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Abstract 

Cost-utility analysis (CUA) is a form of economic analysis that has been used by 
PHARMAC for nearly 20 years. It is also used by many health funding and 
assessment agencies internationally. So what is CUA and why is it so important?  

This article describes the process involved in undertaking CUA, including critical 
appraisal of clinical evidence; transforming the evidence to estimate quality-adjusted 
life years (QALYs); estimating costs; and how this information is combined to obtain 
an output that can be used to inform decision-making. The article also describes how 
PHARMAC uses CUA to prioritise pharmaceuticals for funding in New Zealand. 

PHARMAC, the Pharmaceutical Management Agency, is a Government agency that 
decides which pharmaceuticals will be subsidised in New Zealand. These decisions 
are made using nine decision criteria;1 one of these criteria is cost-effectiveness. 

The relative cost-effectiveness of a pharmaceutical is assessed using cost-utility 
analysis (CUA). PHARMAC has been undertaking CUA to inform decision-making 
for nearly 20 years.2–9 CUA is also used by many health funding and assessment 
agencies internationally.10–12  

Relevance of cost-utility analysis to clinical practice 

The basic principle of economic analysis, including cost-utility analysis, is that 
choices need to be made between alternative uses of resources, as resources (e.g. 
money, personnel, time, etc.) will always be insufficient to support all possible 
activities. Therefore, by choosing to use resources one way, we forgo other 
opportunities to use the same resources. Such decisions are made by consumers and 
health professionals daily, be it as simple as deciding how much time to allocate to 
each patient, or whether to go out for dinner versus cooking at home. All options are 
associated with various costs (financial and non-financial) and benefits that need to be 
considered. 

With pharmaceuticals, demand will always exceed our ability to pay, therefore 
choices are inevitable. CUA provides decision makers with information on the health 
gains and costs associated with various funding options, so informed decisions can be 
made. These analyses are based on technical clinical and economic information (as 
detailed in this article), and PHARMAC staff often seek further advice from clinicians 
when undertaking economic analysis. This includes advice on the relevance of 
empirical evidence to the New Zealand population; expected long-term outcomes (in 
cases where trials end too early); and quality of life impacts. The understanding of the 
components of CUA helps clinicians provide the specialist advice that PHARMAC 
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requires when modelling the benefits and costs of a pharmaceutical. Further, through 
the understanding of the inputs of a CUA, clinicians can better understand how the 
results of a CUA are generated, and why certain treatments may be considered less 
cost-effective than others. 

So what exactly is CUA and why is it so important? 

Cost-utility analysis  

CUA is a form of economic analysis that quantitatively assesses the health outcomes 
and costs of a proposed treatment compared with an alternative treatment (often 
current clinical practice).13,14  

Another form of economic analysis that is well-known is cost-effectiveness analysis. 
CUA differs from cost-effectiveness analysis in the way that health outcomes are 
measured. With cost-effectiveness analysis, outcomes are measured in common units, 
such as life years saved or myocardial infarctions prevented. However, as the outcome 
measures are diverse, it is difficult to compare the cost-effectiveness of treatments for 
different health conditions.  

With CUA, health outcomes are measured using a common currency, usually quality-
adjusted life years (QALYs). QALYs take into account changes in patients’ health-
related quality of life as well as duration of survival. This enables comparison 
between the cost-effectiveness of interventions that treat different conditions. 

This article describes how CUA is undertaken at PHARMAC (as outlined in the 
recently updated Prescription for Pharmacoeconomic Analysis8,9). Note that different 
approaches to CUA may be used by other organisations. PHARMAC has undertaken 
extensive consultation on the CUA methodology used (Endnote 1), and will continue 
to review these methods. 

Researching and critiquing clinical evidence 

Before a CUA is undertaken, there needs to be evidence of net clinical benefit (i.e. 
that benefits exceed harms), and evidence of relative clinical benefit (i.e. that the 
treatment is more effective compared with current clinical practice). 

Funding applications to PHARMAC generally include some evidence of clinical 
effectiveness. PHARMAC staff review the applications and ensure that all key 
evidence is included. In most cases this information is provided to the Pharmacology 
and Therapeutics Advisory Committee (PTAC) for advice on the pharmaceuticals and 
their benefits (Endnote 2).  

When reviewing the clinical evidence, PHARMAC recommends that well-conducted 
randomised controlled trials (RCTs) and meta-analyses are the preferred data sources. 
In the absence of valid RCTs, it is recommended that evidence from the highest 
available level of study design should be considered with reference to the limitations 
of the study design.  

Evidence is critically appraised, using frameworks such as the Graphic Appraisal Tool 
for Epidemiology (GATE),15,16 and assessment undertaken on the applicability of the 
trial to the New Zealand health sector. The following table (Table 1) outlines key 
factors to consider when critically appraising a clinical trial. 
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Table 1. Key factors to consider in critical appraisal of clinical trials 
 

Internal validity—How reliable are the trial results? 

Availability of data Were all available trial data used? 
Were there quality controls (e.g. was the trial published in a peer-reviewed journal)? 

Number of patients Was the sample size large enough to rule out effects due to chance (i.e. false negatives 
and false positives)?  
Was the effect large enough to be statistically significant even in a small sample size? 

Method of randomisation, 
including adequate 
concealment 

Was there likely to be any selection bias or confounding?  
Was there adequate reporting of appropriate randomisation and how this was kept 
concealed?  
Were patients, clinicians and assessors blinded? 

Length and completeness of 
follow-up 

Were patients followed for an adequate time period?  
How often were patients assessed?  
Was analysis by intention-to-treat (including drop-outs and deaths)?  

Selection of endpoints Were the endpoint/outcome measures relevant?  

External validity—How relevant are the trial results? 

Patient population Was the patient population in the trial similar to those considered for funding? 

Comparator Was the comparator consistent with current clinical practice in New Zealand? 

Dose, formulation and 
administration regimen 

Were these consistent with recommended treatment regimes in New Zealand? 

 

Throughout the article a theoretical worked example is provided to illustrate how a 
CUA can be constructed and how the results are generated. Each section of this article 
that details how to undertake CUA will refer to this worked example, building on 
information in the previous section, with the results of the CUA generated towards the 
end of the article.  

 

Worked example: A new pharmaceutical is available for advanced bowel cancer (Treatment A). There 
is already a treatment funded and used widely for advanced bowel cancer (Treatment B). Patients 
require treatment for 6 months.  

On reviewing the clinical evidence, it is established that there has been one randomised controlled trial 
that has assessed the effectiveness of Treatment A compared with Treatment B for treating advanced 
bowel cancer. Critical appraisal of the trial indicates that it is of high quality. 
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Transforming the clinical evidence to estimate QALYs 

Economic analysis has two distinct phases: 

• Gathering evidence; and  

• Processing evidence to estimate the effectiveness and relative cost-
effectiveness of the pharmaceutical for the proposed indication(s) in the New 
Zealand clinical setting. 

The second phase involves developing economic models that combine information 
on: 

• Natural disease progression; 

• Clinical effectiveness of the pharmaceuticals (usually obtained from clinical 
trial data); 

• Health-related quality of life; and 

• Health sector costs and savings (including those incurred in hospitals). 

This is illustrated in the diagram below (Figure 1). 

 

Figure 1. Economic model inputs and output 
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Economic models usually consist of a series of branches, representing the expected 
health outcomes of treatments. When constructing a model the first task is to define 
the disease in terms of different states that represent clinically important events in the 
disease process. Transition probabilities are then assigned for movement between 
these states.17,18 These probabilities are often based on data from clinical trials, for 
example the probability of response to treatment, probability of an adverse event, etc.  

PHARMAC models often take a lifetime horizon (based on the age and gender-
specific life-expectancy of the target population) in order to capture the longer term 
effects of the disease and proposed treatment. However, in some cases the duration of 
a trial may be too short to show the full impact of treatment. It may therefore be 
necessary to extrapolate the trial data, based on assumptions regarding the expected 
long-term outcomes.19–21 For example, many of the trials for smoking cessation 
treatments evaluated quit rates at 1 year, even though longer-term quit rate data is 
more relevant. Assumptions therefore need to be made regarding the proportion of 
patients who would relapse after 1 year. 

Assumptions are unavoidable in CUA, however these are made as robust as possible. 
PHARMAC staff always test the analysis to determine how sensitive the results are to 
key inputs.  

 

A model is constructed, as illustrated below: 

 

 

Worked example: The clinical trial assessing the benefit of the proposed treatment for advanced 
bowel cancer (Treatment A), compared with current treatment (Treatment B), reports the following: 

• Treatment A extends survival by approximately 2 months (average survival of 12 months) 
compared with Treatment B (average survival of 10 months); 

• Patients administered Treatment A had lower rates of treatment-related nausea and vomiting 
compared with patients administered Treatment B. 
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Estimating benefits—quality-adjusted life years 

Health outcomes in CUA are measured in a common unit—quality-adjusted life years 
(QALYs). QALYs measure the effect of changes in life expectancy and health-related 
quality of life that result from treatment. QALYs are the most widely used measure 
for integrating the effect of treatment on survival and health-related quality of life; 
however they have been subject to some debate (Endnote 3).22–34 

Health-related quality of life—The health-related quality of life component of the 
QALY takes into account a range of factors that affect people’s quality of life, such as 
ability to undertake and enjoy leisure activities, freedom from pain, and ability to 
work and be independent. Health-related quality of life is included in a CUA in the 
form of a utility value. A utility represents the strength of preference or desirability 
for a specific level of health status or outcome.  

Substantial empirical data are available on the preferences people place on various 
combinations of factors affecting quality of life. These data have been obtained 
through various methods, including large surveys that ask participants to rate their 
health according to the dimensions of the instrument used. Various instruments are 
available.35 

In the New Zealand setting, PHARMAC estimates the health-related quality of life (or 
utility) associated with a health state using the EuroQol 5D (EQ-5D) instrument. This 
particular tool consists of five dimensions (mobility, self-care, usual activities, 
pain/discomfort, and anxiety/depression) and three levels (no problems, some 
problems and extreme problems). In order to derive utility values that represent New 
Zealand population preferences, a survey was undertaken of 3000 randomly selected 
New Zealanders, and was completed by 1360 people.36  

The authors of the survey undertook regression analysis, and produced 245 unique 
utility values, each representing the net aggregate impact of physical, emotional, and 
social functioning on quality of life. These utility values range from 1 (perfect health) 
to 0 (death), and also include negative values (states considered to be worse than 
death). Such values can be applied to a range of diseases and conditions.  

Using the EQ-5D, PHARMAC obtains utility values through a process of mapping 
descriptions of the symptoms patients experience in the health state to the relevant 
generic health states in the EQ-5D. The utility value generated is then validated 
through published literature and/or expert clinical advice.  

Quality-adjusted life years—Once information is obtained on the impact of the 
disease on health-related quality of life, and this information is used to obtain utility 
values, the QALYs can then be estimated. QALYs are calculated by multiplying the 
duration of time spent in a health state by the health-related quality of life weight (i.e. 
utility score) associated with that health state. Under the QALY framework, one 
QALY is equivalent to living one year in perfect health, or two years at half of perfect 
health, and so on.  

In the example below (Figure 2), life expectancy (the number of years left before 
death) is 6.00. Quality-adjusted life expectancy (the number of QALYs left before 
death) is 4.75. This is calculated by multiplying each life year by the average quality 
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of life experienced in that year [(4×1)+(1×0.5)+(1×0.25)]. This is equivalent to the 
area under the curve. 

 

Figure 2. Schematic of quality-adjusted life expectancy 
 

 

 

The diagram below (Figure 3) illustrates how a theoretical intervention may gain 
QALYs through both improving patient quality of life and life extension. Without 
treatment the QALYs are estimated to be 6.00 (life expectancy of 10 years with a 
quality of life of 0.6). However with the intervention life-expectancy is extended by 2 
years, and quality of life improved to 0.9 for 8 years, and then reduces to 0.6 for 
remaining 4 years. The estimated QALYs are 9.60 [(8×0.9)+(4×0.6)]. Therefore the 
intervention results in a gain of 3.60 QALYs (9.60−6.00). 

 

Figure 3. Schematic of QALY gains 
 

 



 

 
NZMJ 12 July 2013, Vol 126 No 1378; ISSN 1175 8716 Page 8 of 14 
URL: http://journal.nzma.org.nz/journal/126-1378/5735/ ©NZMA 

  

 

 

Worked example: Clinical evidence indicates that patients administered Treatment B (current 
treatment) have higher rates of treatment-related nausea and vomiting, impacting their quality of life. 
Using the EQ-5D, it is assumed that patients administered Treatment B have a health-related quality of 
life of 0.4, and patients administered Treatment A (proposed treatment) have a health-related quality of 
life of 0.6 (on a scale of 0–1).  

As outlined previously, patients administered Treatment A have an average survival of 12 months, and 
patients administered Treatment B have an average survival of 10 months. The QALY for patients 
administered Treatment A is therefore estimated to be 0.60 (1×0.6), compared with 0.33 (10/12×0.4) 
for patients administered Treatment B.  

The additional QALY gain of Treatment A compared with Treatment B is therefore estimated to be 
0.27 (0.60–0.33). 

 

Estimating costs 

PHARMAC CUAs are undertaken from the perspective of the funder (with regards to 
PHARMAC’s decision criteria1). PHARMAC CUAs therefore aim to include all 
relevant costs (and savings) to the heath sector resulting from funding a treatment.5 
This includes: 

• Pharmaceutical costs; 

• Hospital costs; 

• Outpatient costs (for example, laboratory tests, specialist visits, etc.); and 

• Direct patient healthcare costs that Government partially subsidises (for 
example, General Practitioner visits and residential care). The cost included in 
the CUA is the cost to the Government plus the additional cost to the patient.  

CUAs undertaken by PHARMAC therefore include more than just pharmaceutical 
costs, and take into account any financial impact a treatment may have on the 
healthcare sector.5 For example, a CUA on a new oral treatment to replace an infusion 
will take into account all potential cost-offsets to the health sector associated with 
patients no longer requiring an infusion.  

PHARMAC does not however include the cost-offsets from inability to work, as this 
is taken into account when estimating QALYs (from reduced health-related quality of 
life). In addition, valuing lost income would likely bias against treatment that benefit 
those who do not earn an income (for example, the elderly and children).  

 

Worked example: The total cost per patient of 6 months’ treatment with Treatment A is $5500, 
compared with a cost of $900 per patient for Treatment B. In addition, Treatment B is an infusion 
administered at a hospital outpatient unit, at a cost of approximately $1500 per patient. Treatment A is 
an oral treatment. 

The evidence indicates that 10% of patients in the clinical trial needed to be hospitalised due to severe 
nausea and vomiting with Treatment B, compared with none (0%) of the patients taking Treatment A. 
The cost per hospitalisation is estimated to be $2500. The total cost of Treatment A is therefore $5500, 
compared with a total cost of Treatment B of $2650 [$900+$1500+$250 ($2500×0.1)].  

The additional cost of Treatment A compared with Treatment B is therefore estimated to be $2850 
($5500–$2650). 
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Putting it all together—the output of CUA 

At PHARMAC the results of CUA are expressed as the difference in QALYs gained 
divided by the difference in costs between treatments. This provides us with 
information on the amount of additional health benefit that would be gained as a result 
of the additional expenditure, and is expressed as the QALYs gained per dollar spent.9 

This is shown in the following formula: 

 

This result can then be multiplied by $1 million to provide information on QALYs 
gained per million dollars spent, which is a more useful way of expressing the results 
due to the scale of the investments and values involved.  

Another way of expressing the CUA result is the more commonly used ‘cost per 
QALY’ (i.e. the additional cost of treatment per QALY gained). For example, a 
treatment may have a cost per QALY of $10,000, indicating that the treatment costs 
an additional $10,000 to gain 1 QALY (which is the same as 100 QALYs gained per 
$1 million).  

Note that cost per QALY and QALYs gained per $1 million are the same information, 
but presented in a different way. PHARMAC uses the measure QALYs gained per $1 
million to emphasise the additional health gain for the investment.37–41 

All future costs and benefits are discounted to the present value42 using the current 
annual discount rate of 3.5% (Endnote 4).43 

The inputs and assumptions in CUAs are always tested to determine how sensitive the 
results are to various assumptions, such as any uncertainty in long-term benefits of 
treatment (beyond the period of the trials).  

 

Worked example: As outlined in the QALY section, the additional QALY gain of Treatment A 
compared with Treatment B is 0.27. The additional cost of funding Treatment A is $2850 (refer to the 
cost section).  

The QALYs gained per $1 million are therefore the additional QALYs divided by the additional cost, 
multiplied by 1 million (0.27/$2850×$1M). This gives a result of about 95 QALYs gained per $1 
million spent. 

Therefore, for every million dollars of the total health budget invested in the new medicine (Treatment 
A), an additional 95 units of benefit (QALYs) would be gained. This result can also be presented as a 
‘cost per QALY’ (additional net cost divided by QALY gain), giving a result of approximately $10,600 
(i.e. costing the overall health sector $10,600 for each QALY gained). 

 

Use of CUA in decision-making 

PHARMAC uses CUA to compare the cost-effectiveness of a pharmaceutical with 
other pharmaceuticals that could be funded instead. As a proposal to invest in a 
pharmaceutical can only be considered ‘cost-effective’ in comparison with another 
proposal, PHARMAC does not have a cost-effectiveness threshold (or pre-determined 



 

 
NZMJ 12 July 2013, Vol 126 No 1378; ISSN 1175 8716 Page 10 of 14 
URL: http://journal.nzma.org.nz/journal/126-1378/5735/ ©NZMA 

  

 

QALYs per million invested amount) that indicates whether or not a pharmaceutical is 
‘cost-effective’. Also, cost-effectiveness is only one of nine decision criteria used by 
PHARMAC.5  

A proposal may be more cost-effective than another but rate poorly on other decision 
criteria and, therefore, may not be funded. In addition, what is considered to be cost-
effective varies with the amount of funding available. This is not just in terms of the 
total budget each year, but also the available budget anticipated in the future.37,41 

Once sufficient information on a proposal is available (such as PTAC priority and 
cost-effectiveness), this information is compiled and considered by PHARMAC 
according to its nine decision criteria1 (outlined in Table 2 below). 

 

Table 2. PHARMAC’s decision criteria 
 

PHARMAC’s decision criteria are: 

• The health needs of all eligible people within New Zealand. 

• The particular needs of Māori and Pacific peoples. 

• The availability and suitability of existing medicines, therapeutic medical devices and related 
products and related things. 

• The clinical benefits and risks of pharmaceuticals. 

• The cost-effectiveness of meeting health needs by funding pharmaceuticals, rather than by 
using other publicly-funded health and disability support services. 

• The budgetary impact (in terms of the pharmaceutical budget and the Government's overall 
health budget) of any changes to the Pharmaceutical Schedule. 

• The direct cost to health service users. 

• The Government's priorities for health funding, as set out in any objectives notified by the 
Crown to PHARMAC, in PHARMAC's Funding Agreement, or elsewhere. 

• Any other criteria that PHARMAC thinks are relevant. PHARMAC will carry out the 
necessary consultation whenever we intend to take any 'other criteria' into account. 

 

Pharmaceuticals awaiting funding consideration are prioritised against other 
expenditure options (either listing of new pharmaceuticals or expanding access to 
existing pharmaceuticals), with the overall aim of identifying those proposals that 
would provide the best health outcomes if funded. PHARMAC conducts regular 
prioritisation reviews of all active proposals.  

In summary, cost-utility analysis provides valuable information on the amount of 
additional QALYs (or health benefits) that can be gained from the budget available. 
This information can be used to inform prioritisation decisions. It is a particularly 
useful tool for organisations working within a constrained budget who are seeking to 
identify proposals that offer the most health gains relative to their cost. 
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Endnotes:  

1. For further information on PHARMAC’s consideration of consultation responses to the PFPA 
version 2, please refer to the following webpages: 
http://www.pharmac.health.nz/ckeditor_assets/attachments/12/consultation-responses.pdf  

2. http://www.pharmac.health.nz/ckeditor_assets/attachments/14/details-key-amendments.pdf  

3. PTAC is PHARMAC’s primary clinical advisory committee, and there are also a number of 
PTAC subcommittees, made up of experts in specialist clinical fields such as cardiology and 
oncology. PTAC makes recommendations to PHARMAC for the assignment of high, 
medium, or low priorities for proposals; or that a proposal be declined or referred to a 
subcommittee. PTAC uses the same decision criteria as PHARMAC1 when evaluating 
pharmaceuticals.  

4. Despite the advantages of using a single indicator to measure effectiveness, QALYs have been 
debated on ethical and operational grounds.  

5. A key criticism is that QALYs assume uniform preferences (i.e. each QALY has equal value 
regardless to whom it accrues). This criticism is based on the results of CUAs often being 
applied within a utilitarian framework. However, CUA is capable of being applied to achieve 
the desired distribution of QALYs through attaching weights to the estimated QALY gains.  

6. Some argue that QALY calculations bias against elderly due to their shortened life expectancy 
resulting in fewer QALY gains. However empirical evidence concerning the public’s view on 
this issue indicates that most would support the favouring of younger people, entailed by the 
QALY approach. Also note that it is the marginal differences in QALYs which count as 
benefits, not the average length of survival.22-24 

7. Discounting is used to compare treatments that have costs and benefits that occur at different 
times. The extent to which future benefits and costs are discounted in comparison with the 
present is reflected in the discount rate. As the discount rate increases, future benefits and 
costs become less important when compared with benefits and costs occurring in the present.42 
PHARMAC’s current discount rate of 3.5% is based on the five-year average real risk-free 
long-term government bond rate for New Zealand. 
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