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ABSTRACT

Background Both aspirin and clopidogrel reduce
the rate of cardiovascular events in patients with cor-
onary heart disease. We estimated the cost effective-
ness of the increased use of aspirin, clopidogrel, or
both for secondary prevention in patients with coro-
nary heart disease.

Methods We used the Coronary Heart Disease Pol-
icy Model, a computer simulation of the U.S. popu-
lation, to estimate the incremental cost effectiveness
(in dollars per quality-adjusted years of life gained)
of five strategies in patients over 35 years of age with
coronary disease from 2003 to 2027: aspirin for all el-
igible patients (i.e., those who were not allergic to or
intolerant of aspirin), aspirin for all eligible patients
plus clopidogrel for patients who were ineligible for
aspirin, clopidogrel for all patients, and two options
for the combination of aspirin for all eligible patients
plus clopidogrel for all patients.

Results The extension of aspirin therapy from the
current levels of use to all eligible patients for 25
years would have an estimated cost-effectiveness ra-
tio of about $11,000 per quality-adjusted year of life
gained. The addition of clopidogrel for the 5 percent
of patients who are ineligible for aspirin would cost
about $29,000 per quality-adjusted year of life gained.
Clopidogrel alone in all patients or in combination
with aspirin would have an incremental cost of more
than $100,000 per quality-adjusted year of life gained
and would remain financially unattractive except in
the highest-risk patients unless, contrary to the actu-
al data, its early benefits in a one-year study were as-
sumed to apply to all coronary and cerebrovascular
events during sustained use. In patients who can tol-
erate aspirin, our best estimate is that clopidogrel
would cost less than $50,000 per quality-adjusted
year of life gained if its price were reduced by about
60 percent.

Conclusions Increased prescription of aspirin for
secondary prevention of coronary heart disease is
attractive from a cost-effectiveness perspective. Be-
cause clopidogrel is more costly, its incremental cost
effectiveness is currently unattractive, unless its use
is restricted to patients who are ineligible for aspirin.
(N Engl J Med 2002;346:1800-6.)

Copyright © 2002 Massachusetts Medical Society.

OR patients with prior myocardial infarc-
tion, prior stroke, or other high-risk vascular
conditions, antiplatelet therapy reduces the
rate of myocardial infarction, stroke, or death
from vascular causes by about 30 percent.! Despite
abundant data and numerous recommendations, the
use of aspirin for patients with coronary heart dis-
ease has lagged, although its use increased to about
85 percent of patients discharged after acute myo-
cardial infarction by 1999.2-15
Clopidogrel, a thienopyridine derivative, was shown
to reduce the relative risk of ischemic stroke, myo-
cardial infarction, or death from vascular causes in
patients with prior cardiovascular disease by 8.7 per-
cent as compared with aspirin,'® and the addition of
clopidogrel to aspirin for patients with acute coronary
syndromes reduced the risk of death from cardiovas-
cular causes, reinfarction, and stroke by 20 percent as
compared with aspirin alone.l” The purpose of the
present study was to perform an incremental cost-
effectiveness analysis of the long-term use of aspirin,
clopidogrel, or both for secondary prevention in pa-
tients with known coronary disease.

METHODS

The Coronary Heart Disease Policy Model'$-23 is a state-transi-
tion computer simulation that predicts the incidence of coronary
disease and mortality from noncoronary causes among subjects
without coronary disease, stratified according to age, sex, smok-
ing status, diastolic blood pressure, serum cholesterol level, and
high-density lipoprotein level. Each year, persons without coro-
nary disease may die of noncoronary causes, they may reach 85
years of age as survivors without coronary disease and leave the
model, they may remain alive and younger than 85 years of age
without coronary disease, or coronary disease may develop. When
coronary disease develops in a person, the model classifies the pres-
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entation as cardiac arrest, acute myocardial infarction, or angina,
and it includes deaths and health care costs during the first 30 days.
Then, the model tracks patients who survive the first month with
coronary disease and categorizes them according to whether they
are in their first or subsequent year after the initial event and
whether their history includes one or more cardiac arrests, myocar-
dial infarctions, or coronary-revascularization procedures. Each year,
patients with coronary discase have a defined risk of cardiac arrest,
acute myocardial infarction, or coronary revascularization (or any
combination of these events). Each event has a specific case fatal-
ity rate tailored to the condition in which the person started that
year. Each patient is assigned an annual cost on the basis of his or
her history and on additional costs related to any new events.

Sources of Data and Calibration of the Model

Data for the initial model were obtained from a review of the
literature, the National Vital Statistics reports, the National Hos-
pital Discharge Survey, the National Health Interview Survey, the
second and third Health and Nutrition Examination Surveys, the
Framingham Heart Study, and a variety of clinical trials and obser-
vational studies.’1° The model has been updated with many re-
vised or newly estimated variables.2023 The model is based on the
Framingham Heart Study, which has been shown to predict the
benefits found in cholesterol-lowering trials.2¢ Using the choles-
terol changes in the Scandinavian Simvastatin Survival Study,2
our model nearly perfectly reproduces the observed reduction in
the rates of coronary events in that trial and provides cost-effec-
tiveness ratios in the same general range as those estimated for
that trial2¢ and for the Cholesterol and Recurrent Events study.?”

Health-related quality-of-life weights for coronary disease are
based on whether patients have angina, heart failure, or both.2*
Noncoronary health-related quality-of-life weights are based on
observational data.28

Interventions

Our principal simulations modeled U.S. patients, 35 to 84 years
of age, in whom coronary disease developed during or before 2003
to 2027 and who survived their first month with it. Their currently
expected (no-intervention) costs and quality-adjusted years of life
over this 25-year period were calculated and compared with what
would be expected with five strategies based on pooled data from
randomized trials for secondary prevention of coronary events in
patients with prior coronary disease!16172%: aspirin for all eligible
patients, aspirin for all eligible patients plus clopidogrel for patients
ineligible for aspirin, clopidogrel alone for all patients, the combi-
nation of aspirin for all eligible patients plus clopidogrel for all pa-
tients for 25 years, and a scenario that reproduced the actual out-
come data reported for one year of combination therapy.l”

For aspirin, the 31 percent reduction in the odds of nonfatal my-
ocardial infarction reported in the pooled trials! was applied to my-
ocardial infarction, cardiac arrest, and death from chronic coronary
disease (Table 1). The 19 percent reduction in fatal stroke! was used
to derive a 2.8 percent reduction for the rate of death from noncor-
onary causes in the model. To model the effects of clopidogrel, ad-
ditional relative reductions were assumed for the rates of coronary
events (8.7 percent) and deaths from noncoronary causes (5.0 per-
cent) on the basis of randomized data that directly compared aspirin
with clopidogrel.’¢ For the combination of aspirin and clopidogrel,
the most favorable assumption was a 20 percent relative reduction
in the rates of coronary events as compared with aspirin alone.’”
However, since the randomized trial of combination therapy includ-
ed only 1 year of follow-up, we also modeled the 25-year effects of
1 year of therapy based on the actual outcome data in the trial.

In our base-line analysis, we assumed aspirin is used in 85 per-
cent of patients with coronary heart disease in 2003 on the basis
of data on patients discharged after acute infarctions.* Our simu-
lations assumed that 94.3 percent of patients are eligible for treat-
ment with aspirin,3 and 100 percent are eligible for clopidogrel.
Compliance was not modeled because percent reductions in odds
in pooled trials were based on intention-to-treat analyses.!

Drug costs were estimated to be $0.04 for one 325-mg tablet
of enteric-coated aspirin per day and $3.22 for one 75-mg tablet
of clopidogrel.3® The cost of the combination of aspirin and clo-
pidogrel was assumed to be the sum of the two costs.

We assumed the incidence of gastrointestinal adverse eftects
and rash to be as reported for aspirin and clopidogrel.!6 In 1989,
the cost of one major episode of gastrointestinal bleeding and the
cost of one minor episode of gastrointestinal bleeding were esti-
mated as $6,866 and $733, respectively.33 The yearly incidence of
the other, less serious complications was multiplied by the cost of
one office visit at $44.20, as in a prior analysis.3*

In the 14 secondary-prevention trials involving high-risk pa-
tients, there was a 24 percent decrease in fatal or disabling strokes
(P<<0.01) and a 17 percent decrease in nondisabling strokes (P<
0.09) for patients receiving aspirin. The incidence of stroke in the
population with coronary disease was assumed to be the inci-
dence reported in pooled secondary statin trials,? with the relative
distribution according to age group derived from studies conduct-
ed in Rochester, Minnesota, from 1980 to 1984.3! The in-hospital
mortality from stroke (18 percent), the percentage of hospital sur-
vivors who went directly to a nursing home (15 percent), and the
percentage of patients transferred to a nursing home after a reha-
bilitation center (8 percent) were derived from Dobkin,3* whereas
the percentage of survivors discharged to a rehabilitation center
from acute-care hospitals (6.8 percent) was derived from Oster et
al.3* The cost of acute care for stroke (hospital costs plus physi-
cians’ fees) was reported to be $7,026 in 1991.3¢ From work of
the same authors, we derived the costs for one stay in a rehabili-
tation service ($40,793), the cost for one year in a nursing home
($26,620), the yearly costs for outpatient services and home care
($1,212), and the yearly costs for recurrent strokes ($624).

Total costs were calculated as the sum of costs of coronary dis-
ease, costs of noncoronary disease (an annual estimate based on
data from the National Medical Expenditure Survey), and the costs
of the specific intervention being studied, and were summed from
2003 to 2027 with the use of a discount rate of 3 percent per year.
All costs were converted to year-2000 U.S. dollars with the use of
the medical care component of the Consumer Price Index.

Sensitivity Analyses

Lower and upper bounds of the percent reductions in the odds
of coronary events with aspirin were based on the Antiplatelet Tri-
alists’ reported standard deviation.! For clopidogrel as compared
with aspirin and the combination of the two, we used the 95 per-
cent confidence intervals of the relative reductions.!¢1” For combi-
nation therapy, we performed sensitivity analyses in which the ef-
fects of therapy after the first year were assumed to be similar to
the effects during months 9 to 12 of treatment.

Because the median follow-up time in the secondary-preven-
tion trials for high-risk patients was three years,! we modeled in-
terventions with benefits limited to three years, whereas drug-related
complications and costs continued for 25 years or just 3 years. We
examined cost effectiveness in subgroups of diftering risk accord-
ing to age and clinical characteristics, and we assessed the cost ef-
fectiveness of the interventions, assuming that they might have as
great an effect on reducing coronary revascularization procedures
as on reducing other coronary events.

We varied the health care costs of noncoronary disease by up
to 100 percent and assessed the effect of excluding them from our
analysis. We simulated a higher annual discount rate of 5 percent.
The cost effectiveness of clopidogrel as compared with aspirin
was assessed for a wide range of drug costs.

RESULTS

As compared with the estimated current utiliza-
tion of aspirin, extension of aspirin therapy to all eli-
gible patients would result in an additional $189 mil-
lion in drug costs and $7 billion in overall costs from
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TABLE 1. SUMMARY OF VARIABLES.

BAsEe-LINE ESTIMATE
USED IN ANALYSIS

VARIABLE

Reduction in the rate of coronary heart disease events* (%)

Aspirin 31.0
Clopidogrel 37.0
Combination, optimisitc 448
Combination, actual 47.01, 36.0%
Reduction in mortality from noncoronary causes (%)
Aspirin 2.8
Clopidogrel 34
Combination, optimistic 34
Combination, actual 0
Reduction in the rate of revascularization (%)
Aspirin 0
Clopidogrel 0
Combination, optimistic 0
Combination, actual 8
Current rate of use of aspirin (%) 85

Cost of medication

Aspirin $0.04 /tablet
Clopidogrel $3.22/day
Combination, optimistic $3.26/day
Combination, actual $3.26/day
Annual cost of noncoronary heart disease according
to age range
35-44 yr $1,994 /yr
45-64 yr $3,794/yr
65-84 yr $7,796/yr
Mean annual cost of coronary heart disease $6,200
Discount rate (%)
Annual incidence of stroke per 100,000 persons 135

RANGE USED IN

SENSITIVITY ANALYSES SoOuRCE OF DATA

21-41
0.3-16.5 relative to aspirin
10-28 relative to aspirin

Antiplatelet Trialists’ Collaboration!
CAPRIE Steering Committee!¢
CURE Investigators!”
CURE Investigators!”

Antiplatelet Trialists’ Collaboration!
Hebert et al.?

CAPRIE Steering Committee!s
CURE Investigators!”
Antiplatelet Trialists’ Collaboration!
Hebert et al.?®
CAPRIE Steering Committee!
CURE Investigators!”

Same as reduction in event rate

42-85 Jencks et al.13

$0-$3.22/day Medical Economics Staff30
$0.04-$3.26/day

$0.04-$3.26/day

$0-$4,000/yr
$0-$7,600/yr
$0-$16,000/yr

Stinnett et al.2!

Weinstein et al.,!8
Scandinavian Simvastatin Survival Study?s

Hebert et al.,??
Broderick et al.3!

*Coronary heart disease events included myocardial infarction, cardiac arrest, and death from chronic coronary heart disease.

tMyocardial infarction only.

tCardiovascular death only.

2003 to 2027 in patients 35 to 84 years of age (Ta-
ble 2). The benefits, however, would be substantial,
with the avoidance of about 156,000 myocardial in-
farctions and a gain of an additional 682,000 quality-
adjusted years of life over the same period. As com-
pared with no aspirin, the use of aspirin in all eligible
patients would save an estimated 6.9 million quality-
adjusted years between 2003 and 2027.

The use of clopidogrel for the 5.7 percent of pa-
tients ineligible for aspirin (Table 2, column 5 minus
column 4) would cost almost twice as much as the
extension of aspirin from its current 85 percent rate
of use to use in all eligible patients (Table 2, column
4 minus column 3) and would yield only about 75
percent of the incremental effectiveness. The strategy
of substituting clopidogrel for aspirin in all patients
who are eligible for aspirin would generate addition-
al benefits beyond the strategy of using aspirin in pa-
tients who are eligible for aspirin and clopidogrel only

in patients who are ineligible for aspirin (Table 2, col-
umn 6 minus column 5), preventing about 334,000
myocardial infarctions and saving about 1,450,000
quality-adjusted years of life. However, the estimated
incremental cost of this strategy of about $165 bil-
lion would be nearly 24 times the incremental cost of
the strategy of extending aspirin therapy from its
current 85 percent rate of use to use in all eligible
patients (Table 2, column 4 minus column 3) and
would yield about twice the incremental effective-
ness of the latter strategy.

According to these projections, the estimated cost
effectiveness of extending aspirin therapy to all eligible
patients is favorable by any measure: with our base-line
estimates, the ratio would be about $11,000 per qual-
ity-adjusted year of life saved. The addition of clopid-
ogrel for the estimated 5.7 percent of patients who
are ineligible for aspirin is also associated with a rea-
sonable cost-effectiveness ratio of about $29,000 per
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TABLE 2. COSsTS, EFFECTIVENESS, AND COST EFFECTIVENESS OF VARIOUS ASPIRIN AND CLOPIDOGREL
SECONDARY PREVENTION STRATEGIES FROM 2003 TO 2027 IN PATIENTS 35 TO 84 YEARS OF AGE.*

CLOPIDOGREL FOR
ALL PATIENTS IN
1sT YEAR OF
CORONARY HEART
DISEASE, PLUS

COMBINATION OF
CLOPIDOGREL
FOR ALL PATIENTS

ASPIRIN FOR ALL
ELIGIBLE PATIENTS

CURRENT USE  ASPIRIN FOR  AND CLOPIDOGREL  CLOPIDOGREL  PLUS ASPIRIN FOR ASPIRIN FOR
ZERO OF AsPIRIN  ALL ELIGIBLE  FOR THE REMAINING FOR ALL EviGIBLE PATIENTS ELIGIBLE PATIENTS

VARIABLE UTILIZATION (85%) PATIENTST 5.7 PERCENT PATIENTST  (MOST OPTIMISTIC)§ (ACTUAL DATA)|
Costs (millions of dollars)
Drugs 0 1,730 1,919 11,505 168,174 172,619 23,063
Health care costs for coronary 1,797,000 1,865,000 1,872,000 1,877,000 1,886,000 1,918,000 1,875,000

heart disease and noncoronary

heart disease
Total costs 1,797,000 1,867,000 1,874,000 1,888,000 2,054,000 2,090,000 1,898,000
Incremental costs|| — 69,000 8,000 15,000 165,000 202,000]| 9,000
Effectiveness (no.)
Deaths from coronary heart disease 11,079,000 9,570,000 9,405,000 9,282,000 8,920,000 8,423,000 9,268,000
Deaths from noncoronary heart disease 4,019,000 4,268,000 4,295,000 4,315,000 4,370,000 4,473,000 4,318,000
Myocardial infarctions 16,508,000 15,075,000 14,919,000 14,802,000 14,468,000 14,016,000 14,706,000
Quality-adjusted years of life gained 115,535,000 121,768,000 122,450,000 122,956,000 124,406,000 126,238,000 123,009,000
Incremental quality-adjusted years — 6,233,000 682,000 506,000 1,450,000 3,283,000 54,000

of life gained||
Cost effectiveness (dollars)
Incremental cost per quality-adjusted — 11,000 11,000 29,000 114,000 61,000 177,000

year of life gained||

*At the start of the simulation, about 6.8 million people are estimated to have coronary heart disease, and each year about 700,000 to 900,000 new

cases are estimated to occur.

tUtilization is assumed to be 94.3 percent; the reduction in the rate of events is 31 percent.

tUtilization is assumed to be 100 percent; the reduction in the rate of events is 37 percent.

§The combined reduction in the rate of events is 44.8 percent.

YReductions in the rate of events as actually reported during one year of therapy!” (see Table 1).

||Each column is compared with the prior strategy (one column to its left), except for the incremental values for the seventh column (the combination
of clopidogrel for all patients plus aspirin for eligible patients) and the eighth column (actual data on combination therapy), which are compared with the
values in the fifth column (aspirin for all eligible patients and clopidogrel for the remaining 5.7 percent).

quality-adjusted year of life saved. The routine use of
clopidogrel alone in all patients would be associated
with cost-effectiveness ratios of over $100,000 as
compared with aspirin alone or with the routine use
of aspirin complemented by the use of clopidogrel
in patients who are ineligible for aspirin. The com-
bination of clopidogrel for all patients plus aspirin
for eligible patients (Table 2, column 7 minus col-
umn 5) would yield an incremental cost-effective-
ness ratio of $61,000 per quality-adjusted year of life
saved in the unlikely event that the annual 20 per-
cent benefit of the combination of the two drugs
would continue for 25 years. If, however, the actual
results of the one year of combination therapy re-
ported in the randomized trial'” are considered (Ta-
ble 2, column 8 minus column 5), the 25-year cost-
effectiveness ratio would be $177,000 per quality-
adjusted year of life gained.

With aspirin therapy, the costs of coronary heart
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Figure 1. Annual Net Costs of Aspirin, Coronary Heart Disease,
and Noncoronary Heart Disease with Routine Aspirin Use for
Secondary Prevention in Patients 35 to 84 Years of Age.
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TABLE 3. INCREMENTAL COST-EFFECTIVENESS RATIOS IN KEY SENSITIVITY ANALYSES.

BASE-LINE
SUBJECT OF SENSITIVITY ANALYSIS ESTIMATE

EsTIMATES USED FOR
SENSITIVITY ANALYSIS

INTERVENTION STRATEGY

ASPIRIN FOR
ALL ELIGIBLE
PATIENTS
Principal simulation 11,000
Rate of aspirin use in 2003 in 85% 42% 11,000
eligible patients
Benefit of aspirin for coronary 31% 25% (21%—-41%)t 12,000
heart disease 12,000
11,000
Relative benefit of clopidogrel 8.7% 0.3%—-16.5%t 11,000
over aspirin for coronary heart 11,000
discase
Relative benefit of the combined ~ 20% 10%-28%t 11,000
therapy over aspirin alone 11,000
Health care cost of noncoronary Table 1 0 3,000
heart discase +10% 12,000
+100% 19,000
Age range treated 35-84 yr 75-84 yr 8,000
65-84 yr 10,000
55-84 yr 11,000
45-84 yr 11,000
35-84 yr 11,000
Duration of benefit for coronary 25 yr 3 yr (drug costs 23,000
heart disease continued)
Duration of benefit for coronary 25 yr 3 yr (drug costs 12,000
heart disease stopped)
Price of clopidogrel $3.22 20% less 11,000
20% more 11,000
Population All pa-  History of myocardial 11,000
tients infarction onlyf
with coro- Three times base-line 10,000
nary event rates
heart dis-
case
Benefit of revascularization None Same as event rates  Save costs

and lives

ASPIRIN FOR ALL
ELIGIBLE PATIENTS
AND CLOPIDOGREL

FOR THE REMAINING

5.7 PERCENT VS.

ASPIRIN ALONE

CLOPIDOGREL
FOR ALL PATIENTS
VS. ASPIRIN FOR
ALL ELIGIBLE
PATIENTS AND
CLOPIDOGREL FOR

COMBINATION OF
CLOPIDOGREL FOR ALL
PATIENTS PLUS ASPIRIN
FOR ELIGIBLE PATIENTS

VS. ASPIRIN FOR ALL
ELIGIBLE PATIENTS AND
CLOPIDOGREL FOR THE

OTHER 5.7 PERCENT

CLOPIDOGREL FORALL
PATIENTS IN 1ST YEAR
OF CORONARY HEART
DISEASE AND FOR
ASPIRIN-INELIGIBLE
PATIENTS IN ALL YEARS
PLUS ASPIRIN FOR
ELIGIBLE PATIENTS
IN ALL YEARS VS.
ASPIRIN FOR ALL
ELIGIBLE PATIENTS
AND CLOPIDOGREL
FOR THE OTHER 5.7

FOR ALL ELIGIBLE THE REMAINING (MOST OPTMISTIC PERCENT (ACTUAL
PATIENTS 5.7 PERCENT ASSUMPTION) DATA)
dollars/quality-adjusted year of life gained*

29,000 110,000 61,000 180,000
29,000 110,000 61,000 180,000
32,000 110,000 58,000 170,000
35,000 100,000 57,000 160,000
25,000 130,000 69,000 200,000
32,000 1,300,000 61,000 180,000
27,000 66,000 61,000 180,000
29,000 110,000 110,000 180,000
29,000 110,000 47,000 180,000
21,000 110,000 53,000 170,000
30,000 120,000 62,000 180,000
37,000 120,000 70,000 190,000
23,000 96,000 52,000 140,000
26,000 99,000 54,000 140,000
28,000 110,000 58,000 150,000
28,000 110,000 60,000 170,000
29,000 110,000 61,000 180,000

120,000 640,000 300,000 Not applicable

26,000 99,000 57,000 Not applicable
25,000 92,000 52,000 130,000
33,000 140,000 71,000 220,000
25,000 91,000 50,000 120,000
19,000 53,000 32,000 71,000
7,000 90,000 39,000 150,000

*Values are rounded to two significant digits.

tRanges are 95 percent confidence intervals.

1This estimate is the cohort of all persons in the model with a history of myocardial infarction at the end of 2002.

disease would decline substantially in the first several
years (Fig. 1). However, the costs of noncoronary dis-
ease and later costs related to coronary disease would
increase, because more patients would be alive with
coronary disease and susceptible to recurrent coro-
nary events. In analyses that considered only patients
with prevalent coronary disease in 2002 and did not

include patients with incident cases each year, the
cost-effectiveness ratios over the 25-year simulation
were very similar.

Sensitivity Analyses

If the rate of aspirin use in eligible patients were
only 42 percent instead of 85 percent, all cost-eftec-
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tiveness ratios would remain the same, but the abso-
lute benefits of current aspirin use would be about 50
percent of those reported in Table 2. Aspirin has a
more favorable cost-effectiveness ratio ($3,000 per
quality-adjusted year of life gained) if the health care
costs of noncoronary disease are not considered (Ta-
ble 3). The use of aspirin would save money as well as
lives if this strategy reduces the rate of revasculariza-
tion as much as it reduces the rate of myocardial in-
farction. Results were similar according to sex and age,
even if treatment continued beyond the age of 85.
Conversely, if the benefits of therapy persisted for only
3 years even though therapy was continued for 25
years, all options would become much less attractive.

For the use of clopidogrel instead of aspirin in pa-
tients who were eligible for aspirin, the cost-effec-
tiveness ratio never fell below $50,000 per quality-
adjusted year of life gained, but it approached this
level for patients with annual risks that are three
times as high as those of the average patient with
coronary disease. The combination of aspirin plus
clopidogrel had borderline or reasonable cost-eftec-
tiveness ratios in several sensitivity analyses if its 1
year benefits for all vascular events persisted for 25
years. However, if the benefit after the first year was
similar to the benefit for vascular events in months
9 to 12 of the trial,)” the base-line cost-effectiveness
ratio was $120,000 per quality-adjusted year of life
gained. Similarly, the 25-year benefits of 1 year of
combination therapy based on actual data from the
randomized trial were associated with unfavorable
cost-effectiveness ratios and never fell below $70,000
per quality-adjusted year of life gained, even in the
highest-risk patients.

The substitution of clopidogrel for aspirin or the
addition of clopidogrel to aspirin in patients who are
eligible for aspirin would become attractive, however,
if the cost of clopidogrel declined substantially. For
example, in our base-line analysis, the cost-effective-
ness ratio of clopidogrel instead of aspirin would fall
to $50,000 per quality-adjusted year of life gained if
the cost of clopidogrel were reduced by about 60
percent, from $3.22 daily to $1.32 daily.

DISCUSSION

The prescription of aspirin until death or for 25
years has an attractive cost effectiveness in men and
women with coronary disease across all age ranges
and despite varying assumptions about the efficacy
of treatment. For patients with contraindications to
aspirin treatment, clopidogrel had a reasonably at-
tractive cost-effectiveness ratio as compared with no
antiplatelet treatment. By comparison, the incremental
cost-effectiveness ratio of using clopidogrel instead of
aspirin for patients who are eligible for aspirin was un-
attractive across a wide range of assumptions, because

N Engl ] Med, Vol. 346, No. 23 -

of the higher daily costs of the drug itself. Clopido-
grel used in combination with aspirin for all patients
who were eligible for aspirin also had unattractive
cost-effectiveness ratios, except when these assump-
tions were purposefully tilted to favor clopidogrel to
an extent not suggested by the actual data from ran-
domized trials.!617 To date, available data have not
clearly demonstrated an increased risk of thrombotic
thrombocytopenic purpura with clopidogrel treat-
ment.3637 If such an association exists, clopidogrel
would become even less attractive.

Though favorable, the annual overall cost effec-
tiveness of aspirin therapy was not as favorable as
might have been expected given the very low cost of
aspirin itself. The main explanation is that the health
care costs of noncoronary disease would be estimat-
ed to increase substantially, because patients whose
cardiac events were prevented by aspirin would sur-
vive to have other medical costs. In the first several
years of therapy, these other medical costs would be
offset by the savings generated from the prevention
of coronary events. Subsequently, however, costs re-
lated to coronary disease would also increase, be-
cause the prevalence of persons alive with coronary
disease, and hence susceptible to coronary events,
would be greatly increased because of deaths pre-
vented by aspirin therapy.

Our findings are much less favorable for clopido-
grel than those of Sarasin et al.,’® who reported a
cost-eftectiveness ratio of about $27,000 per quality-
adjusted year of life gained for secondary prevention
in patients with prior strokes or transient ischemic
attacks. Those authors modeled clopidogrel use in
highly selected patients who were 65 years of age and
were not candidates for carotid surgery. They assumed
an additional 14 percent reduction in vascular events
with clopidogrel as compared with aspirin, a benefit
that was 1.6 times as high as current data suggest.
They did not consider downstream coronary costs,
however, other than for myocardial infarction, or the
costs of noncoronary disease, other than direct ad-
verse effects of antiplatelet treatment. If we eliminat-
ed the costs considered in our study but not theirs,
estimates of the cost effectiveness of clopidogrel in
the two analyses would be similar.

Our findings represent a conservative assessment
of the benefits of aspirin for secondary prevention of
coronary disease. First, we modeled the effects of as-
pirin during long-term use when given to patients
30 days after they had survived an initial coronary
event. Large, randomized trials?® have also shown
short-term benefits of aspirin for patients in the acute
phase of myocardial infarction, in particular when
combined with thrombolysis. The administration of
aspirin in the acute phase of myocardial infarction
has been estimated to cost $2,800 per year of life
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saved.#0 Data also suggest that the long-term bene-
fits of aspirin, when administered with thrombolysis,
may be substantially greater than previously report-
ed.#! Second, we assumed that the daily dose of as-
pirin was 325 mg per day, because that regimen was
the one most commonly used in the United States.
There is good evidence that 100 mg per day could
be as effective and safer.® Third, we used the cost of
the enteric-coated aspirin tablets, which may trigger
fewer gastrointestinal complications, rather than oth-
er, less costly formulations.

Aspirin for secondary prevention of coronary dis-
ease is attractive from a cost-effectiveness perspective
under a wide range of assumptions. Clopidogrel, as
currently priced, has an attractive cost-effectiveness
ratio for patients with contraindications to aspirin
but not for patients who can tolerate aspirin, whether
used alone or in combination with aspirin, unless as-
sumptions about the relative benefits of clopidogrel
are tilted beyond what is supported by actual data
from the existing randomized trials.}6:17 The gap be-
tween proven effectiveness and unattractive project-
ed cost effectiveness could be eliminated by reduc-
tions in the price of clopidogrel.
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