-

P
brought to you by .. CORE

View metadata, citation and similar papers at core.ac.uk

provided by Carolina Digital Repository

Effect of Including Cancer Mortality on the Cost-Effectiveness
of Aspirin for Primary Prevention in Men

Michael Pignone, MD'?®, Stephanie Earnshaw, PhD?, Cheryl McDade®, and Mark J. Pletcher, MD?

'Cecil Sheps Center for Health Services Research, University of North Carolina, Chapel Hill, NC, USA; 2Lineberger Cancer Center, University of
North Carolina, Chapel Hill, NC, USA; °RTI Health Solutions, RTI International Research Triangle Park, RTP, NC, USA; “Department of
Epidemiology and Biostatistics, University of California, San Francisco, CA, USA; SDepartment of Medicine, University of North California,

Chapel Hill, NC, USA.

BACKGROUND: Recent data suggest that aspirin may
be effective for reducing cancer mortality.

OBJECTIVE: To examine whether including a cancer
mortality-reducing effect influences which men would
benefit from aspirin for primary prevention.

DESIGN: We modified our existing Markov model that
examines the effects of aspirin among middle-aged men
with no previous history of cardiovascular disease or
diabetes. For our base case scenario of 45-year-old
men, we examined costs and life-years for men taking
aspirin for 10 years compared with men who were not
taking aspirin over those 10 years; after 10 years, we
equalized treatment and followed the cohort until
death. We compared our results depending on whether
or not we included a 22 % relative reduction in cancer
mortality, based on a recent meta-analysis. We dis-
counted costs and benefits at 3 % and employed a third
party payer perspective.

MAIN MEASURE: Cost per quality-adjusted life year
(QALY) gained.

KEY RESULTS: When no effect on cancer mortality
was included, aspirin had a cost per QALY gained of
$22,492 at 5 % 10-year coronary heart disease (CHD)
risk; at 2.5 % risk or below, no treatment was
favored. When we included a reduction in cancer
mortality, aspirin became cost-effective for men at
2.5 % risk as well (cost per QALY, $43,342). Results
were somewhat sensitive to utility of taking aspirin
daily; risk of death after myocardial infarction; and
effects of aspirin on stroke, myocardial infarction, and
sudden death. However, aspirin remained cost-saving
or cost-effective (< 850,000 per QALY) in probabilistic
analyses (59 % with no cancer effect included; 96 %
with cancer effect) for men at 5 % risk.
CONCLUSIONS: Including an effect of aspirin on
cancer mortality influences the threshold for pre-
scribing aspirin for primary prevention in men. If
such an effect is real, many middle-aged men at low
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cardiovascular risk would become candidates for
regular aspirin use.
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BACKGROUND

Aspirin has been shown to be effective in preventing
myocardial infarction in men.'** However, it also increases
the risk of gastrointestinal bleeding, even at low doses.'”"* The
effect on stroke is mixed: Aspirin may slightly reduce the risk
of ischemic strokes, but it also increases the less frequent
hemorrhagic type.! Several systematic reviews, meta-analy-
ses, and evidence-based clinical guidelines have quantified
these effects and offered opinions about the utility of aspirin
for primary prevention based on counts of the beneficial and
detrimental events.'”>° The US Preventive Services Task
Force recommends aspirin for primary prevention in men for
“when the potential benefit of a reduction in myocardial
infarctions outweighs the potential harm of an increase in
gastrointestinal hemorrhage.”

Cost-effectiveness and cost-utility analysis offer a
means of synthesizing information about the beneficial
and harmful effects of aspirin and can help inform
decision-making about who should or should not be
offered aspirin for primary prevention. Our previous
analyses have found that aspirin appears to be more
effective and less costly than no therapy in middle-aged
men who are at 5 % or greater 10-year risk for coronary
heart disease (CHD).'”!" Greving and colleagues found
that aspirin was cost-effective in Dutch men at 10 % or
greater risk.'” In these analyses, the beneficial effects of
prevention of non-fatal myocardial infarction outweighed
the downsides of increased gastrointestinal bleeding and
increased strokes.

Recently, Rothwell and colleagues published a systematic
review and meta-analysis suggesting that, in addition to its
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cardiovascular benefits, long-term daily aspirin use may be
effective in prevention of cancer-related mortality.'® This
conclusion is also supported by findings from individual trials
in high-risk patients and a number of basic and observational
studies.'® If aspirin is effective in preventing cancer mortality
in addition to its cardiovascular benefits, the threshold for
offering aspirin may be lowered, both in terms of age of
initiation and risk level at which the benefits would exceed the
downsides. To test this hypothesis, we modified our pre-
existing model to include a cancer mortality reduction from
aspirin and examined how such an effect changes the cost-
effectiveness of aspirin for primary prevention in middle-aged
men at low to moderate CHD risk.

METHODS

We developed an updated Markov model, programmed in
Microsoft Excel, based on our previous modeling work.'*!":!?
Because of significant differences in the quantity and strength
of the evidence for aspirin effectiveness by sex and possibly
by presence or absence of diabetes, we limited the current
analysis to non-diabetic men. In the model, men begin in the
healthy state and then transition through the model states in
12-month cycles (on-line Appendix Figure O-1). In each
cycle, men can remain in the healthy state; progress to have an
initial cardiovascular non-fatal event such as angina, myocar-
dial infarction, or stroke; have a gastrointestinal bleed; or die
from cancer or a non-cancer cause.

Men who have non-fatal cardiovascular events (angina,
myocardial infarction, or stroke) are assumed to stay in a
sub-acute state for the remainder of that cycle, then enter a
post-event health state where they receive optimal second-
ary prevention. The model does not simulate in-depth the
additional course for men after a primary, non-fatal event.
Instead, it assigns them an increased risk of mortality,
increased costs, and decreased utilities, using data on the
average experience of men after an initial event.'®'”

Men who have a gastrointestinal bleed sustain an
increased risk of death during that year and discontinue
aspirin. They then enter a post-event health state where they
progress through the model as healthy men, except with a
higher risk for subsequent gastrointestinal bleeding.’

The Markov model is used to estimate events, costs, life-
years, and quality-adjusted life years (QALYSs). Sources for
the model parameters are shown in Table 1. We used a
third-party payer perspective, and costs and outcomes were
discounted at an annual rate of 3 %.

Patient Population

In the base case analysis, we simulated men with a starting
age of 45 years; no history of coronary heart disease (CHD)
events, diabetes, or stroke; and a 5 % 10-year CHD risk. We

also present results for different levels of 10-year CHD risk
(from 2.5 % to 10 %) and a different starting age (55 years).

Comparators

Healthy men assigned to aspirin prevention received 81 mg
of generic aspirin daily. Those assigned to “no aspirin” did not
receive aspirin for primary prevention for 10 years. After
10 years, both cohorts received aspirin for primary prevention.
For this analysis, we did not simulate use of other cardiovas-
cular preventive strategies (smoking cessation, hypertension
treatment, or statin use). We assumed 100 % adherence to
simulate the effect of regular aspirin use.

Model Parameters

Baseline Event Rates. Baseline risks of initial CHD events
(myocardial infarction, angina, and CHD death) and stroke
were drawn from Framingham risk equations, using
hypothetical scenarios of non-smoking, non-diabetic adults
with different sets of risk factors.'® For the 5 % risk scenario,
we assumed systolic blood pressure of 120 mmHg, total
cholesterol of 170 mg/dl, and HDL cholesterol of 40 mg/dl.
For sensitivity analyses, we varied these factors to attain
overall 10-year CHD risk levels of 1.25 %, 2.5 %, 7.5 %, and
10 %. Assuming an exponential distribution, we translated 10-
year CHD risks (myocardial infarction, CHD death, and
angina) and stroke risks into annual, event-related transition
probabilities. These probabilities were allowed to change
annually to reflect increasing risk with increasing age over the
time horizon of the analysis.

Age-dependent non-cardiovascular mortality rates were
estimated from the National Vital Statistics life tables.'’
Probabilities were adjusted as the cohort aged over the time
horizon of the analysis. We estimated the proportion of
deaths due to cancer by age from the Surveillance
Epidemiology and End Results (SEER) cancer statistics.”’

We used estimates of gastrointestinal bleeding risk from
an observational cohort study by Hernandez-Diaz et al.’
The baseline risk of gastrointestinal bleeding increases as
members of the cohort age (45-54 years of age: 0.008; 55—
74 years: 0.0024; 75—84 years: 0.0036). We assumed 1 % of
gastrointestinal bleeds would be fatal, based on case series
and prior aspirin trials.'**'**

Aspirin Effects. The relative risk reductions (for CHD events
and cancer mortality) and increases (for gastrointestinal
bleeding and total stroke (including both ischemic and
hemorrhagic events)) for aspirin were drawn from published
meta-analyses and clinical trials and are presented in Table 1.
We used sex-specific estimates when available. Based on the
Rothwell meta-analysis, we assumed that aspirin therapy
reduced the risk of cancer mortality by 22 % (or 0 % in
parallel analyses excluding this putative effect), with the effect
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Table 1. Model Parameters, Values, and Plausible Ranges

Parameter Base-Case Value (Range/95 % CI) Source
Effect of Aspirin
Relative risk angina .00 (95 % CI: 0.80, 1.20) Assumption
Relative risk stroke .13 (95 % CI: 0.91, 1.24) 2
Relative risk myocardial infarction .70 (95 % CI: 0.62, 0.79) 8
Relative risk CHD death .95 (95 % CI: 0.82, 1.10) !
Relative risk GI bleed (no history of GI bleed) .00 (95 % CI: 1.70, 2.20) z
1

Relative risk GI bleed (with history of GI bleed)
Proportion of strokes that are fatal

Proportion of GI bleeds that are fatal

Relative risk of cancer mortality with aspirin
Increase in risk of mortality after myocardial infarction
Increase in risk of mortality after angina
Increase in risk of mortality after stroke
Reduction of death due to aspirin therapy after a CV event
Reduction in death after CV event due to optimal therapy
Cost Data (Annual)

Aspirin

Outpatient physician visit

Health-State Costs (Annual)

Healthy

GI bleed

Post GI bleed

Angina

Post angina

Stroke

Post stroke

Myocardial infarction

Post myocardial infarction

Other Healthcare Costs (Annual)’

Age 3544

Age 45-54

Age 55-64

Age 65-69

Age 70+ (one time cost)

Utility Data

Healthy

GI bleed

Post GI bleed

Angina

Post angina

Stroke

Post stroke

Myocardial infarction

Post myocardial infarction

Utility of taking a pill

0.00 (range: 5.00, 15.00)
.1440 (range: 0.0718, 0.2155)
.0100 (range: 0.0002, 0.0500)
.78 (95 % CI: 0.70, 0.87)

3.7 (95 % CI: 3.0, 4.7)

3.0 (95 % CI: 2.1, 4.2)

2.3 (95 % CI: 1.0, 4.6)

0.85 (95 % CI: 0.80, 0.90)
0.670 (range: 0.576, 0.774)

1
1
0
0
2
1
0
0
0

$9.12
$70.46

$70.46
$16,868
$70.46
$15,657
$6,832
$51,175
$13,628
$39,000
$4,750

$4,247
$6,239
$8,747
$13,431
$18,755

1.000"

0.940 (95 % CI: 0.880, 1.000)
1.000

0.929 (95 % CI: 0.923, 1.000)
0.997 (95 % CI: 0.997, 1.000)
0.610 (95 % CI: 0.480, 0.830)
0.830 (range: 0.420, 1.000)
0.870 (95 % CI: 0.820, 0.920)
0.910 (95 % CI: 0.860, 0.960)
0.999

%xpert opinion;

16
16
17
24

24,

32
33

33

28,

33

28,
28,
28,
28,
28,
28,

26,
26,
26,
26,
27,

A
40
A
41
41
40
42

43
43

25

33-35

33-36
36

33-35, 37, 38
34, 35, 37, 38
33-35, 37

39

28
28
28
28
28

ssumption

ssumption

Assumption

1,12,30,31

CHD coronary heart disease; CI confidence interval; CV cardiovascular,; GI gastrointestinal

“Not varied in sensitivity analyses
All costs are varied by +/— 50 % in sensitivity analyses

beginning 5 years after initiation of aspirin.”> We did not
simulate the effect of aspirin on cancer incidence.”

Men who had a non-fatal cardiovascular event were at
increased risk of mortality in all subsequent years.'®"
However, we also assumed they would receive optimal
secondary prevention, which reduced their mortality by
33 % .24,25

Costs. As in our past analyses, we considered costs of
outpatient physician visits, events, and medications. In this
analysis, we also considered average annual costs of
healthcare.”®*” Other healthcare costs are applied annually for
all patients as long as they are alive, and increase with increasing
age. When men reach the age of 70, they incur a one-time cost
that represents the average non-CVD related healthcare costs for
the remainder of the patient’s lifetime (Table 1).

Healthy men with or without a previous gastrointestinal
bleed were assumed to incur one outpatient visit per year.
Acute event health states (angina, myocardial infarction,
stroke, and gastrointestinal bleed) include the cost of
hospitalization for the respective event. Once a man had a
CVD event, he was assumed to have four additional visits a
year. We did not specifically examine the costs of cancer
care or the effects of aspirin on these costs.

All costs are reported in 2012 US dollars and were
inflated using the Medical Consumer Price Index when
appropriate.”*

Utilities. The utilities for each health state were drawn from
the literature and are also shown in Table 1.*"** In most
cases, they were estimated using time trade-off techniques in
the original studies. Where no data existed, we made estimates
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and examined a wide range of values in sensitivity analysis. In
our base-case scenario, we estimated the disutility associated
with taking aspirin each day at 0.999 (equivalent to losing
11 days of life with perfect health over the course of 30 years).
This value represents decreased quality of life from non-major
bleeding (nose bleeds, bruising), dyspepsia, and any hassle of
taking a pill daily.

Outcomes. Our main outcome of interest was the cost per
QALY gained for aspirin vs. no therapy. We first estimated
cost per QALY assuming no effect of aspirin on cancer
mortality; we then compared our results when the effect of
aspirin on cancer mortality was included.

Sensitivity Analyses. To test the robustness of the model
assumptions and specific parameters, we systematically
examined the effect of changing key parameters in one-way
sensitivity analyses. We also performed probabilistic sensitivity
analysis (second-order Monte Carlo simulation). We assumed
that the following parameter estimates followed a gamma
distribution: all relative risk of events, increases in GI bleed,
effects on mortality, health state costs, and drug costs. A beta
distribution was assumed for health state utilities. We did not
vary costs or the disutility of taking aspirin. Analyses were run
10,000 times in order to capture stability in the results for each
relevant scenario. We developed scatter plots to represent
uncertainty, and created cost-effectiveness acceptability curves.

RESULTS

Table 2 shows the effects of 10 years of aspirin therapy on
clinical outcomes over 10 years, 20 years, and a full lifetime
for a cohort of 10,000 45-year-old men in the base case
scenario (5 % 10-year CHD risk). Aspirin use produced
fewer non-fatal myocardial infarctions and fewer deaths, but
more gastrointestinal bleeding and slightly more strokes.
When the effect of aspirin on cancer mortality was
included, the difference in total deaths at 20 years between
aspirin and no aspirin was twice as large as compared with
when no cancer mortality effect was assumed (28 vs. 14).

Aspirin produced more life-years than no therapy at each
time point. However, the effect on QALYs depended on the
time horizon modeled. At 10 years, the reduction in quality
of life from taking aspirin (utility=0.999) outweighed the
net gains in life-years, even if the cancer benefit is included;
at 20 years, aspirin produced a net gain in QALY if cancer
is included, but otherwise not. When a lifetime horizon was
modeled, aspirin produced a net gain in QALY's whether or
not the cancer benefit is included (Table 2).

Cost-utility results for the lifetime horizon are shown in
Table 3 for scenarios varying the baseline CHD risk (a
primary driver of aspirin effectiveness) and varying the
disutility associated with aspirin. In the base case of 5 %
risk and 0.999 utility for daily aspirin use, the cost-utility of

aspirin was favorable with ($10,984 per QALY) or without
($22,492 per QALY) the inclusion of the cancer mortality
effect, suggesting that aspirin can be recommended at 5 %
risk or above. At 2.5 % risk and with no effect of aspirin on
cancer mortality, aspirin was less effective and more costly
than no treatment; however, with the inclusion of an effect
of aspirin on cancer mortality, aspirin use was cost-effective
($43,342 per QALY) even at this low risk level. At even
lower risk (1.25 % 10-year CHD risk), aspirin was not cost-
effective with or without cancer mortality included.

If the utility of taking daily aspirin was set at 1.0 (no
quality of life penalty modeled), aspirin was effective at all
risk levels when cancer effects were included. Excluding
other health care costs had a modest effect on cost-utility
values but did not produce major changes in the populations
for which aspirin is cost-effective (data not shown).

For 55-year old-men, aspirin was somewhat less cost-
effective at each risk level than for 45-year-old men; in this
case, including the cancer mortality reduction had important
effects on whether aspirin was cost-effective for men at both
5 % and 2.5 % 10-year risk levels.

In one-way sensitivity analyses, the risk of stroke,
gastrointestinal bleeding, non-fatal myocardial infarction,
and CHD death with aspirin had moderate effects on cost-
utility when no cancer effect was assumed (Fig. 1a). In the
absence of a cancer effect, no treatment was favored at 5 %
risk if the relative risk for CHD death with aspirin was over
1.02. When a risk reduction of 22 % for cancer mortality
was assumed, the results are more robust (See Fig. 1b).

If the relative risk of mortality with cancer is only 0.93,
there is little difference in cost-effectiveness based on
inclusion or exclusion of the cancer mortality effect (see
on-line Appendix Table O-1) If the increased risk of
mortality after CVD event was 2.0, no treatment is favored
at 5 % risk (and 0.999 utility) in the absence of a cancer
mortality effect. (See on-line Appendix Table O-2)

In probabilistic sensitivity analyses (Fig. 2), most results
suggested aspirin to be cost-saving or cost-effective (less
than $50,000 per life-year gained): this was true in the
absence of a cancer effect for 59 % of scenarios and for
96 % of scenarios when a cancer effect was assumed. Cost-
effectiveness acceptability curves are shown in on-line
Appendix Figure O-2.

DISCUSSION

Daily aspirin is effective in preventing CHD events in men,
primarily non-fatal myocardial infarction, but it also causes
gastrointestinal bleeding and strokes.' Rothwell and
colleagues’ recent meta-analysis suggests that daily aspirin
may also reduce the relative risk of cancer mortality by
22 %."*> We found that when this potential effect of aspirin
on cancer mortality is included, aspirin becomes beneficial
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Table 2. Events Over Various Time Horizons for a Cohort of 10,000 45-Year-Old Men with a 5 % 10-Year CHD Risk
Event 10 Years 20 Years Lifetime
Aspirin No Tx Difference” Aspirin No Tx Difference” Aspirin No Tx Difference”
Including Cancer’s Impact
Angina 266 266 0 496 494 +2 770 766 +4
GI Bleed 182 91 +91 410 308 +102 877 775 +102
MI 120 171 =51 278 332 —54 634 685 =51
Stroke 80 70 +10 193 182 +11 482 469 +13
Total Deaths 766 783 -17 2,361 2,389 —28 10,000 10,000 0
Deaths due to
GI Bleed 2 1 +1 4 3 +1 9 8 +1
Cancer 120 138 -18 417 436 -19 1,666 1,679 -13
Other Causes 644 644 0 1940 1,950 -10 8,325 8,313 +12
Life Years 9.6237 9.6194 +0.0043 18.0707 18.0418 +0.0289 27.9823 27.9025 +0.0798
QALYs 8.4496 8.4537 —0.0041 13.9674 13.9594 +0.0080 18.2946 18.2686 +0.0260
Costs $57,872 $57,814 +$58 $112,751 $112,592 +$159 $144,050 $143,764 +$286
Excluding Cancer’s Impact
Angina 266 266 0 495 493 +2 760 757 +3
GI Bleed 182 91 +91 408 307 +101 858 757 +101
MI 120 171 =51 271 332 =55 619 671 =52
Stroke 80 70 +10 193 182 +11 469 457 +12
Total Deaths 782 785 -3 2,447 2,461 -14 10,000 10,000 0
Deaths due to
GI Bleed 2 1 +1 4 3 +1 9 8 +1
Cancer 139 139 0 514 517 -3 2,012 2,013 -1
Other Causes 641 644 -3 1,929 1,941 -12 7,979 7,979 0
Life Years 9.6199 9.6190 +0.0009 18.0158 18.0069 +0.0089 27.5782 27.5364 +0.0418
QALYs 8.4466 8.4534 —0.0068 13.9325 13.9381 —0.0056 18.1246 18.1199 +0.0047
Costs $57,847 $57,809 +$38 $112,375 $112,341 +$34 $142,971 $142,866 +$105

CHD coronary heart disease; GI Bleed gastrointestinal bleed; MI myocardial infarction; No Tx no treatment; QALY quality-adjusted life year

Eyd o
Difference represents aspirin minus No Tx

(and cost-effective) for a large group of middle-aged men at
low 10-year CHD risk who otherwise might not receive net
benefit from taking aspirin. In an analysis of 2009-2010
NHANES data, it was estimated that over 4 million men
ages 40—49 have 10-year CHD risk between 2.5 % and 5 %
(personal email communication, Hongyan Ning, August 2,
2012). Our findings are robust to several key assumptions
in the model and suggest that guideline makers may need to

reconsider their recommendations for primary prevention
based on this cancer effect.’

Consistent with our past modeling analyses, we
have identified a threshold for use of aspirin (in the
absence of a cancer effect) that is below thresholds often
advocated by others.">>° Some of this variation arises
from differences in estimates of aspirin’s beneficial or
detrimental effects, but much of it reflects the weighing

10,11

Table 3. Cost-Utility ($/QALY) with Aspirin: 45-Year-Old and 55-Year-Old Men at Different Levels of 10-Year CHD Risk

1.25 % Risk 2.5 % Risk 5.0 % 7.5 % Risk 10.0 % Risk
Risk
Utility of taking aspirin=0.999, 45-year-old man
Without effect on Aspirin less effective Aspirin less effective $22,492 Aspirin more effective Aspirin more effective

cancer mortality and more costly

With cancer mortality ~ $165,422 $43,342
included
Utility of taking aspirin=1.0, 45-year-old man
Without effect on Aspirin less effective $43,026
cancer mortality and more costly
With cancer mortality ~ $22,706 $15,447

included
Utility of taking aspirin=0.999, 55-year-old man
Without effect on
cancer mortality
With cancer mortality
included
Utility of taking aspirin=1.0, 55-year-old man
Without effect on
cancer mortality
With cancer mortality
included

$36,854

$23,488

and more costly

Aspirin less effective
and more costly

Aspirin less effective
and more costly

and less costly
$10,984 $700

and less costly
Aspirin more effective
and less costly

$4,735 Aspirin more effective Aspirin more effective
and less costly and less costly
$6,529 $526 Aspirin more effective
and less costly
$420,438 $13,642 $2,650
$18,770 $9,983 $5,059
$30,549 $8,367 $2,029
$14,006 $8,120 $4,331

CHD coronary heart disease
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a Utilties: Post Stroke (0.830: 0.415, 1.000) $223.351
Proportion of Gl Bleeds That are Fatal (0.0100: 0.0002, 0.0500)"
Relative Risk Stroke: Aspirin (1.13: 0.96, 1.33)"
Increased Risk of Mortality after Myocardial Infarction (3.7: 3.0, 4.7) $89 185
Relative Risk Myocardial Infarction: Aspirin (0.70: 0.62, 0.79)"
Cost: Post Myocardial Infarction ($4,750: $2,375, $7,125)
Cost: Myocardial Infarction ($39,000: $19,500, §58,500)
Utilities: Post Myocardial Infarction (0.910: 0.860, 0.960)
Cost: Gl Bleed (516,868 38,434, §25301)
Cost: Post Stroke ($13 628: $6,814, $20,442)
Relative Risk CHD Death: Aspirin (0.95: 0.82, 1.10)"
Relative Risk Gl Bleed: Aspirin (no history of Gl bleed) (2.00: 1.70, 2.20)
Drug Costs: Aspirin ($9.12: 54 56, $13.68) B14573 ;
General Healthcare Costs for 65 - 69 Year Olds ($13,431: 56715, $20,146) 516,656 18,328
Cost: Stroke ($51,175: $25 587, $76,762) $17,259 725
General Healthcare Costs for 55 - 64 Year Olds ($8,747: $4.374, §13,121) $18,.248 36
Reduction of Death Due to Aspirin Therapy After a CV Event (0.85: 0.80, 0.90) 520,262 41
Utilities: Gl Bleed (0.940: 0.880, 1.000) 520,242
General Healthcare Costs for T0+ Year Olds ($18,755: $9,377, $28,132) $20,77
Utilities: Myocardial Infarction (0.870: 0.820, 0.920) 521
-Sﬂ]l.DOD 50 $10,000 520.‘000 530,000 540,000 $50,000 560‘.000
BUpper Bound BLower Bound Incremental Cost Effectiveness Ratio (ICER)
"No mare effi and less costly.
b Relative Risk Stroke: Aspirin (1.13; 0,96, 1.33) 2679 $29,570
Relative Risk Myocardial Infarction: Aspirin (0.70: 0.62, 0.79) 86,327
Cost: Post Myocardial Infarction ($4,750: $2,375, §7,125) $6,130 $15818
Cost: Myocardial Infarction ($39,000: $19,500, $58,500) 57,560 $14.408
Cost: Gl Bleed (516,868 58,434, 525.301) $8,144 513,824
Cost: Post Stroke ($13,628: 56,814, 520,442) 58,151 513817
General Healthcare Costs for 55 - 64 Year Olds (58,747: 54,374, 513121) 58341 $13827
General Healthcare Costs for 65 - 69 Year Olds ($13,431: $6,715, $20,146) £9,001 $12.967
Relative Risk Gl Bleed: Aspirin (no history of Gl bleed) (2.00: 1.70, 2.20) £9,162 $12,268
Utilities: Post Stroke (0.830: 0.415, 1.000) $10.271 $13.22¢
Drug Costs: Aspirin ($9.12: $4.56, $13.68) 50,553 $12,415
Relative Risk CHD Death: Aspirin (0.95: 0.82, 1.10) $10,303 $12.627
Utilities: Post Myocardial Infarction (0.910: 0.860, 0.960) $9,961 $12.241
Increase in Risk of Mortality after Stroke (2.3: 1.0, 4.6) $9,724 $11976
Cost: Stroke (851,175: 525,587, §76,762) $10,000 $11,968
Mortality Cancer Risk Reduction: Aspirin (0.78: 0.70, 0.87) $10,383 $12,286
General Healthcare Costs for 70+ Year Olds ($18,755: $9,377, $28,132) $10,468 | g 511,500
Proportion of Strokes That are Fatal (0.14: 0.07, 0.22) £10,523| M $11419
Proportion of Gl Bleeds That are Fatal (0.0100: 0.0002, 0.0500) $10,8! $11,699
Risk of Mortalty after (3.7:3.0,47) $1061 $11.410
-$10,000 $0 $10,000 $20,000 $30,000 $40,000 $50,000 $60,000
mUpper Bound alower Bound I | Cost Effy Ratio (ICER)

Figure 1. Shows the results of a series of one-way sensitivity analyses (a with no cancer effect; b when a cancer effect is included) for men at
5 % 10 year risk. Parameters varied (and their ranges) are shown on the left; the bars represent the range of effects on the cost-utility of
aspirin compared with no therapy, expressed as dollars per quality-adjusted life year (QALY) gained. CHD coronary heart disease; GI

up of the long-term consequences that can only be

examined through modeling.

Our results are also below the threshold identified by
Greving and colleagues in their modeling work. They found
aspirin to be cost-effective for 45-year-old men at moder-
ately elevated risk (11 % 10-year cardiovascular risk);
however, aspirin was not cost-effective at lower (5 %) risk
and was less effective and more costly than no therapy at
2 % risk. Their model differed from ours in several respects:
They used only a 10-year time horizon; assumed a much

gastrointestinal; MI myocardial infarction.

higher cost of aspirin (97 Euro per year, which included

dispensing and prescription fees); modeled a higher (3 %)

gastrointestinal bleeding case fatality rate; and did not
include any cancer effect.'”

We examined the effect of including or not including a
disutility associated with daily aspirin use and found that it
had important effects. There is little empirical or theoretical
evidence to guide the value of this parameter, and hence we
made a conservative choice for our base-case scenario.
Further research is needed to better understand and measure
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Figure 2. Shows the results of the probabilistic sensitivity analyses for men at 5 % 10 year CHD risk. Each grey triangle represents one
simulation result. The dotted lines present the $50,000 per QALY gained threshold. a shows the results without a cancer mortality effect and
b provides the results assuming aspirin reduces cancer mortality.

this health state, as individuals may vary considerably in
how they perceive it. As such, the decision about
whether to take aspirin should be part of a shared decision
making process.

We chose to use a lifetime time horizon to be sure to
capture the full effects of prevention. Much of the
cardiovascular benefit of aspirin comes from preventing
non-fatal myocardial infarctions and the resultant reductions
in subsequent mortality. However, to be conservative, we
only allowed aspirin use to differ over the first 10 years,
after which the two groups were equalized. Allowing
differences in therapy over the full lifetime produces even
larger benefits from aspirin compared with no therapy.

Although our study results were quite robust, several
limitations must be noted. First, we did not model cancer
incidence, or the effect of aspirin on cancer incidence. Further,
our modeling of aspirin’s effects on cancer did not consider cost-
savings from reduction in cancer treatment, including end-of-
life care and chemotherapy. As such, we have likely under-
estimated the net impact of aspirin on cancer, assuming its true
effects are similar to those reported in Rothwell and colleagues’
meta-analyses.">*> Conversely, if the true effect of aspirin is
much smaller than estimated by Rothwell and colleagues (as
suggested by Seshasai and colleagues, who estimated a relative
risk of 0.93),” then there will be few or no effects on the
threshold for net benefit from the mortality effect alone.
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Our analysis assumed full adherence to aspirin, so as to
answer the question of what the effect of regular use would be;
however, adherence to preventive medicines is sub-optimal,”
and we have not included the costs of systematic adherence
promotion, so its actual beneficial effects when offered to a
population will be smaller (as will its adverse effects).

Our analysis is specific to middle-aged men at low CHD
risk and not at high risk of gastrointestinal bleeding. We
have too little data to determine whether it would hold for
younger or elderly men, or for those with diabetes. We plan
a subsequent analysis for women. In this paper, we did not
model other potentially effective cardiovascular prevention
strategies (e.g., statin use, smoking cessation therapies).
Clinical decisions about aspirin use must take into account
these other potential therapies, but even if all other therapies
are utilized, many men will remain at risk levels for which
aspirin use appears to be warranted.

In conclusion, our analysis suggests that aspirin appears
beneficial for a large proportion of middle-aged men at low-
moderate CHD risk, and that if its effects on cancer are real,
this proportion would be even larger. Further research is
required to increase our confidence in the true effects of
aspirin on cancer. In the meantime, guideline makers and
clinicians should discuss the potential benefits and down-
sides of aspirin in middle-aged men and consider its use in
men who are not at high risk of adverse effects and not
bothered by the need to take a pill daily.
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