
 BACKGROUND

Guidelines On Uncertainty Analysis

Guidance for uncertainty analyses has been developed by the 

International Society for Pharmacoeconomics and Outcomes 

Research (ISPOR),1 the United Kingdom (UK),2 and Canada.3 

There are different types of uncertainty analyses, all of which 

should be completed as part of a cost-effectiveness analysis 

(Table 1).
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Search Strategy

The following medical literature databases were searched: 

PubMed, Cochrane Collaboration, EMBASE, and HEED. The 

literature search strategy was limited to articles published in 

English from 1997 to mid-2008 that reported on studies 

conducted in humans. 

The search strategy included search terms relating to ACS, 

antiplatelet drugs, and costs and cost-effectiveness analysis. A 

total of 191 articles were identifi ed: PubMed, 40; Cochrane 

Collaboration, 27; EMBASE, 114; HEED, 10. Of these, 106 unique 

articles were unique, and 16 were included in this review.

Included articles compared clopidogrel plus aspirin with aspirin 

alone for patients presenting with ACS or for whom an elective 

or urgent PCI was planned.

RESULTS

Clinical Trial Data

All the cost-effectiveness analyses identifi ed were based on the 

results of one or more of the following clinical trials, all of which 

compared clopidogrel plus aspirin with aspirin alone:

• The Clopidogrel in Unstable angina to prevent Recurrent 

ischemic Events (CURE) trial, including the PCI-CURE 

population subset (those who had a PCI during the trial 

period) enrolled people presenting with non-ST-segment 

elevation myocardial infarction (NSTEMI) or unstable angina 

and followed them for up to 12 months.  

• The CLopidogrel as Adjunctive ReperfusIon TherapY (CLARITY) 

trial enrolled people with ST-segment elevation myocardial 

infarction (STEMI) and followed them for up to 8 days.8,9

• The ClOpidogrel and Metoprolol in Myocardial Infarction Trial 

(COMMIT) study enrolled people with STEMI who did not have 

a PCI and followed them for up to 4 weeks. 

• The Clopidogrel for the Reduction of Events During 

Observation (CREDO) trial enrolled people with a scheduled 

PCI or coronary angiogram or symptomatic coronary artery 

disease with objective evidence of ischemia and followed 

them for up to 12 months. 

Model Structures

The cost-effectiveness models used several different structures, 

including Markov models, decision-tree analysis, life-expectancy 

analysis, and combinations of these structures, to extrapolate 

the trial data to a lifetime time horizon (Table 2).

CONCLUSIONS

The reference-case analyses and 

almost all sensitivity analyses 

indicated that a dual oral antiplatelet 

regimen is a cost-effective treatment 

following an ACS episode or a PCI. 

However, this review found several 

areas in which the published cost-

effectiveness analyses for dual oral 

antiplatelet therapy compared with 

aspirin were not fully adherent with 

HTA guidelines from ISPOR,1 NICE,2 

and CADTH.3

• The reference-case analysis, which 

forms the starting point for the 

sensitivity analyses, varied across 

studies in critical areas that 

indicated lack of adherence to HTA 

guidance.

• The alternative input parameter 

values used in the sensitivity 

analyses were sometimes 

presented without a data source or 

justifi cation, and possibly did not 

represent equally likely value 

ranges.

• Variability analyses looking at the 

impact on cost-effectiveness of 

variations in patient characteristics 

and practice patterns were limited 

in scope and generally not 

presented separately from the 

sensitivity analyses.3 
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ABSTRACT

OBJECTIVES: Cost-effectiveness analyses 

of new treatments for cardiovascular 

disease frequently require input param-

eters whose values are known with un-

certainty. The objective of this study is to 

determine the extent to which published 

uncertainty analyses adhere to Health 

Technology Assessment (HTA) guidelines. 

METHODS: We performed a systematic 

review of published cost-effectiveness 

analyses for an example drug treatment 

scenario, dual oral antiplatelet therapy 

compared with aspirin alone following 

acute coronary syndromes (ACS) and/or 

percutaneous coronary intervention (PCI). 

We searched for articles published in 

English from 1997 to mid-2008 in 

PubMed, the Cochrane Collaboration, 

EMBASE, and the Health Economic Eval-

uation Database (HEED). A total of 191 

articles were identifi ed: PubMed, 40; 

Cochrane Collaboration, 27; EMBASE, 

114; HEED, 10. Of these, 106 articles were 

unique, and 16 were included in this 

review; all selected articles compared 

clopidogrel plus aspirin with aspirin 

alone in patients with ACS and planned 

PCI. We created evidence tables to show 

the sensitivity of the cost-effectiveness 

estimates to changes in the input param-

eter values, as well as the data sources 

used for the reference-case and alterna-

tive estimates for different input param-

eter values. We also examined the extent 

to which the uncertainty analyses 

adhered to HTA guidelines.

RESULTS: Cost-effectiveness ratios were 

most sensitive to changes in the effi cacy 

of dual antiplatelet therapy and refer-

ence-case model assumptions about 

costs beyond the trial period. Although 

the alternative values tested in the uncer-

tainty analyses for some input param-

eters were based on observed ranges or 

distributions, the alternative values tested 

for many other input parameters were 

assumed without justifi cation. 

CONCLUSIONS: The uncertainty analyses 

of the cost-effectiveness studies of dual 

oral antiplatelet therapy were not fully 

adherent with HTA guidelines. In particu-

lar, long-term costs and benefi ts were not 

always included in the reference case, 

resulting in varying anchor points for the 

sensitivity analysis, and the ranges used 

for the clinical and cost parameters repre-

sented different levels of uncertainty 

about the true value.

Table 1. Characteristics of Different Types of Uncertainty Analysis

Type of 
Uncertainty 
Analysis 

Description Recommended 
Presentation

One-way 
sensitivity 
analysis

Changing input parameter values that are 
estimated with uncertainty one at a time 
through a range of values 

Table or tornado 
diagram

Multiway 
sensitivity 
analysis

Changing input parameter values that are 
estimated with uncertainty two or more at 
a time through a range of values

Two-dimensional 
graph

Probabilistic 
sensitivity 
analysis

Changing all input parameter values 
that are estimated with uncertainty at 
the same time using random draws from 
probability distributions for each variable

Scatter plot and 
cost-effectiveness 
acceptability curve

Variability 
analysis

Changing model structure or input 
parameter values that represent patterns 
of care or patient characteristics

Table

Dual Antiplatelet Therapy 

In 2005 in the United States (US), there were 772,000 ACS 

discharges as the fi rst-listed diagnosis and 1,413,000 discharges 

including secondary diagnoses.4 Drugs that are able to counter 

the aggregation of platelets are valuable in the treatment of 

people experiencing an ACS episode. 

Recent studies of dual antiplatelet regimens that include 

clopidogrel plus aspirin5,6,7 have shown superior effi cacy to 

aspirin alone. Based on the results of the clopidogrel clinical 

trials, cost-effectiveness analyses have been completed 

comparing dual oral antiplatelet therapy with aspirin alone. 

Including uncertainty analyses as part of the cost-effectiveness 

analyses of dual oral antiplatelet therapy is important for 

ensuring that decision makers have the most accurate 

information possible when making treatment decisions.

METHODS

Overview

In this poster, we present the results of a systematic review of 

published cost-effectiveness analyses of dual oral antiplatelet 

therapy compared with aspirin alone following ACS and/or PCI. 

The review examines the sensitivity of the cost-effectiveness 

estimates to changes in the model structure, assumptions, and 

input parameter values. The data sources used for the 

reference-case and uncertainty analyses for different input 

parameter values also are examined. 

Based on this review, the extent to which the uncertainty 

analyses in these studies adhere to HTA guidelines, in particular 

those from ISPOR, the National Institute for Health and Clinical 

Excellence (NICE), and the Canadian Agency for Drugs and 

Technologies in Health (CADTH), is determined. Possible 

implications of nonadherence to these guidelines also are 

explored.  

Table 2. Different Model Structures

Model Structure Reference and Country

Markov model from ACS episode for 
remaining lifetime

Germany10; the Netherlands11; 
Spain12,13;  Sweden14,15,16; UK17; US18 

Decision tree for fi rst year after ACS 
episode followed by Markov model for 
remaining lifetime

Germany, France, Sweden19; UK20

Decision tree for the fi rst year followed by 
life-expectancy analysis

Canada21; US22,23,24,25 

Sensitivity Analyses

All the cost-effectiveness analyses included a one-way sensitivity 

analysis, and about half of them also included a probabilistic 

sensitivity analysis (PSA). The ranges for the cost-effectiveness ratio 

estimated in the one-way analyses depended on the reference-case 

assumptions. The one-way sensitivity analysis results were most 

sensitive to whether and how costs beyond the trial period were 

included in the model. However, the PSA results were not sensitive to 

the cost assumptions. Both types of sensitivity analysis were sensitive 

to the effi cacy assumptions. Two examples of the analyses using data 

from the CREDO trial are shown in Table 3.

Table 3. Example Sensitivity Analyses Using Data from the CREDO Trial

Country, Trial, 
Model Structure, 
Reference

Reference-
Case Results

Range in One-Way Sensitivity 
Analysis

Probability That 
Regimen is 
Cost-Effective 
(Threshold)

US, CREDO, 
Decision tree + life 
expectancy22

US $4,353/LYG US $5,411/LYG–US $21,766/LYG 98.9% 
(US $50,000)

Sweden, CREDO, 
Markov16

€3,022/LYG €2,388/LYG–€16,295/LYG 70% 
(€10,000)

LYG = life-year gained.

Variability Analyses

• None of the studies explicitly described a variability analysis and 

presented it separately from the sensitivity analyses as 

recommended in the Canadian guidelines. 

• Many studies presented estimates of the cost-effectiveness of dual 

antiplatelet therapy for different patient subtypes (e.g., age, gender, 

and presence or absence of diabetes).12, 13, 14, 15, 17, 20, 23 

• Four studies estimated the impact of different treatment 

durations,11, 18, 19, 20 and many studies estimated the impact of 

different discount rates and model time horizons.10, 11, 12, 14, 15, 16, 19, 20 

• The variability analyses indicated that the cost-effectiveness ratios 

were very different for different patient subtypes and for different 

treatment patterns.

Data Ranges/Distributions: Clinical

There were several sources used to estimate the clinical input 

parameter values (Table 4). Ranges and probability distributions for 

these inputs were based on 95% confi dence intervals or standard 

deviations from the data source.

Table 4. Sources for Clinical Input Parameter Values

Input Parameter Data Source

Risk of subsequent events with aspirin 
only

Clinical trials 
or
Observational data

Relative risk of subsequent events with 
aspirin plus clopidogrel

Clinical trials – composite endpoint 
or
Clinical trials – individual event endpoints

Event rates beyond clinical trial period Not included 
or
Observational data

Life expectancy beyond clinical trial 
period

National life tables 
or
Observational data

Data Ranges/Distributions: Costs

Sources for the cost estimates included the following:

• Observational data 

• Diagnosis-related group (DRG) costs 

• Assumed treatment algorithms. 

Costs included in the different studies varied widely, ranging 

from only hospital, clopidogrel, and aspirin costs in the fi rst 

year after the episode to all inpatient and outpatient costs for 

the patient’s remaining lifetime. All studies included acute 

bleeding costs during the trial period only. Three studies also 

included additional consumption costs during years of extra 

life. 

The studies varied the costs in the sensitivity analyses by 

including or excluding different cost categories and/or by 

using arbitrary percentage increases and decreases. The study 

conducted by Karnon and colleagues17 was the only study that 

used 95% confi dence limits from observational data.

DISCUSSION

Reference Case 

The range of results obtained in the sensitivity analyses are 

critically dependent on the results of the reference-case 

analysis since both the one-way and multiway sensitivity 

analyses are typically computed using the reference-case 

estimates as the anchor point. 

The HTA guidelines require that the reference-case model 

structure and input parameter values be based on a systematic 

review and compilation of all available data sources.1,2,3  

Yet our review of the cost-effectiveness analyses for dual oral 

antiplatelet therapy showed that there is a great deal of 

variability in the model structure, assumptions, and input 

parameter values used for the reference case.

Data For Sensitivity/Variability Analyses

Several of the articles reviewed included ranges of input 

parameter values using two methods:

1. In the form of 95% confi dence limits from patient-level data 

2. In the form of arbitrary percentage increases or decreases 

from estimated values (e.g., from event costs). 

The use of 95% confi dence limits for the upper- and lower-

bound estimates provides very unlikely worst- and best-case 

values for the input parameter estimate. For example, the 

relative risk reduction for clinical events with clopidogrel plus 

aspirin compared with aspirin alone from the CURE trial is 

80%, while the 95% confi dence limits are between 0.72 and 

0.89.6 These confi dence limits are approximately equal to a 

10% increase or decrease in relative risk reduction. 

However, a change in event costs of 10%, 20%, or even 50% 

may not represent the best- and worst-case values for input 

parameters representing the costs of clinical events. 

If these percentage changes are not equally likely to be 

observed, comparing their impact in a one-way sensitivity 

analysis or including both parameters in a PSA may provide 

misleading information to decision makers.
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