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中 文 摘 要 ： 在健康經濟學、公共衛生與健康科學的領域裡，成本效果分析經常
在臨床試驗中用以評估不同治療方式或不同介入方式的成本效果。
成本效果增量比、增量淨效益、增量淨健康效益、成本效果可接受
曲線等指標都是一般最常使用的分析工具。成本效果比較機率是另
一種分析工具，它是以機率分配來比較不同治療方式的成本效果比
。在實務上，成本資料經常為偏斜分配，但上述的分析工具都是以
平均數為基礎進行推論，平均數卻對於極端值相當敏感，但對成本
效果機率卻影響有限。在此計畫中，我們以比較成本效果機率來探
討偏斜分配對不同評估成本效果工具的影響；並在臨床試驗樣本數
有限的情況下，提出廣義樞紐量估計法建立確切的有母數推論，並
模擬隨機分派臨床試驗成本效果資料進行模擬分析與有限樣本之探
討。

中文關鍵詞： 成本效果比較機率,偏斜分配,廣義樞紐量,廣義推論,隨機分派臨床
試驗

英 文 摘 要 ： In health economics, public health and health science, the
cost-effectiveness analysis is a type of economic
evaluation that examines the costs-effectiveness of two
competing treatments or interventions. The cost-
effectiveness data are usually collected from randomized
clinical trial. Traditionally, the incremental cost-
effectiveness ratio (ICER) and its derivative measures,
incremental net benefit, incremental net health benefit,
and cost-effectiveness acceptability curve, are used to be
analytic indices for cost-effectiveness analysis. The
probability of comparative cost-effectiveness (PCCE) is
another measure, which expresses the chance that the cost
spent per effect for a case is cheap enough to overcome
that for a control. Unlike the ICER and derivative measures
of ICER that are constructed by mean cost and mean
effectiveness, the probability of cost-effectiveness is not
sensitive to extreme value. In this project, we discussed
the influence of skewed distribution and symmetric
distribution for ICER, derivative measures of ICER and
PCCE. Consider the limited sample size in clinical trials
we proposed an exact parametric inference for PCCE based on
the concept of generalized pivotal quantities. Finally
simulation studies conducted in finite sample sizes based
on the design of randomized control trial.

英文關鍵詞： probability of comparative cost-effectiveness, skewed
distribution, generalized pivotal quantity, generalized
inference, randomized clinical trial
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In health economics, public health and health science, the cost-effectiveness analysis 

is a type of economic evaluation that examines the costs-effectiveness of two competing 

treatments or interventions. The cost-effectiveness data are usually collected from 

randomized clinical trial. Traditionally, the incremental cost-effectiveness ratio (ICER) and 

its derivative measures, incremental net benefit, incremental net health benefit, and cost-

effectiveness acceptability curve, are used to be analytic indices for cost-effectiveness 

analysis. The probability of comparative cost-effectiveness (PCCE) is another measure, 

which expresses the chance that the cost spent per effect for a case is cheap enough to 

overcome that for a control. Unlike the ICER and derivative measures of ICER that are 

constructed by mean cost and mean effectiveness, the probability of cost-effectiveness is not 

sensitive to extreme value. In this project, we discussed the influence of skewed distribution 

and symmetric distribution for ICER, derivative measures of ICER and PCCE. Consider the 

limited sample size in clinical trials we proposed an exact parametric inference for PCCE 

based on the concept of generalized pivotal quantities. Finally simulation studies conducted 

in finite sample sizes based on the design of randomized control trial. 
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• Introduction 

In health economics, public health and health science, the cost-effectiveness analysis 

is a form of economic evaluation that examines the costs-effectiveness of competing 

treatments or interventions over the past several decades (Van Hout, Al et al. 1994, Briggs 

and Fenn 1998). Traditionally, the incremental cost-effectiveness ratio (ICER) and its 

derivative measures, incremental net benefit (INB) and cost-effectiveness acceptability curve 

(CEAC), are used to be analytic indices for cost-effectiveness analysis (Willan and Briggs 

2006). The series of measures draw attention to compare the difference of cost and the 

difference of effectiveness between two competing treatments. Although, the measures could 

be more relevant to health economics and policy decision (O'Hagan and Stevens 2002), they 

have several disadvantages: 1) when the value of effectiveness difference is close to zero, the 

ICER is meaningless, 2) the magnitude of negative ICER could be misleading, 3) the INB has 

no natural interpretation when the effectiveness isn’t measured by money, and 4) mean cost 

and mean effectiveness are both sensitive to skewed data, and 5) a subjective or political 

cutoff is generally need in ICER, INB and CEAC (Dinh and Zhou 2006, Bang and Zhao 2012, 

Bang and Zhao 2012). 

The cost-effectiveness data are usually collected from randomized clinical trial. In 

randomized clinical trials, a many-to-one comparison, that compares several treatments with 

a control, is the most common setup (Dilba, Bretz et al. 2004, Gutjahr and Brannath 2013). 

However limited statistical approaches have been developed for the evaluation of many-to-

one comparison in cost-effectiveness analysis. In the study we propose to use the probability 

of cost-effectiveness in this problem. The probability of cost-effectiveness expresses the 

chance of gaining net benefit based on the probability distribution of cost-effectiveness ratio. 

This probability similar to the area under receiver operating characteristic (ROC) curve is use 

to evaluate the cost-effectiveness between two competing treatments (Willan 2001). The 

ROC curve has become a popular tool for evaluating the ability of measure to discriminate 

case and control in clinical trials (Pepe 2004), although it is a individual measure (O'Hagan 

and Stevens 2002). Unlike ICER and its derivative measures that are constructed by mean 

cost and mean effectiveness, the probability of cost-effectiveness is not sensitive to extreme 

value. 

Second, we provide a generalized-pivotal-quantity (GPQ) approach to construct exact 

interval estimation for the many-to-one comparison. The GPQ approach is used to develop a 
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generalized confidence interval (GCI) for specific parameters containing nuisance parameters 

(Weerahandi 1993), and it is frequently used to obtain confidence intervals in situations 

where conventional methods are difficult to apply or fail to provide good solutions. The GCI 

estimation has been recently proven successful in many applications like the bioequivalence 

study (McNally, Iyer et al. 2003), the ROC curve analysis (Li, Liao et al. 2008, Li, Liao et al. 

2008), the construction of tolerance intervals (Liao, Lin et al. 2005, Lin and Liao 2006, Lin, 

Liao et al. 2008), and the multivariate analysis of variance (Gamage, Mathew et al. 2004, Li 

2009). The definition and properties of probability of cost-effectiveness and the GCI are 

presented in following section. Finally simulation results demonstrate that our proposed 

interval estimation provides not only sufficient probability coverage but also reasonable 

expected length. 

 
•  

Let us consider a two-armed intervention study first. Denote that (Cj, Ej) are vectors 

of two random variable, the cost incurred and the effect achieved, on intervention  where 

 for case and  for control. The cost-to-effect ratio  is a measure of cost-

effectiveness for intervention  (Siegel, Laska et al. 1996). Therefore, the probability of 

comparative cost-effectiveness (PCCE) is formulated as 

 

 

It presents the chance that the cost spent per effect for a case is cheap enough to overcome 

that for a control. In addition, it may be mentioned that π10 equals the area under the ROC 

curve (AUC) for diagnostic test or biomarkers with continuous outcome. Over recent years, it 

has been increasingly used in biomedical informatics, machine learning, data mining, and 

health economics (Lasko, Bhagwat et al. 2005, Laking, Lord et al. 2006). Consider the 

skewness of the cost and effectiveness. We assume that (Cj, Ej) have independent bivariate 

lognormal distributions for j = 0, 1, and denote that 
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where , and Φ(·) is the 

cumulative distribution function of standard normal distribution. 

In a three-armed study, the intervention j equals 1 for treatment 1, equals 2 for 

treatment 2, and equals 0 for control. The PCCE for intervention k and control is denoted by 

 for k = 1, 2. Then the probability  evaluates the probability difference of 

comparing two treatments to a control. Suppose that (Cj, Ej) for  follow 

independent bivariate lognormal distributions. The probability of two-to-one comparison is 

 

 

(1) 

 

 

Now we propose a GPQ-based approach to develop exact confidence interval for the 

difference of PCCEs. Suppose that  is a 

random sample from  for , then   

is a random sample from . The maximum likelihood estimators of  and  are 

given by 

 

 

 

 

 

where  are sample means and  are sample variance. We use the concept of GPQ to 

construct confidence interval for π10, π20 and θ. According to (1), the GPQs for  and  can 

be defined respectively as 
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unknown parameters, and. Thus GPQs for π10, π20 and θ are given by 

 

(3) 

 

Set the confidence coefficient , a  generalized confidence interval for πk0 

can be easily estimated by the th and th percentiles of the 

distribution of       which can be simulated by the Monte Carlo approach. Using the same 

approach, a generalized confidence interval for  also can be established from the distribution 

of  on three-armed RCT. Based on the concept of GPQ, we can use the Bonferroni 

correction or Šidák correction to construct a  simultaneous confidence region for 

 when . However we will not show the finite sample properties 

for the simultaneous confidence region in this project. 

 
• 

Simulation studies are conducted to examine finite sample properties of the proposed 

methods based on GPQs. Consider a three-armed RCT. The data of logarithm of cost-to-

effect ratio  are generated from . The sample size are 

specified as follows: . Without loss of generality, all 

variances of  are the same and fixed at 1, and the mean of control  is fixed at 0. The 

probability differences  are consider for 0, 0.05, 0.1, and 0.2, and the ranges of 

 are set from 0.5-0.9. For each specified parameter combination, the data are 

independently generated 2500 times. The simulated results of coverage probabilities and 

ranges of confidence interval for θ are displayed in Table 1 and Figure 1, and the coverage 

probabilities of confidence interval for  are showed in Table 2. 

The simulation results lead us to the following conclusions. For all of the simulation 

results, our proposed approach empirically adequately provides sufficient coverage 

probabilities at the nominal confidence level 95 per cent, especially when the sample size 

. Under the same parameter setting for θ, the expected lengths are shorter when the 

value of  is closer to 1 (boundary). 

 
• )

In this study, we present two GPQ-based methods to construct a confidence interval 
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examined empirically by simulation studies. We find that the coverage probabilities are 

sufficiently close to the nominal level. Hence the proposed GPQ-based approach is suitable 

for the probabilities of comparable cost-effectiveness and their comparisons.  

When number of intervention is greater than three, the simultaneous confidence 

region also can be constructed in our proposed procedure and Bonferroni or Šidák corrections. 

However these corrections are conservative approximations as the number of intervention is 

large. Further research is needed for using the concept of GPQs to construct the exact 

simultaneous confidence region for several . In addition, censoring that is a common 

feature in follow-up studies should be properly accounted in analysis of cost, effectiveness, or 

the probability of comparative cost-effectiveness. This is also one of topics for further study. 
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ABSTRACT. In health economics, public health and health science, the 
cost-effectiveness analysis is a type of economic evaluation that examines the 
costs-effectiveness of two competing treatments or interventions. However limited 
statistical approaches have been developed for the evaluation comparing more than 
two treatments. The probability of cost-effectiveness is an measure, which expresses 
the chance of gaining net benefit based on the probability distribution of 
cost-effectiveness ratio. Unlike the incremental cost-effectiveness ratio (ICER) and 
its derivative measures that are constructed by mean cost and mean effectiveness, the 
probability of cost-effectiveness is not sensitive to extreme value. In this study we 
propose to use the concept of generalized pivotal quantities to construct exact interval 
estimation for the many-to-one comparison (several experimental treatments are 
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compared with a control treatment) in the probability of cost-effectiveness. 
Simulation results demonstrate that our proposed interval estimation provides not 
only sufficient probability coverage but also reasonable expected length. Numerical 
examples using published data sets of illustrate the proposed method. 
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