusion of these younger subjects was based on
pilot studies indicating that slightly fewer than anticipated
physicians would be willing and eligible to participate.

Prior to randomization, there was an 18 weeks run-in period in
which all potential participants were taking study pills. This
run-in was designed to eliminate most of the poor compliers,
those unable to tolerate study pills and those who would drop out
or would not have returned their forms when asked to do so.

All physicians who were still willing and eligible and who had
taken their pills at least 65% of the time were randomized to one
of the following groups: (1) those taking one 325 mg aspirin
tablet every other day, alternating with one 50 mg capsule of
beta-carotene; (2) those taking one aspirin tablet every other
day, alternating with one capsule of beta-carotene placebo; (3)
those taking one aspirin placebo tablet every other day,
alternating with one beta-carotene capsule; (4) those taking one
aspirin placebo tablet every other day, alternating with one
capsule of beta-carotene placebo. Bristol-Myers provided the
aspirin (Bufferin) and BASF provided beta-carotene (Lurotin).
Treatment allocation was made within each of the following age
groups: 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-75, 76-79,
and 80-84.

To maintain the uniform applicability of eligibility criteria,
ineligible subjects who were not identified during the run-in
period were excluded even after they were randomized. Post-
randomization exclusions were to be blinded to treatment
assignment and to be based on uniformly collected clearcut
evidence that ineligibility had occurred between the run-in
questionaire and the date of randomization.

1.3 Statistical Methods

Log rank method was used to analyze event rate, number of events
per person-year, where person years were computed from date of
randomization to date of event or death or date of analysis based
on all subjects randomized. Regarding the effect of aspirin, a
comparison in cardiovascular death rates among those who were
assigned to aspirin and those who were assigned to aspirin
placebo was made separately in the beta-carotene group and in the
beta-carotene placebo group. Then these two differences were
combined to test whether, in aggregate, aspirin is of any real
benefit.



In estimating a relative risk (or odds ratio), the ratio of the
observed event rate in the aspirin group divided by that in the
placebo group was calculated for each stratum. The relative risk
was then estimated by a weighted average of these stratum-
specific ratios, with weights equal to the inverse variance
derived from a Taylor Expansion.

If other cardiovascular risk factors differed between the
treatment groups, adjustment was made using Cox's regression
analysis or the log rank method with retrospective
stratification (based on these factors).

In calculating sample size, the cardiovascular mortality rate in
the placebo group was assumed to be about 5% in four and a half
years. Over 20,000 physicians were needed to detect a 20%
reduction (i.e., an absolute reduction of 1%) in cardiovascular
mortality in the aspirin takers with a power of at least 92% and
a 5% significance level. It was later proposed to extend the
original follow-up period of 4% years to 7% years, due to lower
than anticipated endpoint rates.

It was planned that data would be examined annually. The trial
would continue to the end unless the chi-square test comparing
treatments would reach an extreme value such as 9.0 at an interim
look. If the trial did not stop prior to the end, ordinary
statistical analysis would be undertaken.

2. Study results

A total of 22,071 out of 33,223 physicians enrolled in the run-in
were randomized. The early termination of the aspirin component
of the trial was recommended on December 18, 1987, due (according
to attachment II of their report) to three primary
considerations: (1) the presence of a statistically significant
(p<0.00001) reduction in risk of total MI in the aspirin group;
(2) the inability of the trial to detect any effect of aspirin on
cardiovascular mortality until the year 2000 or later (due to the
exceptionally low cardiovascular death rates of participating
physicians); and (3) the fact that over 85% of participants
experiencing nonfatal vascular events were subsequently
prescribed aspirin. The final analyses of the cardiovascular
component up to January 25, 1988 were reported. All analyses
were based on confirmed cases.

2.1 Deaths
There were 81 cardiovascular deaths in the aspirin group and 83
in the placebo group (relative risk = 0.96, p=0.87). It was

claimed that there was a statistically significant finding - a
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reduction in fatal MI (10 in aspirin, 28 in placebo, p=0.004).
There was an apparent but not statlstlcally significant increase
in sudden death (22 in aspirin, 12 in placebo, p=0.09). Summary
is provided in Table 1.

2.2 Total MI

There were 139 total MI (fatal and nonfatal) in the aspirin group
and 239 in the placebo group; the 44% reduction in the risk of
having MI in the aspirin group was statistically significant
(p<0.00001, Table 2).

2.3 Total Stroke

There were 119 cases of stroke in aspirin and 98 in placebo; this
22% increase in the risk of total stroke was not statistically
significant (p=0.15, Table 2). An increase of 14% in the risk of
hemorrhaglc stroke was observed in the aspirin group (23 in
aspirin vs. 12 in placebo, p=0.06, Table 3).

2.4 Baseline characteristics

There were no differences between the two treatment groups in the
following baseline characteristics: age, cigarette smoking,
diabetes mellitus, parental history of MI, cholesterol level,
systolic blood pressure, diastolic blood pressure, alcohol use,
vigorous exercise, and body mass index. The possible effects of
any small differences in these risk factors were adjusted through
logistic regression. The relative risk for each cardiovascular
endpoint was not changed (Table 4, requested by these reviewers).

2.5 Euondpoint combination

Combining fatal acute MI with all other fatal ischemic heart
disease resulted in 34 deaths in aspirin and 53 in placebo
(relative risk = 0.60, p=0.04). A combined endpoint consisting
of nonfatal MI, nonfatal stroke and cardiovascular death was also
considered. The relative risk in this endpoint is 0.82 (307 in
aspirin and 370 in placebo, p=0.01). The PHS research group
claimed that this represents a statistically significant 18%
reduction in important vascular events among those assigned to
aspirin.

2.6 Subgroup results

Possible effects of aspirin among subgroups of physicians with
various cardiovascular risk factors were examined. It was
reported that the reduction in the risk of MI associated with
aspirin was apparent for those 50 years or older. This
beneficial effect was apparent in all cholesterol strata but
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unexpectedly was the greatest at lower levels of cholesterol.
Details were presented in Table 5. The PHS group commented that
this data-derived hypothesis might be real or might reflect
random fluctuations in the data. For stroke and cardiovascular
mortality, no consistent effects of aspirin were observed with
the possible exception of cigarette smoking in relation only to
cardiovascular mortality. The PHS group did state that any
subgroup analysis of these endpoints (i.e., stroke and
cardiovascular death) would be difficult to interpret since the
numbers with these endpoints were too small even for detecting
whether there were any meaningful overall results.

2.7 Side effects

There were 169 subjects with ulcer in the aspirin group compared
to 138 in the placebo group (relative risk 1.22, p=0.08). Among
these subjects, a 77% increase in risk of experiencing hemorrhage
was observed in the aspirin group (38 in aspirin vs. 22 in
placebo, p=0.04). The aspirin group reported greatly more
incidences of bleeding such as easy bruising, hematemesis,
melena, nongastrointestinal bleeding, epistaxis, or other
bleeding (relative risk = 1.32, p<0.00001). Forty-eight
physicians in the aspirin group and 28 in the placebo group
required transfusion (p=0.02). The aspirin group reported one
fatality from gastrointestinal hemorrhage. Details were provided
in Table 6.

3. Reviewers’ Evaluation and Comments
3.1 Total MI

The primary endpoints of the U.S. Physician's Health Study were
total cardiovascular mortality and cancer incidence. The early
stopping rule (originally laid out in the grant proposal but not
in the protocol) states that the trial would continue unless chi-
square test comparing treatments reaches an extreme value such as
9.0 (i.e., if p<0.0027, then the trial would be stopped).
However, it was never stated which endpoint the early stopping
rule was based on. The trial was terminated early for several
reasons; two of them were the overwhelming evidence showing the
beneficial effect of aspirin on MI and the inability of this
trial to show an effect on total cardiovascular mortality within
the proposed follow-up period. According to the study protocol,
the incidence of MI was a secondary endpoint. If the stopping
rule was based only on total cardiovascular mortality, then the
trial would not have been terminated and hence it is not clear
how to assess the statistical evidence regarding the benefit of
aspirin on MI or total mortality or other endpoints. If the
stopping rule was applied to every endpoint, then one encountered
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the problem of how to adjust the reported p-values
retrospectively since a proper way of adjusting was never
mentioned in the protocol or the grant proposal. The Bonferroni-
type adjustment, though usually extremely conservative, will be
applied. Based on this type of adjustment for multiple
endpoints, the reduction in the risk of MI in the aspirin group
is still statistically significant. The differences in the risk
of MI appears numerically in favor of aspirin in all strata of
each cardiovascular risk factor recorded, except for those 40-49
years of age (Table 5).

Dr. Triantas had some disagreement with the PHS group's
classification of some of the nonfatal MIs. She reported that
there could be 210 cases of nonfatal MI in the placebo group
versus 131 cases in the aspirin group (p<0.0002, based on our
"crude" calculation using two-sample t-statistic). According to
her counts for total MI, the conclusion regarding the reduction
in the risk of total MI in the aspirin group remains unchanged
(249 in placebo vs. 163 in aspirin, p<0.00001) based on our
"crude" analysis.

From the results given above, aspirin 325 mg taken every other
day seems to reduce the incidence of MI. However, from this
finding, can one conclude that aspirin reduces the risk of having
first MI? This question will be discussed next.

3.2 Prevention of first MI

According to the protocol, the subjects should not have had a
myocardial infarction before randomization. However, from the
records of some of the patients, Dr. Triantas found that roughly
8% of the 512 subjects who reported nonfatal MIs had evidence of
an old MI. Time of occurrence of these old MIs could not be
ascertained. More importantly, the exact number of such cases
with prior MIs before randomization in the entire randomized
population is not known. Therefore, it is not possible for us to
assess whether the deletion of these cases that should have been
excluded from the analysis will alter the result. 1In our view,
it is premature to make the claim that aspirin reduces the risk
of having first MI. The PHS group should reexamine their data
and address this issue.

3.3 Fatal MI and combined endpoint

In our view, the reduction in the risk of fatal MI is not
statistically significant based on the Bonferroni-type adjustment
[comparing the claimed p-value of 0.004 against 0.0027/(number of
endpoints)]; in fact, the statistical significance was not
reached even without any adjustment for multiple endpoints
(p=0.004 > 0.0027). 1In addition, according to Dr. Triantas, some
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of the sudden deaths should have been classified as "possible
MIs" and the cause of death of the remaining patients cannot be
established with certainty due to a lack of adequate information.
Based on her reclassification, there could have been 32 cases of
fatal MI (verified MI plus possible MI) in the aspirin group
versus 39 cases in the placebo group; this difference is not
statistically significant (p > 0.50). Likewise, the 18%
reduction in the incidence of the combined endpoint (Section 2.5)
is not statistically significant (the reported p=0.01 >> 0.0027).
Therefore, we feel that the trial has not vyet produced conclusive
evidence regarding the beneficial effects of aspirin on fatal MI
or the so-called combined endpoints.

3.4 Strokes

The increase in the risk of nonfatal stroke in the aspirin group
was shown numerically in those aged 50 years oOr above (Table 7).
It was also consistently observed regardless of etiology or
degree of severity (Table 3).

3.5 Blinding

Due to the length of this study and the fact that the studied
medications were mailed to the participants every 6 months, it is
not possible to carry out this study in a "standard" double-
blinded manner. The protocol stated that Dr. Bernard Rosner, the
co-investigator and chief statistician of the trial, is the sole
individual who monitored the unblinded data. However, due to the
nature of this trial, Charlene Belanger (PHS project coordinator)
and Fran Stubblefield (Head of Data Processing Department of the
PHS Research Group) also had access to the unblinded data. The
unblinding will not bias the results if they do not, directly or
indirectly, influence the outcome of the participants (e.g.,
confirmed major vascular events). However, such an assumption is
probably difficult to check.

The investigators recognized that with the medical knowledge and
resources of the participants, it would be relatively easy for
these physicians to unblind themselves, perhaps unconsciously.
The potential bias due to such unblinding, if any, is also
difficult to evaluate.

The profile of side effects is left to the medical experts.

4. Summary

The U.S. Physician's Health Study did not establish evidence
regarding total cardiovascular mortality which was one of the
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primary endpoints.

The benefit of aspirin in reducing the incidence of MI seemns
apparent in the healthy male physicians aged 50-84 (a selected
population). However, it is premature to conclude that aspirin
can reduce the risk of first MI because of the reasons given in
Section 3.2. That is, the exact number of the participants with
prior MIs before randomization in the entire randomized A
population is unknown. Therefore, it is not possible to check
whether these participants that should have been excluded from
the analysis will alter the findings. The PHS group should
reexamine their data and address this issue.

Statistical significance claimed in the PHS report regarding
fatal MI or the combined endpoint consisting of nonfatal MI,
nonfatal stroke, and cardiovascular deaths was overstated. As
explained in Section 3.3, the study did not provide conclusive
evidence regarding the benefits of aspirin use on these
endpoints.

The aspirin group appears to have higher incidences of strokes
than the placebo group. In addition, the aspirin group reported
a significantly higher incidence of bleeding, as compared to
placebo.



Table §. Confirmed Deaths According to Treatment Group

CATEGORY OF DEATHS RELATIVE 95% CONFIDENCE
(9th ICD CODES) ASPIRIN PLACEBO RISK INTERVAL P-VALUE

Total cardiovascular A
deathst 81 83 0.96 0.60-1.54 0.87

Acute myocardial :
infarction (410) 10 28 0.31 0.14-0.68 0.004

Other ischemic
heart disease . ‘
(411-414) 24 25 0.97 0.60-1.55 0.89

Sudden death (798) 22 12 1.96 0.91-4.22 0.09

Stroke (ft_3o .1‘31 »
434 ,436)+ 10 7 1.44 0.54-3.88 0.47

Other cardio-
vascular (402,421,
424,425,428 ,429,

437,440,441) 15 11 1.38 0.62-3.05 0.43
Total noncardio- §
vascular deaths - 124 133 0.93 0.72-1.20 0.59

Total deaths with

confirmed cause ’.7 205 216 0.95 0.79-1.15 0.60
Total deaths) 217 227 0.96, 0.80-1.14 0.64
(person-years) (54894.6) (54864.2)

t

For this analysis, all fatal cardiovascular events are included, regardless of

prior nonfatal event.

+ . .

+ This includes ischemic: 3 aspirin, 3 placebo; hemorrhagic: 7 aspirin, 2
placebo; unknown etiology: O aspirin, 2 placebo.

§ This includes the one death due to gastrointestinal hemorrhage

9

Additional events that could not be confirmed due to unavailability of records
included 23 deaths (12 in aspirin and 11 in placebo), of which 11 were
“ suspected to be cardiovascular (7 in aspirin and 4 in piacebo) and 12

noncardiovascular (5 in aspirin and 7 in placebo).



-,

C>r‘““*" J:]W T o M Up

James H.M. Hung, Ph.D. Tie-Hua Ng, PHW.D.
Mathematical Statistician Mathematical Statistician

This review consists of 9 pages and 7 tables.

Concur: Dr. Chi (jaﬁildgﬁ

o

d%L Dr. Dubey TN 7/%/(7

cc: ViND No. 17,275
HFD-180
HFD-180/Dr. Fredd
HFD-180/Dr. Triantas
HFD-180/Mr. Hassall
HFD-344/Dr. Lisook
HFD-713/Dr. Dubey
HFD-713/Dr. Chi
HFD-713/Dr. Hung
HFD-713/Dr. Ng
Chron.

Jhung/x0263/SERB/USASPRIN/09-07-89



: *
Table 2. Confirmed Cardiovascular End Points i{n the Aspirin Arm of the

Physicians’ Health Study, According to Treatment Group

END POINT

Myocardial infarction
Fatal
Nonfatal
Total

{person-years)

Stroke

Fatal

L A PR
Avwuirtaca

. Total

(person-vezrs)

ASPIRIN

10
129
139

(54560.0)

<]

-
P
(@]

119

(54650.3)

PLACEBO

26
213
239

(54355.

~J
-’

98

(54635.8)

RISK

[

.34
.59

.56

RELATIVE 95% CONFIDENCE
INTERVAL

.15-0.75

A47-0.74

.45-0.70

.54-4.28

Vel
'—l
'
p=s
'
W
Yol

.93-1.60

P-VALUE

0.
<0.

<0.

Q

007
00001

00001

.43

.15

*
Additional events that could not be confirmed due to unavailability of records

included 17 myocardial infarctions (10 in aspirin and 7 in placebo) and 11

strokes (3 in aspirin and 8 in placebo).



Table 3. Subgroups of Strokes Classified as Ischemic o

*
to Severity

TYPE OF STROKE ASPIRIN PLACEBO

Ischemic etiology

Mild 69 61
Moderate, severe,

or fatal 21 20
Unknown severity 1 1
Total 91 82

Hemorrhagic etiology

Mild 10 6
Moderate, severe,

or fatal ’ 13 6
Total 23 12

Unknown etiology

Mild 2 1
Moderate, severe,

or fatal _ 1 2

Unknown severity 2 1

Total 5 4

Total ) 116 98

Severity was defined as follows: mild - impairment no

moderate - functional impairment;'and severe - a maj

dependency.

RELATIVE

RISK

1.13

1.05

1.11

1.67

2.19

2.14

95% CONFIDENCE

INTERVAL

0.80-1.60

0.57-1.95

0.82-1.50

0.61-4.57

0.84-5.69

0.96-4.717

r Hemorrhagic, According

P-VALUE

0.48

0.88

0.50

0.32

0.11

0.06

¢ affecting functioning:

or change in life style or
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Table 4. Resuits rrom Lccistic Recrassica
Aspirin Effect Controlling for*:
Beta Carotene, Age, Cigarette Smoking,
Diabetes, Family History of MI,
Blood Pressure, Alcohol Consumption,
Exercise and Body Mass Index

Standard

Endpoint Beta Error Chi-Square P RR LL UL
MI -0.5967 0.1185 25.35 0.0000 0.5506 0.4365 ° 0.6%946
Stroke 0.0971 0.1531 0.40 0.5250 1.1020 0.8162 1.4378
C7 Death -0.0439 0.1836 0.06 0.8108 0.8570 0.6677 1.3716
Death -0.1039  0.1174 c.78 £.3765  0.°012  0.71%9  1.1327
Nonfatal MI,

Menfatsl Stroke -0.2220 C.038300 15.%353 G.o00% 0.74%4 0.0z64 0.38:8

anad CV Death

* Cholesterol was not included because approximately two thirds of the sample
did not provide a baseline cnolesteroi level.



Table 5. Risk of Total Myocardial Infarction Associated

With Aspirin Use, by Level of Coronary Risk Factors

Aspirin

MI/Total
Age (Years)
40-49 27/ 4527
50-59 51/ 3725
60-69 39/ 2045
70-84 22/ 740
Smoke Cigarettes
Never 55/ 5431
Past 63/ 4373
Current 21/ 1213
Diabetes Mellitus
Yes 11/ 275
No 128/10750
Parental History
of MT
Yes 23/ 1420
No 112/ 8505

Cholesterol Level
(mn/1 0on mid
mg/100 ml)

< 159 2/ 382
160-203 1z/ 1587
210-259 26/ 1435
> 260 14/ 522
Diastolic Blood Pressure
(mm Hg)
< 69 2/ 583
70-79 24/ 2999
80-89 71/ 5061
> 90 26/ 1037
Systolic Blood Pressure
(mm Hg)
< 109 1/ 330
110-129 40/ 5072
130-149 63/ 3829
> 150 19/ 454
Alcohol Use
Daily 26/ 2718
Weekly 70/ 5419
Rarely - 40/ 2802

Vigorous Exercise
at least Once/Week

Yes 31/ 7310
. No 45/ 2997
Hody Mass Index

(rg/m )

< 23.0126 26/ 2872

22.0127-24.407% 32/ 2700

26 .407£-25 .25 32/ 2713
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Table 6. Side Effects by Treatment Group

CATEGORY OF EVENTS (9th ICD CODES) ASPIRIN
N %
Gastrointestinal symptoms
(except ulcer) . 3843 34.8
GI discomfort (535) 2882 26.1
Other non-infectious dis-
orders of the digestive
tract (536,537.8,537.9) 345 3.1
Miscellaneous symptoms of
the digestive tract
(533.123,787,789.0) 2384 21.6
Upper GI ulcers 169 1.5
Esophageal ulcer {(9535.2) B C.1
Gastric ulcer (S31) 25 0.2
Ducdenal ulcer {332) L€ 0.4
Peptic ulcer (533) 156 1.4
Castroieiunal {534) 3 0.03
Bleeding problems 2979 27.0
Easy bruising (£59) 1587 14.4
Hematemesis (57810) 38 0.3
Melena (578.1) 364 3.3
Nonspecific GI bleeding
(578.9 . 440 4.0
Epistaxis (784.7) 862 7.8
Other bleeding
(599.7,958.2) 724 6.6

72% were hematuria (70% aspirim, 75% placebo)

PILACEBO P-VALUE
N 2
3779 34.2 0.48
2823 25.6 0.45
288 2.6 0.02
2405 21.8 0.75
138 1.3 0.08
5 s.05 0.23
15 0.1 0.11
27 0.2 0.03
129 1.2 0.11
4 0.04 0.70
2248 20.4 <0.0001
1027 9.3 <0.0001
28 0.3 0.22
266 2.2 <0.00001
422 1.8 0.55
640 5.8 <0.0001
596 5.4 0.0004

Sk
7279% were relared to shaving or brushimy teeth (32% aspirin,

27% placebo). and



Table 7. Stroke
(stratified by 40-49 vs. 50-84)

ASA Placebo rr P
Nonfatal Stroke
40 - 49 6 7 0.80 0.780
50 - 84 106 84 1.26 0.110

Chi-Square for Heterogeneity 0.458

-

Fatal Stroke
40 - 49 1 0

50 - 84 6 7 0.85 0.782

Total Stroke
40 - 49 7 7 0.95 0.999
50 - 84 112 91 1.23 0.140

Chi-Square for Heterogeneity 0.143

Ischemic Stroke
40 - 49 4 6 0.64 0.526
50 - 84 87 76 1.15 0.388

Chi-Square for Heterogeneity 0.891

Hemorrhagic Stroke
40 - 4° 3 1
50 - 84 20 11 1.82 0.106

Chi-Square for Heterogeneity 0.221

CI

(0.171, 3.760)
(0.948, 1.683)

p=0.499

(0.279, 2.615)

(0.000, x.xxx)
(0.934, 1.624)

p=0.706

(0.165, 2.5

=)
[XY]
~—

(0.842, 1.558)

p=0.406

~J
wn
o=
~

(0.881, 3.

p=0.528
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MEDICAL OFFICER'S REVIEW OF IND 17-275

(Aspirin) w/‘//‘t’?
ERRATA

P. 5, beginning of 5th paragr., change:

"Aspirin reduced the incidence of non—fatal
reinfarction.....events by 25%."

to
"Aspirin reduced the incidence of non-— fatal reinfarction
by 49%, of non—fatal stroke by 46%, of total vascular
mortality by 23% and the incidence of any vascular event

by 28%".

P. &, paragr. 1, line 10: insert a"<" sign after "p (p<0.035).
line 12: erase ">" after "0.05."

paragr. 2, line 12: change "Table 8" to "Table 7a"
line 14: change "33%." to "32%.".

P. 7, last paragr., 3rd line: change "2B" to "2Ad".

P. 15, last paragr., line 1: change "41"” to "40".

P 17, last paragraph, line 2 from bottom: insert "primary"
after "prevention of" and before "heart attacks™”
to read "on the prevention of primary heart attacks

is premature.”

P. 19, first paragr., last line: add a "c" 1in "cardiovascular”

Insert Table 7a after Table 7.
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Table'Ta“ Aspirin in Primary Prevention (U.S. Physicians’

British Doctors’ Trial Results)

Endpoint

Nonfatal MI
Nonfatal stroke

Total
cardiovascular death

Any vascular event

*

U.S. Physicians’

Reduction (3 + SD)

British Doctors’

Health Study and

Health Studv Trial
39+ 9 3+ 19
*
t19 + 15 113 + 24
2 + 15 7% 14
18 £+ 7 4 + 12

Overview of
both trials

32+ g

t18 * 13

13+ 6

t denotes a nonsignificant increase in stroke among aspirin-allocated subjects
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IND: 17-275
DRUG: Aspirin

SPONSOR:  Charles Hennekens, MD.
Channing Laboratory
Dept. of Medicine
Harvard Medical School
Boston, MA

DATE OF SUBMISSION: June 9, 1989
DATE RECEIVED BY MEDICAL OFFICER: June 26, 1989.

CONTENTS: This submission contains a prepublication copy of the Final Report
of the Aspirin Component of the Ongoing Physicians' Health Study and also
copies of two review articles. The submission further contains explanations
about the study: copies of the Questionnaires which were sent to the
participants, description of the procedures used, definitions of the
variables, description of the methods of monitoring side effects, description
of the methods of analysis and a copy of the protocol.

FIRST PART OF REVIEW

DATE COMPLETED: July 10, 1989

1. The Physicians Health Study Final Report by Hennekens et al (Part II of
the submission). This report is scheduled to appear in the July 20 issue
of the New England Journal of Medicine. The typescript is the same as the
one which was submitted to FDA last March, except for several changes in
the numbers of Table 5 (Side Effects). These changes are small and do not
substantially change anything. This study has been reviewed before, but
in order to refresh our memories the following synopsis is provided:

The study was designed to test two primary prevention hypotheses: whether
low-dose aspirin (325 mg) every other day reduces total cardiovascular
mortality (and total mortality), and whether beta-carotene (50 mg) on
alternate days decreases the incidence of cancer.

A1l male physicians 40-84 years old residing in the U.S. at the beginning
of the study (1983), were sent questionnaires and invitations to
participate. Of the 112,528 physicians who were contacted, 59,285
responded. Physicians who had a personal history of MI, stroke, TIA,
cancer, current liver or renal disease, peptic ulcer, gout,
contraindications to aspirin, or were currently using aspirin or other
platelet active drugs or vit. A supplements, were excluded.
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Of the 59,285 physicians who responded 33,223 were found to be eligible to
enter the study. One third of these physicians, however, was eliminated
during an 18-week pilot study because of non-compliance or because of
serious side effects caused by aspirin. Thus the number of physicians who
were included in the final study was reduced to 22,071. The participants
were then randomized using a 2 x 2 factorial design under double-blind
conditions into 4 groups:

Active aspirin, active beta carotene
Active aspirin, beta carotene placebo
Aspirin placebo, active carotene
Aspirin placebo, beta carotene placebo.

A total of 11,037 physicians were assigned to receive active aspirin and
11,034 to receive aspirin placebo. All participants were stratified by
age in 10 year groups.

Every 6 months for the first year and annually thereafter the

participants were sent a supply of monthly calendar packs of White tablets
supplied by Bristol Myers containing aspirin (Bufferin) or aspirin-placebo
to be taken on odd numbered days and Red capsules containing beta carotene
or carotene placebo to be taken on even numbered days. The participants
were also sent brief questionnaires about compliance and relevant outcomes
(MI, other ischemic heart disease, pulmonary embolism, DVT, TIAs,
diabetes, sudden death, other cardiovascular death, stroke, death from any
cause, cancer etc). The study was supposed to last for an unreported
number of years.

On Dec 18, 1987 the Data Monitoring Board recommended early termination of
the blinded aspirin component of the trial based on "three major
considerations:

a. the presence of a statistically significant (p<0.00001)
reduction in risk of total myocardial infarction among those in
the aspirin group;

b.  the inability of the trial to detect any effect of aspirin on
cardiovascular mortality until the year 2000 or later"; and

c. "the fact that over 85% of the participants experiencing
non-fatal vascular events were subsequently prescribed aspirin,
which made any finding concerning cardiovascular mortality
particularly difficult to interpret."

The final report presents the results of the aspirin arm of the study as
of January 25, 1988, the date the participants were informed about their
aspirin assignment. By that date the mean duration of the study was 60.2
months (45.8-77.0 mos). The reported consumption of aspirin or other
platelet active drugs was 85.71% in the aspirin group and 14.23% in the
placebo group. A total of 1,269 participants (624 and 645 respectively)
were taking enteric coated preparations.
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All available information was collected through the Questionnaires,
{ letters, postcards and telephone calls. The diagnoses were documented by
) hospital records, death certificates or observers' impressions for deaths
—_ outside hospitals. They were then confirmed by the End Points' Committee
(two internists, a cardiologist, and a neurologist) with all members
blinded to treatment assignment. When written consent or the relevant
records were not obtained, a reported event was not considered confirmed
and was not included in the analysis.

The diagnoses were converted to the appropriate International
Classification of Disease (ICD-9) codes and dated. The earliest date was
checked against the date of randomization and the analyses were based only
on events whose first report was post-randomization. :

The results are shown in Tables 1-3. The investigators reported that
there were 139 MIs among the aspirin participants and 239 among those
receiving placebo suggesting that aspirin reduced the relative risk for MI
to 0.56, (p<0.00001) compared to placebo. Ten of the aspirin and 26 of
the placebo MIs were fatal (p=0.007).

Regarding strokes, the results indicated that aspirin was of no help at
all. There were 119 events in the aspirin group and 98 in the placebo
group, 1.e. aspirin increased the relative risk for stroke in general by
1.22 (p=0.15). Ten of the aspirin and 7 of the placebo episodes (Table 3)
were fatal (p=0.47). Although most of the strokes were of ischemic
etiology aspirin did not seem to reduce their incidence. There were 69
ischemic strokes in the aspirin group and 61 in the placebo group.

For hemorrhagic strokes aspirin proved to be harmful. There were 23
episodes of hemorrhagic stroke in the aspirin group and 12 in the placebo
group i.e. there was an increase in relative risk by a factor of 2.14
(p=0.06), which was more pronounced in moderate/severe and fatal strokes
(13 vs 6, p=0.11).

The placebo fared better regarding also sudden death. There were 22
sudden deaths in the aspirin group and 12 in the placebo group (p=0.09)
indicating an increase in relative risk by a factor of 1.96, almost
double. No significant differences were found regarding “other
cardiovascular deaths” (Table 3; 15 vs 11) or the total number of
cardiovascular deaths (81 vs 83), or regarding the number of
noncardiovascular deaths (124 vs 133) or the number of total deaths (217
vs 227 respectively; Table 3).

In order to focus more attention on the effectiveness of aspirin,
Hennekens et al combined all nonfatal MIs, all nonfatal strokes and all
cardiovascular deaths into one endpoint. They found that there were 307
such events in the aspirin group and 370 in the placebo group (rel. risk
decrease: 0.82; p=0.01). )

_ The investigators further analysed the effect of aspirin on the incidence
N of MI in subjects with various risk factors (smoking, high blood pressure,
body weight, age, cholesterol levels, etc, see Table 4). They found that
e aspirin significantly reduced the risk of MI in people over the age of 50
(p=0.02). They further found that "for cholesterol, the beneficial
- effects of aspirin on MI were apparent in all strata but appeared greatest
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at lower levels (p=0.04)". With respect to the other factors, there was
no consistent effect on the association between aspirin and MI, stroke or
cardiovascular mortality, except for cigarette smoking and cardiovascular
mortality. The investigators claim that aspirin reduced the risk among
non smokers (p=0.18), while it increased the risk among cuUrrent smokers
(p=0.20). However, the data referring to these effects are not reported.

Side Effects: The reported side effects were mainly gastrointestinal
(Table 5). No significant differences in the overall occurrence of these
effects between aspirin and placebo (34.8% vs 34.2% excluding ulcer) were
observed. This was probably due to the fact that aspirin was used at a
low dosage (325 mg every other day) plus the fact that subjects sensitive
to aspirin were weaned out during the initial pilot study and that some of
the participants were supplied with enteric coated preparations.
Significant differences were observed, however, in the incidence of
duodenal ulcer (0.4% vs 0.2%; p=0.03), the incidence of "other
non-infectious diseases of the digestive tract” (3.1% vs 2.6%; p=0.02) and
in bleeding problems generally (easy bruising, hematemesis, melena,
epistaxis, or other bleedings). Twenty-seven percent of the aspirin
participants reported bleeding compared to 20% of the placebo participants
(p<0.0001-0.00001). Both the frequency and the severity of the side
effects attributed to aspirin were far lower than those reported in
previous studies. Nevertheless 48 of the aspirin and 28 of the placebo
participants (p=0.02) required transfusions and one aspirin participant
died from G.I. bleeding.

2. The Review Articles

A. "Aspirin and Other Antiplatelet Agents in the Secondary and Primary
Prevention of Cardiovascular Disease" by Hennekens et al (Part ILI of the
submission). This is a review paper and has been accepted for publication
at Circulation.

This paper reviews briefly:

a) The mechanism of action of aspirin.

b) Aspirin Therapy for Secondary Prevention of Cardiovascular
Disease.

In this section Hennekens et al discuss the conclusions of an
overview (or "meta-analysis": Anti-Platelet Trialists’
Collaboration.  Secondary Prevention of Vascular Disease by
Prolonged Antiplatelet Treatment, Br. Med. J. 296:320-331, 1988) of
the results of 25 randomized trials with various antiplatelet agents
(aspirin, dipyridamole, sulfinpyrazone or suloctidil either alone or
in combination) in patients with prior cerebrovascular or coronary
heart disease. These studies included a total of 29,000
individuals. The authors stress the fact that each of these trials
were too small to yield statistically stable results. Their results
analysed together, however, in the meta-analysis have yielded a more
stastistically stable estimate with less variability and have
minimized "the introduction of selection biases". The authors
conclude that the combined results of all these studies have shown
that antiplatelet therapy reduces the risk for subsequent nonfatal MI
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by 32%, the risk for subsequent nonfatal stroke by 27%, the risk for
total cardiovascular mortality by 15% and the risk for ever
developing a subsequent important vascular event (any of the above 3
categories) by 25%. All these reductions in risk were found to be
highly significant (p<0.0001) and were independent of the
“characteristics of the study populations at entry" i.e. whether the
patients had suffered a prior coronary or cerebrovascular event.

Direct and indirect comparison of aspirin to sulfinpyzazone (Table 6,
Table 2 of the review) by the meta-analysis indicated that there were
no significant differences between these two drugs regarding the
prevention of important vascular events. It also indicated that
combined treatment with aspirin and dipyridamole is no better than
aspirin alone (something we knew all along).

These studies showed further that aspirin dosages of 0.3 g/day were
not less effective than dosages of 0.9-1.5 g/day in reducing the
incidence of cardiovascular events.

Aspirin Therapy in Suspected Evolving MI.

This part of the review summarizes the results of ISIS-2 (the Second
International Study of Infarct Survival). In this study a little
over 17,000 patients with suspected AMI were randomized to be treated
either with a single dose of 1.5 million units of streptokinase i.v.
over 60 min, or with 162 mg/day of oral aspirin for one month or with
both aspirin and streptokinase or with neither. All arms of the
trial were placebo controlled. Five weeks after randomization the
results regarding aspirin were as follows:

Aspirin reduced the incidence of non-fatal reinfarction by 49%, of
non-fatal stroke by 46%, of total vascular mortality by 23% and of
any vascular event 28%. Regarding vascular mortality it did not
matter whether the patients were receiving heparin or not. Aspirin
was equally effective in reducing mortality in patients who were
receiving heparin (s.c. or i.v.) and in those who were not receiving
it. This finding suggests that heparin is not a sufficient
antithrombotic treatment in acute MI. Hennekens et al compared these
results of short-term antiplatelet treatment with the results of
long-term treatment of patients with a history of MI and found that
the general pattern was "quite similar" (Table 7, Table 4 of the
review).

In ISIS-2 there were no significant differences between the aspirin
and the placebo group regarding major bleeds or non vascular deaths.
However, aspirin seemed to aggravate the increase in hemorrhagic
strokes caused by streptokinase. Hannekens et al believe that this
aggravation "is outweighted by the protective effects of aspirin
against occlussive stroke and of stroke as a whole.™

Aspirin Therapy in Primary Prevention. In this section of the
review, the authors summarize the results of the U.S. Physicians
Health Study (see item 1 of the present MOR review) and the British
Doctors' Trial (Peto et al. "Randomized Trial of prophylactic daily
aspirin in British male Doctors”. Br Med J 296: 313-6, 1988).
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In the latter study 5,139 male British Physicians, aged 50-79 years,
were randomized either to receive 0.5 g of aspirin daily or to avoid
aspirin and all products containing aspirin, for 6 years. There was
no placebo control and the study was open. The results indicated no
significant differences between the groups regarding total vascular
mortality, nonfatal MI, or nonfatal stroke or the combined total
vascular events. As in the U.S. study, disabling strokes were more
common (19.1 vs 7.4/10,000 man years) among the physicians allocated
to aspirin and in the British study the difference was statistically
significant p < 0.05. The authors of the review consider this
difference not "clearly" statistically significant. They claim that
p was = 0.05. They believe that this result may be due to the fact
that the British study was open without placebo control and the
results may reflect “"some bias introduced by the subjective nature of
the assessment of residual impairment." Only TIAs, migratne and
certain types of muskuloskeletal pain were reported significantly
less often in the aspirin group in the British study.

Hennekens et al commented further on the differences of the two
studies. The US. study was double-blind, placebo controlled, with a
dosage of 325 mg every other day and involved 21,000 physicians. The
British study, on the other hand, was open, had no placebo control,
it used a dosage of 500 mg of aspirin/day and included a little over
5,000 physicians. The percentage of physicians who took aspirin or
other platelet active drugs in the U.S. study was 86% in the aspirin
group, 14% in the placebo group and the between groups difference was
72%. The respective percentages for the British study as reported in
the review were 70%, 2% and 68%) i.e. the between groups difference
in compliance was pretty much the same. The authors combined the
results of the two physician studies and reported (Table 7a, Table 5
of the review article) that the overall reduction in nonfatal MI was
a highly significant 32% (p <0.0002), the reduction in "any vascular
event" was 13%, and the reduction in total cardiovascular death 5%.
The 18% increase in stroke was not discussed in the text.

The Side Effects of Aspirin. The authors refer to the UK-TIA Study
(Br Med J 296:316-20, 1988) where indigestion, nausea, heartburn and
GI bleeding in general were found to be dose related in the range of
0.1 to 1.2 g/day. (The effect of aspirin on platelet aggregation has
been found to be inde