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Abstract

Background: Prior work has described various quantitative approaches to the assessment of
benefit and harm. Researchers rarely use these approaches in the context of a systematic review.

Objective: Our objectives were to evaluate how well two quantitative approaches to benefit-
harm assessment work in the context of a systematic review; and determine methodologic
challenges of applying these two quantitative approaches in the context of a systematic
review.

Methods: We compared two quantitative approaches, 1) the number-needed-to-treat and
number-needed-to-harm and 2) the Gail/National Cancer Institute approach, for assessing the
benefit (myocardial infarction and ischemic stroke) and harm (hemorrhagic stroke and major
gastrointestinal bleeding) of aspirin for primary prevention of cardiovascular events.

Results: The assessment of benefit and harms of aspirin for primary prevention is sensitive to the
choice of the underlying data source (trials or observational studies) to inform risks of events
without treatment, the treatment effect of aspirin on these outcomes, and preference weights
assigned to these outcomes. This approach may be more relevant when benefit and harm
outcomes are few in number, similar in importance, and similar in quality. The Gail approach, on
the other hand, considers multiple outcomes of varying importance and provides a single benefit
and harm comparison estimate. However this approach requires data from additional sources on
baseline risks and weights of outcomes, which may not be routinely available in systematic
reviews. More than one quantitative approach may be maximally informative.

Conclusion: The assessment of the benefit and harm requires careful selection and integration of
data from disparate sources, including individual risks of events without treatment, the effects of
treatments on various outcomes, and weights of these outcomes. Further evaluation is needed to
determine whether such quantitative approaches may inform and support the assessment of
benefit and harm by decisionmakers.
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Background

Systematic reviews conducted by Evidence-based Practice Centers assess the comparative
effectiveness and safety of health care interventions, and are useful to a variety of
decisionmakers. Quantitative approaches for the assessment of benefits and harms may enhance,
support, and facilitate how decisionmakers use systematic reviews.

The first report of this project outlined the challenges and principles of benefit and harm
assessment, the influence of values and preference, and the key characteristics of quantitative
approaches.* That report identified 16 approaches for the quantitative assessment of benefit and
harm. Researchers and methodologists developed several of these approaches using data from a
single study, but these approaches could potentially also be suitable for systematic reviews.
Simpler approaches, such as the ratio of the number-needed-to-treat (NNT) and number-needed-
to-harm (NNH), may be suitable for relatively simple decisionmaking contexts where relevant
benefit and harm outcomes are few in number, similar in importance, and similar in quality.
Decisionmaking contexts that have a larger number of relevant benefit and harm outcomes may
need more complex approaches. However, the understanding of the comparative strengths and
limitations of these approaches is limited. There have been few comparative empirical
applications of these quantitative approaches to assess benefit and harm assessment in systematic
reviews.

The specific objectives of this second part of the project were:

1. To evaluate how well one or more quantitative approaches to benefit-harm assessment
works in a systematic review

2. To evaluate the methodologic challenges of applying one or more of these quantitative
approaches to benefit-harm assessment in a systematic review






Methods

We reviewed a sample of systematic reviews from the www.effectivehealthcare.org website
and investigators’ reference libraries.” ° These systematic reviews addressed a wide variety of
clinical questions. We selected the systematic review of the benefit and harm of low-dose aspirin
for primary prevention of cardiovascular events because this complex decisionmaking scenario
needs to balance the multiple outcomes for benefit (myocardial infarction (Ml), ischemic stroke)
and harm (bleeding and hemorrhagic stroke).” Such a complex scenario allows one to explore
how variations in gradient in baseline risk across these outcomes (i.e., without aspirin) and
variations in their relative importance and relevance to patients (i.e., preferences) may affect the
comparison of benefit and harm of aspirin. The availability of data for both benefit and harm
outcomes from meta-analyses of randomized controlled trials (RCTs) also made this a pragmatic
choice.

Although one can potentially apply several quantitative approaches to a systematic review
key question, we illustrate two quantitative approaches for the assessment of benefit and harm of
aspirin for primary prevention of cardiovascular events: NNT and NNH, and the Gail/National
Cancer Institute (NCI) approach. We selected the NNT and NNH approach because these are
frequently-used metrics to judge the balance of benefits and harms, and therefore maybe often
available to decisionmakers. Also, systematic reviews conducted by the Cochrane collaboration
routinely report NNT and NNH separately. They provide a natural point of reference for more
complex approaches. We selected the Gail/NCI approach because it can consider multiple
outcomes, it offers a benefit-harm comparison metric”, and it can consider competing risks, and
it can take into account weights for various outcomes.*®

Specification of the Decisionmaking Context

We specified a population-based decisionmaking context from the perspective of a
hypothetical guideline-maker assessing the benefits and harms of aspirin in the primary
prevention of cardiovascular events. The target population was defined as the adult population
aged 50 to 84 years in the United States (U.S.) without evidence of cardiovascular disease or
stroke. We assessed the use of low dose (75-100 mg) aspirin compared to placebo. The outcomes
evaluated were MI and ischemic stroke (benefit) and hemorrhagic stroke and major bleeding
which was primarily gastrointestinal (Gl1) bleeding (harm) associated with the use of aspirin. The
unit of number needed to treat was defined as the number of person-years of exposure to
treatment needed in order to prevent one event. We considered death from any cause as a
competing risk, and a time horizon of 10 years for the Gail approach.**

Selection of Data Sources

The data inputs needed for a quantitative approach to benefit and harm assessment include:
a) the effect estimates of aspirin on the outcomes of MlI, ischemic stroke, hemorrhagic stroke,
and Gl bleeding; b) the probability of these outcomes without treatment with aspirin; and c)

“ Approaches that provide explicit quantitative information on the benefit and harm outcomes, such as putting
benefit and harm on the same scale to provide a benefit harm comparison metric (e.g. QALYSs, probability scale, risk
scale, NNT/NNH ratio, etc.), resulting in a benefit-harm comparison estimate.’
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weights for these outcomes. Certain approaches for quantitative benefit and harm assessment,
such as the NNT and the NNH, do not always require an explicit weight for these outcomes and
rely on decisionmakers to weigh the outcomes.

There is general scientific consensus that high-quality RCTs, and/or their meta-analysis,
provide a reliable source of evidence on treatment effects of interventions, including benefit and
harm. However, sometimes data on harm may not be available from RCTs, and researchers will
need to retrieve data from additional sources including observational studies.

Retrieving and selecting the appropriate estimates for the probabilities of benefits and harm
outcomes without treatment, however, often requires additional data sources beyond what RCTs
report. Additional data sources may include large observational studies or national surveillance
data. Occasionally, when the trial populations reflect the baseline risk (for both benefit and harm
outcomes) of the target population of intended users, RCTs can provide a useful source of
information on baseline risk without treatment.

Some quantitative approaches for benefit and harm assessment explicitly use weights for
various outcomes.* RCTs do not provide selection of weights for these outcomes (i.e., how
important the outcomes are relative to one another as perceived by patients). Additional evidence
from surveys using conjoint analysis or other preference-eliciting techniques can provide
information on weights of outcomes.

We followed a transparent selection process. We prespecified that these estimates should be
applicable to the population of interest. We relied on a previously conducted meta-analysis of
RCTs for the effect estimates of aspirin on the outcomes of MI, ischemic stroke, hemorrhagic
stroke, and GI bleeding.® Additionally, we searched for data sources that described the
occurrence of cardiovascular events and Gl bleeding among the target population in cohort
studies.'?*3

We searched for studies that elicited patient preferences for Ml, stroke (ischemic and
hemorrhagic) and GI bleeding to weight the outcomes. There are no search filters to identify
studies on patient preferences and this literature is not indexed consistently. We searched
MEDLINE with the PubMed interface using the medical subject headings “patient preference”,
*aspirin”, and “cost-benefit analysis”, and used the “related articles” function to search for
potential studies. We selected a study that measured the preferences of participants that had not
experienced these events (primary prevention population). We relied on a study conducted in the
primary prevention population,'* because the weights assigned by participants who have not
experienced events (ex-ante) may be different from those who have experienced such events (ex-
post).

Appendix A shows the details of our data-sources for effect estimates, baseline risk of all 4
outcomes, and weights of outcomes.

Effect Estimates of Aspirin on Benefit and Harm Outcomes

We used the effect estimates from an updated meta-analysis of aspirin for primary
prevention for our relevant decisionmaking context.” This study reported a relative risk (RR) of
0.86 (95 percent Cl 0.74-1.00) for myocardial infarction, RR of 0.87 (95 percent ClI 0.73-1.02)
for ischemic stroke, RR of 1.35 (95 percent Cl 1.01-1.81) for hemorrhagic stroke, and RR of
1.62 (95 percent Cl, 1.31-2.00) for aspirin compared to placebo or controls using a random
effects meta-analysis. A previous meta-analysis of a smaller dataset by the same authors formed
the basis of recommendations by the U.S. Preventive Services Task Force on the benefits and
harms of aspirin.*®



Estimates of Incidence Rates without Aspirin (Baseline
Risks)

We used data from the Atherosclerosis Risk in Communities Study, which is a prospective
epidemiologic study conducted in four U.S. communities, to obtain baseline incident rates of Ml
and stroke without treatment.**We chose Atherosclerosis Risk in Communities Study over other
large cohorts such as the Framingham Study or the Cardiovascular Health Study because of its
random population-based sampling. Since we were unable to find appropriate population-based
estimates of Gl bleeding in the U.S. population, we relied on estimates from the General Practice
Research Database, from the United Kingdom, and the Base de Datos para la Investigacion
Farmacoepidemioldgica en Atencién Primaria, from Spain.’® To estimate the risk of death,
without treatment, we relied on estimates from the Center for Disease Control. *’

Table 1 shows the incidence rates for untreated men and women. For all outcomes there is a
large gradient in incidence rates across age categories, and between men and women. Incidence
rates are much higher for Gl bleeding than for MI and stroke, but comparable to mortality rates.
Mortality was considered a competing risk in the Gail approach.

Table 1: Incidence rates (per 1,000 person-years) without aspirin based on surveillance
data

Incidence rates in men Incidence rates in women

45-54 | 55-64 | 65-74 | 75-84 | 45-54 | 55-64 | 65-74 | 75-84

Myocardial infarction 4.0 6.2 9.3 | 140*| 1.2 3.0 4.7 8.2

Major ischemic stroke 1.2 2.5 5.6 10.8 0.9 2.0 3.6 7.5

Major hemorrhagic 0.2 04 0.8 1.6 0.1 0.3 0.5 1.1
stroke

Major gastrointestinal 8.0 16.0 | 30.0 | 48.0 4.0 8.0 15.0 | 24.0
bleeding

All-cause mortality 5.0 100 | 25.0 | 67.0 3.0 7.0 16.0 | 48.0

*No reliable data from the Atherosclerosis Risk in Communities Study for men in age category 75-84 years. To estimate
the incidence rate we assumed a 50 percent increase from age category 65-74 years based on similar increases in incidences in
age category 65-74 to 75-84 in the Framingham Heart Study and the Cardiovascular Health Study.

Weights for Outcomes for Gail/NCI Approach

Any assumption about preferences may have limitations given the paucity of data on
preferences. We identified one small study that reported on patients’ preferences for various
health outcomes with aspirin for primary prevention using a visual analog scale.** The patients
were free of cardiovascular disease and represented subjects from a primary prevention setting.
To assign weights for various outcomes, we used data on preferences for these outcomes from
this small sample of participants. We also solicited electronic input from our Technical Expert
Panel on the incorporation of these weights for the outcomes identified above.

There are valid criticisms of these weights for outcomes. Participants are likely to assign
higher weight to irreversible outcomes such as stroke than reversible outcomes such as Gl
bleeding. Alternative preference elicitation techniques may lead to alternative valuations,
depending on the patient population (primary vs. secondary prevention), the techniques used
(time tradeoff vs. standard gamble vs. conjoint analysis), and the outcomes evaluated. Another
study, among patients with atrial fibrillation reported a similar gradient across weights of
outcomes with severe stroke being the worst outcome, and with GI bleeding being the least
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severe outcome (mild stroke was not elicited).’® Recognizing the paucity of data about
preferences for the outcomes relevant to aspirin in primary prevention settings, we also
conducted sensitivity analyses using equal weights for outcomes and different weights for

outcomes.

Assumptions that Apply to both Quantitative Approaches to

Benefit and Harm Assessment

The implementation of number needed to treat and number needed to harm and the Gail/NCI
approach required some assumptions. Table 2 describes assumptions that apply to both
approaches, except weights are not required for NNT and NNH.

Table 2. Assumptions

Subject

Assumptions*

Heterogeneity of
Treatment Effects

We assumed no heterogeneity of treatment effects on the relative scale of
aspirin on benefits and harm outcomes based on the results of the 2011
Berger meta-analysis.”

Effects by Gender

We assumed that the effects of aspirin on benefits and harm outcomes did
not vary by gender based on the result of the 2011 Berger meta-analysis.’

Effects of Aspirin
over Time

We assumed that the relative risk reductions or relative risk increases of
aspirin on benefits and harm outcomes did not change over time.

Incidence Rates
over Time

We assumed the incidence rate of all outcomes without treatment did not
change over time.

Measures of

We assumed that all MIs were of the same severity, that all strokes were
severe and that all major bleedings were major upper or lower Gl

Severity bleedings because severity was not consistently reported across the trials.
_ _ We considered different risk profiles of the population, based on
Risk Profiles characteristics including age and sex. Additional characteristics such as

race, blood pressure, or cholesterol levels were not considered because all
outcome incidence rates were unavailable for such profiles.

Applicability of

We assumed relative risk reductions in benefits or relative risk increase in
harms, from the trials were applicable to the source populations from

Effects which estimates of the baseline risks originated.
o To assign weights for various outcomes, we used data on preferences for
Weighting of these outcomes from a small sample of participants considering aspirin for

Outcomes (applies
only to Gail/NCI
approach)

primary prevention.**

*The assumptions above are common to both approaches, except for weighting of outcomes, which does not apply to the NNT

and NNH approach.




Number Needed to Treat and Number Needed to Harm

We calculated the NNT for M1 and ischemic stroke and NNH for hemorrhagic stroke and Gl
bleeding (and 95 percent confidence interval [CI]) with aspirin, by applying the (RR) for
ischemic stroke, hemorrhagic stroke, and GI bleeding from the above meta-analysis® to the
population event rates for these respective outcomes from the observational studies ***®(Table 1)
using Visual Rx, version 3.0." % We estimated NNTs and NNHSs for various age and sex
specific categories.

We estimated the NNT and NNH with aspirin in patients with different baseline risks of
cardiovascular events and bleeding, as the NNT and NNH varies when aspirin is used in a
general population outside highly-selected trial participants.?! To better account for time at risk,
the unit of NNT or NNH was defined as the number of person-years of exposure to treatment
needed in order to prevent one event. The NNT is the number of person-years of exposure to
treatment with aspirin, rather than with comparator, in order for one patient to be protected
from MI or ischemic stroke. The NNH is the number of person-years of exposure to treatment
with aspirin, rather than with placebo or comparators, for one additional patient to be harmed
by an adverse bleeding event.

Gail/National Cancer Institute Approach

The Gail approach considers multiple patient-important outcomes of a medical intervention
and provides profile-specific estimates of the benefit-harm balance. For example, for a patient of
a certain age, sex, and with presence or absence of risk factors for the patient-important
outcomes, the NCI approach provides a benefit-harm comparison estimate that can inform
decisionmakers (patients, health care providers, policymakers, payers) whether treatment will
increase or decrease patient-important outcomes, as compared to without treatment, over a
certain period of time.

In a first step we calculated the number of events for each of the four outcomes per 1,000
subjects over 10 years, based on the incidence rates described above, and stratified for age and
sex. We calculated the number using equation 1:

1) Nx,p = 10,000*{(Ix /(Ix+ Mx)}*[1-exp{-10(Ix+ Mx)}]

where NX, p is the number of events Nx.p is the number of events per 1,000 subjects over 10
years in subjects without aspirin, Ix is the incidence of the event and Mx is all cause mortality,

which we treated as a competing risk.

We then calculated the number of events with aspirin for each of the four outcomes per
1,000 subjects over 10 years, again stratified for age and sex. We used equation 2:

@) Nx,t = 10000*{(Rx*Ix /(Rx*Ix+ Mx)}*[1-exp{-10(Rx*Ix+ Mx)}]
where Rx represents the relative risk of aspirin on the outcome (derived from the Berger meta-
analyses).

We calculated the difference, Nx, in the number of events per 1,000 over 10 years in
subjects with a certain profile between aspirin users and non-users using equation 3:

(3) Difference Nx =Nx,p -Nx,t



Finally, we put all four outcomes on a single scale using equation 4:
(4) Index(W1, W2, W3)=W1 = Nx + W2 £ Nx + W3 X Nx + ... (4)

Where the index represents the benefit-harm comparison metric as the sum (X) of
differences in events (Nx) for each outcome, using relative weights W, which represent the
importance patients attach to certain outcomes in relation to one another. The number of weights
depends on how many different weights are used and does not need to equal the number of
outcomes. In the original paper about the Gail/NCI approach, for example, three different
weights for used: 1.0 for very important outcomes, 0.5 for important outcomes and 0.0 for less
important outcomes, which means that latter did not enter the benefit harm analyses. The benefit-
harm comparison metric has a positive value if more events are expected with a treatment (in the
case of aspirin it would mean more harm than benefit), compared to no treatment or an
alternative treatment. The metric has a negative value if the treatment reduces the number of
events (e.g., more benefit than harm in the case of aspirin). In the main analysis we used the
weights as described above, followed by sensitivity analyses.

Sensitivity Analysis for Gail Approach

One critique of quantitative approaches using weights is that their selection is arbitrary to
some extent, unless there is strong evidence on weights from various relevant studies (e.g., from
primary prevention populations). To address this, we used alternative weights. We compare the
results using the alternative weights to the results incorporating weights derived from a study of
benefit and harm outcomes of aspirin for primary prevention.**

In the first sensitivity analysis, we assigned equal weights to all outcomes (i.e.,
“equipreference” for all four outcomes).

In the second sensitivity analysis, we assigned weights just as the NCI did in their example
on tamoxifen for the prevention of breast cancer. We assigned a weight of 1 for very important
outcomes (severe stroke), 0.5 for important outcomes (M), and 0 for less important outcomes
(Gl bleeding). Thus the second sensitivity analysis means that we ignored Gl bleeding as a harm
outcome.

In the third sensitivity analysis, we varied the source of data for baseline risk and used
incidence rates from the trials for Ml, stroke, and GI bleeding instead of surveillance data. In this
analysis, we used weights from the literature' just as we did for the main analysis.
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Results

Number Needed to Treat and Number Needed to Harm

Table 3 and Table 4 show the NNT and NNH for men and women respectively.

The NNT is the number of number of person-years of treatment with aspirin, rather than
with comparator, in order for one patient to be protected from MI or ischemic stroke. The NNH
is the number of number of person-years of treatment with aspirin, rather than with placebo or
comparators, for one additional patient to be harmed by an adverse bleeding event.

Both the NNT and NNH for aspirin consistently decline with increasing age because of the
increase in incidence rates for all outcomes across age categories. Apart from the treatment effect
of aspirin on outcomes (which is assumed constant on the relative scale here), the underlying
increasing baseline risk across increasing age categories affect estimates of NNT and NNH.
Among men in the oldest age category, a modest 35 percent relative increase in the risk of
hemorrhagic stroke with aspirin, (Appendix A) results in very low absolute risk of such events
(NNH 1,786), because of the low underlying baseline risk of hemorrhagic stroke.

In contrast, among women aged 45-54, a 62 percent relative increase in the risk of major
gastrointestinal bleeding with aspirin, (Appendix A) results in a high absolute risk for that
outcome (NNH 404) given the high baseline risk of gastrointestinal bleeding. The NNH for
major gastrointestinal bleeding for other age and sex specific categories are even smaller given
the relatively higher estimates of baseline risk of GI bleeding across these categories.

Since the estimates of some of the rare harmful effects, such as hemorrhagic stroke, are
imprecise, there is much more uncertainty around these estimates. The 95 percent Cls for
ischemic stroke include the possibilities of both benefit and harm (RR 0.87, 95 percent C1 0.73-
1.02) and thus are reported as NNT as well as NNH, respectively. This illustrates the challenge
of conveying sampling uncertainty to end-users.

Our estimates for the NNT and NNH in person-years must be distinguished from that
reported by Berger et al. for the outcomes of major adverse cardiovascular events and bleeding in
the trials.” They reported a NNT of 253 (95 percent Cl 163-568) to prevent one major
cardiovascular event and NNH of 261 (95 percent Cl 182-476) to cause one major bleed with
aspirin over the mean duration of the trials (6.9 years). Thus they estimated that with 1,000
people treated with aspirin for 5 years, approximately three excess cardiovascular events would
be prevented whereas there would be approximately three excess major bleeds. However we
chose to report separate NNTs for MI and ischemic stroke, as these were deemed to be dissimilar
outcomes of unequal importance to participants. We also considered that the trial event rates did
not reflect the underlying risk of our target population.
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Table 3. Number needed to treat and number needed to harm for aspirin for primary
prevention in men in person-years #

Age | 45-54 | 55-64 | 65-74 | 75-84
Number Needed to Treat (95 percent Confidence Intervals)
Myocardial 1786 [962-NA] 1153[ 621-NA] 769 [414-NA] 511 [ 275-NA]
infarction
Major 6411[NNT3087- | 3077[NNT1482-NNH 20000] 1374[NNT 662-NNH 713[NNT343-
ischemic * NNH41667] 8929] NNH4630]
stroke
Number Needed to Harm (95 percent Confidence Intervals)
Major 14286[6173- 7143[3087-250001] 3572[1544-125001 1786[772-62501]
hemorrhagic 500001]
stroke
Major 202 [125-404] 101[63-202] 54[34- 108] 34[21-68]
gastrointestin
al bleeding

# Relative risk for Ml, ischemic stroke, hemorrhagic stroke and Gl bleed from Berger et al 2011

# Baseline risk of MI, ischemic stroke, hemorrhagic stroke and Gl bleed for age and sex specific categories from
ARIC and observational studies in Table 1

* The 95 percent Cls for ischemic stroke (RR 0.87, 95% CI, 073 -1.02) include the possibilities of both benefit and
harm and thus are reported as Number Needed to Treat (NNT) as well as Number Needed to Harm (NNH)
respectively The NNT is lower because it reflects the lower limit of the Cl and NNH is higher because it reflects the
upper limit of ClI

NA= Not applicable because confidence intervals for relative risk approximate 1

Table 4. Number needed to treat and number needed to harm for aspirin for primary
prevention in women in person-years #

Age | 45-54 | 55-64 | 65-74 | 75-84
Number Needed to Treat (95 percent Confidence Intervals)

Myocardial 5953 [3206-NA] 2381[1283-NA] 1520 [819-NA] 872[470-NA]

infarction

Major ischemic 8548[NNT4116- 3487[NNT1852-NNH 2137[NNT1029- 1026[NNT494-

stroke* NNH55556] 25000] NNH13889] NNH 6667]
Number Needed to Harm[ 95 percent Confidence Intervals]

Major 28572[12346-1000001] 9524[4116-333334] 5715[2470- 2598[1123-90910]

hemorrhagic 200000]

stroke

Major 404[250-807] 202 [125-404] 108 [67-216] 68[42-135]

gastrointestinal

bleeding

# Relative risk for MlI, ischemic stroke, hemorrhagic stroke and Gl bleed from Berger et al 2011

# Baseline risk of MI ischemic stroke, hemorrhagic stroke and Gl bleed for age and sex specific categories from ARIC and
observational studies in Table 1

* The 95 percent Cls for ischemic stroke include the possibilities of both benefit and harm and thus are reported as NNT as well
as NNH respectively

NA= Not applicable because confidence intervals for relative risk approximate 1

Gail/NCI Approach

Tables 5 and 6 show the absolute number of expected events for 1,000 men (Table 5) or
women (Table 6) over 10 years without and with aspirin prevention, respectively. Take for
example, men age 55 to 64 years. The expected number of Mls per 1,000 untreated men over 10
years is 57. This is a little less than 62 (Table 1, 10 times the incidence rates per 1,000 person-
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years), because we considered death as a competing risk that prevents MIs from occurring in
those who die early. As age increases, the impact of death becomes larger. For example, the
expected number of GI bleedings in untreated men age 75 to 84 years is 285 over 10 years,
considerably lower than the 480 that would be expected without considering death as a
competing risk.

Table 5. Expected number of events without and with aspirin prevention in men

Number of expected events over 10 years per 1,000 men
Without aspirin With aspirin
45-54 | 55-64 | 65-74 | 75-84 | 45-54 | 55-64 | 65-74 | 75-84

Myocardial infarction 38 57 79 96 33 49 68 83
Major ischemic stroke 12 24 48 74 11 21 42 64
Major hemorrhagic stroke 2 4 7 11 2 5 10 15
Major gastrointestinal 75 141 231 285 119 218 344 411
bleeding

All-cause mortality is considered as a competing risk

Tables 5 and 6 also allow for a comparison between the number of expected events without
and with aspirin. For example, the difference in the number of Mls for men age 65 to 74 years is
nine (74-68) over 10 years. This means that nine Mls are prevented by aspirin, based on a
relative risk reduction of 14 percent as derived from the meta-analysis by Berger et al.? Aspirin
reduces major ischemic strokes to a similar extent (-13 percent relative risk reduction). At the
same time, aspirin increases the number of major hemorrhagic strokes (+35 percent relative risk
increase, e.g., excess of three hemorrhagic strokes for men age 65 to 74 years) and the number of
major Gl bleedings (+62 percent relative risk increase, e.g., excess of 113 major Gl bleedings for
men age 65 to 74 years) over 10 years.

Table 6. Expected events without and with aspirin prevention in women

Number of expected events over 10 years per 1,000 women

Without aspirin With aspirin
45-54 | 55-64 | 65-74 | 75-84 | 45-54 | 55-64 | 65-74 | 75-84
Myocardial infarction 12 29 42 63 10 25 37 54
Major ischemic stroke 9 20 33 58 7 17 29 51
Major hemorrhagic stroke 1 3 5 9 2 4 7 12
Major gastrointestinal 39 74 129 171 62 117 200 260
bleeding

All-cause mortality is considered as a competing risk

Table 7 shows the benefit-harm comparison estimates for men and women for the main
analysis and all 3 sensitivity analyses. When we use empirically derived preferences'*(e.g., major
stroke is weighted about twice as much as MI and about 8 times as much as Gl bleeding), aspirin
causes more harm than benefit in all age categories of men and women. For example, if 1,000
women with age 65-74 years receive aspirin over 10 years, we can expect 15 harm events after
taking all prevented MI and ischemic stroke into consideration. If we do not weight the outcomes
(equipreference, sensitivity analysis I), the harm from aspirin is much greater than the benefit.
Higher incidence rates for GI bleedings and a larger effect estimate (as compared to the other
outcomes) drives this result. In the sensitivity analysis I, where we weight strokes with 1 (very
important outcome), MI with 0.5 (important outcome), and GI bleeding with 0 (minor outcome),
aspirin provides benefit for all sex and age categories.
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Finally, when we base the analyses on incidence rates of the placebo groups in the trials,
there is more benefit than harm from aspirin. Importantly, we can make no age-specific benefit-
harm comparisons because incidence rates from trials are only available for the entire trial
populations. For a participant with a mean age of 53 to 65 years, the incidence rates in the trials
were comparable to those from surveillance data, with the important exception of Gl bleeding
(see next paragraph). The incidence rate in the trials for M1 was 5.6 per 1,000 person-years for
men and 1.0 per 1,000 person-years for women. Compared to the incidence rates in Table 1, the
trial-based incidence rates compare well to those observed in the same age categories (45 to 54
and 55 to 64 years). We observed similar age-specific incidence rates for major ischemic strokes
(2.1 per 1,000 person-years for men and 1.1 per 1,000 person-years for women), major
hemorrhagic strokes (0.3 per 1,000 person-years for men and 0.2 per 1,000 person-years for
women), and for death (7.9 per 1,000 person-years for men and 3.5 per 1,000 person-years for
women). Thus, the difference in the expected number of MI, major strokes, and death for 1,000
men and women with or without aspirin treatment was similar, regardless of whether we based
incidence rates on surveillance data or trial data.

However, there was a major difference in the incidence rates for Gl bleeding, comparing
trial data to population-based surveillance data. In the trials the incidence of GI bleeding was
much lower (1 per 1,000 person-years for men and 0.5 per 1,000 person-years for women) than
in the population-based surveillance data (by a factor of about 15-20, which is very large). As a
consequence, using the incidence rates of Gl bleeding from trials, the number of GI bleedings
caused by aspirin is much lower than found in population-based surveillance data; and, as a
result, the benefit-harm comparison estimates are all negative and thus favor aspirin.

Table 7. Benefit harm comparison estimates using the NCI approach

Men Women

45-54 | 55-64 | 65-74 | 75-84 | 45-54 | 55-64 | 65-74 | 75-84
Main analysis using empirically 9" 17 24 24 5 9 15 17
derived utilities
Sensitivity analysis I, 37° 67 99 108 21 38 63 76
equipreference of outcomes
Sensitivity analysis 11, only very -6° -9 -14 -19 -2 -6 -9 -14
important and important outcomes
Sensitivity analysis based on trial -6 -1
event rates 111

Ipositive values = excess events = aspirin harmful; Negative values = prevented events = aspirin beneficial

Number of events were standardized to account for the different sum of weights (sum weights is 2.43 for main analysis and sensitivity analysis
111, 4 for sensitivity analysis | and 2.5 for sensitivity analysis Il) so that the main and sensitivity analyses are comparable
4Weight of 1 for very important outcomes such as major stroke, 0.5 for important outcomes such as Ml and 0 for Gl bleeding

Mean age across trials 53 to 65 years, no age-specific incidence rates and benefit-harm comparison estimates available
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Discussion

The conduct of a quantitative approach to an assessment of the benefit and harm requires
integration of data from disparate sources, including individual risks of events without treatment,
the effects of treatments on various outcomes, and the preference weights of these outcomes. The
results illustrate how the combined effect of incidence rates, treatment effects, and the weights of
these outcomes, drives the analysis. If incidence and treatment effect is large for a given
outcome, this outcome will largely drive the benefit-harm assessment, even if we weight the
outcome very little. For example, aspirin is beneficial only when we ignore Gl bleeding or when
we obtain incidence rates for GI bleedings from the placebo groups of trials. The discrepancy
between the main results and sensitivity analyses of the Gail/NCI approach illustrate how the
sources of evidence on incidence rates and weights can have a major impact on results. For
instance, if we want to evaluate the balance of benefit and harm for a target population that is
quite different from the trial participants, then the incidence rate from the placebo arm might not
be appropriate. For the sake of simplicity, we assumed that the treatment effects from trials
applied to our target populations. However, one must be careful that, in the presence of
heterogeneity of treatment effects, the average treatment effect estimate for the trials may not be
entirely applicable to the entire target population. Therefore, a crucial step in the planning of a
guantitative approach to a benefit-harm assessment is careful consideration of data sources as
well as the planning of sensitivity analyses. This would have an impact on the protocol for a
systematic review used to inform such a benefit-harm assessment and has both time and resource
implications for those who may wish to consider such an approach.

We considered these quantitative approaches in light of principles that are potentially
relevant to the conduct of quantitative approaches to benefit harm assessment in the context of
systematic reviews. These are summarized in Table 8.

Our results demonstrate several drawbacks of the NNT and NNH approach. In considering
aspirin for primary prevention, one would evaluate two beneficial outcomes (MI and stroke), and
two harmful outcomes (hemorrhagic stroke and Gl bleeding) with their respective NNTs and
NNHs and confidence intervals. The communication of uncertainty, such as the confidence
intervals around ischemic stroke which reflect the possibility of both benefit and harm, is
challenging. Some have argued that NNT or NNH should not be reported when there is
uncertainty around the possibility of both benefit and harm. Weighting multiple outcomes of
varying importance may also be cognitively challenging for decision makers. It is potentially
possible to use NNT and NNH to incorporate weights from different stakeholders to generate
relative value NNTs and relative value NNHs.

Our results also demonstrate the trade-offs between more simpler and complex
quantitative approaches for benefit and harm assessment in systematic review. Although the
Gail approach provided a single benefit and harm comparison metric, it was unable to convey
the uncertainty around the comparison metric. Further methodological modifications could
incorporate uncertainty.”® Simpler approaches can be more easily computed directly from the
results generated from meta-analysis. However these simpler approaches may also have strong
assumptions, and postpone the task of weighting of outcomes for decision makers. In contrast,
more complex approaches which generate a benefit-harm comparison metric require additional
data on baseline risk and weights. Both complex and simpler approaches may include the
inherent assumption about the applicability of these data to the intended target population.
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Our findings demonstrate the feasibility and utility of such methods, but are not clinically
directive. Earlier analysis by the U.S. Preventive Services Task Force in 2009 showed a benefit
of aspirin for people with moderate to high cardiovascular disease risk.”> However, the analysis
assumed a relative risk reduction of about 32 percent in MI from a 2006 meta-analysis® of six
primary prevention trials using a Peto odds ratio approach.”® However the updated meta-analysis
reported a smaller relative risk reduction for MI of about 14 percent® using the relative risk
method. Although the USPSTF analysis used similar baseline risk estimates, it did not consider
death as a competing risk, or incorporate relative weights and could not explore the effect of a
gradient in weights across outcomes.
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Limitations

A quantitative approach to the assessment of benefit and harm is limited by the quality of
reported data. We obtained our estimates for the treatment effects for both benefit and harm
outcomes from a meta-analysis of large RCTs of aspirin for primary prevention, which increases
our confidence in these estimates. Trial incidence rates were comparable for myocardial
infarction and stroke but not for Gl bleeding. The observational studies reported several-fold
higher risk of gastrointestinal bleeding than the trials. The possible reasons for this include less
rigorous ascertainment of Gl bleeding in the trials because it was not a primary outcome in the
trials. Heterogeneity in GI bleeding definitions is possible across trials. Finally, the trials
excluded participants at high risk for GI bleeding (e.g., previous GI bleedings due to aspirin or
NSAIDs) but the surveillance data included such patients.

We did not investigate the possibility that benefit-harm balance varies over time, due to lack
of individual-level data. Although methods for estimating NNT and NNH from survival analysis
data have been proposed, access to only summary data from the meta-analysis precluded such
estimation.?® We could not consider joint dependence of benefit and harm without individual-
level data or reporting of the joint dependence of benefit and harm. Although we evaluated low-
dose aspirin, we included studies of higher doses that were tested in large primary prevention
trials. The updated meta-analysis included some patients with diabetes and vascular disease, who
may be at higher risk of cardiovascular events.

We used weights obtained from a sample of participants considering aspirin for primary
prevention. We assumed that these perceptions of the importance of Ml, stroke, and Gl
bleedings, as expressed on a visual analog scale, reflected their relative weights for these health
states. Preference elicitation using either the analytic hierarchy process or conjoint analysis with
patients assess relative weights may be suitable for exploring the heterogeneity of treatment
preferences, but was beyond the scope of this project. Benefit and harm estimates remain
sensitive to assumptions about the heterogeneity of treatment preferences in the population.?*
Real heterogeneity in patient preferences would be important to inform the decisionmaking
process, but frequently we do not know how much variability among preferences exists. Thus
sensitivity analyses are always warranted.
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Future Research

While the literature clearly defines methods for selection of RCTs for inclusion in a
systematic review, the appropriate selection of additional data sources, beyond what is typically
included in systematic reviews, needs further development. Future research should address how
to select the most valid and applicable incidence data,?> and how to select and rate the quality of
preference assessment studies.”® The reporting and assessment of heterogeneity of treatment
effects in systematic reviews could be further improved.?’

Although we considered estimates stratified by age and sex, we did not consider additional
characteristics such as race, blood pressure, or cholesterol levels, because stratified outcome
incidence rates were unavailable for these variables. The challenge will be to balance the need
for finely granulated data (e.g. incidence rates stratified for four to five variables) and accurate
estimates of incidence. One could consider reporting incidence rates from surveillance stratified
for these variables. However, limited sample sizes may become a challenge even in large studies
such as Atherosclerosis Risk in Communities. An alternative would be to estimate outcome risks
based on risk prediction models such as the Framingham Risk Index. However, outcome
predictions may be poorly calibrated if the models were not developed or updated in the
population of interest.

It is uncertain how these approaches will perform when outcome data on harms are more
sparse and heterogenous, as is typical in many systematic reviews. For this illustrative example,
we did not have a situation where robust evidence is available for benefit outcomes but little
evidence is available for harms, which is typical for many other clinical questions. Such a
situation would add a layer of complexity to quantitative approaches to benefit-harm
assessments, and is beyond the scope of this report. An evaluation of these quantitative
approaches in the context of intermediate outcomes (such as forced expiratory volume in 1
second in chronic obstructive pulmonary disease or glycated hemoglobin in the context of type 2
diabetes mellitus) is needed. In these situations, systematic reviewers and investigators will
either have to elicit data on preferences for intermediate outcomes (surrogate outcomes) or make
assumptions about linkages between intermediate outcomes to health outcomes (patient-
important outcomes). Future research on these and other quantitative approaches (such as
probabilistic simulation and multicriteria decision analysis) should consider appropriate methods
of capturing and conveying the uncertainty around the benefit-harm assessment and assessing
and reporting the linkages between surrogates and clinical outcomes.

Conclusion: The assessment of the benefit and harm requires careful selection and
integration of data from disparate sources, including individual risks of events without treatment,
the effects of treatments on various outcomes, and weights of these outcomes, but are potentially
feasible in the context of systematic reviews. Decisionmakers need to evaluate whether such
quantitative approaches can facilitate, support and inform their evidence-based decisions
regarding treatment.
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Table 8. Principles

Principles’

Adherence with number needed
to treat and number needed to
harm approach

Adherence with National
Cancer Institute approach

Present benefits and harms in such
a way as to enable the assessment
of the balance of the benefits and
harms in different decisionmaking
contexts

Results stratified for age and sex
Data considered that inform a
primary prevention decisionmaking
context

Results stratified for age and
sex

Data considered that inform a
primary prevention
decisionmaking context

Identify the key potential harms in
the assessment and the key (usually
clinical) outcomes that will be
considered as benefits

Benefit and harm outcomes
identified from an updated
systematic review

Considered all outcomes commonly
considered important in guidelines,
trials, and observational studies

We did not interview subjects from
a primary prevention setting to ask
about outcomes

Benefit and harm outcomes
identified from an updated
systematic review

Considered all outcomes
commonly considered
important in guidelines, trials,
and observational studies

We did not interview subjects
from a primary prevention
setting to ask about outcomes

Consider the different
characteristics and assumptions of
the existing quantitative approaches
to assess the balance of benefit and
harm to determine the appropriate
approach for a specific
decisionmaking context

Assumptions stated on Page 12

Assumptions stated on Page 12

State whose preferences were
considered, how these were
ascertained, and how variation in
preferences would affect the results
of an assessment of the balance of
benefits and harms

NNTs and NNHs allow end users to
put respective weights on outcomes

We used weights from a study
for aspirin among primary
prevention and considered
alternative weights (equal
weights)

Convey all convey all major
sources of uncertainty, uncertainty
that arises from sampling as well as
that due to quality of the evidence,
in the assessment of the balance of
benefit and harm.

Conveys statistical uncertainty on
outcomes through 95 percent Cl in
Table 2 and Table 3

Sensitivity analyses done

No estimates of uncertainty
(such as 95 percent Cl), but
probability of index being
positive or negative could be
done using Markov modeling™

Report information fundamental to
the assessment of the balance of
benefits and harms (“information

Unable to account for joint
distribution of benefit and harm

Does not consider joint
distributions of benefit and
harm, but considers competing
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preserving”)

risk of mortality

State how decisions about
comparisons, outcomes, baseline
risks, and time horizons were made
to increase transparency and
traceability

See decisionmaking context on
page 5

See decisionmaking context on
page 5
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Appendix A: Details of our data-sources for effect estimates,
baseline risk of all 4 outcomes, and weights of outcomes

Table 1. Treatment Effects of Aspirin for the Primary Prevention of Cardiovascular Events

Treatment Effect

Risk Ratio [95% CI]*

Myocardial infarction

0.86 [0.74,1.00]

Ischemic stroke

0.87 [0.73,1.02]

Hemorrhagic stroke

1.35[1.01,1.81]

Major bleeding

1.62[1.31,2.00]

* This meta-analysis included the nine major primary prevention trials: British Doctors' Trial (BMD) , Physicians' Health Study
(PHS), Thrombosis Prevention Trial (TPT), Hypertension Optimal Treatment (HOT) study, Primary Prevention Project (PPP),
Women's Health Study (WHS), Atherosclerosis Trial [AAAT], Japanese Primary Prevention of Atherosclerosis with ASA for
Diabetes, Prevention of progression of arterial disease and diabetes (POPADAD) trial. The mean age of the participants ranged
from 54.6 years in the Women’s Health Study to 65 in the JPAD trial. Most of the trials used low dose daily Aspirin except for
the British Doctors study which evaluated 500 mg of daily aspirin and PHS which evaluated 325 mg of aspirin every alternate
day and WHS which evaluated 100 mg every alternate day. The mean followup duration ranged from 3.6 years in the Primary
Prevention Project to 10.1 years in the Womens Health Study.)

Table 2. Baseline Risk

Indicator (Incidence Rate)

Source (Year)

Myocardial infarction

ARICZCOmmunity Surveillance Component (1987-89, 1990-92,
1996-98)
0 Baseline n=4,000 aged 45-64 (total sample: 15,792).
0 Hospitalized Ml incidence currently documented in men
and women aged 35-84.
If population-based estimates are unavailable, data extracted from
primary care setting

Major ischemic stroke

ARIC Cohort Component2

Major hemorrhagic stroke

ARIC Cohort Component2

Major gastrointestinal bleeding”

GPRD: population-based database in the United Kingdom
(approx. 3 million patients)3

All-cause mortality

U.S. Vital Statistics®

Table 3. Weights for Outcomes®

Weights (descending severity) Perceived severity Complement ( Weights used)
Major stroke 0.11 0.89
Myocardial infarction 0.55 0.45
Major gastrointestinal bleeding 0.80 0.20
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Appendix B. List of Acronyms/Abbreviations

Acronym Definition

AHRQ Agency for Healthcare Research and Quality
Cl Confidence interval

Gl Gastrointestinal

NNH Number-needed-to-harm

NNT Number-needed-to-treat

RCTs Randomized controlled trials

RR Risk ratio
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