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ABSTRACT 
Aims: We aim to establish whether it is ever appropriate to conduct cost-minimisation 

analysis (CMA) rather than cost-effectiveness analysis (CEA).  

 

Methods: We perform a literature review to examine how use of CMA has changed 

since Briggs & O’Brien announced its death in 2001. Examples of simulated and trial 

data are presented: firstly to illustrate the advantages and disadvantages of CMA in 

the context of non-inferiority trials and those finding no significant difference in 

efficacy and secondly to assess whether CMA gives biased results.  

 

Results: We show that CMA is still used and will bias measures of uncertainty, 

causing over- or under-estimation of the value of information and the probability that 

treatment is cost-effective. Although bias will be negligible for non-inferiority studies 

comparing treatments that differ enormously in cost, it is generally necessary to 

collect and analyse data on costs and efficacy (including utilities) to assess this bias. 

 

Conclusions: CEA (including evaluation of the joint distribution of costs and 

benefits) is almost always required to avoid biased estimation of uncertainty. The 

remit of CMA in trial-based economic evaluation is therefore even narrower than 

previously thought, suggesting that CMA is not only dead, but should also be buried.   

 

 

Key words:  Economic evaluation; equivalence trial; expected value of perfect 

information; randomised controlled trial; cost-utility analysis. 
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1. INTRODUCTION 

Historically, cost-minimisation analysis (CMA) was recommended for economic 

evaluations of trials finding no statistically significant difference in effectiveness 

(Drummond et al., 1987, 1997) due to its simplicity and ease of analysis and 

interpretation. Separate and sequential hypothesis tests would be conducted on costs 

and effects to determine whether incremental cost-effectiveness should be estimated 

or whether CMA was appropriate.  

 

In 2001, however, Briggs & O’Brien declared the ‘death of CMA’ and argued that 

this sequential analysis approach is inappropriate and that CMA is rarely valid when 

sampled data on costs and effects are available. They argued that researchers should 

instead conduct cost-effectiveness analysis (CEA)a to estimate the joint density of cost 

and effect differences and present uncertainty about cost-effectiveness on cost-

effectiveness acceptability curves, regardless of whether statistically significant 

differences in effectiveness were observed. Subsequently, the latest (2005) edition of 

the Drummond et al. textbook no longer considers CMA as a form of full economic 

evaluation and regards it as inappropriate in most situations. 

 

Nonetheless, Briggs & O’Brien (2001) argued that CMA was appropriate for 

randomised trials that were designed to test the explicit hypothesis of equivalence or 

non-inferiorityb between two therapies. Similarly, Drummond et al., (2005) 

commented that CMA may be justifiable for comparisons between drugs in the same 

pharmacological class where previous research or clinical consensus indicate equal 

effectiveness.   

 

However, several additional considerations argue against use of CMA even in these 

situations.  Firstly, the magnitude and statistical significance of effect differences 

often differ between endpoints (Johnston et al. 2003). In particular, quality-adjusted 

life-years (QALYs) may capture wider benefits, such as the quality of life 

                                                 
a Within this paper, we use the term “cost-effectiveness analysis” in a more general (or US) sense to 

refer to both cost-utility analyses and cost-effectiveness analyses measuring health outcomes in natural 

units.  

b For brevity, studies designed to test hypotheses of non-inferiority and those designed to assess 

equivalence are referred to hereafter as “non-inferiority studies”. 
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improvements from home versus hospital therapy, that may differ between treatments 

even if equivalence is demonstrated for primary clinical endpoints (Briggs and 

O'Brien, 2001).   

  

Secondly, the concept of ‘irrelevance of inference’ (Claxton, 1999) provides 

additional arguments against CMA. Claxton argued that hypothesis testing is 

essentially arbitrary and irrelevant to decision-making. He proposed that the treatment 

with the highest expected net benefit should be adopted regardless of the uncertainty 

around the decision or whether differences in efficacy (or net benefit) reach 

conventional levels of statistical significance.c Rather than influencing decisions about 

which treatment we should use now, uncertainty should primarily guide decisions on 

what future research is required. This argument further undermines the idea of using 

sequential hypothesis testing to determine the appropriate form of analysis and 

suggests that decisions should be based on expected net benefit regardless of whether 

differences in effectiveness or net benefit reach statistical significance or whether the 

trial is powered to show equivalence or non-inferiority. Furthermore, the role of 

uncertainty in decisions about further research raises the question of whether the form 

of analysis affects the value of information (VoI) or the probability that treatment is 

cost-effective. 

 

This paper aims to finally settle the debate concerning whether CMA still has a role 

for any trial-based economic evaluations. We assess how use of CMA has changed 

since the above guidelines were published and explore additional arguments for and 

against conducting full economic evaluations of non-inferiority trials and those 

observing no significant difference in efficacy. In particular, we assess whether the 

form of economic evaluation affects estimates of decision uncertainty. 

 

                                                 
c Although inference is argued to be irrelevant, the cost of adopting new treatments or reversing 

decisions is nonetheless important and may mean that decisions on adoption and further research must 

be made jointly (Eckermann and Willan, 2007).  However, wider consideration of these issues is 

outside the scope of this paper. 



CMA or CEA?  01/12/2022  

 6 

2.  METHODS 

2.1. Literature search on prevalence of CMA 

We examined how the proportion of economic evaluations that comprise CMAs has 

changed over the last 10 years to explore trends that may have been influenced by the 

Briggs and O'Brien (2001) and Drummond et al. (2005) publications. The Centre for 

Reviews and Dissemination (CRD) database (including Database of Abstracts of 

Reviews of Effects (DARE), NHS Health Economic Evaluation Database [NHS 

HEED] and Health Technology Assessment Database) was searched on 4th October 

2010. Databases were searched from 1999 to 2009, using the separate search terms: 

‘cost-effectiveness analysis’ (which includes cost-consequence analysis); ‘cost-utility 

analysis’ (CUA); ‘cost-benefit analysis’; and ‘cost-minimisation analysis’. We 

included all studies that CRD considered to be full economic evaluations and 

categorised studies by type of evaluation based on CRD classifications. Full text of all 

CMAs published in 2008 was reviewed to assess how many were based on clinical 

trials or (specifically) non-inferiority trials. 

 

2.2. Empirical study 

2.2.1. Premise 

To assess the impact of conducting CMA instead of CEA within non-inferiority trials 

and those observing no significant difference, we compared the conclusions and 

uncertainty estimates that would be generated by CMA and CEA within two clinical 

trials and ten sets of simulated trial data (Table 1). 

 

Within CEA, we would typically conclude that a treatment represents good value for 

money if the value of the health gains (
E ) associated with giving treatment rather 

than the comparator outweighs the added cost ( C ): i.e. if the incremental net benefit 

(INB) (Stinnett and Mullahy, 1998) is positive at the ceiling ratio ( cR ) that represents 

society’s willingness (or ability) to pay for one unit of health outcome. 

CEcRINB          (1) 

 

The assumption underpinning CMA is that 
E  equals zero with no uncertainty. 

Within CMA, INB therefore equals C  regardless of ceiling ratio and the 
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probability that INB is positive (i.e. that treatment is cost-effective) is equal to the 

probability that treatment is less costly than its comparator. Although CMA implicitly 

assumes that incremental efficacy is known to be exactly zero (making collection of 

additional efficacy data unnecessary), collection of additional cost data (either through 

trials or other study designs) may nonetheless be efficient if the value of this 

information exceeds the cost of the research. 

 

Any external evidence should generally be combined with evidence from the trial in 

question (where it exists). However, to simplify the analysis and reporting of results, 

we assume that for each example, the trial under consideration represents the only 

available evidence on incremental costs and effects.  

 

2.2. Case studies 

The Scottish Unexplained Infertility Trial (SUIT) (Bhattacharya et al., 2008, 

Wordsworth et al., 2011) was a three-arm, parallel group, pragmatic randomised trial 

comparing three strategies for managing unexplained infertility: intrauterine 

insemination (IUI), oral clomifene citrate and expectant management (‘do nothing’). 

The trial included 580 couples attending fertility clinics across five hospitals in 

Scotland. CEA was used to calculate the cost per additional live birth. The study 

found IUI to dominate clomifene citrate and cost £5,604 per live birth versus 

expectant management.  

 

GNOME comprised a randomised, double-blind, placebo-controlled trial evaluating 

topical intranasal corticosteroids with placebo in the treatment of 217 children with 

otitis media with effusion (“glue ear”) in primary care (Petrou et al., 2010, 

Williamson et al., 2009a, 2009b). Cost-effectiveness was assessed using CUA and a 

CEA that calculated the cost per additional child cured. We focus here on the results 

of CUA, which found steroids to be non-significantly more costly and less effective 

than placebo. 

 

For both case studies, uncertainty was analysed using non-parametric bootstrapping. 

For SUIT, 1,000 bootstrap replicates were drawn from the trial data; standard errors 

(SEs) for incremental costs, incremental effects and INB were based on the standard 

deviations across bootstrap replicates. However, within GNOME (as described by 
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Williamson et al., 2009a), missing data were imputed using multiple imputation and 

bootstrapping was conducted separately on the resulting five imputed datasets, with 

SEs calculated using Rubin’s rule (Briggs et al., 2003). In both studies, cost-

effectiveness acceptability curves were based on the proportion of all bootstrap 

replicates with negative C  or positive INB at different ceiling ratios.  

 

The expected value of perfect information (EVPI) (Claxton, 1999; Willan and Pinto, 

2005) was also calculated to explore how the value of future research differs between 

CMA and CEA. EVPI shows the value of eliminating all uncertainty around the 

decision by collecting perfect information. Since perfect information cannot be 

obtained in practice, EVPI reflects the theoretical maximum that we should consider 

spending on research into the decision problem. For both trials, EVPI/patient was 

estimated numerically by subtracting the total net benefit for the option we would 

choose based on current information from the maximum net benefit we would obtain 

with perfect information (the average of the maximum net benefit for each bootstrap 

replicate).  To calculate population EVPI, EVPI/patient was multiplied by the number 

of patients likely to benefit each year and summed over the period for which the 

information will be used (assumed to be 10 years). Future values were discounted at 

3.5% per annum. For SUIT, we assumed 16,950 couples in the UK could benefit from 

treatment each year (NCC-WHC, 2004), while for GNOME we assumed 16,068 

children could benefit each year (Petrou et al., 2010). 

 

2.2.3.  Generation and analysis of simulated data 

Simulated data were generated using Microsoft Excel 2003 to compare the results of 

CMA and CEA in different situations. The first three examples comprised cases 

where net benefits differ significantly between treatments despite no significant 

differences in costs or effects. Seven further examples were used to illustrate how the 

conclusions and uncertainty estimates differ between CMA and CEA.  

 

Each hypothetical example was assigned values for the incremental cost ( C ) and 

incremental QALYs (
E ) of treatment versus comparator, their SEs 

( )var(,)var( EC  ) and the correlation coefficient (ρ) for the relationship between 
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C  and 
E . Parameters for each example were chosen to explore how the results of 

CMA and CEA differ depending on the direction and magnitude of the point estimate, 

the uncertainty around costs and the correlation between costs and effect and to 

illustrate specific points. However, the examples are not intended to comprise an 

exhaustive demonstration of the effect of each parameter. These values were used to 

calculate mean INB and its SE using Equations 1-2. 

)var()var(2)var()var()var()( 2

CEcCEcRR RRINBINBSEM
cc

   (2) 

 

Since the simulated pairs of incremental costs and benefits were normally distributed, 

the probability )R0Pr(INB c  of treatment being cost-effective at ceiling ratio cR  

and the probability of treatment being cost-saving ( 0)Pr( C  ) were calculated 

analytically using Microsoft Excel 2003 based on a cumulative normal distribution.  

 )var(/INB)R0Pr(INB
cRc cRINB        (3) 

 )var(/0)Pr( CC C       (4) 

 

The error probability was used to quantify the risk associated with decisions in a way 

that can be compared across examples, regardless of whether the new treatment is 

superior or inferior to its comparator. The error probability was defined as the 

probability that the treatment with the highest net benefits (or lowest costs) would in 

fact generate lower net benefits (or higher costs) than its comparator. The error 

probability equalled the probability that treatment was cost-effective (or cost-saving) 

when INB was negative (or 0C ), and equaled one minus the probability of 

treatment being cost-effective (or cost-saving) when INB was positive (or 0C ). 

 

Willan and Pinto (2005)’s analytical methods were adapted to allow for treatments 

with negative INB and used to calculate EVPI per patient,  

     )var(/()var(2/exp2/)var( 22/1
INBINBINBINBINBINBEVPI   ,     (5)  

where INB for CMA equalled C . Population EVPI was based on 50,000 patients 

benefiting from treatment each year for all simulated datasets to facilitate comparisons 

across examples; a 10-year time horizon was taken and values in future years 

discounted at 3.5% per annum. 
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3.  RESULTS 

3.1. Literature search 

Our search of the CRD database showed that CMAs are still being performed, 

although the proportion of economic evaluations comprising CMA has fallen from 8% 

in 1999, to 1% in 2009 (Table 2). The number of CMAs appears to have fallen most 

rapidly after the Drummond textbook was revised in 2005, although the proportion  

decreased steadily after the Briggs and O’Brien paper was published in 2001. By 

contrast, the number of CEAs and CUAs increased by around 5% per year over the 

same time period and the number of cost-benefit analyses remained stable.  Of the 17 

CMAs published in 2008, five (29%) were trials and the rest were models, costing 

studies or studies based on review or database information. None of the trials 

mentioned whether they were powered for non-inferiority or equivalence. The vast 

majority of publications were in peer-reviewed journals, rather than assessment 

reports and the journals that continue to publish CMA papers tended to be clinical or 

health policy journals rather than specialist health economic journals.  CRD includes 

evaluations conducted for some but not all health technology assessment 

organisations, including (for example) National Institute for Health and Clinical 

Excellence (NICE) appraisals but not those for the Scottish Medicines Consortium; as 

result, searches may underestimate the prevalence of CMA by missing many 

manufacturer evaluations and lower quality studies. 

 

3.2. Empirical study 

3.2.1. SUIT 

SUIT found that IUI was significantly more costly than expectant management 

(p<0.001) but resulted in six additional live births per 100 women treated (bootstrap 

p-value: 0.09; Figure 1, Table 3) (Wordsworth et al., 2011). Since clomifene citrate 

was strongly dominated by both IUI and expectant management, only the results for 

IUI versus expectant management are shown. 

 

Our point estimate of £5,604/live birth is substantially below the value placed on this 

outcome in stated preference studies (£10,000-£1 million (Granberg et al., 1995, 

Garceau et al., 2002)). CEA therefore suggests that IUI is cost-effective compared 
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with expectant management if we consider inference to be irrelevant to resource 

allocation decisions, whereas CMA would give the opposite conclusion (suggesting 

that expectant management is optimal as it is less costly). Furthermore, CMA suggests 

that the value of further evidence on incremental costs is negligible, whereas the 

population EVPI from CEA equalled £11.4 million for CEA at a ceiling ratio of 

£10,000/birth. 

 

3.2.2. GNOME  

The GNOME trial observed no significant differences between steroids and placebo 

for costs, QALYs, utilities, side-effects or the primary clinical endpoint (cure at one 

month; Petrou et al., 2010, Williamson et al., 2009a). CUA showed steroids to be 

dominated by placebo, generating non-significantly fewer QALYs and non-

significantly higher costs (Table 3). Although patients receiving steroids accrued 

slightly higher costs in all sensitivity analyses, incremental effectiveness varied 

substantially depending on the endpoint used. In particular, the proportion of children 

cured at one or three months was non-significantly higher for steroids and CEA found 

steroids to cost £347 per additional child cured. 

 

On an ‘irrelevance of inference’ basis, both CUA and CMA demonstrate that no 

treatment dominates steroids, although CMA would nonetheless have overestimated 

the error probability and underestimated VoI (Table 3). However, the GNOME CEA 

highlights a situation where it may be appropriate to take account of uncertainty as 

well as expected net benefits. Although CEA suggests that steroids are cost-effective 

at a £1,000/cure threshold, it may not be appropriate to adopt a drug based on this 

evidence, since (1) we can be (at best) only 65% certain (Figure 1) that treatment 

increases the chance of cure compared with placebo, (2) there is a huge degree of 

uncertainty around incremental costs and benefits and (3) the results are highly 

sensitive to changes in outcome measure or assumptions. In this situation, an “only in 

research” recommendation may be appropriate if the expected value of sample 

information (EVSI) exceeds the opportunity cost of further research, taking account of 

the costs associated with licensing and adopting a new treatment and, potentially, 

reversing the decision based on new evidence (Eckermann and Willan, 2007, 2008a, 

Towse and Garrison, 2010, Briggs et al., 2010). This highlights the need for reliable, 
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unbiased estimates of VoI to enable efficient allocation of healthcare and research 

funds. 

 

3.2.3. Bias within uncertainty estimates 

For both SUIT and GNOME, the error probability and EVPI estimates from CMA 

were very different from those of CEA or CUA (Table 3) and CMA produced 

different conclusions from the SUIT and GNOME CEAs (but not the GNOME CUA). 

Since CMA comprises a simplification of CEA that makes the strong assumption that 

incremental effects equal zero with no uncertainty, the uncertainty estimates generated 

using CEA must represent the “correct” values since they make no such assumption. 

Subsequently, the estimates of error probability and EVPI from CMA represent biased 

estimates of uncertainty. 

 

Ten simulated datasets were generated to explore what determines the degree and 

direction of bias within error probabilities and EVPI and when conclusions will differ 

between CMA and CEA (Table 3).  

 

If inference is considered irrelevant, CMA and CEA will produce different 

conclusions regarding the optimal treatment when the results lie in one of two areas of 

the cost-effectiveness plane: when the point estimate lies in the north-east quadrant 

and INB is positive (Examples 1, 3b and 3d-f, Table 3); and when the point estimate 

lies in the south-west quadrant and INB is negative (Example 3g).   

 

However, CMA and CEA may produce substantially different estimates of the error 

probability and EVPI regardless of quadrant: particularly when we observe significant 

differences in net benefit despite non-significant differences in costs or effects 

(Examples 3a-c) and when treatment is significantly more costly but has positive INB 

(Example 3d).  

 

Furthermore, CMA may overestimate the error probability while underestimating the 

EVPI (or vice versa) as these two measures assess different aspects of uncertainty. 

This can be seen in the differing results of Examples 3e and 3f, where a 15-fold 

increase in 
E  and its SE increases the EVPI for CUA by 18-fold but has minimal 
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effect on the error probability.  Furthermore, although CMA produces unbiased 

estimates of the error probability when incremental costs and benefits are exactly 

equal to zero and are symmetrically distributed (Example 3j), CMA may nonetheless 

bias EVPI estimates in these situations. Whereas the error probability shows the risk 

of making the wrong decision (i.e. the chance that the true INB is negative or C  is 

positive), EVPI allows for both the probability and the opportunity cost of making the 

wrong decision. Mathematically, the error probability varies with the ratio of 

SE/mean, whereas the EVPI is affected by both the ratio of SE/mean and the absolute 

magnitude of INB or incremental costs.  

 

Since perfect information is unattainable, EVPI reflects only the theoretical maximum 

that we should be willing to pay for information and actual decisions on future 

research should be based on the expected value of sample information (EVSI). We 

therefore also estimated the EVSI for each example using analytical methods (Willan 

and Pinto, 2005, Eckermann and Willan, 2008b, Willan, 2007, 2009). This confirmed 

the findings from EVPI, demonstrating that CMA always biases EVSI in the same 

direction as EVPI (details available on request).  

 

Although uncertainty estimates from CMA will always be biased, we found the bias 

to be minimal when the error probability and VoI both approach zero. For studies with 

no significant difference in effectiveness, this can occur when the difference in cost is 

so large compared with its SE and the likely difference in effectiveness that there is 

negligible chance of the more costly treatment being cost-effective. This result may 

arise in any of the four quadrants (Examples 3h-i).  

 

Since CMA produces biased estimates of uncertainty in all other situations, cases 

where incremental costs drive the conclusions are likely to comprise the only 

situations when it may be valid to use CMA. However, even in these cases, CMA may 

not be appropriate if the trial is not powered to exclude a clinically (or economically) 

significant difference in efficacy (i.e. if was not designed to test equivalence or non-

inferiority) or if there is no clear reason to expect the treatments to have equivalent 

efficacy. 
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4. DISCUSSION 

As the debate concerning the appropriate form of economic evaluation for clinical 

trials continues, our results show that CMA is still used and that choosing CMA over 

CEA may lead to either overestimation or underestimation of uncertainty.  

 

Whereas CMA was previously considered appropriate for all studies demonstrating 

non-inferiority or equivalence (Briggs and O'Brien, 2001), our analyses show that 

CMA is only appropriate for a subset of such studies, where the difference in costs is 

sufficiently large that no plausible difference in efficacy could change the conclusions 

or uncertainty estimates. As noted previously (Glick et al., 2007), separate 

consideration of costs and effects may also be sufficient where one intervention is 

significantly more effective and significantly less costly; bias within uncertainty 

estimates from CMA will also be negligible in these cases since error probabilities 

and VoI will approach zero. In all other situations, CEA is necessary to inform 

decisions about current resource allocation and future research.  

 

However, conducting CEA is also more costly than CMA, requiring data on costs and 

health outcomes to be collected, prepared and analysed. It may therefore be 

appropriate to consider whether the reduced risk of bias is worth the additional 

research cost of conducting CEA. In practice, however, trial-based economic 

evaluations are conducted alongside trials primarily conducted to assess clinical 

outcomes. Although it may be cost-effective to omit utility measures from studies 

where we expect CUA to be poor use of resources, such studies will still collect 

clinical data alongside costs and (once collected) the additional research time required 

to analyse the results using CEA not CMA is minimal. 

 

4.1.  Pre-specification of the form of analysis or non-inferiority margins  

In practice, we cannot normally pre-specify the form of analysis since the magnitude 

of costs and benefits is generally unknown until trial results are collected (Donaldson 

et al., 1996). However, minimal bias within CMA may be predicted in advance for 

some non-inferiority trials in which there are substantial differences in treatment costs 

that are likely to overwhelm any plausible differences in efficacy or other costs. 
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For such studies, it might be appropriate to pre-specify a non-inferiority margin or 

minimally important difference for QALYs, whereby CMA will be conducted unless 

the more costly treatment generates >X more QALYs than its comparator. The 

optimal value for X in these situations is debatable. It may be based on the smallest 

difference that patients consider beneficial (Norman et al., 2003) or the smallest 

difference measurable on the utility instrument used or estimated by mapping the non-

inferiority margin for the primary endpoint onto QALYs. However, since saving one 

patient’s life (which is of indisputable value to that patient) could give the same 

QALY difference as “minimal” quality of life improvements for all patients, the 

concept of a minimally important difference for QALYs may be questionable.  

 

Furthermore, CMA could bias uncertainty estimates even if incremental QALYs were 

smaller than a minimally important difference defined using the methods described 

above. If it is essential to pre-specify the form of analysis or non-inferiority margin 

within a statistical analysis plan, it may instead be more appropriate to conduct CMA 

only if the difference in QALYs is sufficiently small in comparison with expected 

costs that bias within uncertainty measures is acceptably small. Such a limit would not 

comprise a non-inferiority margin in the usual sense and would not be based on 

statistical inference but on whether the form of analysis will change our decisions 

about adoption of healthcare technologies or future research. By contrast, the non-

inferiority margins for clinical endpoints (Span et al., 2006) or costs (Bosmans et al., 

2008) that have been suggested previously are unlikely to minimise bias within 

uncertainty estimates. 

 

4.2. Wider issues 

Many funding bodies now require economic evaluations in every trial that they 

conduct. However, if it were known a priori that the difference in costs was 

substantial and that no plausible difference in efficacy could make the more costly 

treatment cost-effective, there may be a case for relying on approximate costs rather 

than conducting a comprehensive analysis to estimate costs and effects accurately 

based on prospective trial data. An obvious question there is whether it is ever 

possible to be certain in advance what the difference in costs and effects will be or 
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whether it is more efficient to collect prospective data on costs and utilities than wait 

until results are known.  

 

Despite the arguments for conducting CEA, editors and reviewers sometimes question 

the value of publishing full economic evaluations of studies finding no significant 

difference in efficacy. We believe that it is essential for economic evaluations of both 

“positive” and “negative” trials to be published to reduce publication bias (Johnston et 

al., 2003) within systematic reviews of economic evaluations. Furthermore, 

publication enables data on costs, utilities and clinical outcomes from “negative” trials 

to be used by other researchers within decision-analytical models, healthcare 

budgeting, international comparisons or VoI calculations used to inform future 

research priorities. Since the cost of conducting the trial has already been incurred, it 

is appropriate to make full use of the information collected.  

 

Although CMA is very rarely appropriate for trial-based economic evaluation, it may 

have a larger role in model-based economic evaluation: particularly when decisions 

must be made quickly with limited resources. Guidelines recommend that models take 

account of all factors that could affect the conclusions (including efficacy), even if 

they do not reach statistical significance (Philips et al., 2004), and CMA will produce 

biased estimates of VoI and the error probability in model-based economic 

evaluations as well as trials. However, the incremental cost of conducting CEA rather 

than CMA will be substantially higher for model-based analyses than for trials in 

which costs and utilities have already been collected. In particular, building a complex 

model to accurately estimate costs and effects is unlikely to be cost-effective if the 

incremental cost is so large that no plausible difference in effectiveness could change 

the conclusions. However, even when it is impractical to use CEA in the base case 

analysis due to insufficient data, time or resources, it would be appropriate to conduct 

CEA in sensitivity analyses (e.g. simple “back of an envelope” calculations) to assess 

whether the conclusions are sensitive to differences in incremental effects. 

 

4.3.  Limitations 

This study compared CMA and CEA results for 12 real and hypothetical examples 

chosen either by convenience (access to patient-level data) or to illustrate situations 
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where the bias within CMA is particularly large or particularly small. The level of 

bias observed within these examples may therefore not be typical of economic 

evaluations in general. However, we believe that the general conclusion that CMA 

may (and usually will) produce biased estimates of uncertainty is likely to apply to 

economic evaluations in general. 

 

The examples described are based on individual trials and do not take account of 

external evidence. While this may be appropriate for SUIT and for GNOME, where 

no previous trials have compared the same intervention in comparable populations, it 

is generally appropriate to take account of all available evidence in decisions about 

which treatment to adopt and whether further evidence is required (NICE, 2008, 

Drummond et al., 2008, Sculpher et al., 2006). Although taking account of 

supplementary evidence may reduce uncertainty and the likelihood that there is no 

significant difference in efficacy, this will not prevent CMA from producing biased 

uncertainty estimates in cases where the difference in efficacy remains non-significant 

after taking account of additional evidence. 

 

4.4. Conclusions 

We have revisited the debate concerning use of CMA for non-inferiority trials and 

those observing no significant difference in efficacy and have demonstrated that 

conducting CMA rather than CEA introduces bias into uncertainty estimates. Biased 

VoI estimates could lead to inefficient decisions concerning future research or 

whether to recommend treatment only in research or under a risk-sharing scheme 

(Towse and Garrison, 2010). Due to this bias, full economic evaluations are necessary 

for non-inferiority trials as well as those powered only to detect differences between 

treatments unless the difference in cost is so large that no plausible difference in 

efficacy could change the conclusions. In non-inferiority trials of this type only, there 

may be a case for the continued use of CMA within trial-based economic evaluation.  
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Table 1: Summary of the datasets used in the study 

Example Data source Concept illustrated 

1 SUIT: RCT conducted by the authors 

comparing 3 forms of infertility care 

(n=580) (Wordsworth et al., 2011, 

Bhattacharya et al., 2008) 

Difference in effectiveness approaches statistical 

significance. Illustrates potential for differing 

conclusions between CMA and CEA 

2 GNOME (Petrou et al., 2010, 

Williamson et al., 2009a): Placebo-

controlled RCT on intra-nasal 

steroids for otitis media conducted by 

the authors (n=217) 

Differences in costs and effectiveness are 

negligible and non-significant. 

3 10 simulated datasets Highlight situations where differences in 

uncertainty estimates between CMA and CEA are 

particularly large or small or when there may be a 

significant difference in net benefits despite no 

significant differences in costs or effects 

CEA, cost-effectiveness analysis; CMA, cost-minimisation analysis; RCT, randomised controlled trial. 
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Table 2: Number of economic evaluations in the Centre for Reviews and Dissemination (CRD) database by year  

Year Number (%) of studies on CRD Relevant publications 

Full economic 

evaluations 

Cost-

minimisation 

analyses 

Cost-effectiveness or 

cost-consequence 

analyses 

Cost-utility 

analyses 

Cost-

benefit 

analyses 

1999 758 (100%) 64 (8.4%) 571 (75.3%) 81 (10.7%) 42 (5.5%) (Claxton, 1999) 

2000 850 (100%) 60 (7.1%) 650 (76.5%) 99 (11.6%) 41 (4.8%) - 

2001 831 (100%) 51 (6.1%) 648 (78%) 94 (11.3%) 38 (4.6%) (Briggs and O'Brien, 2001) 

2002 892 (100%) 55 (6.2%) 654 (73.3%) 129 (14.5%) 54 (6.1%) - 

2003 806 (100%) 36 (4.5%) 601 (74.6%) 131 (16.3%) 38 (4.7%) (Johnston et al., 2003) 

2004 914 (100%) 54 (5.9%) 643 (70.4%) 175 (19.1%) 42 (4.6%) - 

2005 1,050 (100%) 61 (5.8%) 737 (70.2%) 217 (20.7%) 35 (3.3%) (Drummond et al., 2005) 

2006 948 (100%) 26 (2.7%) 647 (68.2%) 238 (25.1%) 37 (3.9%) (Span et al., 2006) 

2007 949 (100%) 19 (2%) 617 (65%) 268 (28.2%) 45 (4.7%) (Glick et al., 2007) 

2008 1,007 (100%) 17 (1.7%) 664 (65.9%) 297 (29.5%) 29 (2.9%) (Bosmans et al., 2008) 

2009* 548 (100%) 3 (0.5%) 363 (66.2%) 162 (29.6%) 20 (3.6%) - 

Total 9,553 (100%) 446 (4.7%) 6,795 (71.1%) 1,891 (19.8%) 421 (4.4%) - 

* The number of economic evaluations is lower in 2009 due to the time lag between publication and inclusion of abstracts in CRD. 
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Table 3: Summary of the case studies and simulated datasets 

Dataset Δ cost/pt 

(SE) 

Δ effect/pt 

(SE)† 

Covariance 

(correlation 

coefficient) 

INB (SE)‡ Error 

probability‡ 

Population EVPI‡ 

(millions) 

Optimal 

treatment 

Direction/ magnitude of 

bias 

CUA CMA CUA CMA CUA CMA 

Case studies 

1: SUIT (IUI v. expectant 

management) (Wordsworth et 

al., 2011) 

£319 

(£18)* 

0.06 (0.04) live 

births 

-0.18 (-0.24) £239 (£427) 28% 0% £11.44 £0.00 T C VoI and Pr(error) negligible 

for CMA, but high for CEA 

2: GNOME (CUA) (Petrou et 

al., 2010) 

£11 

(£107) 

-0.017 (0.024) -0.163  

(-0.063) 

-£344 

(£509) 

24.19% 46.25% £24.24 £13.64 C C VoI lower, Pr(error) higher 

for CMA 

Simulated data: No significant difference in costs or effects, but significant difference in net benefits 

3a: North-west quadrant, -ve 

correlation 

£2.00 

(£1.10) 

-2 (1.1) -0.36 (-0.3) -£4.00 

(£1.77) 

1.21% 3.45% £0.01 £0.01 C C Pr(error) higher for CMA, 

VoI negligible 

3b: North-east quadrant, +ve 

correlation, +ve INB 

£300 

(£600) 

1 (0.515) 185.4  

(0.6) 

£19,700 

(£9,952)* 

2.39% 30.85% £38.40 £51.08 T C VoI and Pr(error) higher for 

CMA 

3c: North-east quadrant, +ve 

correlation, -ve INB 

£20,000 

(£12,000) 

0.003 (0.515) 3,708  

(0.6) 

-£19,940 

(£10,088)* 

2.40% 4.78% £39.24 £102.40 C C VoI and Pr(error) higher for 

CMA 

Simulated data: large bias within error probabilities and value of information 

3d: North-east quadrant, large 

+ve ΔE, sig +ve ΔC 

£500 

(£100)* 

1 (0.8) 56 (0.7) £19,500 

(£15,930) 

11.05% 0.00% £366.02 £0.00 T C VoI and Pr(error) lower for 

CMA 

3e: North-east quadrant, 

small +ve ΔE, ΔC≈0 

£0.01 

(£300) 

0.2 (0.11) 9.9 (0.3) £4,000 

(£2,129) 

3.02% 50.00% £10.71 £51.51 T C 

 

VoI and Pr(error) higher for 

CMA 

3f: North-east quadrant, large 

+ve ΔE, ΔC≈0 

£0.01 

(£300) 

3 (1.65) 148.5 (0.3) £60,000 

(£32,911) 

3.41% 50.00% £190.75 £51.51 T 

 

C 

 

VoI lower and Pr(error) 

higher for CMA 

3g: South-west quadrant, -£0.01 -3 (1.65) -148.5 (-0.3) -£60,000 3.49% 50.00% £457 £120 C T VoI lower and Pr(error) 
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Dataset Δ cost/pt 

(SE) 

Δ effect/pt 

(SE)† 

Covariance 

(correlation 

coefficient) 

INB (SE)‡ Error 

probability‡ 

Population EVPI‡ 

(millions) 

Optimal 

treatment 

Direction/ magnitude of 

bias 

CUA CMA CUA CMA CUA CMA 

large –ve ΔE, ΔC≈0 (£300) (£33091)   higher for CMA 

Simulated data: minimal bias within error probabilities and/or value of information 

3h: North-east quadrant, very 

large ΔC and highly 

significant 

£4,500 

(£450)* 

0.06 (0.03) 0 (0) -£3,300 

(£750)* 

0.00% 0.00% £0.00 £0.00 C C Bias negligible 

3i: South-east quadrant, very 

large and highly significant 

ΔC,  

-£6,250 

(£50)* 

0.25 (0.1385) 0 (0) £11,250 

(£2,750)* 

0.00% 0.00% £0.01 £0.00 T T Bias negligible 

3j: ΔC and ΔE both exactly 

equal to 0 

£0 (£100) 0 (0.25) 0 (0) £0 (£5,001) 50.00% 50.00% £859.66 £17.17 Equivalent No bias in Pr(error).  

VoI underestimated 

Abbreviations: ΔC, incremental cost; ΔE, incremental effectiveness; CMA, cost-minimisation analysis; CEA, cost-effectiveness analysis; CUA, cost-utility analysis; EVPI, 

expected value of perfect information; INB, incremental net benefit; IUI, intrauterine insemination; Pr(error), error probability (probability that the treatment with the highest 

net benefits is not cost-effective [or not cost-saving]); SE, standard error. 

* p<0.05 

† Effects are shown in QALYs unless otherwise stated. 

‡ For all CUA, INB, EVPI and Pr(error) were based on a ceiling ratio of £20,000/QALY gained (NICE, 2008). For SUIT, a ceiling ratio of £10,000/live birth was used 

(Granberg et al., 1995). 
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Figure 1: Results of SUIT and GNOME studies. Results of SUIT are shown in panels A-C: (A) Cost-effectiveness plane, (B) cost-effectiveness 

acceptability curve, (C) expected value of perfect information (EVPI). Results of GNOME cost-utility analysis (CUA) and cost-minimisation 

analysis (CMA) are shown in panels D-F: (D) Cost-effectiveness plane, (E) cost-effectiveness acceptability curve, (F) EVPI. In all figures, 

dashed lines show results for CMA; solid lines show results of CUA or cost-effectiveness analysis. 

 


