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London, UK

*Corresponding author

Background: Cost-effectiveness analysis involves the comparison of the incremental cost-effectiveness ratio
of a new technology, which is more costly than existing alternatives, with the cost-effectiveness threshold.
This indicates whether or not the health expected to be gained from its use exceeds the health expected to
be lost elsewhere as other health-care activities are displaced. The threshold therefore represents the
additional cost that has to be imposed on the system to forgo 1 quality-adjusted life-year (QALY) of health
through displacement. There are no empirical estimates of the cost-effectiveness threshold used by the
National Institute for Health and Care Excellence.

Objectives: (1) To provide a conceptual framework to define the cost-effectiveness threshold and to
provide the basis for its empirical estimation. (2) Using programme budgeting data for the English NHS,
to estimate the relationship between changes in overall NHS expenditure and changes in mortality.

(3) To extend this mortality measure of the health effects of a change in expenditure to life-years and to
QALYs by estimating the quality-of-life (Qol) associated with effects on years of life and the additional
direct impact on QoL itself. (4) To present the best estimate of the cost-effectiveness threshold for
policy purposes.

Methods: Earlier econometric analysis estimated the relationship between differences in primary care trust
(PCT) spending, across programme budget categories (PBCs), and associated disease-specific mortality.
This research is extended in several ways including estimating the impact of marginal increases or
decreases in overall NHS expenditure on spending in each of the 23 PBCs. Further stages of work link the
econometrics to broader health effects in terms of QALYs.

Results: The most relevant ‘central’ threshold is estimated to be £12,936 per QALY (2008 expenditure,
2008-10 mortality). Uncertainty analysis indicates that the probability that the threshold is < £20,000 per
QALY is 0.89 and the probability that it is < £30,000 per QALY is 0.97. Additional ‘structural’ uncertainty
suggests, on balance, that the central or best estimate is, if anything, likely to be an overestimate.

The health effects of changes in expenditure are greater when PCTs are under more financial pressure and
are more likely to be disinvesting than investing. This indicates that the central estimate of the threshold is
likely to be an overestimate for all technologies which impose net costs on the NHS and the appropriate
threshold to apply should be lower for technologies which have a greater impact on NHS costs.
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ABSTRACT

Limitations: The central estimate is based on identifying a preferred analysis at each stage based on

the analysis that made the best use of available information, whether or not the assumptions required
appeared more reasonable than the other alternatives available, and which provided a more complete
picture of the likely health effects of a change in expenditure. However, the limitation of currently available
data means that there is substantial uncertainty associated with the estimate of the overall threshold.

Conclusions: The methods go some way to providing an empirical estimate of the scale of opportunity
costs the NHS faces when considering whether or not the health benefits associated with new
technologies are greater than the health that is likely to be lost elsewhere in the NHS. Priorities for future
research include estimating the threshold for subsequent waves of expenditure and outcome data, for
example by utilising expenditure and outcomes available at the level of Clinical Commissioning Groups as
well as additional data collected on QoL and updated estimates of incidence (by age and gender) and
duration of disease. Nonetheless, the study also starts to make the other NHS patients, who ultimately
bear the opportunity costs of such decisions, less abstract and more ‘known’ in social decisions.

Funding: The National Institute for Health Research-Medical Research Council Methodology
Research Programme.
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Scientific summary

Introduction

The National Institute for Health and Care Excellence’s (NICE) comparison of the incremental
cost-effectiveness ratio of a new technology, which is more costly than existing alternatives, with

the cost-effectiveness threshold is important in assessing whether or not the health expected to be gained
from its use exceeds the health expected to be forgone elsewhere as other NHS activities are displaced
(i.e. whether or not the new technology is cost-effective).

When NICE issues positive guidance for a new intervention which imposes additional costs on the NHS,
the resources required to deliver it must be found by disinvesting from other interventions and services
elsewhere. This displacement will inevitably result in health decrements for other types of individuals.
Thus, the threshold represents the additional cost that has to be imposed on the system to forgo 1
quality-adjusted life-year (QALY) of health through displacement.

Currently NICE uses a threshold range of £20,000-30,000 QALY gained, and this has remained the case in
the NICE methods guidance since 2004. There have been a number of calls for further research on the
value of the threshold.

This report details a 2-year project, funded by the National Institute for Health Research (NIHR) and
Medical Research Council (MRC) Methodology Research Programme, to develop methods to estimate the
NICE cost-effectiveness threshold.

The NICE remit implies a series of characteristics for any empirical research on the threshold:

o Reflect the expected health effects [in terms of length and quality-of-life (QoL)] of NICE guidance
through the displacement decisions taken across the NHS rather than what specific services are
(or could have been) displaced.

® Facilitate regular updates, based on routinely available data, to reflect NHS changes such as real overall
expenditure and productivity. This would encourage accountability through scrutiny by stakeholders
and provide predictability for technology manufacturers’ investment decisions.

® The nature of service displacement and the magnitude of the health forgone will depend on the scale
of the budget impact which should, ideally, be reflected in the value of the threshold.

® Methods should recognise the inevitable uncertainty relating to the evidence currently available for the
threshold and reflect its implications for policy.

Study methods

The aim was to develop methods to estimate the NICE cost-effectiveness threshold making use of routinely
available data. Objectives were:

i. informed by relevant literature, to provide a conceptual framework to define the threshold and the
basis of its estimation

ii. using programme budgeting (PB) data for the English NHS, to estimate the relationship between
changes in overall NHS expenditure and changes in mortality
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iii. to extend the measure of benefit in the threshold to QALYs by estimating the QoL associated with
additional years of life and the direct impact of health services on QoL
iv. to present the best estimate of the cost-effectiveness threshold for policy purposes.

Earlier econometric analysis estimated the relationship between differences in primary care trust (PCT)
spending and associated disease-specific mortality. Expenditure came from PB data which allocates the
entire volume of health-care expenditure to broad programme budget categories (PBCs) according to
primary diagnosis.

This research extended this in several ways including estimating the impact of marginal increases or
decreases in overall NHS expenditure on spending in each of the 23 PBCs. These were linked to changes in
mortality outcomes by PBC across 11 PBCs.

The results of the econometric analysis were translated into broader effects in terms of QALYs. The first
stage linked estimated effects on mortality to life-years taking into account the ‘counterfactual’ deaths that
would have occurred if the population in a given PBC faced the same mortality risks as the general
population. The second stage accounted for the health (QALY) effects of changes in mortality due to
changes in expenditure reflecting how QoL differs by age and gender. The third stage incorporated those
effects on health not directly associated with mortality and life-year effects (i.e. the ‘pure’ QoL effects) to
estimate an overall cost per QALY threshold. The approach uses the estimates of mortality and life-year
effects as ‘surrogate outcomes’ for a more complete measure of the health effects of a change in
expenditure. This appears more plausible than assuming no effects of NHS expenditure on QoL outcomes.

The estimated proportional effect on the mortality and life-year burden of disease is applied to measures
of QALY burden. Applying a proportionate effect to measures of QALY burden of disease is equivalent

to assuming that any estimated effects on life-years are lived at QoL that reflects a proportionate
improvement to the QoL with disease. It also allows QoL effects of changes in expenditure to be included,
also based on proportionate improvement in the QoL with disease. In those PBCs where mortality effects
could not be estimated, the proportional effect of changes in expenditure on QALY burden of disease is
assumed to be the same as the overall proportional effect on the life-year burden of disease across those
PBCs where mortality effects could be estimated.

The methods planned for the study included a consideration of local data, collected routinely by PCTs,

on the types of intervention in which local decision-makers were investing and disinvesting. The aim was
to inform the link between the effects of expenditure changes on mortality and impacts on broader health
in terms of QALYs. These data may have indicated the types of interventions and services, within a given
PBC, on which investment and disinvestment were taking place. Using targeted literature reviews,
estimates of QoL for those activities may have been identified. However, it was established that there were
limited data available at a local level to facilitate this type of analysis, so other data sources were used for
this purpose.

Central or '‘best’ estimate of the threshold

The most relevant threshold is estimated using the latest available data (2008 expenditure, 2008-10
mortality). The central or ‘best’ threshold is estimated to be £12,936 per QALY.
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Which programme budget categories have the greatest
influence on the overall threshold?

Although the 11 PBCs where a mortality effect of changes in expenditure could be estimated only account
for 50% of the change in overall expenditure, they account for 78% of the overall health effects. The
other 12 PBCs, where mortality effects could not be estimated, account for an equal part of a change in
overall expenditure (50%) but only 22% of the overall health effects (i.e. the cost per QALY estimates
associated with a change in expenditure in these PBCs are, in general, much higher).

Insofar as investment and disinvestment opportunities in these PBCs might have been more valuable
(offered greater improvement in QoL) than suggested by the implied PBC thresholds, the overall QALY
effects will tend to be underestimated and the overall cost per QALY threshold will be overestimated.

The overall threshold of £12,936 may be conservative (i.e. could be overestimated) with respect to health
effects in PBC5 (mental health disorders), which accounts for a large proportion of the change in overall
expenditure (18%) and contributes most to the overall health effects (12%) compared with other PBCs.
The cost per QALY associated with this PBC is based on an extrapolation rather than observations of the
direct impact of changes in expenditure on QoL. Available evidence suggests that the investment and
disinvestment opportunities in mental health may have been more valuable than its implied cost per QALY.

How uncertain are the estimates and what are the implications?

Simulation methods were used to reflect the combined uncertainty in the various estimates from the
econometric analysis. This indicated that the probability that the overall threshold is < £20,000 per QALY is
0.89 and the probability that it is < £30,000 per QALY is 0.97.

As the consequences of overestimating the threshold are more serious than underestimating it in terms
of population health, a policy threshold will be lower than the mean of the cost per QALY threshold
(i.e. lower than £12,936) to compensate for the more serious consequences of overestimating the
‘true’ value.

There were other (‘structural’) sources of uncertainty associated with the estimated threshold, specifically
relating to the choice of econometric models and identification of causal effects. Although all the models
passed the relevant tests of validity, there remained some uncertainty about the validity of the instruments.
This structural uncertainty constituted a greater part of the overall uncertainty associated with the mortality
effects of changes in expenditure, but the central estimate of the cost per QALY threshold was robust to
this uncertainty.

The method of analysis used to link the effects of changes in expenditure on mortality to a fuller measure
of health expressed in QALYs was also subject to uncertainty. A preferred analysis (or scenario) was
identified as making the best use of available information, with assumptions appearing more reasonable
than the available alternatives and providing a more complete picture of the likely health effects of a
change in expenditure.

A critical issue is whether, on balance, the central or best estimate is likely to be an underestimate or
overestimate of the cost per QALY threshold. Although other assumptions and judgements are possible
that retain some level of plausibility, they do not necessarily favour a higher threshold. Indeed, when
considered together, they suggest that, on balance, the central or best estimate of £12,936 is, if anything,
likely to be an overestimate.
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SCIENTIFIC SUMMARY

There are some reasons why the central estimate of the QALY threshold might be underestimated. First, in
calculating life-year effects it is assumed that those deaths averted by a change in expenditure returns the
individuals to the mortality risk of the general population (matched for age and gender). There are a
number of other reasons why the central estimate might be overestimated. For example, the health effects
of a change in expenditure are restricted to the population at risk during 1 year. This also means that the
health effects of changes in expenditure which reduce incidence (prevention of disease) will not be
captured either. A more formal and longer lag structure in the estimation of outcome elasticities would be
likely to capture more health effects of a change in expenditure.

The effect of other assumptions that have been necessary are more ambiguous, although some evidence
suggests their net effect may be conservative with respect to health effects of changes in expenditure.

The impact of investment, disinvestment and non-marginal effects

The central estimate of the cost per QALY threshold is based on estimates of the health effects of changes
in expenditure across all 152 PCTs, some of which will be making investments (where expenditure is
increasing) and others making disinvestments (where expenditure is reduced or growing more slowly).

The threshold is, however, likely to differ across these different types of PCT. It would be expected that,
other things being equal, more expenditure would increase health but at a diminishing rate. Therefore,
the amount of health displaced by disinvestment would be expected to be greater, and the associated
threshold lower than the central estimate. Conversely, the health gained from investment would be
expected to be lower, and the associated threshold higher.

This was examined by re-estimating the outcome and expenditure effects separately for those PCTs where
their actual budget is under the target allocation from the Department of Health resource allocation
formula (i.e. those under greater financial pressure and more likely to be disinvesting than investing), and
those that are over target (under less financial pressure and more likely to be investing than disinvesting).

The results confirm these expectations. The health effects of changes in expenditure are greater when
PCTs are under more financial pressure and are more likely to be disinvesting than investing. The analysis
suggests that budget impact not only displaces more valuable activities within each PBC, but that overall
expenditure tends to be reallocated to PBCs which can generate more health. Although further research
might enable a quantitative assessment of how the relevant threshold should be adjusted for the scale of
budget impacts, the qualitative assessment seems clear: the central estimate of the threshold is likely to be
an overestimate for all technologies which impose net costs on the NHS (almost all technologies appraised
by NICE); and the appropriate threshold to apply should be lower for technologies which have a greater
impact on NHS costs.

How does the threshold change with overall expenditure?

The same methods were used to consider how the cost per QALY threshold is likely to have changed from
2007 to 2008 as overall expenditure has increased. This provides some insights into how the threshold
might be expected to change over time as, for example, overall expenditure and NHS productivity changes.

This has implications for a judgement about the appropriate frequency of periodic reassessment of the cost
per QALY threshold. Other things being equal, the threshold would be expected to increase following a
rise in overall expenditure, although this will depend on whether or not there is discretion over how
additional resources can be spent. However, insofar as the productivity of those activities that are valuable
to the NHS also improves through innovation, the threshold will tend to fall. So, the net impact of these
two countervailing effects on the threshold cannot be determined a priori.
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Differences in the estimated thresholds between 2007 and 2008 were assessed. Although overall
expenditure increased by 6% between 2007 and 2008, which represented real growth of 2% in 2007
prices, the overall threshold for all 23 PBCs fell by 5% in nominal terms and by 8% in real terms.

The reasons are complex but reflect changes in productivity, which differ across PBCs, but also a general
reallocation of a change in overall expenditure towards those PBCs that appear more valuable in 2008.
Given the uncertainty in estimation, subtle differences between 2007 and 2008 should not be
overinterpreted. This analysis does suggest, however, that the overall threshold will not necessary increase
with growth in the real or even nominal NHS budget. This suggests that the threshold is more likely to
fall at a time when real budget growth is flat or falling and PCTs find themselves under increasing
financial pressure.

What type of health is forgone by approval of a new technology?

The methods of analysis can identify not only how many QALYs are likely to be forgone across the NHS as
a consequence of approving a technology which imposes additional costs on the NHS, but also where
those QALYs are likely to be forgone and how they are made up (i.e. the additional deaths, life-years lost
and the QoL impacts on those with disease).

As an example, based on the 2008 central estimate of the cost per QALY threshold (£12,936),

the approval of ranibizumab (Lucentis®, Roche) for the treatment of diabetic macular oedema

(prior to the Patient Access Scheme agreement) would have imposed additional annual costs of up to
£80M on the NHS each year and been likely to displace 6184 QALYs elsewhere in the NHS. This forgone
health is likely to be made up of 411 additional deaths and 1864 life-years forgone, most of which are
likely to occur in circulatory, respiratory, gastrointestinal and cancer PBCs. However, much of the total
health effect of these additional costs (4987 QALYs) is associated with QoL forgone during disease which
is most likely to occur in respiratory, neurological, circulatory and mental health PBCs.

Conclusions and implications for practice

The research presented here goes some way to providing an empirically-based and explicit quantification
of the scale of opportunity costs the NHS faces when considering whether or not the health benefits
associated with new technologies are expected to be greater than the health that is likely to be forgone
elsewhere in the NHS. As such, it provides a basis for determining the appropriate threshold for NICE
decisions as well as those made centrally by the NHS and Department of Health more generally.

The methods presented can be used as a framework for further empirical work as additional and more
appropriate data emerge in the NHS. They also offer a basis for threshold estimation in other health-care
systems with budget constraints or limits on increasing expenditure.

The study also starts to make the other NHS patients, who ultimately bear the opportunity costs of such
decisions, less abstract and more ‘known’ in social decisions. As who happens to be known or unknown is
only a matter of perspective, time and ignorance, ethical and coherent social decisions require that both
should be treated in the same way. These methods contribute to removing some of the ‘ignorance’ and
making the unknown more real.
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Research recommendations

There is a need to update estimates of the threshold with more recent and future waves of expenditure
and mortality data.

If other aspects of social value are applied to health benefits of a new technology they must also be
attached to the type of health that is likely to be forgone due to additional NHS costs. The methods
developed here can be extended to allow weights to be also attached to the type of health that is forgone
and estimate the wider social benefits that are likely to be lost when the NHS must accommodate the
additional costs of new drugs.

We have demonstrated that these methods of analysis can be applied to QoL data collected as part of
patient-reported outcome measures (PROMs). This type of analysis could be applied to these data

in key PBCs as PROM s are rolled out providing some evidence about the QoL effects of changes in
PBC expenditure.

A key PBC is mental health. Currently outcomes data that could be linked to measures of QoL are
routinely collected in primary care. In principle, the same methods of analysis can be applied to these
data once they are made available providing some evidence about the QoL effects of changes in mental
health expenditure.

Improved and more recent estimates of incidence (by age and gender) and duration of disease will

soon be available from the recently published updated World Health Organization Global Burden of
Disease study. These data could be used when the threshold is re-estimated for later waves of expenditure
data. Alternatively, estimates could be based on Clinical Practice Research Datalink data.

Estimating a more complex lag structure based on the evolving panel data would provide valuable
evidence about the duration of the health effects of changes in expenditure. The recent release of census
data for 2011 may allow a panel model to be estimated allowing better control for unobserved
heterogeneity across PCTs as well as exploiting variation in outcomes, expenditure and other covariates
over time. The formation of Clinical Commissioning Groups (CCGs) in 2013 will make the time series
problematic for waves of expenditure after 2012 unless it is possible to match CCG and PCT boundaries.

If PBC expenditure and outcome data are available at CCG level (as well as covariates and suitable
instruments), it might become possible to estimate outcome and expenditure equations simultaneously

across PBCs. This would enable more of the likely health effects of changes in expenditure to be reflected
in the analysis.

Funding

Funding for this study was provided by the NIHR-MRC Methodology Research Programme.
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Chapter 1 Introduction

Policy context

A comparison of the incremental cost-effectiveness ratio (ICER) of a new technology with a
cost-effectiveness threshold is not the only consideration when the National Institute for Health and

Care Excellence (NICE) and its advisory committees issues guidance. However, it is an important one as it
allows an assessment of whether or not the health expected to be gained from the use of a technology
exceeds the health expected to be forgone elsewhere as other NHS activities are displaced. For this reason
a comparison of the ICER of a technology to a threshold range is a critical part of the reference case in
the NICE Guide to the Methods of Technology AppraisaP and is often taken to be the starting point for
deliberations about other considerations including judgements of social value. Therefore, the value of the
threshold is critical to the assessment of whether or not technologies can be regarded as cost-effective.
This is also true for other NHS resource allocation decisions which potentially impose additional costs on
local NHS commissioners.

Estimating the cost-effectiveness threshold

A key part of NICE's remit is to make decisions which are consistent with the efficient use of NHS
resources. In the context of the NHS budget constraint, a consideration of efficiency has to reflect the
implications of imposing additional costs on the system which will displace existing services thus leading to
health decrements for patients other than those benefiting from the new technology being appraised.
The cost-effectiveness threshold is an estimate of health forgone as other NHS activities are displaced to
accommodate the additional costs of new technologies. A national decision-making body such as NICE
needs an estimate of what is likely to be forgone across the NHS as we currently find it." Of course,

this will change as circumstances and the NHS change; tending to rise with increases in budget and
health-care costs but tending to fall with increases in the productivity of health technologies and the
efficiency of the NHS in general (including better local commissioning decisions).? A body such as NICE
cannot and does not necessarily need to know what specific services and treatments will be displaced in
particular localities or who will actually forgo health.

What is required, therefore, is an accountable and empirically-based assessment of the health that is likely
to be forgone on average across the NHS. Currently NICE uses a threshold range of £20,000-30,000 per
quality-adjusted life-year (QALY) gained, where additional considerations are required towards the upper
bound.? The empirical basis of this range of values is very limited and there have been calls for further
research in this area.* Explicit scientific methods are required which will provide accountability so that
estimates can be scrutinised by a range of stakeholders. As estimates of the threshold will need to be
periodically revised, methods which make best use of routinely available NHS data are needed. As well

as accountability, this will provide more predictability in likely changes to the threshold for the investment
decisions of technology manufacturers.

Aims and objectives

The aim of this research is to develop and to demonstrate methods to estimate the cost-effectiveness
threshold for the NHS which makes best use of routinely available data. Methods are required which can
capture the impact of a change in expenditure on length and quality-of-life (QoL), indicate how estimates
of the threshold have changed over time, reflect uncertainty in any estimates and assess its implications,
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INTRODUCTION

and indicate the impact of increases or decreases in spending. The project also aims to discuss options for
developing data sources in the UK to estimate the threshold more precisely over time.

The research has four main objectives:

i. informed by relevant literature, to provide a conceptual framework to define the threshold and the
basis of its estimation

ii. using programme budgeting (PB) data for the English NHS, to estimate the cost per years of life gained
(YLG) on average across the NHS, for marginal changes in budget

iii. to extend the measure of the health effects of changes in expenditure by estimating the QoL associated
with additional years of life and the direct impact of health services on QoL

iv. to synthesise this work to bring evidence on life-years and QALYs together, to present the best estimate
of the cost-effectiveness threshold given existing data, to show the implications of the uncertainty in
the current evidence and to provide recommendations for future data collection and analysis.

Report structure

The main report is set out as a series of chapters, most of which are linked to more detailed analysis in
separate appendices. Chapter 2 provides a policy context for the research and a conceptual framework for
the subsequent empirical work. Chapter 3 outlines a simple theoretical model and associated econometric
analysis of PB data to estimate the link between changes in overall NHS expenditure and mortality.
Chapter 4 considers a range of analyses to extend the measure of health effect from mortality to YLGs
and to QALYs. Chapter 5 draws out the main conclusions and insights from the research.
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Chapter 2 Policy context and conceptual
framework

Introduction

The purpose of this chapter is to provide the foundation for the empirical chapters that follow. It addresses
a series of questions regarding the nature of the cost-effectiveness threshold that NICE use to guide its
decisions, and the principles of how it should be estimated.

The chapter is informed by the results of a systematic literature search relating to these questions. Details
of the methods and results of that search, together with a summary of the papers identified, are provided
in Appendix 1. In brief, the search uses a ‘pearl growing’ method to identify relevant papers. This identifies
a number of initial key articles ("pearls’) on the basis of expert advice, and ‘grows’ these pearls in a series
of steps: extraction of citations and references from the initial pearls; identification of further pearls from
cited and referenced papers; repetition of citation and reference searches; and manual search of
references. This process is repeated until no further papers of relevance are identified. On this basis,

76 relevant papers were identified and are referred to, when relevant, in this chapter.

This chapter is organised as follows. The next section considers, at a conceptual level, what the
cost-effectiveness threshold to inform NHS decisions, such as those made by NICE's advisory committees,
should represent. Estimating the threshold considers alternative routes to generating an empirical estimate
of such a threshold. The final section provides a brief overview of the methods used in the study.

What should the National Institute for Health and Care
Excellence threshold represent?

The threshold as a measure of opportunity cost

The National Institute for Health and Care Excellence uses cost-effectiveness analysis (CEA) to inform the
decisions underlying most types of guidance that it publishes. The use of CEA is most prominent in
appraisals relating to new medicines,? but is also a key input into diagnostics appraisals as well as clinical
guidelines and public health guidance.>* For those interventions and programmes which impose additional
costs on the NHS budget, their ICERs indicate the incremental cost per additional QALY achieved relative
to appropriate comparators. Although the ICER is one of a number of evidential inputs into NICE
committees’ decisions, is has been shown to be the most important, at least for technology appraisals.®

Interpreting whether or not a given ICER is acceptable requires the use of a cost-effectiveness threshold.
Given that NICE has no influence on the level of the NHS budget, its decisions need to consider that
budget as a fixed constraint.” Therefore, the threshold should reflect the opportunity costs, in terms

of health forgone, resulting from the imposition of additional costs on the NHS. When NICE issues

positive guidance for a new intervention which imposes additional costs on the system, the resources
required to deliver it must be found by disinvesting from other interventions and services elsewhere.’

This displacement of existing services will result in health decrements for other types of individual.®

Thus, the threshold represents the additional cost that has to be imposed on the system to forgo 1 QALY's
worth of health through displacement.

Resource allocation decisions based on comparing an ICER with a cost-effectiveness threshold uses
some simplifying assumptions, including those of constant returns to scale and perfect divisibility of
programmes.’ Some have suggested that this makes these methods unreliable,’ although it has also been
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POLICY CONTEXT AND CONCEPTUAL FRAMEWORK

argued that they provide useful approximations to guide decisions." This report takes NICE's use of these
methods as a starting point, and does not review the literature relating to this debate in any depth.

As Figure 1 illustrates, CEA effectively becomes an analysis of net health benefits (NHBs): does the health
gain from the new intervention outweigh the health decrements associated with the displacement of
existing services necessary to fund it? Figure 1 shows the incremental costs and QALYs associated with a
new intervention relative to a comparator (the latter being shown at the origin). The new intervention
generates 2 additional QALYs per patient and, at price P1, imposes an additional £20,000 per patient; the
ICER is, therefore, £10,000 per QALY gained. At a threshold of £20,000 per QALY, the additional cost of
£20,000 per patient translates into a decrement of 1 QALY (the distance between the y-axis and the
threshold). This is because the threshold indicates the additional cost that needs to be imposed on the NHS
budget in order to displace services that result in 1 QALY being forgone. Therefore, at that price, there

is a net health gain of 1 QALY per patient (2 gained from the new intervention and 1 forgone through
displacement). At a price of P2, the additional cost per patient of the new intervention is £40,000 and the
net health gain is 0: the 2 additional QALYs from the new intervention are the same as the QALYs forgone
through displacement. At the highest price of P3, the adoption of the new intervention would actually
result in a net health decrement of 1 QALY as it generates fewer QALYs (2) than are forgone (3).

The use of the threshold to facilitate this NHB analysis can be expressed as in Equation 1:

NHB = ah — B (1)
where Ah is the change in health generated by the new intervention, AC, is the additional health-care cost
imposed on the NHS, and k is the cost-effectiveness threshold. The net health gain from adopting the new
intervention is therefore the health gained, Ah, minus the health forgone, ATQ.

Understanding the NICE cost-effectiveness threshold as representing opportunity costs in terms of health is
explicit in NICE documentation (e.g. the Guide to the Methods for Technology AppraisaF). It is also clear in
reports published by the Department of Health, such as the consultation report on value-based pricing.*'*3
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FIGURE 1 Graph showing illustration of the NICE threshold as a basis for assessing NHB. Reproduced from

Value based pricing for NHS drugs: an opportunity not to be missed?, Claxton K, et al., vol. 336, pp. 251-4, 2008
with permission from BMJ Publishing Group Ltd.
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This conceptualisation of the principles of the NICE threshold is also described in the broader literature.?
Formally, the threshold can be seen as the shadow price of the budget constraint."#&4¢ Although this
project focused on the use and estimation of a cost-effectiveness threshold for NICE decisions, the methods
and estimates relate to any resource allocation decision within the NHS where the opportunity

cost could fall anywhere in the system. Hence it could apply, for example, to Department of Health targets
or to NHS England directives, as well as NICE guidance.

The threshold as the consumption value of health

Another view of what the threshold used in CEA should represent exists in the literature; however,

in general terms this is based on the rate at which individuals are willing to forgo other forms of
consumption to achieve health improvement [sometimes referred to as ‘willingness to pay’ (WTP)]."" =3¢
Although this consumption value of health can provide information on the value of health improvement
and may guide decisions such as the level of the overall NHS budget, it does not inform decisions
regarding how to allocate a fixed budget within the health-care system.

The reason for this is that the consumption value of health applies equally to health gained as well as to
health forgone. This is shown in Equation 2 where the consumption value of health, v, is added to the
definition of NHB in Equation 1. This simply involves valuing both health gained and health forgone by the
same consumption value of a unit of health, v. Therefore, the use of the consumption value is irrelevant: a
treatment considered cost-effective in Equation 1 (i.e. to have a positive NHB) will inevitably be considered
cost-effective in Equation 2, and an intervention with negative NHB (i.e. not cost-effective) will remain as
such in Equation 2.7 Therefore, the magnitude of the threshold, &, is not a value judgment but an empirical
guestion which can, in principle, be estimated.

NHB = v.Ah — %AQ @)

Estimating the threshold

The National Institute for Health and Care Excellence’s threshold range

The National Institute for Health and Care Excellence has been reluctant to specify a single cost-effectiveness
threshold used in its decision-making.® It has also consistently emphasised that factors other than CEA are
taken into consideration by the various advisory committees.>>%%° Therefore, it has preferred to indicate
the range within which its threshold value lies (i.e. £20,000-30,000 per QALY gained).>* Alongside this,

it has provided an indication of the role other factors play in determining which point of threshold range is
relevant. The latest guide® suggests that an ICER < £20,000 is likely to lead to recommendation unless

the evidence is considered highly uncertain; an ICER between £20,000 and £30,000 will lead to
recommendation if the committee is also happy with the levels of uncertainty in the evidence and/or the
QALY does not capture all aspects of benefit; and an ICER > £30,000 would be recommended only if
issues related to levels of evidential uncertainty and a failure to capture all benefits in the QALY are
particularly compelling.

In 2009, NICE issued further supplementary guidance relating to the appraisal of interventions for

patients with short life expectancy (LE), although this can be considered to relate more to the measure

of benefit than factors to be considered outside of cost-effectiveness.*' In 2012 NICE issued a draft
update of its methods guide which added that, if a new technology has an ICER > £20,000 per QALY, the
committee’s deliberations would also consider ‘aspects that relate to non-health objectives of the NHS’
(e.g. wider social considerations and/or costs that fall outside the NHS budget).*?
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Although NICE has carefully argued the case for why its decisions are not driven entirely by a comparison
of the ICER with its threshold range, it has not provided any empirical evidence for why the threshold
range takes the value it does. Indeed it has been widely argued than an empirical basis for these values
should be generated.***™ For example, the House of Commons Health Select Committee in 2008 argued:

The affordability of NICE guidance and the threshold it uses to decide whether a treatment is
cost-effective is of serious concern. The threshold is not based on empirical research and is not directly
related to the budget, it seems to be higher than the threshold used by [primary care trusts] PCTs for
treatments not assessed by NICE. Some witnesses, including patient organisations and pharmaceutical
companies, thought that NICE should be more generous in the cost per QALY threshold it uses, and
should approve more products. On the other hand, some PCTs struggle to implement NICE quidance
at the current threshold and other witnesses argued that a lower threshold should be used. We
recommend that the threshold used by NICE in its full assessments be reviewed; further research
comparing thresholds used by PCTs and those used by NICE should be undertaken . ..

Although there is acceptance of the need for empirical work on the NICE cost-effectiveness threshold,

a set of issues exists regarding the starting point for such analysis. One aspect of this is the view that the
nature of the services that are displaced in response to additional costs being imposed by NICE guidance,
and hence the magnitude of the health forgone for other patients, will depend on the productivity of the
NHS and its overall (inflation-adjusted) budget, both of which have increased since NICE initially defined
its threshold range.*®“ In principle an increase in the (real) NHS budget would allow it to introduce
interventions which were previously not cost-effective which might be expected to increase the threshold
if these interventions were the marginal ones displaced in response to the budget impacts of NICE
recommendations. However, any increase in the NHS budget may be allocated to non-discretionary
expenditure. This would include, for example, expenditure relating to national initiatives such as

new contracts for consultants and activities to meet waiting list targets as well as, of course, the
implementation of NICE guidance. The non-discretionary nature of such expenditure means that these
types of activities cannot easily be disinvested from given a need to release resources to fund NICE
guidance. Therefore, if an increase in the NHS budget is largely devoted to these types of non-discretionary
expenditure, there will be a limited impact on the threshold.

Gains in productivity may come through doing worthwhile activities more cost-effectively, including for
those marginal interventions displaced by NICE recommendations, suggesting a reduction in the threshold.
Alternatively, productivity gains might come through discontinuing activities which are not worth doing
(i.e. that produce no health improvement), freeing resources for additional cost-effective interventions
which may be the marginal services displaced by NICE guidance — this can have the result of increasing
the threshold.

The net effect of these changes on the threshold could not be determined a priori and would depend on
how any additional (real) budgets were allocated and how the gains in productivity where achieved. This
does emphasise the fact that the threshold may change over time in response to these and other broader
developments, and this would have to be considered as part of any regular updating of the empirical
analysis of the threshold.

A second issue to be considered relates to how decisions are taken locally about any displacement
following NICE guidance. The principles of CEA suggest that such displacement should relate to
interventions which are the least cost-effective of those currently covered by the budget.* The basis for
how local commissioners and providers make their disinvestment decisions is not clear, however, and there
have been calls for greater transparency and guidance in this area.*® It would be entirely unrealistic to
assume that displacement only takes place in those existing services which are the least cost-effective.

The reality is that numerous criteria are likely to be used by commissioners in implementing disinvestment,
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and that significant variation will exist between local decision-makers.® Such criteria might include, for
example, equity concerns about a particular disadvantaged group locally or capacity constraints regarding
particular services. Therefore NICE needs to know what is likely to happen on average across the NHS
given the reality of local decisions. If local decision-making changes over time — for example, if local
commissioners become more focussed on displacing services which are the least cost-effective, in terms of
population health — this may affect the estimate of the threshold.

Studying displacement locally

A reasonable conclusion from a consideration of these issues is, therefore, that local decisions about
disinvestment are likely to be an important determinant of the NICE threshold.>*>> Appleby et al.*®
sought to assess whether or not it was possible to study local decisions about service investment and
disinvestment to infer the cost-effectiveness thresholds being used (implicitly) locally and to draw
conclusions about the appropriate level of the NICE threshold. They identified six PCTs and undertook
structured interviews with each of the directors of public health. They also administrated questionnaires to
an opportunistic sample of finance directors from NHS trusts. On this basis they developed a list of new
services as well as those that had been deferred or discontinued. An attempt was made to estimate the
implicit local ICER relating to these decisions by using any cost-effectiveness evidence used to inform
the decisions together with relevant evidence on cost-effectiveness from the published literature.

The study found it quite straightforward to identify specific services that had been introduced,
discontinued or deferred, but concluded that these decisions were typically based on clinical and other
non-economic factors. A number of ‘decisions at the margin’ were identified but none of these were
based on CEA. Instead, the basis for changes in services was a ‘business case’, or overall cost impact.

It was possible to impute cost-effectiveness for most of the services affected, but the study concluded that,
even with a larger sample of commissioners and providers, it would be very difficult to estimate an
implied cost-effectiveness threshold locally. This would be because, first, most PCT decisions were service
reconfigurations including demand management and waiting list initiatives. By their nature, teasing out
the incremental cost and health effects, potentially across numerous types of patients, would be an
enormous challenge. Second, there would be difficulty in identifying all local decisions as many options
for investment, deferment or discontinuation are rejected before they are made more explicit in
documentation. A third problem would be the finding that a range of criteria is used to make local
decisions, with relatively little concern for cost-effectiveness, making a local threshold estimated in this
way hard to interpret. A final challenge would be that it would be very difficult to establish a causal link
between a change in local NHS budget and specific local investment and disinvestment decisions.

The Appleby et al.*® study highlights the problems that exist in deriving a cost-effectiveness threshold
from a bespoke study of specific local resource allocation decisions.

What evidence is needed?

Given the challenges of studying local decisions as a means of establishing the NICE threshold, and
keeping in mind NICE's remit, it is possible to suggest a series of important characteristics that estimation
methods should have from the perspective of principle and practice:

® They should reflect the effect of NICE guidance on the average of the displacement decisions taken
across the NHS, with less consideration on which types of patients and interventions are affected and
why the decisions are taken. NICE cannot be expected to reflect what is likely to be marked variation
between local commissioners and providers in how they react to an effective reduction in their budget
as a result of positive guidance. Given NICE's remit, it is the expected health effects (in terms of length
and Qol) of the average displacement within the current NHS (given existing budgets, productivity and
the quality of local decisions) that is relevant to the estimate of the threshold.

® The methods used should not be a ‘once and for all" effort but should facilitate regular updates to
reflect changes in the broader NHS context such as changes in the overall real budget and productivity.
This requires the use of data sources that are currently routinely available, are expected to become so
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in the future or could be made available at reasonable cost. It may be possible to glean some idea of
how the threshold may change in the future by studying how it has changed in the past, which would
require routine data sources to extend back over a period of time. Periodic updating using explicit
scientific methods would encourage accountability through scrutiny of estimates by relevant
stakeholders. It would also provide more predictability in likely changes to the threshold for the
investment decisions of technology manufacturers.

The nature of the displacement of existing services (and hence the magnitude of the health forgone)
will depend on the scale of the budget impact coming through NICE guidance. Therefore, the methods
used to estimate the threshold should ideally be able to reflect this budget impact.

The methods should recognise the inevitable uncertainty relating to the evidence currently available
for threshold estimation and translate this into an expression of the uncertainty in the estimate

of the threshold. As well as providing information with which NICE can determine the appropriate
implications for its choice of a threshold value, this consideration of uncertainty can help to prioritise
further research or the collection of routine data.

The current study has sought to develop methods consistent with these desired characteristics. This section
provides a summary of the methods used. Further details are provided in each of the later chapters relating
to the various components of work, and in the associated appendices. The general approach taken is to
use routinely available data to look at the relationship between overall NHS expenditure and patients’
health outcomes. By exploiting differences between PCTs in expenditure and outcomes, it is possible to
infer the costs of generating health improvement from NHS services at the margin. In principle, this is what
is needed as the basis of the NICE cost-effectiveness threshold as it provides an indication of the health
forgone through the services displaced by the additional budget effect of the Institute’s guidance.

The study was able to build on some key existing research relating to the relationship between NHS
expenditure and mortality.>”*° Since 2003 data on expenditure on health care across 23 programme
budget categories (PBCs) of care have been available for each PCT in the NHS in England. These PB data
seek to allocate, to broad areas of illness according to the primary diagnosis [using International
Classification of Diseases, Tenth Edition (ICD-10) codes], all items of NHS expenditure, including
expenditure on inpatient care, outpatient care, community care, primary care, and pharmaceuticals

and devices.

For the purposes of this study, the merit of these data is that they open up the possibility of examining the
relationship between differences in local spending and associated disease-specific mortality outcomes
routinely available from the National Centre for Health Outcomes Development. In each programme, the
elasticity of outcome with respect to changes in expenditure was estimated controlling for differences
between PCTs in need. Changes in mortality were then transformed into YLG using assumptions regarding
LE without the change in expenditure. This provides estimates of the marginal cost per YLG on average
across the NHS by PBC.

This work focused largely on spending and outcomes in two of the largest programmes: circulatory
disease and cancer,®® but has also informed the link across other programme categories.*®®' Estimates
of the cost per YLG for 2006/7 were £15,387 for cancer, £9974 for circulation problems, £5425 for
respiratory problems, £21,538 for gastrointestinal problems and £26,428 for diabetes. These estimates
were based on a straightforward, though carefully constructed, theoretical model of health production
which informs the specification and estimation of a set of equations. These dealt with the challenge of
there being alternative plausible directions of causation (e.g. between expenditure and health outcomes
within a programme). This problem of endogeneity was addressed by identifying and testing suitable
instrumental variables (IVs). In doing so, they accounted for variation in the clinical needs of the local
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population relevant to each programme together with broader local environmental factors relevant to the
costs of care and outcomes.

This earlier work provides a strong foundation for the current study through its consideration of the
average marginal elasticity of outcome with respect to programme expenditure. However, to estimate
the threshold suitable for NICE decision-making, a number of further elements of research are necessary,
and these are described below.

Further econometric analysis

This further econometric research is covered in Chapter 3, with full details in Appendix 2. The earlier work
estimated the cost per YLG for the major programme areas. The NICE threshold needs to relate to the
whole NHS and will, therefore, depend on all the programmes of care where disinvestment takes place.
Given that each programme of care has been estimated separately, it is not clear how expenditure on
particular programmes changes with the overall budget. For example, does disinvestment tend to fall on
respiratory care or diabetes following a budget impact from NICE guidance? Therefore, the current study
has further developed the econometric analysis to reflect the need for PCTs to operate within a fixed
overall budget. This provides an estimate of the ‘budget elasticity of expenditure’ in each PBC, and
facilities estimates of the impact of marginal increases (or decreases) in overall PCT budgets on spending
in each PBC.

As well as indicating budgetary influences on programme spending, these elasticities have then been
linked to changes in mortality outcomes by programme. These changes are used to estimate years of life
lost (YLL) taking account of the fact that some of the observed deaths would have occurred anyway

(had the same population not been at risk in the particular PBC); that is, taking account of unobserved
counterfactual deaths. This takes into account how such budgetary changes (such as those imposed by
NICE guidance) translate through local decisions into changes in expenditure on programmes of care and
then to health outcomes.

Changes in budgets are in practice incremental rather than marginal, and it may be the case that the
outcome elasticities of programme expenditure in times of budgetary increase (when new initiatives are
introduced) are not the same as in times of budgetary decrease (when the focus is on disinvestment).
The possible effects of non-marginal changes have therefore been explored. The project has also sought
to explore how both expenditure and outcome elasticities, and hence the threshold, vary over time,

and this has been assessed by generating relevant estimates for three sets of data.

A development from earlier work has been to relate expenditure in period t to mortality in periods t, t+ 1
and t+ 2. Although the data used are largely cross-sectional, mortality data are linked so as to follow
expenditures. Given the inevitable uncertainty relating to assumptions in the analysis, extensive sensitivity
analysis is undertaken to consider the implications for the estimates.

Moving from life-years to quality-adjusted life-years gained

A key element of the research has been to take the results of the econometric work linking NHS spending
and mortality, and to translate this into effects on life-years and QALYs. The methods planned for the
study included a consideration of local data, collected routinely by PCTs, on the types of interventions in
which local decision-makers were investing and disinvesting. The aim was to inform the link between the
effects of expenditure changes on mortality and impacts on broader health in terms of QALYs. These data
may have indicated the types of interventions and services, within a given PBC, on which investment and
disinvestment were taking place. Using targeted literature reviews, estimates of QoL for those activities
may have been identified. However, it was established that there were limited data available at a local level
to facilitate this type of analysis, so other data sources were used for this purpose (see Addendum 2:

the role of data on local NHS decisions in Appendix 3).
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It has therefore been necessary to consider alternative data and approaches. This is tackled using
three sequential steps:

i. translate the estimated effects on mortality from the econometrics work into life-years by exploring
the limitations of the mortality data available at PCT level and the published YLL figures used in the
econometric analysis, and by considering how to improve the estimates using additional data
and analysis

ii. consider how estimates of life-year effects can be adjusted for the QoL in which they are lived, taking
account of the gender and the age at which life-years are gained or lost as well as the QoL implications
of particular diseases

iii. explore ways to take account of those effects on health not directly associated with mortality and
life-year affects (i.e. the ‘pure’ QoL effects) to estimate an overall cost per QALY threshold.

This aspect of the analysis is described in Chapter 4 with further details provided in Appendix 3.

The central or ‘best’ estimate is based on two assumptions relating to the health effects associated with
expenditure, one conservative and the other more optimistic. The first assumption is that the health effects
of changes in 1 year of expenditure are restricted to 1 year. This is implicit in the estimates of outcome
elasticities estimated in the econometric analysis. This is likely to underestimate effects on mortality as
expenditure that reduces mortality risk for an individual in 1 year may well also reduce their risk over
subsequent years, and expenditure may also prevent disease in future patient populations. Therefore, total
health effects will be underestimated and the cost per life-year or QALY threshold will be overestimated.
Although undoubtedly conservative, it may be offset to some extent by the more optimistic assumption.

It is assumed that any death averted by expenditure in 1 year will return the individual to the mortality risk
of the general population, that is the years of life gained (YLG) associated with each death averted are
based on what would have been their LE taking account of their of age and gender (using life tables for
the general population).

The extreme upper and lower bounds for cost per life-year and cost per QALY thresholds are based on
making both of these assumptions either optimistic (providing the lower bound for the threshold) or
conservative (an upper bound for the threshold). The lower bound is based on assuming that health effects
are not restricted to 1 year but apply to the remaining disease duration for the population at risk during
the expenditure year. The upper bound is based on the combination of assuming that health effects are
restricted to 1 year and that any death averted is only averted for the minimum duration consistent with
the mortality data used to estimate the outcome. It is very important to note that the lower and upper
bounds are very much extreme values with limited plausibility.

A cost-effectiveness threshold is needed to inform decisions by NICE, the NHS more generally or the
Department of Health which reflects the fact that opportunity costs fall on services and population health
at a local level. Given that it is (and will continue to be) unfeasible to know precisely which services are
displaced across all localities within the NHS, the threshold should reflect the average implications on
health of actual local decisions about marginal changes in local service caused by changes in expenditure.
The absence of an empirical estimate of the threshold which reflects these principles lies behind the
project. Using data routinely collected in the NHS or available data that could be routinely updated, the
study is organised into two major parts. The first updates earlier analysis to estimate the relationship
between NHS expenditure and mortality, and the second seeks to translate these mortality effects into the
more general measure of health — the QALY.
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Chapter 3 The link between NHS spending,
mortality and the cost of a life-year

Introduction

This section presents an overview of the econometric work undertaken to estimate the link between NHS
spending and mortality and how this is used to calculate the cost of a life-year. As well as providing the
analytical foundations for estimates of cost per QALY threshold presented in Chapters 4 and 5, this work
contributes to the ongoing debate about the extent to which additional health-care expenditure yields
improved patient health outcomes.

The work presented in this report takes advantage of the availability of two new data sets to examine the
relationship between NHS expenditure and mortality rates for various disease categories. One data set
contains mortality rates for various disease categories at the level of geographically defined local health
authorities, PCTs. The other data set presents NHS expenditure by PCT on 23 broad programmes of

care (these programmes are listed in Table 7). This data set embraces most items of publicly funded
expenditure, including inpatient, outpatient and community care, and pharmaceutical prescriptions. NHS
revenue derives almost entirely from national taxation, and access to the system is generally free to the
patient. The system is organised geographically, with responsibility for the local administration of the NHS
devolved to PCTs.? PCTs are allocated fixed annual budgets by the Department of Health, within which
they are expected to manage the health care in the locality.

We employ a model that assumes that each PCT receives an annual financial lump sum budget and
allocates its resources across the 23 programmes of care to maximize the health benefits associated with
that expenditure. Estimation of this model using the expenditure and mortality data facilitates two related
studies: first, a study of how changes in the NHS budget impact on expenditure in each care programme;
and second, a study of the link between expenditure in a programme and the health outcomes achieved,
notably in the form of disease-specific mortality rates. The latter also permits the calculation of the cost of
an additional life-year for individual programmes of expenditure.

The work presented here draws heavily on previous studies using these data®"**¢%6263 and innovates in

four major ways: (1) we relate expenditure in time period t to outcomes in periods t, t+ 1, and t+ 2
combined;® (2) we present plausible outcome models for a large number of budgeting categories — previous
studies have tended to focus on the four largest care programmes; (3) we present estimates of the cost of a
life-year for the enlarged number of programmes and, importantly, with the aid of assumptions about the
productivity of programmes without a meaningful mortality-based outcome indicator, we extend our
individual programme estimates to incorporate expenditure across all programmes of care; and (4) although
the models we present appear well specified according to appropriate statistical tests, we subject our
results to a substantial sensitivity analysis.

The next section presents a brief review of the relevant literature on which the study builds. This is
followed by a summary overview of our approach to estimating the cost per life-year across the various
programmes of care and the results obtained using PB data provided by the Department of Health.
Further details of all aspects of the modelling approach, description of the data, the results we derive and
calculation of costs per life-year are set out in Appendix 2. This section is intended to be supported by the
information contained within Appendix 2.
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One of the most fundamental yet unresolved issues in health policy is the extent to which additional
health-care expenditure yields patient benefits, in the form of improved health outcomes. The work of
health technology agencies such as NICE has greatly improved our understanding at the micro level of the
costs and benefits of individual technologies. However, there remains a dearth of reliable evidence at

the macro level on the benefits of increased health system expenditure.

The empirical problems of estimating the link between spending and health outcomes are manifest.

If one relies on a time series of health outcome data for an individual health system it is difficult to
disentangle the impact of expenditure from a wide range of other temporal influences on health, such as
technological advances, epidemiological changes, and variations in broader economic circumstances.
Similar methodological difficulties arise if one attempts a cross-sectional comparison of different health
systems. In particular, when seeking to draw inferences from international comparisons, researchers might
have failed to adjust for all the potential external influences on health outcomes and this might account in
part for their findings. For example, in an early cross-sectional study of 18 developed countries, Cochrane
et al.® use regression analysis to examine the statistical relationship between mortality rates on the

one hand and per capita gross national product (GNP) and per capita consumption of inputs such as
health-care provision on the other. They found that the indicators of health-care provision were generally
not associated with outcomes in the form of mortality rates. Thereafter, the failure to identify strong and
consistent relationships between health-care expenditure and health outcomes (after controlling for other
factors) has become a consistent theme in the literature, whereas, in contrast, socioeconomic factors are
often found to be good determinants of health outcomes.®>*

There is furthermore the possibility that indicators of health system inputs, such as expenditure,

are endogenous, in the sense that they have to some extent been influenced by the levels of health
outcome achieved. In addition, the difficulty of satisfactorily estimating the impact of health system
inputs on outcomes is compounded by the great heterogeneity of health care, the multiple influences
on outcomes, and the rather general nature of the outcome mortality measure traditionally used.
Consequently, the failure to detect a significant positive relationship between expenditure and health
outcome might reflect the difficulties associated with any such study rather than the absence of such a
relationship. For example, Gravelle and Backhouse®® examine some of the methodological difficulties
associated with empirical investigation of the determinants of mortality rates. These include simultaneous
equation bias and the associated endogeneity problem (that the level of health-care input might reflect
the level of health outcome achieved in the past), and that a lag may occur between expenditure and
outcomes (studies typically assume that expenditure has an immediate effect on mortality).

To avoid the difficulties imposed by data heterogeneity inherent in international analyses, the study by
Cremieux et al.%° examines the relationship between expenditure and outcomes across 10 Canadian
provinces over the 15-year period 1978-92. They find that lower health-care spending is associated with a
significant increase in infant mortality and a decrease in LE. Although challenging the received empirical
wisdom, one difficulty with the Cremieux et al.®® study is that the estimated regression equation consists of
a mixture of potentially endogenous variables (such as the number of physicians, health spending, alcohol
and tobacco consumption, expenditure on meat and fat) and exogenous variables (such as income and
population density). The authors’ chosen estimation technique (generalised least squared; GLS) does not
allow for this endogeneity and consequently the coefficients on the endogenous variables may be biased.®®
Similarly, Nixon and Ulmann’s study,”® which uses three health outcome measures and various explanatory
variables (such as per capita health expenditure) for 15 European Union (EU) countries over the period
1980-95, does not allow for the possibility that some of the explanatory variables may be endogenous.

More recently, studies have started to address the endogeneity issue.”’’> Bokhari et al.”" estimate a

cross-section model for 127 countries using data for 2000. They employ two health outcome indicators
(the under-5 mortality rate and the maternal mortality rate). Bokhari et al.”" allow for the endogeneity of
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health expenditure via the use of IV techniques, and they estimate the elasticity of these indicators

with respect to total government health expenditure conditional on the level of education and basic
infrastructure (such as road transport and sanitation). They find that health expenditure has a statistically
significant negative impact on both under-five mortality and maternal mortality. The authors do note,
however, that their focus on child and maternal mortality implicitly assumes that these outcome indicators
are in some way representative of outcomes across all activities financed by government health-care
expenditure. Data permitting, it would be preferable to relate health-care expenditure on under-fives to
under-five mortality, and expenditure on maternal care to maternal mortality.

In this study we relate expenditure in a specific disease area to mortality associated with those diseases.
We also address the endogeneity issue through the use of IVs and, unlike previous studies; we examine
the sensitivity of our results to questions of instrument validity. Moreover, although previous empirical
work has been loosely based on the notion of a health production function, it has rarely been informed
by an explicit theoretical model. This is understandable, as the processes giving rise to the observed
health outcome are likely to be very complex, and any theoretical model might become rather unwieldy.
However, this absence of atheoretical model has sometimes led to atheoretical search for measures of
health inputs demonstrating a statistically ‘significant’ association with health outcomes. In contrast, in this
study we inform our empirical modelling with a theoretical framework. We believe that this may lead to a
more convincing and better specified model of health outcomes than that used in many previous studies,
and this model is outlined in the next section.

Modelling framework

In the literature on the relationship between health expenditure and health outcomes, the statistical model
estimated often contains a mixture of exogenous variables (such as income and population density) and
endogenous variables (such as health spending, the number of doctors, and spending on cigarettes

and alcohol). In such circumstances, the application of ordinary least squares will lead to biased coefficients
on the endogenous variables. To avoid this problem, Gravelle and Backhouse®® recommend that analysts
model, even if only informally, the decision-making process which generates the observed data set.

To avoid the problem of simultaneous equation bias we have constructed a very basic model of the
budgeting and outcomes data generation processes. In places, the model makes some heroic assumptions
(which we hope to relax in future work) but the framework reveals some of the more salient features of
the data generation processes.

We assume — quite realistically — that each PCT, /, receives an annual financial lump sum allocation, y;,
from the Department of Health and that total within year expenditure for each PCT cannot exceed this
amount. We also assume — less realistically — that this lump sum is allocated across the J programmes of
care (J=23) by a single decision-maker (although we know that in practice the programme budget data
will in part reflect the myriad of individual clinical decisions that health-care professionals take every day
and that these are decisions over which PCTs exercise little control).

We assume that each PCT adheres to a social welfare function, WA.), that incorporates the health outcome
(h) across all 23 programmes of care so that for each PCT:

W= W(h1, hz, ey hj) (3)

Health outcomes might be measured in a variety of ways, but the most obvious is to consider some
measure of improvement in LE, possibly adjusted for QoL, in the form of a QALY.
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We assume that, for each PCT and for each programme of care, there is a ‘health production function’
that indicates the link between local spending on programme j (x;) and health outcomes in the same
programme (h). Two such production functions are illustrated in Figure 2. We assume that increased
expenditure yields improvements in health outcomes, as expressed, for example, in local mortality rates,
but at a diminishing rate. Clearly the shape of the curve might depend on the health needs of the local
population (such as epidemiological conditions) and other local circumstances, such as socioeconomic
conditions and local service input prices. Note that in Figure 2 the cost of securing a given level of health
outcome is — for whatever reason — higher in PCT, than PCT,.

In algebraic form, each PCT seeks to maximise total welfare across all J programmes of care (J=23) subject
to the health production function for each programme of care of the form:

hj = fj(Xj, nj, Z/‘), <4)

where n; is the need for health care in programme j, x; is PCT expenditure on programme j, and z
represents environmental variables affecting the production of health outcomes in programme j [which
might include private (non-PCT) health-care expenditure in the disease area]. Each PCT's problem is to
select an expenditure level for each programme ((x/*.)), so as to maximise the utility function in Equation 3
subject to the health production functions in Equation 4 and the budget constraint that total expenditure
on all programmes should not exceed PCT income (y).

Algebraically, the budget constraint is:

Xi+Xo+. . . +X3<Yy (5)

Solving this maximisation problem yields the result that the optimal level of PCT expenditure in each

category, (x7), is a function of the need for health care in each category (ny, n, . .., n3), environmental
variables affecting the production of health outcomes in each category, (z;, z,, . . ., Z23) and PCT income (y).
Thus:

X3 =x1(M, Ny ... N3,21,2Z2. .., Z23,Y)

X5 =XM1, N3 .o 23,21, 25 -,Zz3,y> (6)

Xy= Xo3(N, Ny oo N3, 24,250 ., 223, Y)

PCTy,

PCT,

Health outcomes in the programme j(h))

Local spending on programme j(x;)

FIGURE 2 The health production function for programme j in two PCTs.
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These results imply that each PCT will allocate expenditure across the 23 programmes of care so that the
marginal utility of the last pound spent in each programme of care is the same. Of course, this does not
mean that each programme receives the same amount of cash; financial allocations will depend on both
the relationship between utility and outcomes, and on the relationship between outcomes and expenditure
for each programme of care. If we assume that one extra unit of health outcome improves managerial
utility by the same amount irrespective of the programme of care, then the decision-maker simply allocates
expenditure across all programmes to maximise total health outcomes. This is achieved by ensuring that
the marginal health outcome benefit (measured perhaps in QALYs) is the same for the last pound spent
across all programmes of care.

Thus, for each programme of care, there exists an expenditure equation (see Equation 6) explaining the
expenditure choice of PCTs and a health outcome equation (see Equation 4) which models the associated
health outcomes achieved. As presented, our basic model is static in the sense that the health production
function (see Equation 4) assumes that all health benefits occur contemporaneously with expenditure.
We acknowledge that for some programmes of care benefits might occur > 1 year after expenditure has
occurred. This is particularly likely to be the case for those programmes aimed at encouraging healthy
lifestyles, where some benefits may occur decades after the actual programme expenditure. For other
programmes, such as maternity/reproductive conditions and neonate conditions, benefits may be largely
contemporaneous with expenditure. However, although our data are largely cross-sectional in nature,
we are able to link mortality data in such a way that this follows expenditures. Accordingly, for our
empirical modelling we estimate models using expenditure for period t with mortality data for periods

t, t+1, and t+ 2 combined. Appendix 2 presents a number of sensitivity checks on these assumptions
including models where mortality data precedes expenditure data“® and shows that these results are fairly
consistent with the results presented here.

Data

Programme budgeting in England

Prior to October 2006, there were 303 PCTs in England with an average population of about

160,000 people. In October 2006 the 303 PCTs became 152 PCTs. Some PCT boundaries remained
unchanged while other PCTs were merged with one or more neighbours to form a new, larger, PCT. In a
few cases the geographic area covered by an existing PCT was split between two or more new PCTs.
These 152 PCTs have an average population of about 330,000 people. PCTs are allocated fixed annual
budgets within which they are expected to meet expenditure on most aspects of health care, including
inpatient, outpatient and community care, primary care and pharmaceutical prescriptions.

Programme budgeting data collection was initiated by the Department of Health in April 2003 when each
PCT was required to prepare expenditure data disaggregated according to 23 programmes of health care.
These programmes are defined by reference to ICD-10 codes at the four digit level, and most PBCs

reflect ICD-10 chapter headings (e.g. cancer and tumours, circulation problems, renal problems, neonates,
problems associated with the skin, problems associated with vision, problems associated with hearing,
etc.). In some cases the 23 categories are broken down into further subareas to achieve a closer match
with the various National Service Frameworks (NSFs); for example, the large mental health category is
broken down into ‘substance abuse’, ‘dementia’, and ‘other’.

Programme budgeting seeks to allocate all types of PCT expenditure to the various PBCs, including
secondary care, community care and prescribing. However, the system acknowledges that a medical model
of care may not always be appropriate, and two specific non-clinical groups — ‘healthy individuals’ and
‘social care needs’ — have been created. These are intended to capture the costs of disease-prevention
programmes and the costs of services that support individuals with social rather than health-care needs.

In addition, in some cases it is not possible to assign activity by medical condition, preventative activity, or
social care need and, in these cases, expenditure is assigned to a residual category (PBC 23) entitled
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‘other’. The most important element of this residual programme is expenditure on general practitioner (GP)
services (PBC 23a). In principle it should be possible to allocate each GP consultation to a particular care
programme. However, at the moment the available data information systems do not permit such an
allocation and so all primary care expenditure is allocated to this residual programme. The use of this
residual category ensures that all expenditure is assigned to a programme of care.”

The aim of the programme budget classifications is to identify the entire volume of health-care resources
assigned to broad areas of illness according to the primary diagnosis associated with an intervention. It
serves a number of purposes, most notably to assist in the local planning of health care. However, for this
study its crucial merit is that it opens up the possibility of examining the statistical relationship between
local programme spending and the associated disease-specific outcome. Various forms of data collection
and analysis are required to map PCT expenditure on acute, community and other services to the 23 PBCs.
From the PCT perspective, however, the construction of each PCT's return largely involves collating
information provided by other bodies and drawing on other information already in the PCT’'s own annual
accounts. Details of how expenditure is assigned to programmes of care can be found in Appendix 2,

The collection of programme budgeting data.

Table 1 shows the expenditure per head and the growth in this expenditure for each PBC for
2003/4-2008/9.9 Year-on-year comparisons of expenditure in each group are complicated by the fact

that the algorithms used to allocate activity to PBCs are regularly revised.® However, by 2008/9 total PCT
expenditure per person had increased to £1531 (up 28% from 2004/5). The residual ‘other’ category

(PBC 23) still accounted for the largest share of expenditure (14.9%) with per capita expenditure of almost
£228, of which £145 was accounted for by primary care expenditure. Mental health (PBC 5) accounted

for just over 12% of expenditure, but the expenditure share recorded by circulation problems (PBC 10) had
fallen from 10.2% to 8.5%. Other categories recording a fall in budget share of more than a half of

1 percentage point included: the gastrointestinal system (down from 6.1% to 5.1%), the musculoskeletal
system (down from 6.0% to 5.2%), trauma and injuries (down from 6.0% to 4.2%), and maternity

(down from 4.6% to 3.9%). Categories recording an increase in budget share of more than a half of

1 percentage point included neurological problems (up from 2.9% to 4.4%) and dental problems

(up from 1.1% to 4.1%).

Some of these changes will partly reflect revisions to the algorithms used to allocate expenditure to
particular PBCs. For example in 2006/7 expenditure per person on musculoskeletal problems fell by

11% and expenditure on trauma and injuries fell by 25%. In the same year, expenditure on neurological
problems increased by 35%. This suggests that some types of activity, which were previously allocated to
musculoskeletal problems and/or trauma and injuries, were reallocated to neurological problems.

Similarly, up to and including 2006/7 expenditure that was not directly attributable to a particular
programme category was apportioned using admitted patient care percentages.’ In other words, if X% of
total admitted patient care expenditure was allocated to PBC 1, then x% of all expenditure that was not
directly attributable to a particular programme category was also allocated to PBC 1. With effect from
2007/8, however, NHS organisations were asked to select an appropriate basis for the apportionment of
this non-programme-specific expenditure and that, where no reasonable basis existed, such expenditure
was to be allocated to the ‘other — miscellaneous’ (PBC 23X) category. These two changes to the
algorithm used to allocate expenditure to particular PBCs illustrate that year-on-year comparisons of
expenditure need to be interpreted with care.

Expenditure per head on any given programme varies from one PCT to another and Table 2 presents some
statistics that indicate the degree of variation in expenditure levels across PCTs by PBC. Columns 3-6 of
Table 2 present descriptive statistics for PCT expenditure per person. These reveal that, for example, PCT
per capita expenditure in the cancer programme averaged £96.30 across all PCTs, with the minimum
spend being £62.90 and the maximum being £155.70.
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Some PCTs will be spending more than other PCTs simply because they face higher input costs.

Columns 7-10 in Table 2 present descriptive statistics for PCT per capita expenditure that has been
adjusted for the unavoidable geographical variation in costs (input prices) faced by PCTs.® However,

if anything, this adjustment appears to increase the variation in expenditure across PCTs; for example,
the range of per capita expenditure on cancer increases from between £62.90 and £155.70 (unadjusted)
to between £59.10 and £163.10 (adjusted for local health-care input prices).

Another cause of the variation in expenditure levels is the fact that the need for health care varies from
one PCT to another. For example, areas with a relatively large proportion of elderly residents, or PCTs
operating in relatively deprived locations, can be expected to experience relatively high levels of spending.
The Department of Health has a well-developed methodology for estimating the relative health-care needs,
which it uses as the basis for allocating health-care funds to PCTs.”®

Columns 11-14 in Table 2 present descriptive statistics for PCT per capita expenditure that has been
adjusted for both the unavoidable geographical variation in costs and the local need for health care faced
by PCTs.h For virtually every PBC, this adjustment reduces the variation in expenditure across PCTs; for
example, the standard deviation of PCT per capita expenditure falls from £19.70 to £15.30 for the cancer
programme. Although this adjustment reduces the variation in expenditure levels across PCTs, this decline
is quite modest and there are still substantial differences in expenditure even after allowing for differences
in local cost and need. For example, expenditure per head in the circulation problems category varies
between £78 and £328 using cost-adjusted expenditure data, but falls between £76 and £327 using
cost- and need-adjusted population data.

The variation in expenditure across PCTs has led some commentators to question the reliability of the

PB data. The National Audit Office (NAO)”” undertook a survey of trusts, PCTs and Strategic Health
Authorities (SHAs) to assess the quality of the data. They concluded that although the processes for
collecting the budgeting data were well defined in most areas, there remained scope for improvements to
the robustness of some of the data (e.g. non-admitted patient care). Appleby et al.”® also considered the
issue of data reliability in variations in spending on cancer services and noted some large year-on-year
changes. However, the authors point out that it is difficult to define what might be either an implausible
level of expenditure or an implausibly large change in expenditure. This is complicated by the fact that
the Department of Health makes regular improvements to the way in which activity is matched to
programme categories.

As with most data sets, there are likely to be recording and other errors associated with the PB data.
However, although we note that the allocation of PB data might not be perfect there is no systematic
evidence of this. Accordingly, for each disease category, we observe that PCT expenditure per person
varies considerably and this variation — holding constant input prices and the need for health care — offers
the opportunity to examine whether or not PCTs that spend more on health care achieve a better outcome
and, if so, at what cost. Empirical estimates of the strength of this relationship for several programmes of
care are presented in this report.

Most studies of the relationship between expenditure and outcome have used some measure of mortality
as an indicator of the latter. We also employ mortality as an outcome measure. First, it is a relevant
(albeit not comprehensive) measure of the outcome of health-care expenditure; and second, it is available
for more disease areas than any other outcome measure at PCT level.

Although mortality is available (by PCT) for several disease areas, it is not available for just over a half of all
programmes not least because it is simply not relevant for these programmes (e.g. for learning disabilities,
vision problems, hearing problems, dental problems and skin problems). Moreover, even where a mortality
measure is available, the ICD-10 coverage of the mortality data often falls short of the coverage of the
expenditure data. For some programmes, therefore, we have combined the published mortality rates for
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two or more disease areas in an attempt to match the ICD-10 coverage of the mortality data with that of
the expenditure data.

Table 37 (see Appendix 2) shows how we have attempted to marry the mortality data (column C) and the
expenditure data (column A). ICD-10 coverage of the component mortality rates for some PBCs falls short
of the expenditure data and the extent of this shortfall is illustrated by the ratio reported in the final
column of Table 3. For example, the cancers and tumours programme covers all expenditure associated
with ICD-10 codes CO0-C97 and DO0-D49 but the PCT-based mortality data only relates to ICD-10 codes
C00-C97. At the national (all England) level, figures are available which show that, in 2008, there were
62,072 deaths of those aged < 75 years from codes CO0-C97 and that there were 63,076 deaths from
codes C00-C97 and DO0-D49 combined. In other words, the PCT-level mortality data reflect 98.4% of all
deaths associated with the expenditure codes. We adjust our cost of life (year) estimates for this mismatch.

We acknowledge that mortality is a more relevant outcome indicator for some programmes (e.g. for
circulatory problems) than for others (e.g. for epilepsy) and, for this reason, we would expect better results
in some programmes than others. We also acknowledge that this focus on mortality ignores the impact of
expenditure aimed at chronic care and at palliative care. Nevertheless, our focus on mortality is purely
practical: it is both a widely available measure and clearly a relevant outcome indicator.!

The mortality data provide us with a number of possible outcome indicators including the < 75 years of
age standardised mortality rate (SMR) and the (< 75 years) standardised years of life lost rate (SYLLR).
The SMR gives equal weight to all deaths irrespective of the age at which they occur but the SYLLR gives
greater weight to deaths that occur at earlier ages. For our purposes we focus on a measure of the
avoidable YLL. This is calculated by summing over ages 1-74 years the number of deaths at each age
multiplied by the number of years of life remaining up to age 75 years. The crude YLL rate is simply the
number of YLL divided by the resident population aged < 75 years. Like conventional mortality rates,

the crude YLL rate can be age standardised to eliminate the effects of differences in population age
structures between areas, and this (age) standardised YLL rate is the health outcome variable generally
employed in this study.”

We employ an IV estimation technique to our empirical models of the outcome and expenditure equations
as described in the next section. This is due to (i) own programme expenditure is likely to be endogenous
in the outcome equation and (ii) other programme need is likely to be endogenous in the own programme
expenditure equation. Endogeneity of programme expenditure results from expenditure levels being
responsive to levels of outcomes and/or unobserved need rendering expenditure correlated with the
residuals in an ordinary least squared (OLS) regression of outcomes on expenditure. Due to limitations

in the data available, need in the expenditure equation in the ‘other’ programmes is proxied by death rates
(minus that due to the programme under investigation). This will be influenced by expenditure decisions,
including expenditure in other programmes and is treated as endogenous in the expenditure model.

Instrumental variable estimation basically involves replacing the endogenous variable in the equation of
interest with its predicted value from an OLS regression which regresses the endogenous variable on

a set of IVs. These instruments should be good predictors of the endogenous variable (i.e. they should
be relevant and strong predictors) but should be appropriately excluded from the equation of interest
(i.e. they should be valid instruments).

We have a number of potential instruments available, mostly derived from the 2001 Population Census.®
In our earlier studies we found that a small subset of these instruments proved sufficient to generate
plausible results. These included the proportion of the population providing unpaid care; the proportion
of households that are one pensioner households; index of multiple deprivation; and proportion of the
population in the white ethnic group.
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TABLE 3 Descriptive statistics for the instrumental and other variables™

Proportion of residents born outside the EU
Proportion of population in white ethnic group

Proportion of population of working age (16-74 years)
with LLT

Proportion of population providing unpaid care

Proportion of population providing unpaid care
(<20 hours per week)

Proportion of population providing unpaid care
(20-49 hours per week)

Proportion of population providing unpaid care
(> 50 hours per week)

Proportion of population aged 16-74 years with
no qualifications

Proportion of population aged 16-74 tears that are
full-time students

Proportion of households without a car

Proportion of owner occupied households

Proportion of households in rented social (LA/HA) housing
Proportion of households in rented private housing
Proportion of lone pensioner households

Proportion of one parent households

Proportion of population aged 16-74 years that are
permanently sick

Proportion of population aged 16-74 years that are
long-term unemployed

Proportion of population aged 16-74 years in
employment that are in agriculture

Proportion of those aged 16-74 years that are in
professional occupations

IMD2007

Need index (incorporates CARAN formula)

MFF index for HCHS and prescribing

Diabetes prevalence rate 2007/8 (%, over 17 years)
Epilepsy prevalence rate 2007/8 (%, over 18 years)
HIV need index

Chronic kidney disease 2007/8 (%, over 18 years)
Maternity need index

Raw (unadjusted) population 2007/8
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151
151
151

151
151

151

151

151

151

151
151
151
151
151
151
151

151

151

151

151
151
151
151
151
151
151
151
151

0.0794
0.8927
0.1182

0.0990
0.0667

0.0113

0.0210

0.2960

0.0720

0.2932
0.6692
0.2071
0.0924
0.1434
0.0684
0.0574

0.0113

0.0117

0.2672

23.8098
1.0253
1.0021
5.4872
0.7884
1.1848
4.1687
1.0345
335,735

0.0876
0.1299
0.0250

0.0118
0.0079

0.0025

0.0051

0.0642

0.0270

0.1046
0.1128
0.0918
0.0449
0.0184
0.0180
0.0213

0.0052

0.0119

0.0688

9.1168
0.1334
0.0559
0.7982
0.1489
1.4984
1.2711
0.2106
196,501

0.0088
0.3942
0.0709

0.0662
0.0461

0.0065

0.0093

0.1301

0.0425

0.1325
0.2891
0.0817
0.0349
0.0979
0.0401
0.0242

0.0036

0.0016

0.1470

8.0857
0.7311
0.9410
3.2200
0.4100
0.1648
1.3500
0.6845
90,142

0.3817
0.9926
0.1798

0.1221
0.0817

0.0195

0.0353

0.4555

0.1626

0.5761
0.8205
0.5356
0.2961
0.1942
0.1207
0.1215

0.0287

0.0668

0.4958

48.2627
1.3479
1.1243
8.5100
1.0900
8.3332
8.4100
1.8129
1,264,298

CARAN, Combining Age-Related and Additional Needs; HA, housing association; HIV, human immunodeficiency virus;
IMD2007, Index of Multiple Deprivation 2007 data set; LA, local association; LLT, limited long-term illness; max., maximum;

min., minimum; SD, standard deviation.
Note

These statistics are unweighted across PCTs and reflect the values for these variables as available for the regression analysis

of PB expenditure data for 2007/8 and for 2008/9.
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We also had available a further set of potential instruments and, where our more limited set of instruments
failed to generate plausible results, we extended our instrument search to include this wider set of variables.
This extended set of instruments is shown in Table 3.X

Our instruments reflect factors, such as socioeconomic deprivation and the availability of informal care in
the community, which might indirectly impact on mortality rates and/or health-care expenditure levels.

As we shall see, although our instruments ‘pass’ the appropriate statistical tests, some commentators claim
that such tests may have ‘low power’ to detect the presence of invalid instruments. Consequently, in
Appendix 2, The sensitivity of the outcome elasticity to the validity of the instrument exclusion restrictions
we examine how sensitive our results are to the presence of invalid instruments.

Table 3 reports descriptive statistics for the socioeconomic and needs variables used in the study (these
statistics are for the variables in absolute form). For example, on average, lone pensioner households
comprise 14% of all households, the ‘white ethnic’ group accounts for 89% of the population and
10% of the population provide unpaid care.

In addition to the IVs, Table 3 also reports descriptive statistics for the Department of Health’s ‘need for
health care’ index,' its need for human immunodeficiency virus (HIV) services index, and its need for maternity
services index. The latter two indices are used to either supplement or replace the all service measure of need
when estimating our models. The ‘need for health care’ index averages about 1 but varies substantially, with
some PCTs having a needs index more than 25% below the national average and others facing a need for
health care more than 30% above the national average. Table 3 also reports descriptive statistics for some
disease prevalence rates (e.g. for diabetes and for epilepsy) and, again, these are used to either supplement
or replace the all service measure of need when estimating our models. Finally, the MFF index shows that
input prices in the most expensive PCT are almost 20% above those in the least expensive PCT.

Approach to model estimation

The theoretical framework suggests the specification and estimation of a system of equations, with an
expenditure and health outcome equation for each of the 23 programmes of care. However, this approach
makes infeasible data demands, requiring variables to identify expenditure, need, environmental factors
and health outcomes in each of the 23 programmes of care. Moreover, mortality rates are available

for less than half of the 23 programmes. Rather than estimate a system of equations, we proceed on a
programme-by-programme basis, estimating health outcome and expenditure equations for those
programmes for which mortality data are available.

In line with the theoretical framework presented above, we specify the following expenditure (see

Equation 7) and health outcome (see Equation 8) models for each of the 23 programmes of care.
Accordingly, for the j-th programme of care we have:

X;=o+pn+ym;+0y,+¢,i=1,...,152 (7)
h,-:p—i—5n,-+nx,-—|-8,-,l':1,...,152, (8)

where x; is expenditure; n; is the own programme need for care; m; is the need for care in other
programmes; y; is the total budget and h; is the health gain in PCT /.

Ideally we should employ a programme-specific indicator of the level of need for each care

programme (n;) but these are not readily available. When estimating both the outcome and expenditure
models we therefore proxy the own programme health-care need using the 'needs’ component of the
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Department of Health’s resource allocation formula.™ This needs element is specifically designed to adjust
PCT allocations for local health-care needs and accordingly, ceteris paribus, we would expect a positive
relationship between expenditure and need for each programme of care. We would also expect a
positive relationship between need and adverse health outcomes.”

The expenditure model includes both the own programme health-care need (which is proxied using the
‘needs’ component of the Department of Health’s resource allocation formula) and the need for health
care in all other programmes. In the absence of programme-specific measures of need, we use the
‘all-cause mortality rate excluding the mortality rate in the programme of interest’, m;, as the proxy for
need in other programmes of care.

All variables have been log-transformed so that parameter estimates can be interpreted as elasticities.
In other words, a regression coefficient of 0.5 implies that a 1% increase in the regressor is associated with
a 0.5% increase in the dependent variable.

Instrumental variable estimation

Other programme need, m;, in the expenditure Equation 7 and expenditure, X, in the outcome Equation 8
are both likely to be endogenous rendering OLS both biased and inconsistent. Endogeneity of programme
expenditure results from expenditure levels being responsive to levels of outcomes and/or unobserved

need. Other programme need in the expenditure equation is proxied by death rates which is influenced by
expenditure decisions and hence is treated as endogenous. To deal with this endogeneity we employ IVs
estimation and implement two-stage least squares (2SLS). Unlike OLS, IV is a consistent estimator in the
presence of an endogenous regressor and, although in finite samples the IV estimator will be biased, with the
bias (providing certain assumptions are met) being less than that associated with OLS.

For the health outcome equation, IV estimation can be viewed as finding variables (instruments) that are
good predictors of programme expenditure but which are appropriately excluded from the outcome
equation of interest (that is, from Equation 8) because they are not predictive of outcome. The assumption
is that these instruments impact on health outcome through their impact on expenditure only, and that
they do not have a direct effect on the outcome.’

Similarly, for the expenditure equation, IV estimation can be viewed as finding variables (instruments)
that are good predictors of the proxy for other programme need (m;) but which do not belong in the
expenditure equation of interest (that is, Equation 7). The assumption is that these predictors impact on
own programme expenditure only through their impact on other programme need and that they do not
have a direct effect on own programme expenditure.

The outcome and expenditure equations for any given programme may contain different IVs because these
instruments are trying to predict different variables (own programme expenditure and other programme
mortality respectively). In addition, the instrument set for, say, the expenditure equation may vary

across programmes because the other programme need variable will reflect need in a different basket

of programmes for each expenditure equation.

We have a number of potential instruments available, mostly derived from the 2001 Population Census.®
In previous studies, we have often found that a small subset (four) of these instruments often proved
sufficient to generate plausible results. However, if plausible results were not obtainable with some
combination of these four instruments, we employed an extended instrument set. Further details of the
identification of suitable instruments for each model can be found in Appendix 2, Re-estimation of poorly
performing models with an extended instrument set.

The available instruments reflect factors, such as socioeconomic deprivation and the availability of informal
care in the community, which might indirectly impact on mortality rates and/or health-care expenditure
levels. The set of instruments associated with each estimated equation was selected on both technical and
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pragmatic grounds. From a pragmatic point of view, we require a parsimonious set of instruments that
satisfy the necessary technical criteria. These are, first, that they have face validity, that is, that they are
plausible determinants of the endogenous variable being instrumented, and second, that the instruments
are both relevant and valid. The relevance of an instrument set refers to its ability to predict the
endogenous variable of concern, whereas validity refers to the requirement that instruments should be
uncorrelated with the error term in the equation of interest.

Should the instrument set be strong, relevant and valid, 2SLS will produce consistent estimates of

the parameters of the reduced form models. We subject the instrument sets to tests for validity using the
Sargan—Hansen test of over identifying restrictions. The joint null hypothesis is that the instruments are
valid instruments (i.e. they are uncorrelated with the error term), and that the instruments are correctly
excluded from the outcome equation of interest. A rejection of the null hypothesis casts doubt on the
validity of the instruments. We test for instrument relevance using Shea’s®' partial R2 measure; this reflects
the correlation between the excluded instruments and the endogenous regressor. However, even where
valid and relevant, a non-zero but small correlation between the set of instruments and the endogenous
regressors can lead to the problem of weak instruments, again rendering IV estimation biased.

We test for the presence of weak instruments using the procedures set out in Stock and Yogo® and

the Kleibergen—Paap Lagrange multiplier (LM) statistic. A general test of model specification is provided
through the use of Ramsey’s?® reset test for OLS and an adapted version of the test for IVs.®

Finally, we check that the presumed endogenous variable is in fact endogenous using the test proposed by
Durbin.® If the null hypothesis of exogeneity cannot be rejected, then we revert to using OLS. Although,

in general, our instruments ‘pass’ the appropriate statistical tests, some commentators claim that such tests
may have ‘low power’ to, and hence may fail, to reject the validity of the instruments when this is false in
small samples. Consequently, in Appendix 2, The sensitivity of the outcome elasticity to the validity of

the instrument exclusion restrictions we examine how sensitive our results are to the relaxation of the
assumption that the instruments are valid.

Further details of our approach to IV estimation are set out in Appendix 2.

Results

The work presented here builds on previous studies of the link between expenditure and health outcomes.
Martin et al.®° reported outcome elasticities for two programmes (cancer and circulatory disease) using
expenditure data for 2004/5 and pooled mortality data for 2002, 2003 and 2004.” This work was extended
in a subsequent study®® to include several other programmes and updated expenditure data (2005/6).
However, the authors struggled to obtain sensible outcome models for some programmes of care. Attempts
to improve model estimates by considering alternating measures of the population need for health care®
and an extended set of potential IVs are presented in Appendix 2, Analysis of programme budgeting
expenditure for 2005/6 and mortality data for 2002/3/4. This work forms the basis for the set of key results
from the empirical modelling of health-care expenditures and outcomes using more contemporaneous data
presented in the following sections. Details of all results presented are set out in Appendix 2.

2006/7 expenditure data and mortality data for 2006/7/8

This section presents results that relate expenditure in 2006 to mortality in the same year and in the

2 following years (i.e. in 2006, 2007 and 2008). Throughout our measure of the need for health care is
derived from the Department of Health’s resource allocation model based on the CARAN needs formula.”
This represents a more up-to-date needs adjustment than the AREA based model”® that has been applied
in previous studies,®®%* and is directly applicable to the 152 PCTs in existence in the 2006/7 expenditure
year. Expenditure data has been adjusted for differences in input prices using the MFFs for HCHS and
prescribing.” The outcome and expenditure results for the big four programmes are shown in Table 4 with
the relevant outcome and expenditure elasticities highlighted.
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In all four outcome models expenditure has a significant negative effect on mortality and the all service
measure of need has a significant positive effect. The squared value of the measure of need is also positive
and significant in the cancer outcome equation. In the respiratory outcome model, there is an additional
indicator of need — the proportion of the population that are permanently sick — and this is both positive
and statistically significant. The diagnostic statistics suggest that, in all four cases, own programme
expenditure is endogenous and that the instruments are valid. They also suggest that the instruments are
relevant. There is no evidence that the instruments are weak in three of the four outcome results.

The Pesaran—Taylor test suggests that there is no evidence of model misspecification.

However, the Kleibergen—Paap F-statistic for the respiratory disease outcome model is 7.022 and this is less
than the ‘critical’ target of 10.0. This indicates that the instruments may be weak and not good predictors
of the programme expenditure. However, if we re-estimate this model having dropped the least significant
instrument, the coefficient on own programme expenditure becomes —2.622 and is significant at the

1% level. Moreover, there is now no evidence of weak instruments (the Kleibergen—Paap F-statistic

is 11.025) and it is this coefficient that we use for the respiratory outcome model in the cost of a life-year
calculations below.

In three of the four expenditure models both the need and budget variables have a positive and significant
effect on own programme expenditure. In addition, the proxy for need in other programmes is negative
and significant in all four cases. The diagnostic statistics suggest that, for all four expenditure models,
expenditure is endogenous and the instruments are valid. They also suggest that the instruments are
relevant and there is no evidence that the instruments are weak. The Pesaran—Taylor test suggests that
there is no evidence of model misspecification.

Cost of a life-year

The outcome and expenditure elasticities presented in Table 4 can be used to calculate the cost of a
life-year in each programme. These calculations — for both the big four programmes as well as for the
other six programmes with mortality based outcome indicators — are shown in Table 5. The cost of a life
(year) estimates presented in Table 5 assume a 1% increase in each PCT's budget and are calculated as:

the cost of an additional life in a particular programme

=the change in expenditure in that programme/the change in mortality in that programme

= (annual spend x expenditure elasticity)/(annual mortality x outcome elasticity x expenditure elasticity)
and

the cost of an additional life-year in a particular programme

=the change in expenditure in that programme/the change in life-years lost in that programme

= (annual spend x expenditure elasticity)/(annual life-years lost x outcome elasticity x expenditure elasticity).

To illustrate this calculation let us calculate the cost of a life-year for, say, the cancer programme.

The annual spend on cancer in 2006/7 is £4122M and the expenditure elasticity for the programme is
0.465 so that the change in expenditure associated with a 1% increase in each PCT's budget is £19.1673M
(=1% x £4122M x 0.465). The total number of life-years lost to cancer for 2006/7/8 totals 2,207,021
life-years and so the average annual loss is 735,674 life-years. The outcome elasticity for the cancer
programme is 0.342 and the expenditure elasticity is 0.465 so the reduction in the number of life-years lost
associated with a 1% increase in each PCT's budget is 1170 (= 1% x 735,674 life-years x 0.342 x 0.465).
The cost of an additional life-year is therefore £19.1673M (the change in expenditure in the programme)
divided by 1170 (the reduction in the number of life-years lost), and this equals £16,383.
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An integral part of the calculation of the cost of a life-year is the annual mortality (life-years lost) figure
associated with a particular programme. Ideally, the ICD-10 coverage of the expenditure data should
coincide with that of the mortality data. However, as shown in Table 37 of Appendix 2, the ICD-10
coverage of the mortality data typically falls short of that for the expenditure data. Unless we adjust the
annual mortality figure so that its ICD-10 coverage approximates that of the expenditure data, our cost of
life (year) estimates will be too large because they will underestimate the mortality gain.

Table 5 reports cost of a life-year estimates both with and without this adjustment for ICD-10 coverage.
Having incorporated this adjustment, the results show that the cost of a life-year for the big four PBCs is
estimated as £10,604 and, for all 10 programmes with a mortality outcome measure, the estimate is
£19,965. For all programmes, assuming a zero gain for the 13 PBCs without an outcome indicator, the
corresponding estimate is £73,457.

If we assume that PBC 23 (largely primary care) generates a zero health gain (because the gains from
primary care are already reflected in the mortality rates for disease-specific programmes) and that the gain
attributable to the remaining 12 programmes is, on average, the same as that attributable to those with a
mortality outcome measure, then the cost of a life-year across all programmes is £22,565.°

Non-primary care trust Department of Health funded expenditure

Primary care trust expenditure accounts for a large proportion of Department of Health expenditure

but PCTs do not account for the Department’s entire budget. In 2006/7 the Department of Health's

gross expenditure totalled £83.5B. Charges raised £3.4B so net expenditure totalled £80.1B. Of this net
expenditure, PCTs accounted for £67.3B (that is, 84%) and various other bodies accounted for the
remaining £12.8B. A breakdown of this gross and net expenditure by major body is shown in Table 70

of Appendix 2. The Department of Health has allocated net non-PCT expenditure across the 23 PBCs.

Of the additional £12B of net expenditure, £11.2B (93%) has been allocated to PBC 23. This largely
reflects (a) the allocation of almost all SHA expenditure to either PBC 23B (‘other: SHAs including
workforce development committees’) or PBC 23X (‘other: miscellaneous’); and (b) the allocation of

almost two-thirds of Department of Health expenditure to PBC 23X (‘other: miscellaneous’). The remaining
£0.8B of additional net expenditure is spread across all PBCs according to various allocation rules and
although this approach avoids allocating expenditure to the ‘other: miscellaneous’ category, this allocation
of expenditure does not necessarily reflect actual expenditure.

The cost of a life (year) estimates presented above are based on the impact of a 1% exogenous change in
total net PCT spend. All of our outcome and expenditure models have been estimated using net PCT
expenditure, and all of our elasticities relate to this expenditure. Implicitly we assume that any budgetary
shock only affects PCT funding and that it leaves non-PCT funding unchanged. Suppose instead we
assume a 1% exogenous change in the Departmental budget. We have no information on how this
Departmental budgetary shock is likely to be split between PCT and non-PCTs budgets. One might assume
that the non-PCT budget is as responsive to a Departmental budgetary shock as is the PCT budget. If this
was the case then it would add 17.7% to our cost of a life-year estimate for 2006/7. However, in the
absence of any information about the responsiveness of the non-PCT budget, it is difficult to come to any
firm conclusion about the impact of non-PCT expenditure on our cost of a life-year estimates.

Outcome and expenditure models were estimated using updated data for expenditure (from 2006/7 to
2007/8) and updated mortality data (from 2006/7/8 to 2007/8/9). Appendix 2, Analysis of programme
budgeting expenditure for 2007/8 and mortality data for 2007/8/9 presents detailed discussion of the
findings including tables of results.

Outcome models

As before, we model outcome as a function of own programme expenditure and a measure of health-care
need, where the latter is proxied by the measure of need as employed by the Department of Health for
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resource allocation purposes.' There are, however, a few exceptions. For the respiratory programme we
further included the square of the measure of need to improve model fit. In some other PBCs we found
that the all service measure of need performed poorly and we replaced or supplemented this measure with
either a more programme-specific measure (e.g. the epilepsy prevalence rate for neurological mortality)

or with a better performing proxy for need (e.g. the percentage of residents born outside the EU for
maternity/neonate mortality). These amendments improved model specification.” Full results for all
programmes are presented in Appendix 2, Table 871; below is a summary of the findings.

Two sets of models were estimated for three of the big four programmes (cancer, respiratory problems and
gastrointestinal problems). One of the two models used two instruments and so we report the instrument
validity test statistic. In all three cases we failed to reject the null hypothesis of instrument validity. However,
there is some evidence of weak instruments (at least in the respiratory and gastrointestinal programmes)
and if we dropped one instrument and re-estimated the model, evidence of instrument weakness
disappeared. The removal of one instrument has little impact on the coefficient on expenditure and it

is this coefficient that we use below in our cost of a life-year calculations reported in Table 5.

For the big four programmes the need variable has a positive and significant effect on mortality,

and expenditure has the anticipated negative effect. The diagnostic statistics reveal that, in all four PBCs,
own programme expenditure is endogenous and that the instruments are valid. They also suggest that the
instruments are relevant and there is no evidence that they are weak in the models with one excluded
instrument. The Pesaran—Taylor test reveals no evidence of model misspecification.

The outcome results for the other programmes are similar to but more diverse than those for the big four
programmes. This is to be anticipated because mortality is a much rarer outcome in these programmes
than it is in the big four programmes. Own programme expenditure is not endogenous in four of these
programmes, but we retain the IV estimator for three of these four because this yields more plausible
results than the OLS estimator (the results are more plausible in the sense that the signs on the coefficients
are more in line with our prior expectations).”

Expenditure has the anticipated negative effect on mortality in the endocrine problems programme but
this is not statistically significant. The all service measure of need is not relevant for this PBC; instead,
we find that the diabetes prevalence rate is positively associated with mortality, as is a measure of
deprivation (the IMD2007).

Mortality from epilepsy is negatively and significantly associated with expenditure in the neurological
programme. Both the all service need for health care and the epilepsy prevalence rate are positively and
significantly associated with mortality in this programme.

Expenditure has a negative and statistically significant effect on mortality (from renal problems) in the
genitourinary problems programme. The prevalence of lone parent households is positively associated
with mortality.

Expenditure has the anticipated negative effect on mortality in the infectious disease programme and this
is statistically significant. The all service measure of need is not relevant for this PBC; instead, we find
that a measure of need associated with HIV is positively associated with mortality, as is a measure of
deprivation (the IMD2007).

Expenditure has the anticipated negative effect on mortality in the maternity and neonates programme but
the estimated coefficient is not statistically significant. In this PBC the generic all service measure of need
has been replaced with two other indicators of deprivation — the proportion of residents born outside the
EU and the proportion of those aged 16—74 years without any qualifications — both of these are positively
associated with mortality.
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Finally, expenditure and need have the anticipated effects on mortality in the trauma and injuries
programme. In addition, the proportion of households without access to a car is negatively associated with
mortality from fractures (perhaps access to a car facilitates involvement in serious road traffic accidents),
and the proportion of residents that are students is positively associated with mortality from fractures.

The relevant statistical test suggests that expenditure is endogenous in 6 of the 10 programmes but we
have retained the IV estimates for three of the other four programmes because they provide plausible
results. The Hansen—Sargen test suggests that the selected instruments are valid, and the Kleibergen—Paap
LM statistic suggests that they are relevant (i.e. correlated with the endogenous regressor). With the
possible exception of the trauma and injuries programme, the Kleibergen—Paap F-statistic suggests that we
do not have a problem with weak instruments.” Finally, the Pesaran—Taylor reset test statistics and the
Ramsey reset F-statistics reveal no evidence of misspecification.

Expenditure models

The majority of the expenditure models contain the three variables: the PCT budget, a proxy for the
own programme need for health care, and a proxy for the need for health care in other programmes.
The budget term is positive in all 11 models and it is statistically significant in 8 of these 11 models.

The usual proxy for the own programme need for health care (i.e. the all service measure of need) is
present in six of the models and it is significant in five of them. Its presence is supplemented with the
addition of its squared value to improve model fit in the respiratory problems programme. In some
programmes (e.g. the endocrine, metabolic and nutritional, and neurological),” we have replaced and/or
supplemented the all service measure of need with a more programme specific measure (e.g. the diabetes
prevalence rate and the epilepsy prevalence rate) and these measures of need have the anticipated positive
impact on expenditure.

In addition, in a couple of other programmes we have used alternative proxies for the own programme
need (e.g. with the use of the Department of Health’s measure of maternity need in the maternity/neonates
expenditure equation). Full results for all programmes are presented in Appendix 2, Table 82; below is a
summary of the findings.

For 8 of the 11 programmes we have used the all-cause mortality rate less own programme mortality rate
as the proxy for the need for health care in other programmes, and the coefficient on this term is negative
in seven programmes and statistically significant in six of the seven. In three programmes — maternity/
neonates, GMS/PMS and trauma and injuries — we have used the all-cause mortality rate as the proxy for
the need for health care in other programmes due to difficulties associated with the measurement of the
own programme mortality rate. The coefficient on this term is not significant in any of the three models.

The relevant statistical test suggests that expenditure is endogenous in 6 of the 11 programmes but we
have retained the IV estimates for two other programmes (GMS/PMS and trauma and injuries) because the
IV estimator provides more plausible results. In the other three programmes we report OLS results.

The Hansen-Sargen test suggests that the selected instruments are valid, and the Kleibergen—Paap
LM statistic suggests that they are relevant (i.e. correlated with the endogenous regressor).

The Kleibergen—Paap F-statistic suggests that we do not have a problem with weak instruments.
Finally, the Pesaran—Taylor reset test statistics and the Ramsey reset F-statistics reveal no evidence of
model misspecification.

Calculation of the cost of a life and life-year

Expenditure and outcome elasticities for preferred models are used to calculate the cost of a life-year,

both for individual programmes and for all programmes collectively. The relevant figures are summarised in
Table 5. The cost per YLG is £13,830 for the big four programmes and £28,983 for all 10 programmes
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with a mortality-based outcome indicator. These represent 30% and 45% increases on the respective costs
for the previous year (i.e. using expenditure data for 2006/7 and mortality data for 2006/7/8).

If we assume that the other 13 programmes (all without a mortality-based outcome indicator) offer no
health gain, then the cost per life-year across all PCT expenditure is £82,765. This is up from £73,457
using data for the previous year (an increase of 13%,).

In addition, if we assume that PBC 23 generates a zero health gain and that the gain attributable to the
remaining 12 programmes is, on average, the same as that attributable to those with a mortality outcome
measure, then the cost of a life-year across all programmes is £31,846 (it was £22,565 using data for the
previous year).

The next section presents outcome and expenditure models using programme budget data for 2008/9 and
mortality data for 2008/9/10, and it explores the reasons for the increase in the cost of an additional
life-year identified in this section.

2008/9 expenditure data and mortality data for 2008/9/10

Outcome and expenditure models were estimated using updated data for expenditure (from 2007/8 to
2008/9) and updated mortality data (from 2007/8/9 to 2008/9/10). Detailed results for the outcome model
and expenditure model are shown in Appendix 2, Tables 85 and 86 respectively. First-stage regressions for
these IV models can be found in Tables 99 and 700 in the Annex to Appendix 2.

Outcome models

The majority of the outcome models contain the two variables: own programme expenditure and a
measure of the need for health care (the measure of need as employed by the Department of Health for
resource allocation purposes®). For the respiratory disease programme we have added the square of the
need measure to improve the model fit. In other PBCs (e.g. for the endocrine, metabolic and nutritional),
we found that the all service measure of need performed poorly and we have replaced it with a more
programme specific measure (e.g. the diabetes prevalence rate) or with a better performing proxy for need
(e.g. the percentage of residents born outside the EU for maternity/neonate mortality).*

The relevant statistical test suggests that expenditure is endogenous in 6 of the 10 programmes but we
have retained the IV estimates for the other four because they provide plausible results. The Hansen—Sargen
test suggests that the selected instruments are valid, and the Kleibergen—Paap LM statistic suggests that
they are relevant (i.e. correlated with the endogenous regressor). The Kleibergen—Paap F-statistic suggests
that we do not have a problem with weak instruments. Finally, the Pesaran—Taylor reset test statistics reveal
no evidence of misspecification.

In all of the big four programmes the need for health-care variable has a positive and significant effect on
mortality, and expenditure has the anticipated negative effect. As we have noted before, the outcome
results for the other programmes are similar to, but more diverse than, those for the big four programmes.
This is to be anticipated because mortality is @ much rarer outcome in these programmes than it is in the
big four programmes.

Expenditure has the anticipated negative effect on mortality in the endocrine problems programme and
this is statistically significant. The all service measure of need is not relevant for this PBC; instead, we find
that the diabetes prevalence rate is positively associated with mortality, as is a measure of deprivation
(the IMD2007).

Expenditure has a negative but statistically insignificant impact on mortality from epilepsy in the
neurological programme, and the all service indicator of the need for health care is positively and
significantly associated with mortality in this programme.
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Expenditure also has a negative but not statistically significant effect on mortality (from renal problems) in
the genitourinary problems programme. The prevalence of lone parent households is positively associated
with mortality.

Expenditure has the anticipated negative effect on mortality in the infectious disease programme and this
is statistically significant. The all service measure of need is not relevant for this PBC; instead, we find
that a measure of need associated with HIV is positively associated with mortality, as is a measure of
deprivation (the IMD2007).

Expenditure has the anticipated negative effect on mortality in the maternity and neonates programme.

In this PBC the coefficient on the generic all service measure of need is positive but not significant. It has
been supplemented with two other indicators of deprivation — the proportion of residents born outside the
EU and the proportion of those aged 16-74 years without any qualifications — and both of these are
positively associated with mortality.

Finally, we were unable to develop a plausible outcome model for the trauma and injuries programme.

Expenditure models
The majority of expenditure models contain the three variables: the PCT budget, a proxy for the own
programme need for health care, and a proxy for the need for health care in other programmes.

The budget term is positive and statistically significant in 10 of the 11 models.

The usual proxy for the own programme need for health care (i.e. the all service measure of need) is
positive and significant in 5 of the 11 results. In a couple of programmes (respiratory disease and
endocrine problems) we have added the squared value of need to improve the model fit and in both
cases this term is positive and significant. In some programmes (e.g. the endocrine PBC and the
neurological PBC), we have replaced and/or supplemented the all service measure of need with a more
programme-specific measure (e.g. the diabetes and the epilepsy prevalence rates) and these usually
have a positive and significant impact on expenditure. In addition, in a couple of programmes we have
used alternative proxies for own programme need (e.g. with the use of the Department of Health's
measure of maternity need in the maternity/neonates expenditure equation and the use of HIV need in
the infectious diseases programme).*®

For 8 of the 11 programmes we have used the all-cause mortality rate less the own programme mortality rate
as the proxy for the need for health care in other programmes, and the coefficient on this term is negative in
seven programmes and statistically significant in six of the seven. In three programmes — maternity/neonates,
GMS/PMS and trauma and injuries — we have used the all-cause mortality rate as the proxy for the need for
health care in other programmes due to difficulties associated with the measurement of the own programme
mortality rate. The coefficient on this term is negative but not significant in these three models.

The relevant statistical test suggests that expenditure is endogenous in 5 of the 11 programmes but we
have retained the IV estimates for two further programmes (endocrine problems and maternity/neonates)
because the IV estimator provides more plausible results than the OLS estimator. In the other four
programmes we report OLS results.

The Hansen—Sargen test suggests that the selected instruments are valid, and the Kleibergen—-Paap LM
statistic suggests that they are relevant (i.e. correlated with the endogenous regressor). The Kleibergen—Paap
F-statistic suggests that we do not have a problem with weak instruments. Finally, the Pesaran—Taylor reset
test statistics and the Ramsey reset F-statistics reveal no evidence of model misspecification.
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Calculation of the cost of a life and life-year

Expenditure and outcome elasticities for our preferred models are used to calculate the cost of a life-year,
both for individual programmes and for all programmes collectively. This results in the cost per YLG having
increased slightly compared with using the previous expenditure and mortality data set (i.e. for 2007 and
2007/8/9 respectively): increasing from £13,830 to £14,650 for the big four programmes and from
£28,983 to £30,883 for all 10 programmes with a mortality-based outcome indicator. If we assume that
the other 13 programmes offer no health gain, then the cost per life-year across all PCT expenditure has
increased from £82,765 in 2007/8 to £84,974 in 2008/9.

In addition, if we assume that PBC 23 generates a zero health gain and that the gain attributable to the
remaining 12 programmes is, on average, the same as that attributable to those with a mortality outcome
measure, then the cost of a life-year across all programmes in 2008/9 is £33,333. This is a 5% increase on
the figure (£31,846) for the previous year.

Comparing the cost of life-year estimates associated with different data sets

Table 6 presents expenditure and outcome elasticities for the five combinations of expenditure and
outcome data that have been used to estimate our model. It also reports the corresponding unadjusted
cost of life-year estimates (i.e. estimates that are unadjusted for the mismatch in the ICD-10 coverage of
the expenditure and mortality data). It is clear from this Table 6 (see row 13) that the (unadjusted) cost

of a life-year for the 10 programmes with a mortality-based outcome indicator fluctuated around £22,000
for the first three sets of estimations (see columns M—-0). However, using the two most recent sets of
expenditure data (i.e. for 2007/8 and then for 2008/9), the figures in the table suggest that this cost has
increased to about £38,000.

What are the proximate causes of this increase? Recall that the cost of a life-year is calculated as:

The change in expenditure associated with a 1% budget increase
The change in the number of life-years lost associated with this increase

For 2006/7 (using mortality data for 2006/7/8) and for the 10 programmes with a mortality-based outcome
indicator, the change in expenditure associated with a 1% budget increase is £184.53M and the change
in the number of life-years lost associated with this increase is 7760 (see Appendix 2, Table 67 for the
calculation of these figures). Thus the cost of a life-year is £23,780 (= £184.53M/7760).

For 2007/8 (using mortality data for 2007/8/9) and for the 10 programmes with a mortality-based outcome
indicator, the change in expenditure associated with a 1% budget increase is £257.94M and the change
in the number of life-years lost associated with this increase is 6768 (see Appendix 2, Table 83 for the
calculation of these figures). Thus the cost of a life-year is £38,110 (= £257.94M/6768).

It is clear that the 60% increase in the cost of a life-year between 2006/7 and 2007/8 is largely attributable
to (a) the 40% increase in the additional expenditure (up from £184.53M to £257.94M) directed towards
these 10 programmes following a 1% budget increase; and (b) the 12% decline in the number of life-years
saved by this increase in expenditure (down from 7760 to 6768 life-years).

The rise in the share of the budget increase directed towards these programmes can be attributed to the
increase in the implied expenditure elasticity associated with these 10 programmes (up from 0.561 to
0.749). The decrease in the number of years of life saved appears to be due to (a) an overall reduction in
the (absolute) size of the outcome elasticities; and (b) a shift in the additional expenditure towards those
programmes with a relatively high cost of a life-year. For example, the cost of a life-year for the ‘small six’
programmes is much larger than for the ‘big four PBCs'. However, in 2007/8 the spend elasticity for the
small six increases from 0.561 to 0.961 (71%) whereas the expenditure elasticity for the big four rises
from 0.528 to 0.559 (6%). A similar pattern — of additional expenditure shifting away from the low
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THE LINK BETWEEN NHS SPENDING, MORTALITY AND THE COST OF A LIFE-YEAR

TABLE 6 Expenditure and outcome elasticities for five combinations of expenditure and outcome data, and
corresponding (unadjusted) cost of life-year estimates

Spend elasticities Outcome elasticities

Using Using Using Using Using Using Using
spend for spend for spend for spend for spend for spend for spend for
2005 and 2006 and 2006 and 2007 and 2008 and 2005 and 2006 and
mortality mortality mortality mortality mortality mortality mortality
for for for for for for for
2002/3/4  2004/5/6  2006/7/8  2007/8/9  2008/9/10 2002/3/4  2004/5/6

1 Cancer 0.968 0.548 0.465 0.890 0.525 -0.394 —-0.337
2 Circulatory 0.682 0.701 0.540 0.293 0.648 -1.370 —1.447
problems
3 Respiratory 0.849 0.718 0.679 0.536 0.652 -1.574 —3.507
problems
4 Gastrointestinal 0.772 0.667 0.446 0.622 0.456 -2.018 -2.137
problems
5 All big four PBCs 0.801 0.660 0.528 0.559 0.579 -0.941 -1.083
6 Infectious diseases  0.742 0.731 0.792 1.436 1.545 -0.152 —-0.030
7 Endocrine 0.425 0.966 0.953 0.264 0.484 —-0.244 -0.812
problems
8 Neurological 1.111 0.648 0.616 1.035 0.98 -0.182 -0.098
problems
9 Genitourinary 1.041 0.837 0.912 1.004 0.697 -0.034 -0.073
problems
10 Trauma and 0.627 0.617 0.358 1.686 1.344 -1.332 —-0.527
injuries
11 Maternity and 0.388 0.601 0.224 0.514 0.975 -0.237 -0.035
neonates
12 All small six PBCs 0.780 0.717 0.596 0.961 0.962 -0.262 -0.122
13 All 10 PBCs with 0.792 0.687 0.561 0.749 0.762 -0.844 -0.940
mortality

14 All 23 PBCs
assuming zero
gain in PBCs
without mortality
indicator

15 GMS/PMS 0.926 0.759 0.739 0.563 0.494 N/A N/A

16 All 23 PBCs
assuming zero
gain in PBC 23
but average gain
in other PBCs
without a
mortality indicator

N/A, not applicable.

The spend and outcome elasticities reported for groups of programmes are the implied elasticites calculated from the totals
for the relevant individual programmes [i.e. group spend elasticity = (PBC spend x PBC spend elasticity)/PBC spend, and
group outcome elasticity = (PBC mortality x PBC outcome elasticity)/PBC mortality]. For the purpose of the calculation of the
group outcome elasticity, we have used the YLL as the mortality indicator. The implied group elasticities cannot be used to
calculate directly the cost of a life (year) for a group of PBCs. Instead, the latter should be calculated by summing across the
change in spend and the change in mortality for the individual PBCs within the group. For further details see, for example,
Table 67 in Appendiix 2.
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Cost of an additional life-year (£) (unadjusted for YLL coverage)

Using Using Using Using Using Using Using Using

spend for spend for spend for spend for spend for spend for spend for spend for
2006 and 2007 and 2008 and 2005 and 2006 and 2006 and 2007 and 2008 and
mortality mortality mortality mortality mortality mortality mortality mortality
for for for for for for for for
2006/7/8 2007/8/9 2008/9/10 2002/3/4 2004/5/6 2006/7/8 2007/8/9 2008/9/10

—-0.342 —-0.365 -0.307 13,741 16,518 16,383 17,165 21,802
-1.434 -1.277 -1.319 8328 8725 9466 11,315 11,779
—2.622 -2.205 —1.808 20,601 8747 11,593 14,798 21,307
-1.536 -1.328 —-1.364 18,303 15,795 20,892 25,034 25,662
—0.965 -0.872 -0.825 12,855 10,783 12,333 16,345 16,688
-0.047 —0.548 -0.504 215,054 1,036,377 630,798 57,742 71,432
—-0.842 —-0.566 -1.170 371,601 112,882 114,416 190,745 104,008
-0.112 -0.339 -0.417 503,201 1,241,253 1,129,960 431,749 388,267
—-0.051 -1.855 -1.615 29,144,918 12,384,965 20,421,090 652,096 877,038
0 -0.369 0 282,132 548,767 N/A 1,115,197 N/A
—-0.482 -0.110 -0.125 17,490 631,700 45,158 204,168 198,939
-0.392 -0.254 —0.300 295,074 449,706 258,046 274,309 254,794
-0.877 -0.778 -0.747 21,256 20,893 23,780 38,110 38,328
56,799 62,718 87,494 108,829 105,460
N/A N/A N/A N/A N/A N/A N/A N/A
24,200 23,697 26,876 41,875 41,369
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cost PBCs — can be seen within the big four programmes. However, it is not clear why such rather
dramatic changes should have taken place.

If we correct the cost of life-year estimates adjusting for the mismatch in the ICD-10 coverage of the
expenditure and mortality data, these reveal similar increases in the cost of a life-year between 2006/7 on
the one hand and 2007/8 and 2008/9 on the other. The cost of a life-year increased from £19,965 in
2006/7 to £28,983 in 2007/8 for the 10 programmes with mortality rate, an increase of 45%; and it
increased from £22,565 to £31,846 for all programmes if we assume a zero health gain in PBC 23 and the
same gain in the other 12 programmes as in the 10 with a mortality rate (an increase of 41%).

A potential reason for this apparent step change in the cost of a life-year is the adjustment that was made
to the methodology for the collection of the 2007/8 PB data. In previous years expenditure that was not
directly attributable to a particular programme category was apportioned using admitted patient care
percentages.” In other words, if x% of total admitted patient care expenditure was allocated to PBC 1,
then x% of all expenditure that was not directly attributable to a particular programme category was

also allocated to PBC 1. With effect from 2007/8, however, NHS organisations were asked to select an
appropriate basis for the apportionment of this non-programme-specific expenditure and that, where

no reasonable basis existed, such expenditure was to be allocated to the ‘other — miscellaneous’

(PBC 23X) category.

The Department of Health estimates that this allocation rule change increased the amount of expenditure
attributed to PBC 23X by £700M. It will also, of course, have reduced expenditure across other programmes
by the same amount in total. However, not all programmes will have been equally affected; PBCs that are
more heavily inpatient based would have ‘lost’ expenditure whereas others, such as learning disabilities,
social care and mental health, will have ‘lost’ considerably less. In addition, not all PCTs will have been equally
affected because each will have employed different apportionment rules for the non-programme-specific
expenditure (Bryn Shorney, Department of Health, 2012, personal communication).

Although this allocation rule change has considerably increased the estimated cost of a life-year, we
believe that this rule change has led to a more accurate allocation of expenditure across PBCs, and that
the more recent estimates of the cost of a life-year (for 2007/8 and 2008/9) are more accurate than those
for the earlier years (for 2005/6 and 2006/7).

Adjusting the cost of a life-year estimates to constant prices

The estimates of the cost of a life-year presented above are all at current prices. To put them on a constant
price basis, we need an index of pay and price inflation for the labour and goods/services purchased by the
NHS. Curtis®’ reports a pay and prices index for HCHS and this implies an inflation rate of 3.7% in 2006/7,
2.9% in 2007/8 and 3.9% in 2008/9.* If we assume that similar inflation rates also apply to the purchase
of pharmaceuticals and the provision of primary care (items that are excluded from the HCHS index),

then we can use these figures to put the estimates of the cost of a life-year on a constant price basis.

For example, if we assume that PBC 23 generates a zero health gain and that the gain attributable to the
12 programmes without a mortality indicator is, on average, the same as that attributable to those with a
mortality outcome measure, then the cost of a life-year across all programmes in 2008/9 is £33,333

at current (2008/9) prices. The cost for 2007/8 is £31,846 at current (2007/8) prices or £33,088 at
constant (2008/9) prices, and the figure for 2006/7 is £22,565 at current (2006/7) prices or £24,125

at constant (2008/9) prices. The conversion of the costs from a current to constant price basis has relatively
little impact because the inflation rate over the relevant period is quite small.
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Summary and concluding remarks

The findings presented in this report build on four previous studies. These studies and the results presented
here draw on the availability of two new data sets to obtain empirical estimates of the relationship
between mortality and expenditure across all English local health authorities.

In this research we have extended the previous studies in several ways. First, we have derived plausible
outcome and expenditure models for a larger number of programmes (10) than previous studies.

Second, we relate expenditure in time period t to mortality in that period (t) and in the next two periods
(t+1 and t+2). In other words, we assume that the health benefits associated with expenditure occur
either in the same period as the expenditure or in the next two periods. This is an improvement on past
practice where data constraints forced researchers to relate expenditure to the current and two previous
periods.* When we re-estimated our models using expenditure data for 2006/7 and mortality data for
2006/7/8, we found that the cost of a life-year across the 10 programmes with a mortality-based outcome
indicator is £23,780 (up from £20,893 when expenditure data for 2006/7 is combined with mortality data
for 2004/5/6; an increase of 14%,).

Third, we have noted the mismatch in the ICD-10 coverage of the expenditure and mortality data. If we
adjust the calculation of the cost of a life-year for 2006/7 for this mismatch then the cost of a life-year
across the 10 programmes with a mortality-based outcome indicator declines from £23,780 to £19,965
(a decrease of 16%).

Fourth, previous estimates of the cost of a life-year have been for individual programmes of care. In this
report we have presented estimates of the cost of a life-year for an enlarged number of programmes and,
with the aid of assumptions about the productivity (health gain) of programmes without a meaningful
mortality-based outcome indicator, we have extended our individual programme estimates to incorporate
expenditure across all programmes of care. Thus for 2006/7, the cost of a life-year for those PBCs with a
mortality-based outcome indicator is £19,965. If we assume (a) that the health gains associated with
PBC23, which includes primary care and workforce training expenditure, are reflected in the mortality rates
for disease-specific programmes and (b) that the average health gain across the other programmes without
a mortality-based outcome indicator is the same as that for those PBCs with a mortality-based outcome
indicator, then the cost of life-year across all programmes is £22,565.

Fifth, we have extended our cost of life-year estimates beyond 2006/7. Re-estimation of our model using
budgeting expenditure for 2007/8 generates an all programme cost of a life-year estimate of £31,846, and
re-estimation of our model using budgeting expenditure for 2008/9 generates a similar cost of a life-year
estimate (£33,333). Together, the last two estimates suggest that there has been step change in the cost
of a life-year, and that this appears to have occurred between 2006/7 and 2007/8. The cost of a life-year
estimates are very similar up to and including 2006/7, and they are very similar for 2007/8 and 2008/9.
However, there is a substantial difference between the figures for 2004/5, 2005/6 and 2006/7 on the one
hand (at about £22,000), and for 2007/8 and 2008/9 on the other (at about £33,000). The reason for this
step change is not obvious but it might be due to changes in the algorithm used by the Department of
Health to allocate non-admitted patient care activity to budget categories. Although this allocation rule
change has considerably increased the estimated cost of a life-year, we believe that this rule change has
led to a more accurate allocation of expenditure across PBCs, and that the more recent estimates of the
cost of a life-year (for 2007/8 and 2008/9) are more accurate than those for the earlier years (for 2005/6
and 2006/7). A summary of the estimates of the cost of a life-year adjusted for the mismatch between
ICD-10 chapters for expenditure and mortality are provided in Table 7.
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Adjusted cost of life-year estimates for various combinations of programmes

1 Cancer 16,121 16,891 21,454
2 Circulatory disease 9390 11,224 11,685
3 Respiratory problems 8961 11,439 16,470
4 Gastrointestinal problems 11,929 14,295 14,653
5 All big four programmes 10,604 13,830 14,650
6 Other six programmes with a mortality rate 146,108 99,428 112,674
7 All 10 PBCs with a mortality rate 19,965 28,983 30,883

(a) If we assume a zero health gain in those PBCs without a mortality rate . ..
8 All 23 programmes 73,457 82,765 84,974

.. or (b) if we assume a zero gain in PBC 23 and that the average gain
from the

the 10 PBCs with a mortality rate is applied to the remaining programmes

9 All 23 programmes 22,565 31,846 33,333

Virtually all of the cost of a life-year estimates presented in this report are calculated at current prices.
However, it is possible to put them on a constant price basis using the HCHS pay and prices index.?”

For 2006/7, 2007/8 and 2008/9 this index recorded an annual rate of inflation of about 3.5% and so the
impact of this constant price adjustment is fairly minimal. For example, if we assume that PBC 23
generates a zero health gain and that the gain attributable to the 12 programmes without a mortality
indicator is, on average, the same as that attributable to those with a mortality outcome measure, then the
cost of a life-year across all programmes at constant 2008/9 prices is £33,333 for 2008/9, £33,088 for
2007/8, and £24,125 for 2006/7.

Finally, although previous results and our current models ‘pass’ the appropriate statistical tests and, in
particular, the Hansen—Sargen test for valid instruments, we are aware that this test might be unable

to detect the presence of invalid instruments in some circumstances and that the validity of IVs is often
open to question. Responding to this, several studies®®®® have suggested that researchers using IV
techniques should subject the estimated coefficient on the endogenous variable to a sensitivity analysis.
We undertake a comprehensive sensitivity analysis for the outcome equation for each of the big four
models. This sensitivity analysis reveals that uncertainty associated with instrument validity has little effect
on our estimate of the cost of a life-year but it does increase the degree of uncertainty associated with
this estimate.

We recognise that this study has a number of limitations. The estimates of the cost of an additional
life-year for programmes with a mortality-based outcome indicator are unadjusted for the QoL during the
additional year. Accordingly, the quoted costs will be an underestimate of the QALY cost of a life-year to
the extent that additional life-years are not in perfect health. In previous studies we have noted that a
rudimentary adjustment for this issue using Health Outcomes Data Repository (HODaR) data increased the
cost of a life-year by about 50-60% 062
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At the same time, however, the estimated costs will exaggerate the cost of an additional QALY for those
programmes with a mortality-based outcome indicator because they ignore any health benefits that

are not associated with a reduction in mortality. In other words, expenditure that improves the QoL

(e.g. cancer palliative care) but which does not extend the length of life is implicitly given a zero health
gain value.

In addition, the expenditure data relate to expenditure on all patients whereas the mortality data are based
on a LE of 75 years. Thus implicitly our calculations attribute a zero health gain to all expenditure on those
aged over 75 years. To illustrate the magnitude of the potential health gain ignored by this restriction,
note that in a recent study of costs associated with all inpatient and outpatient activity (excluding mental
health), those aged over 75 years accounted for 25% of all costs in 2007/8.2¢

The results presented in this study are all from the estimation of the relationship between expenditure
and mortality using data for a single time period. With the availability of several years of data for both
expenditure and mortality, we wanted to estimate a panel data model because a panel can offer
advantages over a one period model (e.g. it is better able to handle any unobserved heterogeneity across
PCTs). However, most of the instruments employed here are based on the 2001 Census® and, thus, time
invariant, rendering them of little use in panel data modelling.
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Chapter 4 Translating mortality effects into
life-years and quality-adjusted life-years

Introduction

This chapter presents an overview of how the results of the econometric work undertaken to estimate the
link between NHS spending and mortality, which was summarised in the previous chapter and detailed in
Appendix 2, can be translated into effects on life-years and QALYs.

In this chapter we present three sequential steps of analysis which lead to estimates of the overall cost per
QALY threshold for the NHS:

i. In From mortality to life-years we reconsider how the estimated effects on mortality from the
econometrics work conducted in Chapter 3 might better translate in to life-years by exploring
the limitations of mortality data available at PCT level and the published YLL figures presented.

We explore how these estimates might be improved using additional data and analysis.

ii. In Adjusting life-years for quality-of-life we consider how these estimates of life-year effects might be
adjusted for the QoL in which they are lived, taking account of the gender and the age at which
life-years are gained or lost as well as the disutility associated with particular diseases.

ii. In Including quality-of-life effects during disease we explore ways to also take account of those effects
on health not directly associated with mortality and life-year affects (i.e. the ‘pure’ QoL effects) to
estimate an overall cost per QALY threshold.

This sequence of analysis is set out and explained based on the analysis of 2006 expenditure and mortality
data from 2006 to 2008. In Chapter 5, Re-estimating the cost per quality-adjusted life-year threshold using
more recent data we present estimates for 2008 expenditure and 2008-10 mortality data using the same
methods and discuss the uncertainties associated with these estimates. As in the previous chapter much of
the detail of data and analysis that supports this overview is presented in an appendix (see Appendix 3).
At the end of each section we present a summary which includes a central ‘best’ estimate as well as
extreme lower and upper bounds for the cost per life-year and cost per QALY threshold.

The core assumptions which underpin these three values are common across the above mentioned
sections. The central or ‘best’ estimate is based on two assumptions: one conservative and the other more
optimistic with respect to the health effects associated with expenditure. The first is that the health effects
of changes in 1 year of expenditure are restricted to 1 year. This is implicit in the estimates of outcome
elasticities presented in the previous chapter.” This is likely to underestimate effects on mortality as
expenditure that reduces mortality risk for an individual in 1 year may well also reduce their risk over
subsequent years; possibly over the whole of their remaining disease duration. Expenditure may also
prevent disease in future patient populations. Therefore, total health effects will be underestimated and
the cost per life-year or QALY threshold will be overestimated. Although undoubtedly conservative, it may
be offset to some extent by the more optimistic assumption used to translate mortality effects into
life-years. Any death averted by expenditure in 1 year is assumed to return the individual to the mortality
risk of the general population, i.e. the YLG associated with each death averted are based on what would
have been their LE taking account of their of age and gender (using life tables for the general population).

The extreme upper and lower bounds for cost per life-year and cost per QALY thresholds are based on
making both assumptions either optimistic (providing the lower bound for the threshold) or both
conservative (an upper bound for the threshold). The lower bound is based on assuming that health effects
are not restricted to 1 year but apply to the remaining disease duration for the population at risk during
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the expenditure year (although this still does not account for the effects of expenditure on preventing
disease). The upper bound is based on the combination of assuming that health effects are restricted to

1 year and that any death averted is only averted for the minimum duration consistent with the mortality
data used to estimate the outcome elasticities in Chapter 3 (see Summary of cost per life-year estimates
for a more detailed discussion). It is very important to note that the lower and upper bounds represent
extreme values rather than alternative but plausible views that could reasonably be taken. We discuss

this in more detail in Chapter 5, Future research and improving estimates and explain why establishing
narrower bounds, which might retain some plausibility, has not been possible given the data available and
therefore the analysis that has been feasible.

From mortality to life-years

In this section we summarise our examination of a number of issues associated with available PCT-based
mortality data and the associated published estimates of YLL. We then examine how, given the limited
information available about the population at risk in each PBC, we might take proper account of the fact
that some of the observed deaths would have occurred anyway (had the same population not been at risk
in the particular PBC) when estimating YLL (i.e. taking account of unobserved counterfactual deaths).

This allows us to estimate the YLL that better reflects the effect of expenditure on the mortality observed
in each PBC, and infer the excess deaths associated with each PBC. Finally we present cost per death
averted and cost per life-year which accounts for the issues raised in this section.

Mortality and years of life lost coverage

The mortality data that is available at PCT level does not offer full coverage of all deaths across all the
ICD-10 codes that make up each PBC (see Table 37 in Appendix 2 for how three-digit ICD-10 codes are
mapped to PBCs). However, national (English) data are available that covers all deaths associated with all
the ICD-10 codes that make up each PBC. Therefore, it is possible to adjust the incomplete reporting of
mortality at PCT level (see Chapter 3, Previous studies) before applying the estimated outcome elasticities
to calculate the deaths averted due to expenditure.” Applying published estimates of YLL per death to all
the deaths averted provides the estimate of the cost per life-year reported in Chapter 3.

The published estimates of YLL (National Health Service Information Centre; NHS IC) used in Chapter 3
only include deaths below the age of 75 years (but exclude deaths below age 1 year) and are based on
the difference between age 75 years and the age of each death below 75 years. These estimates have the
same limited coverage as PCT-level mortality data so are not available for all the ICD-10 codes that make
up each PBC. Therefore, applying the available estimates of YLL per death to the estimated number of
deaths averted requires an assumption that the YLL per death is similar for those groups of ICD-10 codes
covered and not covered by the published YLL figures.

This can be examined by using national Office for National Statistics (ONS) data to calculate YLL in the
same way as NHS IC, but with full coverage of all the ICD-10 codes that make up each PBC.c Although
ONS data provides complete coverage and reports gender, age at death is only reported in 5-year ranges
(these data are not available at PCT level so could not be used when estimating outcome elasticities in
Chapter 3). Therefore, using ONS data to estimate YLL requires taking the mid-point of each range as the
age of death, i.e. assuming reported deaths are equally likely over the range in which they are reported.
For this reason it is not possible to precisely recover the published YLL figures using ONS data for those
ICD groupings that can be precisely matched to the NHS IC coverage. However, the differences are small
(see Appendix 3, Table 102), suggesting that taking the mid-point of each range as the age of death may
be a reasonable approximation.

The differences between estimates of YLL based on ONS and NHS IC data are, however, much more

significant and are reported in Table 8. These reflect differences in the distribution of ages at death
between those groups of ICD-10 codes covered and not covered in the NHS IC figures. For example,
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Estimates of YLL for NHS IC and ONS

1 Infectious 1.00 35,517 35,517 40,928 15
diseases
2 Cancer 0.98 735,674 747,636 758,804 1
4 Endocrine 0.63 19,224 30,322 41,548 37
problems
7 Neurological 0.14 22,046 162,100 93,755 -42
problems
10 Circulatory 0.99 453,878 457,538 481,246 5
11 Respiratory 0.77 108,074 139,812 147,465 6
13 Gastrointestinal 0.57 115,303 201,931 177,532 -12
17 Genitourinary 0.17 3343 19,438 17,380 =11
18+19 Maternity and 0.68 164,200 241,826 15,409 -94
neonates

NHS IC figures available at PCT level for PBC 7 (neurological problems) have low coverage of all deaths in
this PBC [0.14 in column (1)]. The deaths that are reported in NHS IC are associated with epilepsy and the
YLL [22,046 in column (2)] reflects the generally younger age at death in this group. When adjusted for full
coverage [22,046/0.14 = 162,100 in column (3)] the estimated YLL is much greater than the YLL based
directly on all deaths by age group reported in ONS. This difference in YLL reflects the fact that the deaths
in PBC 7 which are not covered by NHS IC figures tend to be in older age groups so generate fewer YLL.

Using ONS data also allows deaths under the age of 1 year to be appropriately assigned to PBCs via the
ICD-10 code in which they occurred (NHS IC YLL figures exclude deaths under 1 year), rather than
assigning them all to PBC 18 + 19 as in the previous chapter. This explains the large reduction in YLL for
PBC 18 + 19 (maternity and neonates) as much of the mortality is reassigned to ICD-10 codes which
contribute to other PBCs. As most of the deaths that are reassigned are allocated to PBC 1 (infectious
diseases) the YLL for this PBC increases despite complete reporting of deaths at PCT level and full coverage
by NHS IC figures (see also Table 104 in Appendix 3).

As noted above, the NHS IC estimates of YLL only include deaths below age 75 years and are based on
the difference between age 75 years and the age of each death below 75 years. Implicitly this treats
75 years as the appropriate normal LE for males and females for the population at risk in each PBC.
However, with the exception of maternity and neonates most deaths in PBCs occur above the age of
75 years and LEs are significantly > 75 years. For example, based on 2006-8 data, LE for the general
population is 80.7 years for males and 84.4 years for females (considering age distribution) and even LE
at birth is > 75 years (77.74 years for males and 81.88 years for females).*

Based on ONS data YLL can be recalculated using gender-specific LE for the general population.® When
increasing LE two effects occur, both of which tend to increase estimates of YLL. First, more deaths

are included in the YLL calculation (those that occur between age 75 years and LE) and second, each
death previously counted below 75 years will generate 5.7 or 9.4 more YLL for males and females
respectively. The effect on the number of deaths and the YLL for each PBC of using the LE of the general
population is reported in Table 9 [see columns (1), (2) and (3)].
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The difference in YLL by LE

1 Infectious 2050 3710 81 40,928 62,051 52
diseases
2 Cancer 62,944 95,212 51 758,804 1,345,013 77
4 Endocrine 2367 4000 69 41,548 65,015 56
7 Neurological 5095 8975 76 93,755 145,526 55
10 Circulatory 41,487 82,098 98 481,246 916,170 90
1N Respiratory 14,000 30,500 118 147,465 310,326 110
13 Gastrointestinal 10,611 15,827 49 177,532 273,303 54
17 Genitourinary 1588 4197 164 17,380 39,098 125
18+ 19  Maternity and 226 226 0 15,409 17,167 11
neonates

The number of deaths counted below LE increases for every PBC except for maternity and neonates
because, as expected, all deaths are below age 75 years in PBC 18 + 19. However, YLL increases for all
PBCs reflecting the additional years otherwise expected to be lived to an older LE. Of course including
more of the deaths observed in each PBC and the greater YLL associated with them will generate more
deaths averted and more YLGs when applying the same proportionate effects from the outcome
elasticities estimated in Chapter 3. Therefore, the cost per death averted and cost per life-year threshold
are lower using these figures than those reported in Chapter 3 (see Table 13 and Table 107 in Appendix 3
for a summary of the effects on the thresholds). However, there are good reasons why YLL figures
calculated as the difference between age of death and LE are likely to be overestimated. This is dealt with
in the next section (see Years of life lost and accounting for counterfactual deaths). In Inferring excess
deaths we take account of the fact that some of the deaths observed in a PBC would have occurred
anyway in a similar ‘normal’ population (i.e. the counterfactual population not at risk through membership
of the PBC) so not all observed deaths are ‘excess’ and generate YLL.

The estimates of YLL based on ONS data overcome many of the limitations of the published NHS IC
figures. However, the YLLs reported in Tables 8 and 9, are calculated in the same way as the

NHS IC figures, by taking the difference between a fixed LE and the age at death of deaths observed
below that LE. This will tend to overestimate the YLL for two reasons: (1) it does not account for the fact
that not all deaths observed below LE are ‘excess’ deaths in the sense that some deaths would have
occurred (at the same age) in a similar population not at risk in the PBC; and (2) some of the deaths
observed above LE may be ‘excess’ deaths that would not otherwise have occurred at that age. The overall
effect on YLL, and the cost per life-year, will depend on the number of deaths above and below LE that
are excess. Therefore, estimates of YLL are required which take account of the ‘counterfactual’ deaths that
would have occurred even if the population in the PBC was not at risk through membership of the ICD-10
codes that make it up, but faced the same mortality risks as the general population, accounting for the
age and gender distribution of the PBC population.

Ideally, with reliable information about the size of the population at risk in each PBC and its age and
gender distribution it would be possible to estimate the number of deaths that would be expected to
occur had this population not been at risk, based on mortality data for the general population.

The difference between deaths observed across all ages and the deaths expected to have occurred in
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this matched ‘normal’ population would provide the number of ‘excess’ deaths by age and gender.f

The YLL associated with each of these excess deaths is the LE conditional on gender and on surviving

to the age at which the excess death occurred. The total YLL for the at risk population is simply the sum of
these YLLs over all excess deaths, which could occur at any age. This YLL is equivalent to the area between
the survival curve for the population at risk in a PBC and the counterfactual survival curve for the same
population but not at risk from membership of the PBC. The difficultly is that routinely available data do
not provide any information about the size of the population at risk or its age and gender distribution.

All that is routinely available are observed deaths (by age and gender). Therefore, it is not possible to
directly estimate excess deaths or compare survival curves.

Even if the size of the at risk population is unknown we can still use information that might be available about
its age and gender distribution (or make reasonable assumptions) to estimate a matched ‘normal’ LE using life
tables for the general population (such a LE summarises the area under the counterfactual survival curve).
Unfortunately, it is not possible to also calculate the LE for the population at risk in the PBC (or represent the
survival curve) without information about the size of the at risk population (if it was possible the difference
between these life expectancies would approximate the YLL per patient at risk in a PBC).

Fortunately, we can still recover a consistent estimate of YLL using observed deaths and a LE that
represents the normal LE of a matched population that is not at risk. This requires all observed deaths,
both those that occur below and those that occur above this LE to be taken into account. Those deaths
occurring below LE generate YLL — compared with the average of a matched population not at risk.
However, we must also account for those deaths that occur at ages above LE. These deaths generate YLGs
compared with the average of a matched population not at risk. Therefore, the appropriate estimate is a
net YLL (i.e. YLL-YLG). In effect, by subtracting YLG from YLL we take account of the fact that not all
deaths below LE are excess deaths but some deaths above LE are (see Appendix 3 for more formal
explanation of the equivalence of these ways of calculating YLL).®

Using the life expectancy of the general population

Routinely available data provides the age and gender of observed deaths but no information about the
age and gender distribution of the at risk population itself. Using observed age and gender at death as an
indication of the distribution of the at risk population will significantly overestimate the LE of a normal
matched population insofar as a disease may be chronic (not all PBC mortality occurs on entry into the at
risk population), and that PBC-related mortality risk may increase with age (see Appendix 3, Table 114).F

In the absence of additional external information the net YLL could be based on the LE of the general
population, reflecting its current age and gender distribution. These are reported in Table 70 and illustrate
the impact of accounting for counterfactual deaths in the way described above. The YLL reported in
column (5) of Table 10 are calculated the same way and are the same as the figures previously reported
[column (5) of Table 9]. That is, they do not account for deaths that would have otherwise occurred below
LE or the very many deaths that occur above LE. With the exception of PBC 18 + 19 many deaths occur
above the LE of the general population [see column (4) in Table 10] in all PBCs. As a consequence there
are YLG associated with all other PBCs [see Table 10, column (6)] so the net YLL in column (7) are lower
than YLL based on the same LE. Therefore, failure to account for counterfactual deaths would lead to an
overestimate of the YLL associated with a PBC and the effects of expenditure on YLL. Consequently, the
cost per life-year threshold would be underestimated (see Table 13).

However, these figures are only correct insofar as the distribution of age and gender in each PBC is similar
to the general population. For example, if the at risk population tends to be younger the correct LE for the
PBC will be lower and the net YLL will also tend to be lower. Similarly, if the at risk population tends to be
older than the general population the correct LE will be higher and net YLL will also tend to be higher.!

This explains the apparent net gain in YLL (negative net YLL) for PBC 17 (genitourinary) where most deaths
occur at ages greater than the LE of the general population so that YLG exceeds YLL. As we are able to

show later (see Table 77) this is because the age distribution in this PBC tends to be older than the general
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TABLE 10 Net YLL using LE of the general population

Average 2006-8

(1) LE of (2) LE of

males females (3) (4)
(years) (years) Deaths <LE Deaths>LE (5) YLL (7) Net YLL
1 Infectious 80.7 84.4 3710 3248 62,052 18,796 43,256
diseases
2 Cancer 80.7 84.4 95,213 35,597 1,345,038 175,350 1,169,689
4 Endocrine 80.7 84.4 4000 2764 65,016 15,864 49,152
7 Neurological 80.7 84.4 8975 6378 145,529 34,621 110,908
10 Circulatory 80.7 84.4 82,099 77,752 916,192 444,694 471,498
1 Respiratory 80.7 84.4 30,500 34,945 310,334 215,829 94,505
13 Gastrointestinal 80.7 84.4 15,827 8320 273,308 45,295 228,012
17 Genitourinary 80.7 84.4 4198 6427 39,099 40,530 -1431
18+19 Maternity and 80.7 84.4 226 0 17,167 0 17,167
neonates

TABLE 11 Average age and LE for PBCs based on GBD

(1) Average age (3) Average age  (4) LE of at risk
of general (2) LE of general in PBC (years) population
population (years) population (years) (GBD) (years) (GBD)
1 Infectious M 38.5 80.7 28.6 79.6
diseases
F 40.8 84.4 30.2 83.6
2 Cancer M 38.5 80.7 61.3 83.0
F 40.8 84.4 52.3 84.7
4 Endocrine M 38.5 80.7 44.2 81.0
F 40.8 84.4 50.8 84.7
7 Neurological M 38.5 80.7 24.8 79.6
F 40.8 84.4 235 83.3
10 Circulatory M 385 80.7 55.4 83.0
F 40.8 84.4 57.9 86.5
11 Respiratory M 385 80.7 32.1 80.3
F 40.8 84.4 33.7 84.0
13 Gastrointestinal M 38.5 80.7 35.8 80.6
F 40.8 84.4 419 84.5
17 Genitourinary M 38.5 80.7 63.2 83.5
F 40.8 84.4 47.3 85.6
18+ 19  Maternity and M 385 80.7 3.0 78.7
neonates
F 40.8 84.4 24.1 83.1

F, female; GBD, Global Burden of Disease; M, male.
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population, that is the LE for a matched normal population should be higher with fewer deaths above and
more below this LE.

Using additional information about age and gender distribution

It is evident that estimates of YLL require some account to be taken of counterfactual deaths. In the absence
of routinely available information this requires examination of alternative sources of information which might
provide a basis for more credible assumptions about the age and gender distribution of the PBC population
than either, the distribution of observed deaths or the general population.) The World Health Organization
(WHO) Global Burden of Disease (GBD) study, updated in 2008 using 2004 data (see Addendum 1: data
sources in Appendix 3 for more details),* provides a range of summary health indicators for the UK, which
are, in part, based on estimates of the incidence of sequelae associated with different types of disease by age
and gender.! Therefore, the type of information used by WHO in the GBD study to generate summary
estimates for the UK can also be used to improve the assumptions required about the age and gender
distribution of the PBC populations. Importantly, at this stage, we do not need to rely on estimates of the
absolute size of the at risk population, but only the relative ‘share’ by age and gender.

The Global Burden of Disease study classifies diseases by U-codes, which are groups of three digit ICD-10
codes (see Addendum 1: data sources in Appendix 3 for details of how U-codes map to ICD-10 codes).”
As we know which ICD-10 codes contribute to each PBC we can map information from U-codes to PBCs
via the ICD-10 codes that contribute to each. The resulting average age and LE for each PBC is reported in
columns (3) and (4) of Table 71 using the information available from GBD in combination with life tables
for the general population.

These summary estimates suggest that some of the PBC populations may on average be older than the
general population (e.g. cancer, circulatory and genitourinary) or younger (e.g. maternity and neonates,
infectious diseases and neurological). However, when trying to interpret these summaries it should be
noted that the average age reported in Table 117 is the average over the ages at which sequelae occur
within the ICD-10 codes contributing to the PBC. Therefore, a similar average age can reflect very different
age distributions. Some reflect a markedly bimodal distribution (e.g. respiratory, where there is high
incidence at very young and older ages), or very different age distributions across the type of diseases that
contribute to the PBC. For example PBC 7 (neurological) includes dementia which accounts for the vast
majority of the PBC population older than 70 years. However, a greater proportion of the population is in
much younger age groups with other conditions, especially migraine (see Appendix 3, Addendum 1: data
sources). When interpreting these summary estimates it should also be noted that the reported life
expectancies are not the life expectancies at the average ages reported in column (3), but the average over
the life expectancies for each age group within the contributing ICD-10 codes weighted by the age
distribution of sequelae from GBD U-codes.

The implications for net YLL of using these PBC-specific estimates of ‘'normal’ LE are reported in Table 12.
As expected, the net YLL for those PBC with a LE greater than the general population are higher than those
reported in column (5) in Table 10 (e.g. PBC 10 circulatory and PBC 17 genitourinary, which now has
positive net YLL). Similarly, those PBCs with a LE less than the general population have lower net YLL than
reported in column (5) in Table 70 (e.g. PBC 1 infectious diseases and PBC 18 + 19 maternity and neonates,
where the effect of a lower LE is more modest as there are no deaths above either of the estimates of LE).

The impact on the cost per life-year threshold of the issues discussed in the Introduction, From mortality to
life-years and Adjusting life-years for quality-of-life are summarised in Table 13 (see Table 116 in Appendix 3
for detailed breakdown of changes in spend and YLLs across PBCs).

Using ONS data to calculate YLL in the same way as the published NHS IC figures, but overcoming some
of the issues associated with the reporting of mortality at PCT level and the coverage of published
estimates of YLL (see Mortality and years of life lost coverage), generates similar estimates of a cost per
life-year threshold [see Table 13, column (1)] to those reported in Chapter 3. Calculating YLL in the same
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TABLE 12 Net YLL using LE for each PBC

Average 2006-8

(1) LE of (2) LE of

males females (€)) 4)
(\CELD) (\CELD) Death<LE Death>LE (5) YLL
1 Infectious 79.6 83.6 3498 3460 58,686 21,724 36,962
diseases
2 Cancer 83.0 84.7 101,203 29,607 1,473,733 126,549 1,347,184
4 Endocrine 81.0 84.7 4068 2696 66,283 15,058 51,225
7 Neurological 79.6 83.3 8370 6983 135,686 41,770 93,917
10 Circulatory 83.0 86.5 96,694 63,157 1,102,020 278,251 823,768
1 Respiratory 80.3 84.0 29,549 35,897 298,343 230,313 68,030
13 Gastrointestinal ~ 80.6 84.5 15,824 8323 273,117 45,414 227,703
17 Genitourinary 83.5 85.6 4969 5655 47,229 29,101 18,127
18+19  Maternity and 78.7 83.1 226 0 16,801 0 16,801
neonates

TABLE 13 Summary of cost per life-year threshold

Using cut-off in estimating YLL

(ONS) (£) Using net YLL estimates (f)
(1) Cut-off (2) Cut-off of LE of the (3) Using LE of the (4) Using LE of the PBC
PBC grouping of 75 years general population general population population (GBD)
All big four programmes 10,398 5487 10,421 8080
11 PBCs (with mortality) 20,031 10,660 19,928 15,628
All 23 PBCs (zero health effects 73,697 39,218 73,317 57,497

for remaining 12 PBCs)

All 23 PBCs (non-zero health 22,639 12,048 22,523 17,663
effects for remaining 12 PBCs,
except GMS)?

a In PBCs without a mortality signal, health effects were estimated by valuing changes in expenditure at the same rate as
observed in PBCs for which there was a mortality signal.

way, but based on the LE of the general population significantly overestimates YLL for the reasons set out
in Life expectancy and years of life lost so underestimates the cost per life-year threshold [see Table 13,
column (2)]. Taking account of counterfactual deaths by calculating net YLL based on the LE of the general
population [see Table 13, column (3)] provides similar estimates to those reported in Chapter 3. Assuming
that PBC populations have the same age and gender distribution as the general population when the,
albeit limited, information that is available suggests otherwise, seems inappropriate. Therefore, our
preferred central estimate of the cost per life-year threshold is reported in Table 13, column (4). These are
lower than those based on the general population, reflecting the impact on net YLL of evidence that

the population at risk in some key PBCs (especially PBCs 2 and 10) tend to be older than the general
population. In Summary of cost per life-year estimates we consider extreme upper and lower bounds that
might be placed on this central estimate.

Inferring excess deaths

We have been able to establish a measure of net YLL, which takes account of deaths that would have
occurred anyway below a normal LE for the PBC population (i.e. not all deaths observed in a PBC are

excess), and that some deaths observed above this LE would not otherwise have occurred at that age
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(i.e. some of these deaths are excess). As explained in Years of life lost and accounting for counterfactual
deaths, net YLL calculated in this way is equivalent to first establishing the number of excess deaths

at each age, then calculating YLL for each excess death (based on the LE conditional on the age at which
each excess death occurred) and then summing these YLL across all excess deaths (i.e. across all ages).

In other words, the estimates of net YLL imply a number of excess deaths required to generate them in
each PBC. Therefore, it is possible to solve for the total number of excess deaths based on the net YLL
and the average YLL per observed death.” The net YLL divided by the average YLL per death provides the
number of excess deaths required, which on average will generate the estimated net YLL.

The implied excess deaths associated with net YLL based on the LE of the PBCs [see Table 12, column (7)]
are reported in Table 14. With the exception of PBC 18 + 19, excess deaths are some proportion of total
observed deaths in each PBC. The proportion of excess deaths differs by PBC reflecting the distribution of
deaths relative to the LE of the PBC.” For example, in those PBCs where a large proportion of deaths occur
below LE [see Table 12, columns (3) and (4)], excess deaths tend to be a greater proportion of the total
deaths (e.g. PBC 2, 13 and 10). Where most deaths occur above LE, excess deaths as a proportion of the
total deaths tend to be lower (e.g. PBC 1, 11 and 17).

Estimates of net YLL and changes in life-years due to expenditure (see Tables 12 and 13) have already
accounted for the fact that not all deaths are excess and don't generate YLL. Nevertheless, solving for the
number of implied excess deaths associated with these net YLL estimates allows a comparison of the cost
per excess and observed PBC death avoided and an examination of the interpretation that can be placed on
the life-years expected to be gained from an excess or observed death averted. As only deaths observed

in the PBC can be used to estimate the effects of expenditure (excess deaths are not directly observed as
they rely on an unobserved counterfactual population and would occur outside the PBC), the outcome
elasticities can be interpreted as the proportionate change in observed PBC mortality due to a proportionate
change in PBC expenditure. Equally, however, they can also be interpreted as the proportionate effect on
excess death due to a proportionate change in expenditure so can be applied to either total observed or
total excess deaths.*

The cost per excess death and the cost per PBC death averted are reported in Table 15 (see Table 119 in
Appendix 3 for a detailed breakdown of changes in spend and excess or PBC deaths across PBCs). The cost
per PBC death averted is, of course, significantly lower than the cost per excess death as excess deaths are
only a proportion of total deaths (see Table 14). Also the cost per PBC death averted is substantially lower
than those reported in Chapter 3 (see Tables 68 and 69 in Appendix 2), as these estimates do not restrict
the effects of expenditure to PBC deaths under the age of 75 years." The cost per PBC or excess death

Excess deaths implied by net YLL

1 Infectious 36,962 13.4 2797 6958 40
diseases
2 Cancer 1,347,184 14.1 95,715 130,810 73
4 Endocrine 51,225 13.7 3769 6764 56
7 Neurological 93,917 13.7 6909 15,353 45
10 Circulatory 823,768 10.5 79,218 159,851 50
1M1 Respiratory 68,030 9.2 7386 65,445 1Nl
13 Gastrointestinal 227,703 15.2 15,199 24,147 63
17 Genitourinary 18,127 8.3 2172 10,625 20
18+ 19 Maternity and 16,801 73.9 226 226 100
neonates
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Summary of the cost per death averted threshold

All big four programmes 91,129 32,864
11 PBCs (with mortality) 177,692 64,774
All 23 PBCs (zero health effects for remaining 12 PBCs) 653,748 238,310
All 23 PBCs (non-zero health effects for remaining 12 PBCs, 200,829 73,208

except GMS)?

averted (or life saved) should not be over interpreted as they are of little direct policy interest because lives
are never saved (death is only delayed), and the significance of a death averted depends critically on how
long it is averted for (the YLGs, see Table 13) and the QoL in which additional years are lived (see Adjusting
life-years for quality-of-life).

However, establishing the number of excess and PBC deaths averted which are associated with net YLL is
useful because it enables an assessment of the number of YLGs associated with each death averted. On
average, across all 11 PBCs, each excess death averted is associated with 11.4 YLGs. These are reported for
each PBC in Table 121 in Appendix 3, and range from 74.3 years per excess death for PBC 18 + 19
maternity and neonates to 8.3 years for PBC 17 genitourinary. However, clinicians or the evaluative
literature cannot distinguish whether or not an observed death is excess. What can be observed is whether
or not groups of similar patients with and without access to a treatment survive and for how long.
Therefore, it is the life-years associated with each observed death that provide a context that can be
interpreted based on experience and evidence of how effective those interventions that could be invested
or disinvested intend to be. The average life-years expected to be gained associated with each observed
PBC death averted takes account of the fact that some deaths that are avoided in the PBC are not delayed
for very long but quickly occur® elsewhere and do not generate YLGs (i.e. they were not excess deaths).
These are also reported for each PBC in Table 121 in Appendix 3 and range from 74.3 years per observed
death for PBC 18 + 19 maternity and neonates' to 1.0 year for PBC 11 respiratory problems (i.e. the YLL per
PBC death are much lower for those PBCs where a small proportion of observed deaths are excess).

Each PBC death averted is associated with 4.1 YLGs on average across all 11 PBCs.

The sequence of analysis set out above has enabled an examination of the impact of the limitations
associated with the incomplete reporting of mortality data at PCT level and incomplete coverage of
published YLL estimates. We have also been able to consider effects above the age of 75 years while
taking account of that fact that many deaths would have occurred anyway, despite the limited information
available about the population at risk within a PBC. The GBD study does provide some information about
the age and gender distribution of the population at risk in a PBC so offers some improvement over the
other assumptions that would otherwise be required (i.e. that the distribution of age and gender is the
same as the general population or follows the distribution of observed deaths). For this reason the cost per
life-year threshold in column (4) of Table 13 and repeated in lines (1)—(4) in Table 76 are regarded as the
central or best estimates given the evidence available and the credibility of alternative assumptions that
could be made. As explained in the Introduction of this chapter, these are based on the conservative
assumption that any health effects of changes in expenditure are restricted to 1 year, which, to some
extent, may be offset by the more optimistic assumption any death averted returns the individual to the
mortality risk faced by the general population, matched for age and gender.
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TABLE 16 Summary of the cost per life-year threshold with upper and lower bounds

Best estimate

Effect of expenditure on mortality 1 year

YLL per PBC death averted ~4.1°
(1) All big four programmes £8080
(2) 11 PBCs (with mortality) £15,628
(3) All 23 PBCs (zero health effects for remaining 12 PBCs) £57,497
(4) All 23 PBCs (non-zero health effects for remaining 12 PBCs, except GMS)° £17,663

Lower bound

Effect of expenditure on mortality Remainder of disease
YLL per PBC death averted ~4.1°
(5) All big four programmes £3846
(6) 11 PBCs (with mortality) £6106
(7) All 23 PBCs (zero health effects for remaining 12 PBCs) £22,463
(8) All 23 PBCs (non-zero health effects for remaining 12 PBCs, except GMS)° £6901
Upper bound
Effect of expenditure on mortality 1 year
YLL per PBC death averted 2
(9) All big four programmes £16,432
(10) 11 PBCs (with mortality) £32,387
(11) All 23 PBCs (zero health effects for remaining 12 PBCs) £119,155
(12) All 23 PBCs (non-zero health effects for remaining 12 PBCs, except GMS)" £36,604

a See Tables 114, 115 and 7118 in Appendix 3.
b In PBCs without a mortality signal, health effects were estimated by valuing changes in expenditure at the same rate as
observed in PBCs for which there was a mortality signal.

It does not seem credible to imagine that NHS expenditure has no health effects in the 12 PBCs which do
not have sufficient mortality reported at PCT level to estimate outcome elasticities — what is implied by the
estimate reported in Table 16, line (3). Therefore, it is the estimates reported in Table 16, lines (2) and (4) that
are of policy interest. The estimate of £15,628 per life-year [see Table 16, line (2)] is restricted to the effects
of changes in expenditure in the 11 PBCs where outcome elasticities can be estimated. The threshold of
£17,663 per life-year uses the estimated health effects of expenditure in these PBC as a surrogate for health
effects in the others, that is assuming that the effects that can be observed will be similar to those that
cannot. However, no health effects are assigned to PBC 23 (GMS) on the basis that any health effects of this
expenditure would be recorded in the other PBCs."

The extreme upper and lower bounds for the cost per life-year thresholds in Table 76 are based on
making the necessary assumptions about duration of health effects and how long a death might be
averted optimistic (providing the lower bound for the threshold) or conservative (an upper bound for the
threshold). The lower bound [see Table 76, lines (5)—(8)] is based on assuming that health effects are not
restricted to 1 year but apply to the whole of the remaining disease duration of the population at risk

in PBCs during the expenditure year.” Although this combines optimistic assumptions, it is possible, indeed
likely, that at least some expenditure may have effects on the health outcomes of future patients who are
not currently part of the population at risk in a PBC (e.g. investments or disinvestment in prevention will
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have an impact on populations that are incident to PBCs in the future). Such effects are not captured in
any of the estimates presented in this chapter so all are conservative with respect to this type of health
effect of changes in expenditure.

The upper bound [see Table 16, lines (9)-(12)] is based on the combination of assuming that health effects
are restricted to 1 year for the population currently at risk and that any death averted is only averted for
the minimum duration consistent with the mortality data. The econometrics work used the average of

3 years of mortality (2006-8), so the estimated outcome elasticities are based on differences in mortality
that remain after averaging over 3 years. Therefore, the estimated effects are based on differences in
observed PBC deaths that must have been sustained, on average, for more than a minimum of 2 years.”

Adjusting life-years for quality-of-life

The central or best estimates of the cost per life-year threshold, which were presented in Table 16,

lines (2) and (4), take no account of the health-related QoL in which years of life, expected to be gained or
lost through changes in expenditure, are likely to be lived. Even if attention is restricted to the direct health
consequences of changes in mortality, estimates of the cost per life-year will tend to overestimate the effects
of changes in expenditure (i.e. underestimate the threshold) compared with a more complete measure

of health that accounts for the quality in which the years of life are expected to be lived. In this section we
examine the ways in which the life-years reported in From mortality to life-years can be adjusted for quality,
taking account of information that is available about (i) how QoL differs by age and gender (see Quality of life
based on the general population); and (i) how the quality-of-life-years associated with mortality changes
might be affected by the types of diseases that make up each PBC (see Adjusting age-related quality-of-life for
disease decrements). Throughout, we continue to take account of counterfactual deaths in the way described
in Years of life lost and accounting for counterfactual deaths by making the adjustment for quality to the
life-years associated with every observed death before calculating a quality-adjusted net YLL. The implications
for a cost per QALY threshold that only accounts for the health effects of mortality changes are presented in
Summary of the cost per quality-adjusted life-year threshold based only on mortality effects. In Including
quality-of-life effects during disease we explore the ways in which the likely direct effects of expenditure on
QoL (other than through mortality) might also be taken into account.

Quality of life based on the general population

The most commonly used metric of health-related QoL in the UK is European Quality of Life-5 Dimensions
(EQ-5D),°" which is specified in the NICE reference case for methods of technology appraisal.? This metric
has five dimensions of quality each with three possible levels. Each of these 243 possible health states is
valued relative to a score of one, which represents full or best imaginable health (the best score across

all five dimensions), and a score of zero, which represents death, based on a representative sample of

the UK population.®? Therefore, insofar as the years of life expected to be gained (or lost) through changes
in expenditure would be lived in this state of full health, the cost per life-year thresholds reported in

Table 16 would also be the cost per QALY thresholds, albeit ones that only account for the health effects
of mortality changes. However, unsurprisingly, there is good evidence that, on average, the general
population is not in this state of full health. Therefore, the QoL score associated with the health states
experienced by the general population are less than 1, decline with age and differ by gender. These QoL
‘norms’ for the general population by age and gender are illustrated in Figure 3 based on an analysis of
data from the Health Survey for England (HSE).”

These QoL norms can be applied to the YLL associated with all observed deaths in each PBC, taking
account of gender and age at death. The results are reported in columns (4)—(6) of Table 17. There are
two effects of adjusting life-years for quality: (i) as QoL norms are always < 1 the adjusted YLL and YLG
are always lower than the unadjusted values in columns (1) and (2) (previously reported in Table 12);
and (ii) deaths above LE are necessarily at older ages with poorer QoL norms than those below, so the
difference between adjusted and unadjusted values is greater for YLG than YLL. The overall effect of
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FIGURE 3 Quality of life for the general population by age and gender. Pooled QoL estimates provided by personal
communication with Dr Anju Keetharuth, University of Sheffield, 2013.

TABLE 17 Net YLL adjusted for the QoL ‘norms’

1 Infectious diseases 58,686 21,724 36,962 47,481 14,618 32,864

2 Cancer 1,473,733 126,549 1,347,184 1,143,445 84,036 1,059,409

4 Endocrine 66,283 15,058 51,225 52,856 9973 42,883

7 Neurological 135,686 41,770 93,917 109,349 28,262 81,087
10 Circulatory 1,102,020 278,251 823,768 848,046 183,330 664,717
1N Respiratory 298,343 230,313 68,030 231,578 154,743 76,835
13 Gastrointestinal 273,117 45,414 227,703 216,256 30,277 185,979
17 Genitourinary 47,229 29,101 18,127 35,929 18,947 16,982
18+19 Maternity and neonates 16,801 0 16,801 14,568 0 14,568

quality adjustment on net YLL is the balance of these two effects. The overall effect of quality adjustment
is to reduce the net YLL [compare Table 77, columns (3) and (6)].”

The quality adjusted net YLL figures in Table 17, column (6) suggests that the health effects of mortality
are lower than when relying only on unadjusted life-years in from mortality to life-years. Therefore

the health effects of changes in expenditure on this more complete measure of health are lower. The
implications of these adjustments on a cost per QALY threshold that only accounts for the direct health
effects of mortality are reported in Table 18. As expected the cost per QALY threshold based on
adjusting the YLGs or lost [see Table 78, column (2)] is higher than a threshold based on unadjusted
life-years [see Table 18, column (1) and previously reported in Table 16].

Adjusting age-related quality-of-life for disease decrements

Adjusting life-years for age- and gender-related QoL norms assumes that any YLG through a change in
expenditure would be lived in a similar QoL to the general population. It is possible, however, that patients
benefiting from reduced mortality may, nevertheless, continue to be affected by the type of diseases that
make up each PBC and experience the QoL associated with the original disease.

The HODaR®*? provides over 30,000 observations of EQ-5D measures of QoL by ICD-10 code and the age
and gender of the patients in the sample (see Appendix 3, Addendum 1: data sources). Although this is a
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TRANSLATING MORTALITY EFFECTS INTO LIFE-YEARS AND QUALITY-ADJUSTED LIFE-YEARS

TABLE 18 Summary of cost per QALY threshold based on population norms and mortality effects

All big four programmes 8080 9631
11 PBCs (with mortality) 15,628 18,622
All 23 PBCs? 17,663 21,047

a In PBCs without a mortality signal, health effects were estimated by valuing changes in expenditure at the same rate as
observed in PBCs for which there was a mortality signal, except GMS.

rich UK data set, there were a limited number of observations for some of the less common ICD-10 codes.
For this reason HODaR was supplemented with information from the Medical Expenditure Panel Survey
(MEPS)* which also provides EQ-5D by ICD-10 and reports the average age of respondents (see Appendix 3,
Addendum 1: data sources). These data provided a means of estimating the QoL associated with each
ICD-10 code at the average age of respondents in the pooled sample.” The QoL associated with each PBC
can be expressed as an average of the QoL associated with its component ICD-10 codes.* The QoL effects
of being in each PBC can then be expressed as a disease-related decrement compared with the population
norms at the same age (see Table 129 in Appendix 3). This is illustrated for PBC 1 (infectious disease)

in Figure 4, where the weighted average of QoL scores across the component ICD-10 codes was 0.667,

at an average age average age of 54 years for male respondents. As the QoL norms for males age

54 years is 0.859 this suggests a decrement associated with membership of PBC 1 of 0.192, which can
then be applied to QoL norms by age.”

Quality-of-life norms adjusted for disease-related decrements can be applied to the YLL associated with
observed deaths in each PBC, taking account of gender and age at death in the same way as in Quality of
life based on the general population.* The results are reported in columns (4)-(6) of Table 19. The overall
effect of quality adjustment that also applies a disease-related decrement is to reduce the net YLL to a
greater extent than adjustment with population norms alone [compare column (6) in Table 79 with
column (6) in Table 17].

It should be noted that combining QoL adjustments for both population norms and disease-related
decrements assumes that any YLGs due to a reduction in mortality will be lived in the diseased state
until LE (i.e. that all diseases are not just chronic but disease duration is lifelong). Inevitably this
assumption means that the health effects of changes in mortality will be reduced. Consequently,
the cost per QALY threshold reported in Table 20, column (2) will be higher than adjusting YLGs for
population norms in Table 18.
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0.50 + r " r r
0 20 40 60 80 100
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FIGURE 4 Quality of life for males in PBC 1 (infectious disease) and the general population by age.
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TABLE 19 Net YLL adjusted for disease- and age-related QoL

Unadjusted life-years QALYs
(1) YLL (2) YLG (3) Net YLL (4) YLL (5) YLG (6) Net YLL
1 Infectious diseases 58,686 21,724 36,962 37,055 10,793 26,262
2 Cancer 1,473,733 126,549 1,347,184 955,690 67,930 887,760
4 Endocrine 66,283 15,058 51,225 43,394 7844 35,550
7 Neurological 135,686 41,770 93,917 68,893 15,842 53,050
10 Circulatory 1,102,020 278,251 823,768 656,145 135,241 520,905
1 Respiratory 298,343 230,313 68,030 169,269 106,505 62,764
13 Gastrointestinal 273,117 45,414 227,703 163,593 21,677 141,916
17 Genitourinary 47,229 29,101 18,127 29,749 15,152 14,598
18+19 Maternity and neonates 16,801 0 16,801 13,662 0 13,662

TABLE 20 Summary of cost per QALY threshold based on disease-related decrements

(2) Cost per QALY threshold

PBC grouping (1) Cost per life-year threshold (£) (disease-related decrements) (£)
All big four programmes 8080 12,109
11 PBCs (with mortality) 15,628 23,395
All 23 PBCs® 17,663 26,441

a In PBCs without a mortality signal, health effects were estimated by valuing changes in expenditure at the same rate as
observed in PBCs for which there was a mortality signal, except GMS.

Summary of the cost per quality-adjusted life-year threshold based only on

mortality effects

The analysis to this point is summarised in Table 27. The three estimates of a cost per QALY threshold are
based on assuming that each YLG is either lived in full health [see Table 27, column (1), equal to the cost
per life-year estimates in Table 16]; lived in a QoL that reflects age and gender norms of the general
population [see Table 21, column (2)]; or lived in a QoL that reflects the original disease state

[see Table 21, column (3)].

Assuming that YLGs are lived in full health is not credible and should be regarded as an underestimate of
the threshold, given what is known about QoL norms for the general population (see Figure 3). Equally,
assuming that all YLGs are lived in the QoL of the original disease state does not seem credible either and
is likely to overestimate the threshold as it assumes that all disease is not only chronic but lifelong and all
life-years would be lived in the diseased state until death.®® Although adjusting YLGs for the QoL of the
general population, taking account of age and gender [see Table 21, column (2)], is likely to underestimate
a cost per QALY threshold based only on mortality effects, it probably represents the ‘best’ of the three
alternative estimates available at this stage of the analysis (see Using estimates of the QALY burden of
disease for how analysis based on measures of QALY burden allows this assumption to be relaxed).*

The lower and upper bounds are based on combining optimistic and pessimistic assumptions about the
duration of health effects and how long a death might be averted as described in Summary of cost per
life-year estimates.
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Summary of QALY threshold estimates based only on mortality effects

Best estimate

Effect of expenditure on mortality
YLL per PBC death averted
QALYs per death averted

(1) All big four programmes

(2) 11 PBCs (with mortality)

(3) All 23 PBCs”

Lower bound
Effect of expenditure on mortality

YLL per PBC death averted
QALYs per death averted
(4) All big four programmes
(5) 11 PBCs (with mortality)
(6) All 23 PBCs”

Upper bound

Effect of expenditure on mortality
YLL per PBC death averted
QALYs per death averted
(7) All big four programmes
(8) 11 PBCs (with mortality)
(9) All 23 PBCs®

1 year
~4.1°
~4.1
£8080
£15,628
£17,663

Remainder of disease
~4.1°

~4.1

£3846

£6106

£6901

1 year

2

2
£16,432
£32,387
£36,604

1 year
~4.1°
~3.5
£9631
£18,622
£21,047

Remainder of disease
~4.1°

~3.5

£4252

£6852

£7744

1 year

2

~1.9
£17,456
£34,492
£38,983

1 year
~4.1°
~2.8
£12,109
£23,395
£26,441

Remainder of disease
~4.1°

~2.8

£5319

£8568

£9683

1 year

2

~1.5
£21,747
£42,967
£48,561

However, it should be noted that these cost per QALY thresholds only account for the direct health effects
of changes in mortality due to changes in expenditure. Insofar as much, or at least some, of NHS activity
and expenditure is intended to improve Qol, not just mortality, then these estimates will underestimate
total health effects and overestimate a cost per QALY threshold based on a more complete measure of
possible health effects. In Including quality-of-life effects during disease we explore the ways in which the
likely effects of expenditure on QoL (other than through mortality) might also be taken into account.

The cost per QALY thresholds presented in Adjusting life-years for quality-of-life only account for the
health (QALY) effects of changes in mortality due to changes in expenditure. It does not seem credible to
suppose that all NHS activity and expenditure only influences mortality with no effect on the QoL while
alive and experiencing a disease. Insofar as changes in NHS expenditure will also affect QoL as well as
mortality then total health effects will be underestimated and the thresholds presented in Table 27 will
overestimate the cost per QALY threshold. In this section we explore ways to also take account of those
effects on health not directly associated with mortality and life-year effects (i.e. the ‘pure’ QoL effects)

to estimate an overall cost per QALY threshold.
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The routine reporting of QoL outcomes is increasingly available at PCT level (see Addendum 1: data
sources in Appendix 3 for a description of these data). In principle, the variation in such measures of
outcome across PCTs could be used to estimate outcome elasticities for QoL rather than mortality effects
using similar econometric methods to those described in Chapter 3 (see Application of method to other
non-mortality-based outcome indicators in Appendix 2 for the results of an exploratory econometric
analysis of these data). However, the currently limited coverage of routine reporting of these outcomes
means that it is not feasible to estimate QoL effects across all the PBCs using these data. In Chapter 5,
Future research and improving estimates of the threshold we discuss how these data might be used to
improve estimates of the threshold as the coverage and routine reporting of QoL outcomes improves, and
how the analysis presented in Chapter 5, Which programme budget categories matter most?, might help
prioritise reporting in particular areas (i.e. those PBCs and ICD-10 codes that have the greatest influence
on estimates of the threshold).

Here we explore how estimates of effects of expenditure that can be observed (i.e. on mortality) can be
used to infer the likely effects on what cannot be directly observed (Qol), rather than making extreme
assumptions that are not credible (e.g. assuming that changes in expenditure will have no effects on
QoL outcomes).

In Using ratios of quality-adjusted life-years to years of life lost we use three alternative estimates of the
ratio of QALYs to life-years lost due to different types of disease as a means of inferring the change in
QALYs that is likely to be associated with the estimated change in YLL (i.e. applying the total QALYs lost
associated with each YLL with disease). This is consistent with regarding the estimates of the mortality
and life-year effects as a surrogate for a more complete measure of the health effects of a change

in expenditure.

However, these ratios of QALYs lost to life-years lost due to disease in those PBCs where outcome
elasticities could not be estimated cannot inform estimates of the threshold (there are no estimated
life-year effects with which to apply the ratios). Nonetheless, the sources of information on which ratios
are based also provides much of the information required to calculate the QALY burden of disease in
these areas, which can be used to inform estimates of the threshold. Therefore, in Using estimates of the
quality-adjusted life-years burden of disease we use estimates of the QALY burden of disease, infer a
proportionate effect on burden from the estimated effects on life-years, and then apply this proportionate
effect to the measures of QALY burden for all the other PBCs. In this way we can use all the information
available about the mortality and QoL effects of the different types of disease that make up each PBC,
including those where mortality-based outcome elasticities are not available.

Using ratios of quality-adjusted life-years to years of life lost

The ratio of the total QALYs to YLL due to a disease indicates the number of QALYs associated with each
YLL. Therefore, any change in YLL is likely to generate a number of QALYs indicated by the ratio — if it is
reasonable to interpret the estimated effects on mortality and life-years as a surrogate for a more complete
measure of total health effects. For example, a disease with a ratio > 1 suggests that each YLL across the
at risk population is associated with more than 1 QALY (i.e. where there are significant QoL effects while
experiencing the disease).” Therefore, a change in expenditure that leads to 1 YLG in this type of disease
may be expected to generate > 1 QALY and a greater QALY effect than the same life-year effects in a
disease where this ratio is < 1 (i.e. where most of the effect of disease is on mortality rather than Qol).
Therefore, information which allows these ratios to be estimated for the diseases that make up each PBC
provides a means of accounting for the likely effect on QoL other than through effects on mortality.

To understand the differences between the three ratios presented below it is useful to regard the total QALY
lost to YLL ratio (R) for a particular disease as the sum of two ratios: (i) the QALYs lost due to premature death
to YLL ratio (Reean);™® and (i) the QALYs lost during disease (while alive) to YLL ratio (R.i.) (see Using ratios of
quality-adjusted life-year to years of life lost in Appendix 3 for more detailed explanation).
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Disability-adjusted life-year to years of life lost ratios

The WHO GBD study provides UK-specific estimates of the years of life lived with disability (YLD) and
the YLL due to different types of disease (classified by U-codes that can be mapped to ICD-10,

see From mortality to life-years and Addendum 1: data sources in Appendix 3). The GBD study uses
disability-adjusted life-years (DALYs) as a measure of the burden of disease. This DALY measure has two
components: (i) the YLD, which incorporates weights (between 0 and 1) to reflect the scale of disability
experienced each year and the number of YLDs over the durations of disease; and (ii) the YLL. The total
DALY associated with a disease is simply YLL + YLD. Therefore, the DALY to YLL ratio is (YLL + YLD)/
YLL or equivalently YLL/YLL + YLD/YLL. As the first term (YLL/YLL = Rgearn) Must equal 1 and the second
(Raive = YLD/YLL) must be >0, a ratio based on DALYs must necessarily be bounded below by 1. This is
illustrated in Table 22 for four different types of diseases (classified by U-codes) which reflect diseases
where mortality is the major component (e.g. U016) and where the impact of disease on the QoL while
alive is the major component (e.g. U141).

Adjusting disability-adjusted life-years for quality-of-life norms

The use of DALY ratios bounded below by 1 essentially assumes that YLL would have otherwise been lived
in a state of full health. As was discussed in Quality of life based on the general population this is not
credible given information available about the QoL in the general population (see Figure 3). It would lead
to over estimating the QALYs associated with mortality and life-year effects and underestimating the cost
per QALY threshold. Therefore, it is important to adjust these DALY ratios for the QoL norms by age and
gender in the same way as described in Quality of life based on the general population. The effect of this
adjustment™ is illustrated in Table 23. Now those types of disease where mortality rather than QoL with
the disease is the major component can have ratios < 1. Indeed, the first term of these ratios (Rgeam) IS
consistent with, and is implied by, the analysis in Quality of life based on the general population where the
ratio of quality-adjusted net YLL to unadjusted net YLL represents this ratio on average for each PBC.

TABLE 22 Examples of DALY to YLL ratios

U037 (other infectious diseases) 1.23 (1+0.23)
U016 (tetanus) 1.00 (1+0)

U061 (mouth and oropharynx cancers) 1.05 (1+0.05)
U141 (spina bifida) 2.34 (1+1.34)P°

a Given the short disease duration, it is only mortality effects that contribute to the ratio.
b QoL effects during disease contribute significantly to estimates of the ratio.

TABLE 23 Examples of modified DALY to YLL ratios

U037 (other infectious diseases) 1.01 (0.78+0.23)
U016 (tetanus) 0.78 (0.78 +0)

U061 (mouth and oropharynx cancers) 0.83 (0.78+0.05)
U141 (spina bifida) 2.18 (0.85+1.34)
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Using quality-of-life estimates (based on Health Outcomes Data Repository

and Medical Expenditure Panel Survey data)

The disability weights used in the DALY measure are not based on the same description of health states
as the EQ-5D measure, nor are the weights based on a representative sample of the UK population
responding to choice-based elicitation questions. EQ-5D-based QoL decrements (adjustments to
age-related QoL norms) associated with different types of disease can be estimated from HODaR and
MEPS data (previously described in Adjusting age-related quality-of-life for disease decrements).” These
disease-related QoL decrements be can be calculated for each U-code (based on the contributing ICD-10
codes) so can be used to replace the DALY disability weights in R, reported in Tables 22 and 23.”
This final adjustment is illustrated in Table 24 and turns, what were originally, DALY ratios into EQ-5D
QALY ratios.®™ For these reasons we regard the QALY to YLL ratios rather than DALY or modified DALY
ratios as the preferred basis of estimating a cost per QALY threshold that provides a more complete
picture of the likely health effects of changes in expenditure.

Allocating effects at programme budget category level to International

Classification of Diseases codes

Tables 22-24 illustrate how QALY ratios can be calculated for and differ by U-code.” Unsurprisingly, these
ratios differ across the type of diseases that make up each PBC (see Table 147 in Appendix 3). When using
this information to estimate a cost per QALY threshold the mortality and life-year effects observed at PBC
level must be allocated in some way to the component ICD-10 codes before ratios are applied to life-year
effects and the resulting QALY effects are summed across all the contributing ICD-10 codes.”™ For this
reason it is important to consider how other information might inform the different ways in which the
effects observed at PBC level might be generated by the distribution of impacts at ICD-10 level (i.e. where
investment or disinvestment is likely to occur within the PBC and, therefore, which ICD-10 codes are likely
to contribute most to overall health effects).

An important and complementary element to the econometric analysis of routinely reported information
at PBC level was to investigate whether or not other information, commonly available at a local level
within the NHS, might provide a useful indication of where, within a PBC, investment or disinvestment is
more likely across the NHS. The details of this investigation are reported in Addendum 2: the role of data
on local NHS decisions in Appendix 3. The review of local data sources suggested that there are very

few routinely collected data on investment and disinvestment by local NHS organisations beyond the
high-level aggregate data on spending by PBC which are used in the econometric analysis. Although more
disaggregated data on spending decisions about specific services relevant to particular ICD-10 codes could
in principle be acquired through additional primary research (surveys or freedom of information requests),
this would be costly and with a risk that information acquired in this way may not be complete, consistent
or representative.

In the absence of useful information at a local level it is possible to assume that a change in PBC
expenditure will be allocated equally (on a per-patient basis) across the component ICD-10 codes (i.e. any
investment or disinvestment is equally likely across the population at risk within the PBC). Hospital Episode
Statistics (HES) (see Addendum 1: data sources in Appendix 3) provides information about the costs
associated with each ICD-10 code by PCT so it is possible to establish which ICD-10 codes contribute most

Examples of QALY to YLL ratios (HODaR and MEPS)

U037 (other infectious diseases) 1.37 (0.78 +0.60)
U016 (tetanus) 0.78 (0.78+0)

U061 (mouth and oropharynx cancers) 0.80 (0.78 +0.02)
U141 (spina bifida) 1.88 (0.85+1.03)

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Claxton et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.



to the variability in HES costs within a PBC across PCTs. Those that contribute most to this variance might
be expected to be more likely to have been subject to differential investment or disinvestment
across PCTs.™

There are differences in relative weight assigned to ICD-10 code based on the size of the population or its
contribution to variance in HES costs. If investment or disinvestment within a PBC tends to focus on ICD-10
codes representing areas of marginal value, the health effects of a change in PBC expenditure may be
overestimated and a cost per QALY threshold underestimated when allocating effects equally across the
population at risk within each PBC. However, weighting ICD-10 codes based on HES data is likely to favour
those ICD-10 codes which represent more severe disease requiring more hospital care. This may over
represent ICD-10 codes with lower QALY to YLL ratios if mortality effects tend to be a major component
of these types of disease and may be conservative with respect to the health effects of changes

in expenditure.

The implications for a cost per QALY threshold that uses the estimated mortality and life-year effects as a
surrogate for a more complete measure of the likely health effects (i.e. that includes QoL as well as QALY
effects) is summarised in Table 25. These results use the contribution to variance in HES costs to ‘weight’
the different ICD-10 codes within a PBC (when allocating the life-year effects), before applying the QALY
ratios associated with each ICD-10 code (see Table 143 in Appendix 3).

The QALY to YLL ratio implied by this analysis for all 11 PBCs with outcome elasticities is 1.52, which
suggests that every (unadjusted) life-year is associated with 1.52 QALYs on average across these PBCs.
However, this implied QALY ratio differs across these PBCs, ranging from 0.79 in PBC 2 to 15.05 in

PBC 18 + 19 (see Table 145 in Appendix 3). As all the analysis in this section seeks to use the estimated
mortality and life-year effects as a surrogate for a more complete measure of likely health effects, it is the
cost per QALY threshold for all 23 PBCs that is most relevant. As expected, this threshold (£11,638) is
lower than a cost per QALY threshold based only the QoL adjusted YLL effects (£21,047 in Table 21 that
assumes no effects of NHS expenditure on QoL itself). This difference gives some indication of the relative
importance of QALY effects due to avoidance of premature death and the QALY effects of avoiding
disability during disease.

Table 26 reports how the estimated QALY effects for each PBC can be decomposed into that part
associated with life-year effects and that part associated with ‘pure’ QoL effects. These results appear
credible for the first 11 PBCs, where those for which mortality is the major concern have a much greater
share of total QALY effects associated with avoidance of premature death (e.g. PBC 2 and PBC 10)
compared with those where QoL is the major concern (e.g. PBC 7).%°

The ratios of QALYs to YLL due to disease in those PBCs where outcome elasticities could not be estimated
cannot be used to inform estimates of the threshold because there are no estimated life-year effects with
which to apply the ratios. Therefore, as in previous sections, the estimated effect of expenditure on health
for the 11 PBCs with outcome elasticities is applied to the estimated changes in PBC expenditure for the

Summary of the QALY threshold using QALY to YLL ratios

All big four programmes 5402 6419 5990
11 PBCs (with mortality) 9958 11,718 10,297
All 23 PBCs 11,254 13,244 11,638°
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TABLE 26 Decomposing estimated QALY effects by PBC

2 Cancer 1699 1641 97 3
10 Circulatory 6713 4856 72 28
[N Respiratory 3215 923 29 71
13 Gastrointestinal 3605 1193 33 67

1 Infectious diseases 27 11 40 60

4 Endocrine 2036 323 16 84

7 Neurological 342 52 15 85
17 Genitourinary 12 6 52 48
16 Trauma and injuries 0 0 N/A N/A
18+19  Maternity and neonates 273 15 6 94

3 Disorders of blood 1087 547 50 50

5 Mental health 19,828 9979 50 50

6 Learning disability 2990 1505 50 50

8 Problems of vision 2348 1181 50 50

9 Problems of 621 313 50 50

hearing
12 Dental problems 2282 1148 50 50
14 Skin 1021 514 50 50
15 Musculoskeletal 1469 739 50 50
20 Poisoning and 426 215 50 50
adverse events
21 Healthy individuals 1781 896 50 50
22 Social care needs 6566 3304 50 50
23 Other 0 0 N/A N/A

N/A, not applicable.

other 12 PBCs (excluding GMS for the reasons given in from mortality to life-years), i.e. assuming that the
health effects that can be observed from a change in expenditure will be similar to those that cannot.
However, the use of QALY ratios also implies that the share of total health effects between QALY effects
and that part associated with ‘pure’ QoL effects are also similar to those PBC with estimated outcome
elasticities. Summing the different types of health effects across these 11 PBCs suggests that 50% is due
to avoidance of premature death and 50% is due to avoidance of disability. This is clearly not credible
when applied to the other PBCs. For example, to mental health, vision and hearing are likely to have a
much greater share of total health effects associated with QoL effects and very little associated with
premature mortality.

The problem is that using QALY to YLL ratios means that much of the information that is available
about the other 12 PBCs cannot be used to inform the estimates of the cost per QALY threshold.
Fortunately, the sources of information on which ratios are based also provide much of the information
required to calculate the QALY burden of disease in these areas. Using estimates of the quality-adjusted
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life-year burden of disease explores how measures of burden can be used to estimate a cost per QALY
threshold that captures the likely effects of a change in expenditure on all aspects of health while using all
the information that is available about all the PBCs.

In this section we use estimates of the QALY burden of disease to infer QALY effects in those PBCs where
the mortality effects of changes in expenditure can be observed and then extrapolate the estimated
proportionate effects to those PBCs where the health effects of changes in expenditure cannot be
observed. The estimated proportionate effect of change in expenditure on the life-year burden of disease
in the 11 PBCs where mortality-based outcome elasticities could be estimated are applied to measures of
QALY burden in each of these PBCs (i.e. effects on the mortality burden of disease are used as a surrogate
for effects on QALY burden). The proportionate effect on burden of disease due to the change in
expenditure across these PBCs can then be applied to measures of QALY burden in the other 11 PBCs
where mortality effects could not be estimated (i.e. the observed effects of changes in expenditure on
burden of disease is extrapolated to the other PBCs where health effects cannot be observed). In this way
we can use all the information available about the mortality and QoL effects of the different types of
disease that make up each PBC, particularly those where mortality-based outcome elasticities are not
available. Applying a proportionate effect to measures of QALY burden of disease is equivalent to
assuming that any effects on life-years are lived at a QoL that reflects a proportionate improvement to the
Qol with disease. It also allows QoL effects of changes in expenditure to be included; also based on
proportionate improvement in the QoL with disease.

Previously in Chapter 3 and From mortality to life-years, Adjusting life-years for quality-of-life and Using
ratios of quality-adjusted life-years to years of life lost, expenditure elasticities were not estimated for the
other 11 PBCs where outcome elasticities could not be estimated because the same health effect of
changes in expenditure was assumed (i.e. it did not matter how changes in expenditure was allocated
between them). However, in this section it does matter how the remaining change in expenditure is
allocated between the other 11 PBCs as they have different QALY burdens so different implied health
effects of expenditure. Therefore, expenditure elasticities are estimated for all 23 PBCs (see column 2 of
Table 108 in Appendix 3). However, it is not possible to estimate expenditure equations for all 23 PBCs
simultaneously (see Chapter 5, Future research and improving estimates of the threshold), so the

23 independently-estimated expenditure elasticities do not account for all of the change in overall spend
(i.e. the sum of changes in PBC expenditure based on the estimated PBC expenditure elasticities accounts
for a < 1% change in total spend). This remaining change in total spend is allocated between all 23 PBCs
reflecting their relative share of changes in expenditure based on their estimated expenditure elasticities
[see column (4) of Table 108 in Appendix 3].*

The total QALY burden of disease for the population with disease in a particular year includes

(i) the quality-adjusted YLL due to all the disease-related mortality that could occur in this population
over their remaining duration of disease; and (i) the reduction in QoL while alive also for their remaining
disease duration. However, applying the estimated proportionate effects on mortality and life-years to
such a measure of total burden would provide an estimate of the effects of a change in expenditure, not
just in 1 year, but in all the remaining years of disease for the population at risk in that year. Recall from
From mortality to life-years that we have adopted the conservative assumption that changes in expenditure
will only have health effects in 1 year for the population with disease in that year. Therefore it is not a
measure of total burden that is required, but a measure of the QALY burden of disease during 1 year for
the population with disease (prevalent and incident) in that year. The estimated outcome elasticities can
then be appropriately applied to this measure of burden.”

The information from GBD used to derive QALY ratios in Using ratios of quality-adjusted life-years to years
of life lost includes information about the YLL and duration of disease for those incident to a U-code

[i.e. the measure of QALY burden from the information included in the ratios is a measure of the total
burden of the disease, but only for the population that is incident (rather than the total population with
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disease) in 1 year]. Assuming that incidence is stable over the disease duration, this is also equivalent to
the QALY burden of disease during 1 year for the population with disease (i.e. those that are incident and
prevalent) in that year.®

However, in moving from ratios to absolute measures of burden it becomes more important to examine
and then adjust for any inconsistency between information about YLL and size of the incident population
from GBD (which is available by U-codes and can be mapped to ICD-10 codes), and the information about
net YLL and observed deaths for each PBC based on ONS data as described in Inferring excess deaths

(see Table 146 in Appendix 3).*

The implications for the cost per QALY threshold of using information about the QALY burden of disease
for all PBCs rather than QALY ratios for those where an outcome elasticity can be estimated are reported
in Table 27. The QALY effects of a change in PBC expenditure are a weighted average of the QALY effects
within each of the ICD-10 codes that contribute to the PBC. The figures reported in Table 27, column (2)
are based on weighing the effects at ICD-10 level by the proportion of the total PBC population

within each contributing ICD-10 code, rather than the contribution to variance in HES costs.™

The cost per QALY threshold for the 11 PBCs with outcome elasticities is lower using a measure of

QALY burden (£5128) rather than the QALY ratios (£10,297) described in Mortality and years of life lost.
This is in part because GBD calculates YLL in the same way as published NHS IC figures and so will tend to
overestimate a net YLL which accounts for counterfactual deaths (see Years of life lost and accounting for
counterfactual deaths). This will make little difference to the first term in the QALY ratio (Ryean) Used

in Mortality and years of life lost coverage as an overestimate of YLL affects both denominator and
numerator of the ratio. However, the second term (R.i.) is likely to be underestimated. Therefore the ratios
used in Using ratios of quality-adjusted life-years to years of life lost will tend to underestimate the QALY
effects of expenditure and overestimate the cost per QALY threshold (see Table 27). We are able to adjust
the GBD-based measure of QALY burden for this overestimation of net YLL in calculating the QALY
threshold reported in Table 27, column (2).%

As the purpose of this section is to use the estimated mortality and life-year effects as a surrogate for a
more complete measure of likely health effects, it is the cost per QALY threshold for all 23 PBCs that is of
most relevance. The cost per QALY threshold for all 23 PBCs is based on applying the proportionate effects
on the QALY burden of disease, based on the observed effects of changes in expenditure on mortality in
the 11 PBCs with outcome elasticities, to the QALY burden of disease in the other PBCs. This generates

a higher cost per QALY threshold (£10,187) than the one based only on the 11 PBCs with outcome
elasticities (£5128). The reason is that the QALY burden of disease in the other PBCs is, in general, lower
than the QALY burden of disease across those PBCs where outcome elasticities can be estimated

(see Table 147 in Appendix 3). Therefore, applying the same proportionate effects to a lower QALY
burden generates a smaller health effect of a change in expenditure.®

Summary of the cost per QALY threshold

All big four programmes 5990 3036
11 PBCs (with mortality) 10,297 5128
All 23 PBCs 11,638 10,187°
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In essence the difference between the estimates in Table 27 is that in column (1) the absolute effect on
health associated with an absolute change in expenditure is extrapolated to the other PBCs, whereas in
column (2) it is the relative effect on health of an absolute change in expenditure that is extrapolated. As
we know that QALY burden differs between (and within) PBCs and especially between the groups of PBCs
with and without estimated outcome elasticities (see Table 7147 in Appendix 3),” it is the values based on
QALY burden in column (2) that are regarded as most credible and represent our central or best estimate.

A detailed breakdown of changes in expenditure and changes in QALYs across all PBCs is provided in
Table 150 in Appendix 3, both when the analysis is based on QALY ratios and when it is based on QALY
burden of disease. A comparison of these values suggests that QALY effects for the other PBCs are
generally lower and therefore the cost per QALY for each of these PBCs are, in general, higher when based
on a proportionate effect on QALY burden. Of course, we have not directly observed QoL effects in these
PBCs but inferred them from the proportionate effects that we can observe. Insofar as investment and
disinvestment opportunities in these PBCs might have been more valuable (offered greater improvement
in QoL)* than suggested by the implied PBC thresholds, then overall QALY effects will tend to be
underestimated and the cost per QALY threshold overestimated. For the reasons discussed in previous
sections, we regard all the costs per QALY threshold reported in column (2) of Table 27 as on balance
conservative with respect to overall health effects of a change in expenditure. However, the estimate of
£10,187 may be conservative with respect to health effects (i.e. overestimated), as it is based on an
extrapolation of the proportionate effects to measures of burden on these PBCs, rather than observations
of the direct impact of changes in expenditure on QoL in these types of disease. This is especially important
in PBC 5 (mental health disorders), which accounts for a large proportion of the change in overall
expenditure (22%) and where a review of the evidence suggests that the investment and disinvestment
opportunities in this PBC may have been more valuable than the implied PBC cost per QALY of £13,876
(see Table 155, Appendix 3 and Addendum 3: characterisation of the investment and disinvestment decisions
in mental health — depression and schizophrenia).” The lower cost per QALY threshold for the 11 PBCs with
outcome elasticities (£5128) might be regarded as more secure in this respect but they only account for a
proportion (38%) of any change in overall expenditure (see Table 155 in Appendix 3).

Table 28 reports how the estimated QALY effects based on measures of QALY burden for each PBC can be
decomposed into that part associated with life-year effects adjusted for quality and that part associated with
‘pure’ QoL effects. These results are similar to those reported in Table 26 which were based on QALY ratios
for the 11 PBCs with an estimated outcome elasticity. Those PBCs for which mortality is the major concern
have a much greater share of total QALY effects associated with avoidance of premature death (e.g. PBC 2
and PBC 10) compared with those where QoL is the major concern (e.g. PBC 7). The differences tend to
favour QALYs gained though avoidance of disability, which reflects the underestimation of the effects on
‘pure’ QoL when using QALY ratios based on estimates of YLL from GBD (see the discussion above).*

The QALY to YLL ratios that are implied by this analysis are reported in Appendix 3, Table 152. As expected
the implied QALY ratio across all 11 PBCs with outcome elasticities is higher (3.05*®) than reported in Using
ratios of quality-adjusted life-years to years of life lost because the previous bias against QoL effects by using
QALY ratios based on unadjusted GBD information has been removed.

In Using ratios of quality-adjusted life-years to years of life lost the ratios of QALYs to YLL due to disease

in those PBCs where outcome elasticities could not be estimated could not be used to inform estimates

of the threshold or indicate how any total health effects in these other PBCs are likely to be ‘shared’
between life-year effects adjusted for quality and that part associated with ‘pure’ QoL effects (see Table 26).
By applying the observed proportionate effects of changes in expenditure to measures of QALY burden

of disease in these other PBCs, the likely share of any effects on QALYs between avoidance of premature
mortality and avoidance of disability more closely reflect the nature of these types of diseases (see Table 28).
As expected, a much greater proportion of QALY effects are associated with QoL during the disease
compared with the 11 PBCs where mortality-based outcome elasticities could be estimated. The share

of effects in particular PBCs are also much more credible. For example, in PBC 5 (mental health disorders)
the overwhelming share of QALY effects are associated with QoL itself and for others, such as PBC 12
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TABLE 28 Decomposing estimated QALY effects by PBC

2 Cancer 2121 1968 93 7
10 Circulatory 8347 5727 69 31
11 Respiratory 28,072 1072 4 96
13 Gastrointestinal 3922 1446 37 63

1 Infectious diseases 74 13 18 82

4 Endocrine 6905 380 5 95

7 Neurological 1361 60 4 96
17 Genitourinary 34 8 22 78
16 Trauma and injuries 0 0 N/A N/A
18+19  Maternity and neonates 14 10 69 31

3 Disorders of blood 1215 62 5 95

5 Mental health 10,878 949 9 91

6 Learning disability 207 41 20 80

8 Problems of vision 561 22 4 96

9 Problems of hearing 1168 9 1 99
12 Dental problems 578 1 0 100
14 Skin 103 38 37 63
15 Musculoskeletal 1005 50 5 95
20 Poisoning and 42 7 16 84

adverse events
21 Healthy individuals 40 6 16 84
22 Social care needs 0 0 N/A N/A
23 Other 0 0 N/A N/A

N/A, not applicable.

(dental problems), PBC 9 (problems of hearing) and PBC 8 (problems of vision); almost all effects are
associated with QoL rather than mortality and life-years. For this, and the other reasons discussed above,
the analysis based on measures of QALY burden are regarded as the best estimate of a cost per QALY ratio
that reflects a more complete picture of the likely health effects of changes in overall expenditure.

Summary of the cost per quality-adjusted life-year threshold

The results of the three sequential steps of analysis described in this chapter are summarised in Table 29.

In From mortality to life-years we explored ways in which the estimated effects on mortality from the
econometrics work in Chapter 3 might be better translated in to life-year effects by overcoming some of

the limitations of mortality data available at PCT level and taking account of counterfactual deaths. The results
of this analysis were reported in Table 28 and are repeated in column (1) of Table 29.° In Adjusting life-years
for quality-of-life we considered how the estimated life-year effects might be adjusted for the QoL in which
they are likely to be lived, taking account of the gender and the age at which life-years are gained or lost

(see Table 21). The results of this analysis are repeated in column (2) of Table 29. Finally in Including
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TRANSLATING MORTALITY EFFECTS INTO LIFE-YEARS AND QUALITY-ADJUSTED LIFE-YEARS

TABLE 29 Summary of cost per QALY threshold estimates

(1) From mortality to (2) Adjusting life-years for (3) Including quality-of-life
PBC grouping life-years analysis quality-of-life analysis effects during disease analysis
Qol associated 1 Norm
with life extension
QoL during disease 0 0 Based on burden
Best estimate

(1) All big £8080 £9631 £3036
four programmes

(2) 11 PBCs £15,628 £18,622 £5128
(with mortality)

(3) All 23 PBCs £17,663 £21,047 £10,187
Lower bound

(4) All big £3846 £4252 £674
four programmes

(5) 11 PBCs £6106 £6852 £860
(with mortality)

(6) All 23 PBCs £6901 £7744 £1843
Upper bound

(7) All big £16,432 £17,456 £6292
four programmes

(8) 11 PBCs £32,387 £34,492 £10,626
(with mortality)

(9) All 23 PBCs £36,604 £38,983 £21,111
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quality-of-life effects during disease we explored ways to also take account of the likely effects of changes in
expenditure on QoL during disease as well as the effects associated with mortality and life-years [see Table 29,
column (3)]. These estimates provide our central estimate of a cost per QALY threshold, because they make
best use of available information while the assumptions required, which on balance are likely to be
conservative with respect to health effects, appear more reasonable than the other alternatives available.”™
The estimate of £5128 per QALY [see Table 29, line (2)] is restricted to the effects of changes in expenditure
in the 11 PBCs where outcome elasticities can be estimated. Although this might be regarded as more
secure, these PBCs only account for a proportion of a change in overall expenditure [approximately 38%,
see column (6) in Table 108 in Appendix 3]. The threshold of £10,187 uses the estimated proportionate
effects of expenditure on the QALY burden of disease in these PBCs as a surrogate for proportionate effects
in the others (i.e. assuming that the effects that can be observed will be similar to those that cannot).

As discussed in Using estimates of the quality-adjusted life-years burden of disease there are reasons to
suspect that this may underestimate health effects in these PBCs which have most influence on the overall
threshold. As in previous sections, no health effects are assigned to PBC 23 (GMS) on the basis that any
health effects of this expenditure would be recorded in the other PBCs.** Therefore, the best or central
estimate of cost per QALY threshold is £10,187 [see Table 29, column (3), line (3)]. However, this estimate
reflects changes in undiscounted QALYs associated with changes in expenditure. Although all the health
effects of a change in expenditure are restricted to 1 year (so no discounting is necessary) some of the
QALY effects of a change in mortality in that year will occur in future years, so in principle should be
discounted. However, discounting these life-year effects, even at the higher rate of 3.5% recommended

by NICE, only increases the cost per QALY threshold to £10,333 (see Table 154 in Appendix 3 for
discounted values).

As in previous sections of this chapter, the upper and lower bounds for the cost per QALY thresholds in
Table 29, column (3) are based on making the necessary assumptions about duration of health effects

and how long a death might be averted optimistic (providing the lower bound for the threshold) or
conservative (providing an upper bound for the threshold). The lower bound [see Table 29, lines (4)—(6)] is
based on assuming that health effects are not restricted to 1 year but apply to the whole of the remaining
disease duration of the population at risk in PBCs during 1 year. Although this combines optimistic
assumptions, it is possible that at least some part of a change in expenditure may prevent disease so will
have an impact on populations that are incident to PBCs in the future. Such effects are not captured in any
of the estimates presented in this chapter so all are conservative with respect to this type of health effects
of expenditure. The upper bound [see Table 29, lines (7)-(9)] is based on the combination of assuming that
health effects are restricted to 1 year for the population currently at risk and that any death averted is only
averted for 2 years (see Summary of cost per life-year estimates).
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Chapter 5 Implications for a policy threshold

Introduction

The three sequential steps of analysis, which provide a cost per life-year threshold (see Chapter 4, From
mortality to life-years) through a cost per life-year adjusted for quality (see Chapter 4, Adjusting life-years
for quality-of-life) to a cost per QALY threshold (see Chapter 4, Including quality-of-life effects during
disease), have been explained in Chapter 4 using the analysis of 2006 expenditure and mortality data from
2006 to 2008 (see Instrumental variable estimation in Chapter 3 and Model estimation using 2006/7
expenditure data and mortality data for 2006/7/8: CARAN need and two market forces factors in
Appendix 2) to illustrate the implications for the threshold estimates. At each step we explored the
different ways that routinely available data could be used and how additional information could improve
our estimates. In doing so we identified a preferred analysis at each stage based on which made the best
use of available information, whether or not the necessary assumptions appeared more reasonable than
the alternatives available, and which provided a more complete picture of the likely health effects of a
change in expenditure. Although other assumptions and judgements are possible that retain some level of
plausibility, they do not necessarily favour a higher threshold. Indeed, when considered together, they
suggest that on balance the central or best estimate presented in Chapter 4 and in Table 30 is, if anything,
likely to be an overestimate (see How uncertain are the estimates and what are the implications? for a
more detailed discussion and summary). In Future research and improving estimates of the threshold we
discuss how some of these remaining uncertainties might be resolved through access to additional and
better data and the type of analysis that would then be possible.

Re-estimating the cost per quality-adjusted life-year threshold
using more recent data

The same methods of analysis can be applied to the econometric analysis of the 2008 expenditure and
2008 to 2010 mortality data (see 2008/9 expenditure data and mortality for 2008/9/10 in Chapter 3 and
The correlation between the outcome and expenditure elasticities in Appendix 2). The differences between
the 2006 analysis reported in Chapter 4 and the analysis of expenditure in 2008 reported below are the
(i) total PBC expenditure; (i) estimated expenditure elasticities; (iii) estimated outcome elasticities;

(iv) observed PBC deaths by age and gender; and (v) LE by age and gender. The other information about
QoL norms (see Chapter 4, Quality of life based on the general population), disease-related decrements
in QoL (see Chapter 4, Adjusting age-related quality-of-life for disease decrements) and the information
from GBD about incidence and duration of disease remain unchanged between 2006 and 2008

(we discuss how these estimates might be improved through access to more recent and better data

in Future research and improving estimates of the threshold).

It should be noted that important improvements were made to the classification and collection of PBC
expenditure data that took place after the 2006 data were collected. Therefore, the differences in
threshold estimates between 2006 and 2008 partly reflect this (see Comparing the cost of life-year
estimates associated with different data sets in Chapter 3 and Comparing the cost of life-year estimates
associated with different data sets in Appendix 2) so should not be overinterpreted. The results of

the analysis of 2007 and 2008 expenditure are comparable in this respect, providing insights into how the
threshold might change over time and with changes in the overall budget. The implications of this analysis
on the need for periodic reassessment are discussed in How does the threshold change with overall
expenditure? For the purposes of this methodological research the 2008 expenditure and 2008-10
mortality data were the latest to be analysed. As it is the analysis of the most recent data that is of most
policy relevance, our discussion throughout this section is based on analysis of 2008 expenditure, although
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IMPLICATIONS FOR A POLICY THRESHOLD

TABLE 30 Summary of cost per QALY threshold estimates (expenditure in 2008)

(1) From mortality to

PBC grouping life-years analysis

(2) Adjusting life-years
for quality-of-life analysis

(3) Including quality-of-life
effects during disease analysis

Qol associated with 1
life extension

QoL during disease 0
Best estimate

Norm

Based on burden

(1) All big £10,220
four programmes

(2) 11 PBCs £23,360
(with mortality)

(3) All 23 PBCs £25,214
Lower bound

Effect of expenditure Remainder of disease
on mortality duration
(4) All big £5083
four programmes

(5) 11 PBCs £8579
(with mortality)

(6) All 23 PBCs £9260
Upper bound

£12,338

£28,045

£30,270

Remainder of disease
duration

£5811

£9861

£10,644

£4872

£8308

£12,936

Remainder of disease
duration

£1194

£1175

£2018

(7) All big £23,346
four programmes

(8) 11 PBCs £52,936
(with mortality)

(9) All 23 PBCs £57,136

£26,138

£59,151

£63,844

£11,040

£18,827

£29,314
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the same sensitivity analysis (see Which programme budget categories matter most?) and analysis of
uncertainty (see How uncertain are the estimates and what are the implications?) is available for 2006 and
2007 expenditure (see How uncertain are the estimates? in Appendix 3).

It is unnecessary to repeat all the analysis presented in Chapter 4, From mortality to life-years, Adjusting
life-years for quality-of-life and Including quality-of-life effects during disease (the details of each stage of
the analysis of 2008 data can be found in Appendix 3). Instead the results of the three sequential steps

of analysis are summarised in Table 30. They include (i) the cost per life-year [see Table 30, column (1)],°
based on the methods of analysis outlined in Chapter 4, From mortality to life-years; (ii) the cost per
life-year adjusted for QoL [see Table 30, column (2)],° based on the methods of analysis outlined in
Chapter 4, Adjusting life-years for quality-of-life; and (iii) the cost per QALY [see Table 30, column (3)],
based on the methods of analysis outlined in Chapter 4, Using estimates of the quality-adjusted life-year
burden of disease. These estimates, in Table 30, column (3), take account of the likely effects of changes
in expenditure on QoL during disease as well as the effects associated with mortality and life-years; making
best use of available information, while the assumptions required appear more reasonable than the other
alternatives available. For this reason these estimates remain our central or best estimates for all the waves
of expenditure and mortality data.

The estimate of £8308 per QALY [see Table 30, column (3), line (2)] is restricted to the effects of changes
in expenditure in the 11 PBCs where outcome elasticities can be estimated. However, these PBCs only
account for a proportion of the change in overall expenditure (approximately 50%, Table 37). As was
explained in Chapter 4, Using estimates of the quality-adjusted life-year burden of disease and Summary of
the cost per quality-adjusted life-year threshold, the QALY threshold of £12,936 [see Table 30, column (3),
line (3)] uses the estimated proportionate effects of expenditure on the QALY burden of disease in the

11 PBCs as a surrogate for proportionate effects in the others (i.e. assuming that the effects that can be
observed will be similar to those that cannot), and represents our central or best estimate. As in previous
sections, no health effects are assigned to PBC 23 or 22 (GMS and social care) on the basis that any
health effects of this expenditure would be recorded in the other PBCs.“ Although this estimate of
£12,936 reflects changes in undiscounted QALYs associated with changes in expenditure, discounting

the QALY effects only increases the cost per QALY threshold to £13,141.9

The upper and lower bounds for the cost per QALY thresholds in column (3) in Table 30 are based on
making the necessary assumptions about duration of health effects of expenditure and how long a death
might be averted optimistic (providing the lower bound for the threshold) or conservative (providing an
upper bound for the threshold). The lower bound [see Table 30, lines (4)—(6)] is based on assuming that
the health effects of expenditure are not restricted to 1 year but apply to the whole of the remaining
disease duration of the population at risk in PBCs during 1 year. Although this combines optimistic
assumptions, it is possible that at least some part of a change in expenditure may prevent disease so will
have an impact on populations that are incident to PBCs in the future. Such effects are not captured in any
of the estimates presented in this report so all estimates are conservative in this respect (the possibility of

a longer and more complex lag structure for the effects of expenditure are discussed in Future research
and improving estimates of the threshold). The upper bound [see Table 30, lines (7)—9)] is based on the
combination of assuming that health effects are restricted to 1 year for the population currently at risk and
that any death averted is only averted for 2 years (see Chapter 4, Summary of cost per life-year estimates).

The estimated QALY effects associated with each PBC can be decomposed into that part due to life-year
effects adjusted for quality and that part associated with effects on QoL during disease. The proportionate
share of these different aspects of the total health effects are the same as reported in Table 28; where
those PBCs for which mortality is the major concern have a much greater share of total QALY effects
associated with avoidance of premature death (e.g. PBC 2 and PBC 10) than those where QoL

is the major concern (e.g. PBC 7).
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IMPLICATIONS FOR A POLICY THRESHOLD

TABLE 31 Impact of each PBC on the overall cost per QALY threshold (2008)

(1) % Share of change (2) % Share of total (3) Elasticity of  (4) PBC cost
PBC in overall expenditure health effects (QALY) the threshold® per QALY (f)
2 Cancer 4.47 3.41 0.34 16,997
10 Circulatory 7.59 13.95 1.40 7038
" Respiratory 4.58 29.67 2.97 1998
13 Gastrointestinal 3.20 5.68 0.57 7293
1 Infectious 3.27 2.03 0.20 20,829
diseases
4 Endocrine 1.89 7.84 0.78 3124
7 Neurological 5.98 14.11 1.41 5480
17 Genitourinary 4.64 1.37 0.14 43,813
16 Trauma and 7.70 0 0 N/A
injuries
18+ 19  Maternity and 6.83 0.03 <0.01 2,969,208
neonates
3 Disorders of 2.06 2.82 0.28 9419
blood
5 Mental health 17.86 12.32 1.23 18,744
6 Learning 1.04 0.09 0.01 149,883
disability
8 Problems of 1.94 0.55 0.05 45,788
vision
9 Problems of 0.87 1.81 0.18 6239
hearing
12 Dental problems  2.89 0.88 0.09 42,472
14 Skin 1.97 0.25 0.03 101,042
15 Musculoskeletal 3.63 3.00 0.30 15,628
20 Poisoning and 0.93 0.1 0.01 113,546
adverse events
21 Healthy 3.53 0.09 0.01 526,771
individuals
22 Social care 3.00 0 0 N/A
needs
23 Other 10.14 0 0 N/A

N/A, not applicable.
a The proportionate change in the overall cost per QALY threshold due to a 10% increase or decrease in the health effects
associated with the PBC. These elasticities are correct up to a 50% change in health effects.

Which programme budget categories matter most?

Which PBCs have the greatest influence on the overall threshold depends, to a large extent, on how a
change in overall expenditure is allocated to the different PBCs [see column (1) in Table 37],° i.e. those that
account for a greater share of the change in expenditure will tend to have the greater influence. However,
it also depends on the proportionate effect of a change in PBC expenditure on the QALY burden
associated with the PBC' and the scale of the QALY burden (for the population at risk) associated with the
type of diseases that make up each PBC.° These determine the cost per QALY associated with each PBC
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[see Table 31, column (4) and Table 180 in Appendix 3]. The share, attributable to each PBC, of the total
health effects of a change in overall expenditure [see column (2) of Table 31] is the combined effect of
all of these. The proportionate impact on the overall cost per QALY threshold of a 10% change in PBC
health effects in Table 31, column (3) gives an indication of how sensitive the overall threshold is to the
estimate of health effects associated with each PBC. It starts to suggest where further efforts to

improve estimates of the overall threshold might be most usefully directed.

Although the 11 PBCs where outcome elasticities could be estimated only account for 50% of the change
in overall expenditure, they account for 78% of the overall health effects. Within this group some PBCs
contribute more than others. For example, PBC 11 (respiratory) accounts for a greater share of total health
effects and has a higher elasticity (2.97%) than PBC 10 (circulatory) even though the latter accounts for a
greater part of a change in overall expenditure. The reason is that the cost per QALY associated with
changes in expenditure in PBC 11 is lower than PBC 10 and much lower than the overall threshold

(so generates more health effects for the same, or even smaller, change in expenditure)." The elasticities in
Table 31, column (3), are instructive, for example the elasticity for PBC 11 suggests that even if the health
effects of a change in expenditure in this PBC were overestimated by 30% the overall threshold would
increase by 8.90% to £14,089. All other PBCs have much less influence in this respect. Nonetheless,

PBC 10 is important compared with others as it does contribute a large share of total health effects and
has one of the highest elasticities (1.40%).' Also PBC 7 (neurological), although accounting for a smaller
share of a change in overall expenditure, does contribute a large share of total health effects with an
elasticity of 1.41% and a relatively low cost per QALY associated with changes in PBC expenditure.)

The other 11 PBCs, where outcome elasticities could not be estimated (excluding PBC 23, GMS) account
for a large part of a change in overall expenditure (40%) but only 22% of the overall health effects

(i.e. the cost per QALYs associated with a change in expenditure in these PBCs is, in general, higher).

Of course, we have not directly observed QoL effects in these PBCs but inferred them from the
proportionate effects that we can observe. Insofar as investment and disinvestment opportunities in these
PBCs might have been more valuable (i.e. offered greater improvement in Qol) than suggested by the
implied PBC thresholds in Table 37, column (4), the overall QALY effects will tend to be underestimated
and the overall cost per QALY threshold will be overestimated.

Programme budget category 5 (mental health disorders) accounts for a large proportion of the change in
overall expenditure (18%), contributes most to the overall health effects (12%) and has the highest
elasticity (1.23%) compared with these other PBCs. The cost per QALY associated with this PBC (£18,744)
is based on an extrapolation of estimated proportionate effects to a population-based measure of QALY
burden in this PBC, rather than observations of the direct impact of changes in expenditure on QoL in the
types of diseases that make up the PBC. Evidence that is available suggests that the investment and
disinvestment opportunities in this PBC may have been more valuable than this implied cost per QALY.

A review of the evidence of the cost-effectiveness of the investment and disinvestment opportunities that
have been available in mental health during this period is reported in Appendix 3, Addendum 3:
characterisation of the investment and disinvestment decisions in mental health — depression and
schizophrenia. A search for evidence about interventions in those ICD-10 codes that contribute most to the
PBC (based on prevalence or the contribution to the variance in PBC costs), suggests that pharmacological,
psychological and social interventions for depression are all more cost-effective (in general much

< £10,000 per QALY) than the overall threshold, and significantly more valuable than the implied QALY
threshold for this PBC. Based on the contribution that each ICD-10 code makes to variance in HES costs
across PCTs, it is schizophrenia that contributes most.* Although interventions that may have been invested
or disinvested in in schizophrenia are, in general, less cost-effective (in general < £24,000 per QALY) than
those available for depression, they do not appear any less valuable than the implied cost per QALY of this
PBC in Table 31

It is very important not to misinterpret the cost per QALY associated with each PBC in column (4) of
Table 31. These are not cost-effectiveness thresholds. That is, they do not represent the QALYs likely to be
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forgone due to costs imposed (e.g. by the approval of a new and more costly technology by NICE) in a
particular PBC because NHS expenditure is not devolved and constrained to PBC specific budgets. Rather,
the overall expenditure is constrained through government decisions about public expenditure, but within
the NHS resources (at the margin at least) can be reallocated in anything other than the very short run
across different activities and disease areas. For example, the additional net NHS costs of approving a new
but more costly technology in PBC 10 (circulatory) will not be restricted to the circulatory PBC [7.6% will,
see column (1) in Table 37], but are likely to be reallocated in the same way as an equivalent reduction in
overall expenditure [i.e. the shares of a change in overall expenditure in Table 37, column (1)]." Therefore,
the relevant cost per QALY threshold for a technology in the circulatory PBC is not £7038 but the overall
threshold of £12,936.

The primary purpose of Table 31 is to identify which PBCs have greatest influence on the estimate of the
overall threshold and examine whether the implied values for the other PBCs are likely to lead to under- or
overestimation. There are differences in the implied cost per QALY ratio between PBCs, including some with
very high implied cost per QALY (e.g. PBCs 18 + 19, 20 and 21 reflecting small estimated health effects in
the denominator), although they have limited influence on the overall estimate of the threshold. These
differences in the implied cost per QALY across PBCs should not be overinterpreted. For example, these
differences could be interpreted as evidence of a misallocation of resources (e.g. reallocating expenditure
from PBCs with higher to lower cost per QALY would improve health) if the purpose of the NHS and PCTs is
to maximise unweighted QALYs. However, rather than a misallocation, these differences (between the first
11 PBCs) might indicate that the actual QoL effects of expenditure are proportionally greater (lower) than
mortality effects in those with a higher (lower) cost per QALY, or that the health effects in these PBCs are
more socially valuable with a greater implicit weight attached to QALYs gained or lost in these areas

(e.g. maternity and neonates). The higher cost per QALY for the remaining PBCs may reflect that the actual
Qol effects of changes in expenditure may be more than proportional to QALY burden (e.g. evidence from
mental health PBC suggests that investment and disinvestment opportunities may have been more valuable
than the implied PBC cost per QALY of £18,744). Additionally, it was not possible to estimate the health
effects of changes in PBC expenditure simultaneously across PBCs. Consequently, the effects of changes in
expenditure in one PBC may be recorded in ICD-10 codes relevant to other PBCs, so it is possible that PBCs
with a higher implied cost per QALY may be contributing health effects to other (recipient) PBCs."

Whether or not these differences are regarded as evidence of a misallocation, however, is unimportant
for an estimate of a cost per QALY threshold that reflects the health effects of how changes in overall
expenditure are currently expected to be allocated. Whether or not PCTs do or should maximise QALYs
has no influence on the current estimate of the threshold, given that NICE currently uses an unweighted
QALY threshold.® In addition, insofar as local objectives do change or national policy does reallocate
expenditure, the impact of these and other changes that will take place over time will be reflected in
estimates of the threshold in subsequent periods once these changes have taken place (see How does the
threshold change with overall expenditure?).

How uncertain are the estimates and what are the implications?

There are a number of sources of uncertainty which contribute to an assessment of how uncertain a
central or best estimate of the cost per QALY threshold might be. There are three reasons why uncertainty
in the estimate of the threshold might be of policy interest: (i) the uncertainty in the parameters that
determine the threshold might influence the mean or expected value of the threshold if they have a
non-linear relationship to the threshold or when they have a multilinear relationship but are correlated
with each other; (ii) the consequences of over- or underestimating the threshold differ so the uncertainty
may have an influence on the extent to which a policy threshold (a single value that can be compared to
the ICER of a new technology) should differ from the mean or expected value of the central or best
estimate; and (iii) in conjunction with other methods of analysis™®® it can indicate the potential value of
gathering more information to improve these estimates in the future. Of course, hypothesis testing and the
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traditional rules of inference associated with it, such as statistical significance, p-values and confidence
intervals, have no relevance when making unavoidable decisions about policy relevant quantities based on
information currently available and the best use thereof.?

An assessment of parameter uncertainty

Two sets of parameters are critical to the threshold, the expenditure elasticities estimated for each of the
23 PBCs, and the outcome elasticities estimated for 11 of these. These parameters are estimated with
uncertainty, indicated by the standard errors on the relevant coefficients in the econometric analysis
outlined in Chapter 3 and detailed in Appendix 2. As these statistical models estimate coefficients using
normality on the relevant scale, normal distributions can be assigned to each of these estimated
coefficients, each with a mean and standard deviation based on the results of the econometric analysis.®
These distributions, represent the uncertainty in the mean estimate of each of the parameters and can be
propagated through the various calculations required to estimate an overall cost per QALY threshold

(i.e. through the sequence of analysis detailed in Chapter 4, From mortality to life-years, Adjusting life-years
for quality-of-life and Including quality-of-life effects during disease) using Monte Carlo simulation which
randomly samples from the assigned distributions. The results of each random sample represent one
possible realisation of the overall threshold, given the uncertainty in estimates of the mean parameter values
that determine it. By repeatedly sampling, a distribution of potential values that the overall threshold might
take can be revealed. The results of this simulation are illustrated in Figure 5 which shows the cumulative
probability density function for a cost per QALY threshold based only on the 11 PBCs with estimated
outcome elasticities and for all 23 PBCs. It represents the probability (on the y-axis) that the threshold lies
below a particular value.

It has already been noted that restricting attention only to changes in expenditure in those 11 PBCs where an
outcome elasticity can be estimated results in a much lower estimate of the threshold than considering all
changes in expenditure across all PBCs This lower estimate of £8308 per QALY is much less uncertain but these
PBCs only account for 50% of a change in overall expenditure, so it is the higher estimate, for all 23 PBCs, that
is of most relevance for policy (see Re-estimating the cost per quality-adjusted life-year threshold using more
recent data and Chapter 4, Summary of the cost per quality-adjusted life-year threshold). The fact that this
estimate is more uncertain simply reflects the quality and quantity of data currently available. As useful analysis
should endeavour to faithfully characterise uncertainty in policy relevant quantities, rather than select those

1.0 4
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Cost per QALY threshold (£000)

FIGURE 5 Cumulative probability density function for the cost per QALY threshold.
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guantities or questions for which precise estimates are possible, it is the more uncertain estimate for all 23 PBCs
that should be of primary interest. The values that are used to generate Figure 5 are available in Table 183 in
Appendix 3. They indicate that the probability that the overall threshold is < £20,000 per QALY is 0.89 and the
probability that it is < £30,000 is 0.97.

The implications of uncertainty

Integrating this parameter uncertainty into the estimates of the overall threshold does not change the
mean or expected value of the cost per QALY threshold.” This is to be expected as the expenditure and
outcome elasticities have a multilinear relationship to the overall threshold and the analysis sampled
independently from the distributions assigned to estimated coefficients. We did investigate the potential
correlation between the expenditure and outcome elasticities by repeatedly re-estimating both based on
randomly sampling with replacement the 152 PCTs — creating bootstrapped data sets where the original
PCTs could appear more than once or not at all in the re-sampled data. This analysis indicated a small
positive correlation between outcome and expenditure elasticities in four PBCs using 2006 expenditure
data (see Analysis of programme budgeting expenditure for 2007/8 and mortality data for 2007/8/9 in
Appendix 2). Such levels of correlation will tend to have a modest but positive influence on the mean value
of the cost per QALY threshold.?

Uncertainty in the estimate of the overall threshold means that a policy threshold set at its mean or
expected value may be inappropriate. Insofar as the consequences (to the NHS) of under- or overestimation
are symmetrical, then the expected or mean value would be the appropriate policy threshold irrespective
of the scale of uncertainty. However, the consequences of overestimating the threshold are more serious
than underestimating it. This is illustrated in Figure 6 which is similar to Figure 1 presented in Chapter 2.

Figure 6 shows the impact on NHB if the central estimate of £20,000 is in fact an overestimate and the
threshold should be £10,000 per QALY. In these circumstances the technology should not have been
approved at price P2. This overestimation leads to a loss of NHB of 2 QALYs as a consequence.
Alternatively, the central estimate of £20,000 may be an underestimate and the threshold should be
£30,000 per QALY. In these circumstances the technology could just as easily have been rejected or
approved based on the central estimate and price P2. However, if the threshold is £30,000 per QALY
rather than £20,000 it should be approved. If it was rejected, this underestimation leads to a loss of

Cost Threshold £30,000 per QALY
b Central estimate of the
. I threshold £20,000 per QALY
Price =P3 £60,000 |.________ ... )
; Threshold £10,000
. . e per QALY.--~
Price = P2 £40,000 ’,
: % £20,000 R
© 1 per QALY . |
Price = P1 £20,000 |---------- > “
1 2 3 4
7 N Y, Health gained
Y e
NHB NHB
2 QALY -2 QALY

FIGURE 6 Consequences of over- and underestimating the overall threshold.

NIHR Journals Library www. journalslibrary.nihr.ac.uk



VOL. 19 NO. 14

NHB of two-thirds of a QALY as a consequence (i.e. less than the loss associated with the same scale

of overestimation). If the scale of under- or overestimation of the central estimate is equally likely

(the distribution of possible values of the threshold is symmetrical) then using the mean or expected value
as a policy threshold (one that can be compared with the ICER of a new technology) will lead to a loss of
net benefit.' A policy threshold that represents the maximum the NHS can afford to pay for QALY gains
offered by a technology will be lower than the mean of the cost per QALY threshold (i.e. <£12,936) to
compensate for the more serious consequences of overestimating the ‘true’ value.” Importantly, this
remains the case even if effects are expressed in terms of their equivalent consumption value (net monetary
benefit based on WTP) rather than a measure of NHB."

How much lower a policy threshold should be set below the mean or expected value depends on three
considerations: (i) the scale of uncertainty in the estimate of the threshold (greater uncertainty implies a
lower policy threshold); (i) the scale of the incremental costs relative to incremental health benefits offered
by the technology (policy threshold should only be equal to mean estimate if there are no additional NHS
costs associated with the technology); and (iii) the skewness of the distribution of cost per QALY threshold
(a negative skew tends to offset these effects — see Figure 52 in Appendix 3). The overall scale of the impact
on a policy threshold will be specific to the additional NHS costs associated with a technology as well as the
other sources of uncertainty, discussed below, and possible correlations between expenditure and outcome
elasticities, discussed above. We have not quantitatively integrated all these considerations into an analysis
of an appropriate policy threshold, although this may be possible in future research.

Structural uncertainty

The uncertainty associated with the parameters estimated in the econometric models is only one, and

not necessarily the most important, source of uncertainty associated with the cost per QALY threshold.
The parameter uncertainty presented above is conditional on the econometric model being ‘correct’.

In particular, that the instruments used to identify the causal effect on health of changes in expenditure
are valid. Although all the models passed the relevant tests of validity, there remains some uncertainty
about the validity of the instruments used, i.e. there remains structural or model uncertainty (see Chapter 3
for an overview).”” For this reason we undertook an analysis of how sensitive estimates of outcome
elasticities might be to instrumental validity (see The identification of values to be imposed on the
coefficients on the excluded instruments in Appendix 2). We were also able to specify a distribution for
the measure of instrumental validity used in this sensitivity analysis, i.e. how ‘likely’ each value might be
(see Obtaining the outcome elasticities associated with sampled coefficients on the excluded instruments
in Appendix 2). Therefore, there are two ‘levels’ of uncertainty: (i) the parameter uncertainty (uncertainty in
estimated coefficients given a particular ‘level’ of instrumental validity); and (ii) the structural uncertainty

in the level of instrumental validity. Both sources of uncertainty were integrated by randomly sampling the
distribution of measures of instrumental validity and then, conditional on this sampled value, re-estimating
outcome equations and sampling the estimated coefficients. This analysis in Obtaining the outcome
elasticities associated with sampled coefficients on the excluded instruments of Appendix 2 shows that
model or structural uncertainty constitutes a greater part of the overall uncertainty associated with the
outcome elasticities, so fully integrating this source of uncertainty is likely to have a significant impact on
the extent to which a policy threshold should be lower than the mean or expected value of the cost per
QALY threshold. Importantly, this additional structural uncertainty has little effect on the point estimates of
the outcome elasticities, i.e. the central estimate of the cost per QALY threshold is robust to uncertainty in
instrumental validity in the econometric models.”

Other sources of uncertainty

Of course the parameter and structural uncertainty associated with the econometrics work outlined in
Chapter 3 is itself only one source of uncertainty associated with the estimated cost per QALY threshold.
Each of the steps of analysis in Chapter 4, From mortality to life-years, Adjusting life-years for quality-of-life
and Including quality-of-life effects during disease explored the different ways routinely available data could
be used and how additional information could improve the estimates. We identified a preferred analysis

(or scenario) at each stage based on which made the best use of available information, whether or not the
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assumptions required appeared more reasonable than the other alternatives available, and which provided a
more complete picture of the likely health effects of a change in expenditure. Insofar as the preferred
analysis is the only plausible scenario, there would be no other sources of uncertainty. However, other
assumptions and judgements are possible, which although they may be judged less credible might,
nonetheless, have some probability of being the most credible (given the evidence currently available).
Therefore, there will be uncertainty between these alternative ‘scenarios’ as well as within each (the
parameter and model uncertainty described above).?® Although in principle this can be integrated into

the analysis even in the absence of data to test alternative views,* we do not do so here as assigning
probabilities to alternative scenarios would be somewhat speculative and inevitably disputed. Instead we
offer a summary of the qualitative considerations. Of course any increase in the uncertainty associated with
the central estimate of the cost per QALY will impact on the extent to which a policy threshold should be
lower than the mean. However, a critical issue is whether or not consideration of other ‘scenarios’ might
change this central estimate (e.qg. if scenarios that lead to a lower estimate are judged more credible than
those that lead to higher ones). In other words the question is whether on balance the central or best
estimate of £12,936 in Table 30 is likely to be an under- or overestimate of the cost per QALY threshold.

Most of the considerations have been discussed in detail throughout Chapter 4 so are only briefly
summarised here. The key assumptions made in Chapter 4 that underpin the central estimate of the cost
per QALY threshold reported in Table 30 are briefly summarised in Table 32, including a brief indication
why such an assumption was required, the likely qualitative effect that each is likely to have on estimates
for the health effects of changes in expenditure and where these are introduced in Chapter 4.

On the one hand, there are some reasons why the health effects might be overestimated and the central
estimate of the QALY threshold underestimated (e.g. see assumptions 1-4 in Table 32). Calculating the
life-years lost that account for deaths that would have otherwise occurred as described in Chapter 4, Years
of life lost and accounting for counterfactual deaths and Inferring excess deaths is equivalent to assuming
that those deaths averted by a change in expenditure returns the individuals to the mortality risk of the
general population (matched for age and gender). Although this appears more credible than the alternative
assumptions that could be made (e.g. restricting life-year effects of changes in mortality to the period of
observed variation in mortality outcomes), it is likely to be optimistic with respect to the life-year effects of
changes in mortality, tending to underestimate the cost per QALY threshold.

On the other hand there are a number of reasons why the central estimate might be overestimated

(e.g. see assumptions 5 and 6 in Table 32). The health effects of a change in expenditure are restricted to
the population at risk during 1 year. This is undoubtedly pessimistic in three respects: (i) it means that effects
on QoL during disease only occur for 1 year (the effect of investment that might have long-term effects on
Qol, e.qg. hip replacement are excluded); (i) mortality effects are also restricted to 1 year, so the full effect of
investments that reduce mortality for patients throughout their disease duration, not just in the first year, will
not be captured; and (iii) changes in expenditure that reduce incidence in the at risk population in the future
(i.e. prevention of disease) will not be captured either. A more formal and longer lag structure in the
estimation of outcome elasticities would be likely to capture more health effects of a change in expenditure.

The effect of other assumptions that have been necessary are more ambiguous although some evidence
suggests their net effect may be conservative with respect to health effects of changes in expenditure
(e.g. see assumptions 7-9 in Table 32). The observed effects of a change in expenditure on mortality and
life-years in the 11 PBCs where outcome elasticities could be estimated was used as a surrogate for health
effects in the other 12 PBCs (excluding GMS), i.e. the estimated effects of a change in expenditure that
could be observed were used to inform those effects that currently, at least, cannot. This approach is not
necessarily optimistic with respect to overall health effects. In fact, there are reasons to believe it may
underestimate them (overestimate the threshold). As discussed previously in Chapter 4, Summary of the
cost per quality-adjusted life-year threshold and Re-estimating the cost per quality-adjusted life-year
threshold using more recent data, if this means of extrapolating from observed to unobserved effects is
rejected then threshold estimates could be based only on the health effects of changes in expenditure in
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those PBCs where outcome elasticities can be estimated. This generates a much lower cost per QALY
threshold (£8308) even if that portion of GMS expenditure was allocated to these 11 PBCs (see Chapter 4,
Summary of cost per life-year estimates). Alternatively, taking account of the large proportion of the
change in expenditure allocated to the other 11 PBCs but assuming that there are no health effects of
expenditure in all these other PBCs is not plausible. The evidence that is available about the value of
investment and disinvestment opportunities in the most important of these other PBCs (PBC 5 mental
health disorders), suggests that the health effects of changes in expenditure in this PBC might be
underestimated and the central estimate of the threshold overestimated (see Which programme budget
categories matter most? and Addendum 3: characterisation of the investment and disinvestment decisions
in mental health — depression and schizophrenia in Appendix 3).

In addition, we have also shown that the uncertainty associated with our central estimate (from all sources)
means that an appropriate policy threshold is likely to be below its mean or expected value. Finally, in
Impact of investment, disinvestment and non-marginal effects we explore how the threshold is likely to
differ when considering opportunities to make investments (i.e. an increase in overall expenditure, or cost
saving accruing to the NHS), and when disinvestment is required (a reduction in overall expenditure or costs
imposed on the NHS). This analysis shows that a cost per QALY threshold relevant to technologies which
impose costs on the NHS is likely to be less than our central estimate of £12,936. Therefore, although other
assumptions and judgements are possible that retain some level of plausibility, they do not all favour a
higher threshold. Indeed, when considered together, they suggest that on balance the central or best
estimate of £12,936 presented in Table 30 is, if anything, likely to be an overestimate. In Future research
and improving estimates of the threshold we discuss how some of these remaining uncertainties might be
resolved through access to additional and better data and the type of analysis that would then be possible.

Impact of investment, disinvestment and non-marginal effects

The central estimate of the cost per QALY threshold in Table 30 is based on estimates of the health
effects of changes in expenditure across all 152 PCTs, some of which will be making investments

(where expenditure is increasing) and others making disinvestments (where expenditure is reduced or
growing more slowly). The cost per QALY threshold, however, is likely to differ across these different
types of PCTs. This is illustrated in Figure 7 where the total observed variation in expenditure includes the

Health

Threshold

1/ky,

o e

—-AE H +AE H

B1 -AE 0 +AE

FIGURE 7 Investment, disinvestment and budget impact. —AE, disinvestment; +AE, investment; B1, current budget;
H1, current level of health; k;, cost per QALY threshold; k,_, QALY threshold associated with disinvestment;
ki,, QALY threshold associated with investment.
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impact of disinvestment (—AE) (e.g. where costs are imposed on the NHS by the approval of a more costly
technology) and investment (AE) (e.g. where cost savings are accruing to the NHS). The central estimate
of the cost per QALY threshold is the health effect of a change in expenditure across this variation in
expenditure (k;)." One would expect that, other things being equal, more expenditure (expanding the
budget from B1) would increase health but at a diminishing rate. Therefore, the amount of health
displaced by disinvestment, or a reduction in expenditure, would be expected to be greater, i.e. the
threshold associated with —AE (k,—) will be lower than the central estimate, k;. Equally, the health gained
from investments, or an increase in expenditure, would be expected to be lower, that is the threshold
associated with +AE (k;+) will be higher than k.

We have been able to examine this by re-estimating the outcome and expenditure elasticities separately for
those PCTs where their actual budget is under the target allocation from the Department of Health resource
allocation formula (i.e. those under greater financial pressure and more likely to be disinvesting than
investing), and those that are over target (under less financial pressure and more likely to be investing than
disinvesting). The detail of this analysis (based on 2006 expenditure and restricted to the ‘big four’ PBCs) are
reported in Comparing outcome models for ‘high’ spending and ‘low’ spending primary care trusts in
Appendix 2. The results confirm what would be expected given Figure 7 and the discussion above — the
outcome elasticities are smaller (in absolute terms) for all four PBCs in the group of PCTs above their

target allocation and larger for all four PBCs below their target allocation. Therefore, the health effects of
changes in expenditure are greater in all these PBCs when PCTs are under more financial pressure and are
more likely to be disinvesting then investing. The cost per life-year estimates for these PBCs are reported in
Appendix 2: £10,604 for all PCTs combined (k;); £8441 for those PCTs under their target allocation

(i.e. ki— associated with —AE); and £14,083 for PCTs over their target allocation (i.e. ky+ associated with +AE).
Although these cost per life-year estimates are not based on the same calculations as Chapter 4, Ffrom
mortality to life-years, they do start to indicate the scale of the effect on a threshold that is most relevant for
new technologies that impose net costs on the NHS.

Expenditure elasticities for these PBCs also differ between these groups of PCTs — they are higher for those
under their target allocation. These PBCs together consistently offer the greatest value in terms of cost

per death averted, life-year or QALY (see Tables 30 and 37). This suggests that budget impact not only
displaces more valuable activities within each PBC (outcome elasticities are larger), but that overall
expenditure tends to be reallocated to more valuable PBCs. The effect of this reallocation on the overall
threshold is not captured in the cost per life-year estimates reported above, which are restricted to these
four PBCs. Therefore, extending this type of analysis to all PBCs in future research is likely to show that the
effect on the cost per QALY threshold of both the sign and scale of changes in overall expenditure will be
greater. Subsequent work might enable a quantitative assessment of how the relevant threshold should be
adjusted for the scale of the budget impact of technologies appraised by NICE.

Although further work is needed to fully specify the quantitative effect of the scale of the non-marginal
impact of new technologies on an appropriate threshold, the qualitative impact seems clear. First, the
central estimate of the threshold is likely to be an overestimate for all technologies which impose net costs
on the NHS (almost all technologies appraised by NICE have positive incremental NHS costs).'#%'% Second,
the appropriate threshold to apply should be lower for technologies which have a greater impact on

NHS costs.

The same methods of analysis can be applied to the econometric analysis of the 2007 expenditure and
2007-9 mortality data (see Analysis of programme budgeting expenditure for 2007/8 and mortality data
for 2007/8/9 in Appendix 2). This provides an opportunity to consider how the cost per QALY threshold is
likely to have changed from 2007 to 2008 as overall expenditure has increased. This can provide some
insights into how the threshold might be expected to change over time, for example, overall expenditure
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changes and productivity in the NHS might be expected to rise with innovation in health technologies,

clinical practice and service delivery. This has implications for a judgement about the appropriate frequency

of periodic reassessment of the cost per QALY threshold.

It is not necessarily the case that the threshold will rise with overall expenditure or even with NHS prices.
This is illustrated in Figure 8 where the threshold at budget B1 is represented by k;. If overall expenditure
increases to B2 then, other things being equal, the threshold would also be expected to increase (i.e. k;
now overestimates the health effects of a change in expenditure at B2). Increasing overall expenditure
from B1 to B2 is equivalent to eliminating the same amount of waste in Figure 8, i.e. by reallocating
resources devoted to activities unproductive to health. Again, other things being equal, the threshold
would be expected to increase (k; now overestimates the health effects of a change in expenditure at B1)
once the waste has been eliminated. However, insofar as the productivity of those activities that are
valuable to the NHS also improve through innovation in health technologies, clinical practice and service
delivery, the threshold will tend to fall. Figure 8 illustrates a situation where the effects of eliminating
waste (NHS stopping doing things it should not be doing) and, at the same time, improving productivity
(NHS getting better at doing things it should do) means that the overall threshold is unchanged.

In making an assessment of whether or not the threshold is likely to increase with the NHS budget it is
also necessary to consider whether or not there is discretion over how additional resources can be spent.
For example, if any growth in the overall budget is spent on national initiatives or other activities that
cannot easily be disinvested, then the additional costs of technologies approved by NICE must be
accommodated by displacing other activities elsewhere. Therefore, it is growth in expenditure on more
‘discretionary’ parts of NHS expenditure and changes in the productivity and input prices of those health
care activities which are more likely to be displaced, which are most relevant.

Over recent years much of the real budget growth in the NHS has been devoted to national initiatives
that are not easily displaced (e.g. new contracts for GPs and consultants, national waiting time targets,
information technology initiatives, etc.).”" It also includes technology appraisal guidance issued by NICE
itself, which has a funding mandate. Therefore, any real growth in what remains may have been more
modest, so it is more likely to have been offset by any growth in the productivity of displaceable activities
(e.g. drugs, devices, procedures and other services). Similarly, although there has been a general rise in

Increase productivity

Health

Only eliminate waste
Current NHS

T
=

Increased productivity

Waste B1 B2 Budget

FIGURE 8 Impact of changes in budget and productivity. B1, current budget; B2, increased budget; H1, current
level of health; k,, cost per QALY threshold.
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input prices for the NHS, much of this inflation has been driven by staff as well as capital and overhead
costs, some of which cannot be easily displaced. What are more relevant are the prices of inputs which
could be displaced, an important element of which is drug prices. Although branded drug prices have
tended to rise, at the same time there has been generic entry on patent expiry with dramatic reductions in
prices for important classes of drugs.'” Therefore, it is not self-evident that the threshold has grown over
recent years, despite real increases in the NHS budget.

The central estimates of the cost per QALY threshold for 2007 and 2008 expenditure years are reported

in Table 33. In comparing these estimates of the QALY threshold it should be noted that important
improvements were made to the classification and collection of PBC expenditure data that took place after
the 2006 data were collected. Therefore, the differences in threshold estimates for 2006 and 2007 partly
reflect this (see Comparing the cost of life-year estimates associated with different data sets in Chapter 3
and Comparing the cost of life-year estimates associated with different data sets in Appendix 2) so should
not be overinterpreted. The results of the analysis of 2007 and 2008 expenditure are comparable in

this respect.

Although overall expenditure increased by 6% between 2007 and 2008 which represented real growth
of 2% in 2007 prices,” the overall threshold for all 23 PBCs fell by 5% in nominal terms and by 8% in
real terms.

The reasons are complex but reflect changes in productivity, which differs across PBCs (changes in outcome
elasticities), but also a general reallocation of a change in overall expenditure (changes in expenditure elasticities)
towards those PBCs that appear more valuable in 2008.* Given the sources of uncertainty described above,
subtle differences between 2007 and 2008 should not be overinterpreted. However, this analysis does suggest
that the overall threshold will not necessarily increase with growth in the real or even nominal NHS budget. In
conjunction with the results of the analysis described in How uncertain are the estimates and what are the
implications? it does suggest that the threshold is more likely to fall at a time when real budget growth is flat or
falling and PCTs find themselves under increasing financial pressure.

Within the NICE technology appraisal process, the future incremental costs of a technology are expressed
in real terms (at current prices) prior to discounting. Therefore, the estimates that are relevant to NICE
decisions are: (i) the nominal threshold in the current year;™® and (i) some assessment of the real growth in
the threshold over the time horizon where incremental NHS costs are incurred. If there is an expectation of
real growth (or fall) in the threshold over time then one way to incorporate this is through a higher (lower)
discount rate applied to future cost.’® Indeed, an expectation of changes in the real threshold over time
also suggests something about the social rate of time preference for health, as revealed by budget
allocations decisions.’® However, incorporating an expected growth or decline in the threshold over time
by adjusting discount rates is likely to be problematic once it is recognised that the expected incremental
costs imposed by a technology are rarely uniform over time.

Growth in the cost per QALY threshold (2007-8)

All big four 4549 4872 7 4689 3
programmes
11 PBCs 8513 8308 -2 7996 -6

(with mortality)
All 23 PBCs 13,554 12,936 -5 12,450 -8
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This discussion and the results reported in Table 33 suggest that there is little empirical support for an
assumption that there will have been growth in the nominal threshold between 2008 and 2012.*° Growth
in the nominal or real threshold seems much less likely in the future with the prospect of reduced budget
growth, increased pressures to improve productivity and downward pressure on input prices. As how the
nominal or real threshold is likely to change over time cannot be assumed to follow prices or overall
expenditure nor empirical estimates or theoretical predictions of a growth in the private consumption value
of health (WTP), it becomes especially important to be able to regularly update estimates of the cost per
QALY threshold based on routinely available data (see Future research and improving estimates of

the threshold).

What type of health is forgone by approval of a new technology?

The methods of analysis described in Chapters 3 and 4 and discussed in this chapter can identify, not only
how many QALYs are likely to be forgone across the NHS as a consequence of approving a technology
which imposes incremental costs on the NHS, it can also indicate where those QALYs are likely to be
forgone and how they are made up, i.e. the additional deaths, life-years lost (unadjusted and adjusted for
Qol) and the QoL impacts on those with disease.

For example, in 2011, NICE considered whether ranibizumab (Lucentis®, Roche) for the treatment of
diabetic macular oedema should be approved for widespread use in the NHS (TA237)."% Initially this
technology was rejected by NICE on the grounds that, at its current price, it would be unlikely to be
cost-effective. In 2012, however, a rapid review of TA237 approved ranibizumab if use was restricted to
the most cost-effective subgroup (those with central retinal thickness > 400 micrometres) and after a
Patient Access Scheme (PAS) for this subgroup of patients was offered (details of the PAS which provides
a discount to the NHS is commercial in confidence).'®

The appraisal and guidance documents'®"%4 provide the information required to estimate the additional
NHS costs of treating this subgroup of patients each year (see Appendix 3, Addendum 4. what type of
health is forgone by the approval of a new technology? for details of this example). Up to 44,000 NHS
patients would be eligible for treatment with ranibizumab each year based on its licensed indication.'"’
However, the subgroup of patients where ranibizumab was ultimately approved is likely to be 23,000 each
year. This suggests that the approval of ranibizumab in this subgroup at the original appraisal price set in
2011 (i.e. without a PAS) would impose just over £80M of additional NHS costs for treating the eligible
population each year.

Based on the 2008 central estimate of the cost per QALY threshold (£12,936 in Table 30) the approval

of ranibizumab without a PAS would have been likely to displace 6184 QALYs elsewhere in the NHS.
However, the analysis which underpins the threshold estimate can also be used to identify where the
additional NHS cost of £80M are likely to impact and where and what type of health effects are likely to
be forgone. This is illustrated in Table 34. For example, the estimated expenditure elasticities and total PBC
expenditure indicates how these costs will tend to affect spending in each of the 23 PBCs [see Table 34,
column (1)]. The estimated outcome elasticities allow this change in spending in each PBC to be translated
into a change in deaths and life-year effects for the 11 PBCs where mortality effects could be estimated
[see Table 34, columns (2) and (3)]. Applying the estimated proportional effect on the mortality burden of
disease to measures of QALY (including the other PBCs) provides an estimate of the total QALY effect of
the change in spend in each PBC [see Table 34, column (4)]. The comparison of life-year and total QALY
effects allows the distinction to be made between QALY effects due the life-year effects of additional
deaths and QALY effects due only to QoL [see Table 34, columns (5) and (6)].

The results reported in Table 34 suggests that approval is likely to result in 411 additional deaths
[most of which are likely to occur in PBCs circulatory, respiratory and cancer see Table 34, column (2)],
and 1864 life-years forgone [most of which are likely to occur in PBCs circulatory, cancer and
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TABLE 34 Heath forgone across PBCs due to the approval of ranibizumab (£80M budget impact)

QALYs forgone

(4) Total (5) Due to
(1) Change in  (2) Additional (3) Life-years QALYs premature

spend (£M) deaths forgone forgone death
2 Cancer 3.58 30 300 211 195 16
10 Circulatory 6.07 182 928 863 590 273
problems
11 Respiratory 3.67 107 129 1,835 80 1754
problems
13 Gastrointestinal 2.56 21 197 351 129 222
All big four programmes 16 340 1554 3259 995 2265
1 Infectious 2.61 6 43 125 29 97
diseases
4 Endocrine problems  1.51 5 40 485 26 459
7 Neurological 478 10 52 873 34 838
problems
17 Genitourinary 3.71 18 26 85 17 68
problems
16 Trauma and injuries  6.16 0 0 0 0 0
18+19 Maternity and 5.46 0 3 2 1 1
neonates
11 PBCs 40 389 1717 4828 1101 3727
3 Disorders of blood 1.65 3 13 175 9 166
5 Mental health 14.29 23 103 762 67 696
disorders
6 Learning disability 0.83 0 2 6 1 4
8 Problems of vision 1.55 0 2 34 1 33
9 Problems of 0.70 0 1 112 1 111
hearing
12 Dental problems 2.31 0 0 54 0 54
14 Skin 1.57 2 9 16 6 10
15 Musculoskeletal 2.90 3 14 186 9 176
system
20 Poisoning and 0.74 0 2 7 1 5
adverse events
21 Healthy individuals 2.83 0 1 5 1 5
22 Social care needs 2.40 0 0 0 0 0
23 Other 8.11 0 0 0 0 0
All 23 PBCs 80 411 1864 6184 1197 4987
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gastrointestinal — see Table 34, column (3)].** However, the impact of approval of this technology on
QALYs forgone due to premature death [see Table 34, column (5)] only accounts for a proportion of the
total QALY effects [see Table 34, column (4)]. Most (4987) are associated with QoL forgone during disease
[see Table 34, column (6)]. These QoL impacts are most likely to occur in PBCs respiratory, neurological
and mental health. The PBC level effects in Table 34 can also be examined at ICD-10 code level, although
recognising the caveats discussed in Chapter 4, Adjusting life-years for quality of life and Including
quality-of-life effects during disease.” For example, in the respiratory PBC it appears to be chronic lower
respiratory diseases (J40-J47) where most additional deaths, life-years and QoL are forgone. In the mental
health PBC the additional deaths appear to be associated with disorders due to psychoactive substance use
(F10-F19) and mood (affective) disorders (F30-F39) (see Addendum 4: what type of health is forgone by
the approval of a new technology? in Appendix 3). However, it should be recognised that these effects,
which are based on the central estimate in Table 30, are likely to underestimate the health forgone given
the discussion in How uncertain are the estimates and what are the implications? and especially in Impact
of investment, disinvestment and non-marginal effects.

The impact of a reduction in the price of this technology, through either value-based pricing or the PAS that
was offered during the rapid review,'® can also be examined in the same way. The PAS was commercial in
confidence but we will consider a scenario where a 30% reduction in NHS costs was applied for this
subgroup of patients. Such a discount would be expected to save 1855 QALYs including 126 deaths
averted, 559 life-years (359 when adjusted for quality) and QoL effects during disease equivalent to 1496
QALYs, when compared with approval of the technology at the original price (see Addendum 4: what type
of health is forgone by the approval of a new technology? in Appendix 3 for more details on this

scenario analysis).

In many respects this starts to make ‘real’ the previously abstract notion that additional NHS costs are the
health and opportunities of other unknown NHS patients. The methods of analysis presented in this report
go some way to providing an empirically based and explicit quantification of the scale of opportunity costs
the NHS faces when considering whether or not the health benefits associated with new technologies are
expected to offset the health that is likely to be forgone elsewhere in the NHS. It also starts to make the
other NHS patients, who ultimately bear the opportunity costs of such decisions, less abstract and more
‘known’ in social decisions. As who happens to be known or unknown is only a matter of perspective,
time and ignorance,'" ethical and coherent social decisions require that both should be treated in the
same way. The methods of analysis discussed in this chapter have contributed to removing some of the
‘ignorance’ and making the unknown more real.

Future research and improving estimates of the threshold

There are a number of ways in which this research could be usefully extended based on existing data and
the information currently available, most of which have been discussed in previous sections of this chapter.
Here we consider the scale of the evaluation problem in this context, examining what, in principle, would
be required to resolve some of the key uncertainties discussed in How uncertain are the estimates and
what are the implications?, before a more detailed examination of how additional routine data and greater
access to existing data or data that are likely to become available, might improve estimates of the cost per
QALY threshold in the future.

Two important questions remain when attempting to translate the estimated proportionate effects on
mortality due to a change in expenditure into a more complete measure of the health effects (see Chapter 4,
Introduction and How uncertain are the estimates and what are the implications?). These are (i) whether the
health effects of a change in expenditure in 1 year should be restricted to 1 year or extend over a longer
period; and (i) the extent to which any death averted by expenditure in 1 year returns an individual to

the mortality risk of the general population matched for age and gender. The central or ‘best’ estimates
presented in Chapters 4 and 5 are based on combining the conservative assumption that the health effects of
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changes in 1 year of expenditure are restricted to 1 year,* with the more optimistic assumption that any
death averted by expenditure in 1 year returns the individual to the mortality risk of the general population.™
The combination of assumptions that underpin the central estimates appear to be on balance conservative
(see Table 32 and discussion in How uncertain are the estimates and what are the implications?) and are
certainly more credible than the implausibly pessimistic or optimistic assumptions that underpin the upper
and lower bounds for the threshold that are also reported in Chapters 4 and 5. Key questions remain,
however. Why can routine data not resolve some of these remaining uncertainties? What would be required
to found a central estimate of the cost per life-year or cost per QALY threshold only on econometric estimates
rather than, in part at least, resting on judgements about the credibility of these alternative assumptions?*

A brief reiteration of the scale of this evaluation problem and the approaches to estimation that might be
taken illustrates the quite profound difficulties and, therefore, the unavoidable need for explicit and
accountable judgement and assumptions.?

A longer and more complex lag structure

Of course, a longer and more complex lag structure exploiting the PBC panel data set (i.e. both
cross-section and time series observations) that is becoming available over time, could in principle at least,
identify the effect of a change in expenditure taking place in year t on health inyearst, t+1, ..., t+n.
However, the health effects in subsequent years would need to be isolated from the effects of change in
expenditure also occurring in subsequent years (which would also have both immediate and lagged health
effects). The health effects of changes in expenditure in year t would need to be isolated from the lagged
effects of changes in expenditure in previous years. Depending on the length of time series data available
it may be possible to specify and estimate a richer empirical model to account for the lagged health effects
of past expenditure and of lagged expenditure effects of past health outcomes.*

Although this is not a problem in principle it does pose difficulties as there are very real limits to the
current time series because (i) there are a limited number of observations in the cross-section (152 PCTs);
(i) the definition (and boundaries) of PCTs has changed and has recently changed again with the
formation of CCGs; (iii) there are a limited number of years of observation in the time series (especially if
lags are long); and (iv) as noted in Chapters 3 and 5, the quality of PBC reporting has changed over time
(recall that estimates from 2006 and 2007 PBC expenditure were not as comparable as 2007 and 2008).
Nonetheless, as the panel data evolves over time there will be more opportunities to explore whether
judgements about the duration of effects on mortality can be informed using the type of analysis
presented in the report. Insofar as there are later lagged health effects this will tend to reduce the estimate
of the cost per death averted, cost per life-year and cost per QALY threshold.”

In many respects the problem of duration of mortality effects is a relatively straightforward one compared
with the second issue of how changes in mortality (whether immediate or lagged) translate into life-years.
In principle, estimating the effect of change in expenditure on life-years is really estimating the effect of
changes in expenditure on the survival curves of the population at risk through membership of ICD-10
codes that contribute to each PBC. Even if the issue of lags is set aside, and attention is restricted to
mortality effects in the expenditure year, translating these effects into life-years would require observations
on the entire survival curve of the at risk population. This poses two profound difficulties: (i) we would
need detailed information about the members of the at risk population (patient identifiers); and

(ii) sufficient time to follow up the entire cohort from expenditure change to death (also accounting for
other changes that are likely to take place during that time). Even if these data were available and such
heroic estimation was possible, any estimate would be so historic that it would be of limited policy
relevance. This is not a problem unique to this research but remains a problem for all estimates of the

YLL due to disease. It may be possible to use external, non-routine, historic data sources where patient
identifiers are available to inform a judgement about whether or not changes in mortality in critical ICD-10
codes (e.g. respiratory) tend to return patients to mortality risks similar to those of the general population.
If historic evidence suggests that they remain at higher mortality risk it might indicate the likely scale of
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overestimation if life-year effects are based on the mortality risk of the general population. However, this
would not be without major problems of distinguishing causality from selection effects.

The evolving panel data do have another advantage that could be exploited in the future. Currently it is
only cross-sectional variation (i.e. between PCTs) that contributes to the estimates of outcome elasticities.
This means that changes in expenditure that all PCTs tend to make together, that might have very large
health effects (they all tend to invest in obviously valuable activities at the same time) or limited health
effects (they all disinvest in some activities that are not valuable at the same time), may not be fully
reflected in the current estimates.”™ However, using variation in expenditure and outcome in both
cross-section and time series could more confidently pick up the full effects of simultaneous investment
and disinvestment. The likely net effect on the overall threshold is unclear and will depend on whether
PCTs tend to be more co-ordinated when investing in valuable activities (tending to reduce the threshold)
or when disinvesting in ineffective ones (tending to increase the threshold).*

Simultaneous estimation across programme budget categories

Although expenditure equations are estimated for all 23 PBCs and outcome equations for the 11 PBCs
where there are sufficient mortality data, these are estimated separately; each accounting for other

PBC expenditure and other PBC need (see Chapter 3, Modelling framework). The correlations between
expenditure and outcome elasticities within each PBC were also estimated by repeatedly resampling the
data set and re-estimating expenditure and outcome elasticities (see Appendix 2, The correlation between
the outcome and expenditure elasticities). Although the estimate of the overall threshold accounts for
changes in expenditure across all 23 PBCs with health effects estimated in 11 and inferred in the others,
it is possible that changes in expenditure in one PBC may have health effects in others. Although total
deaths across all 23 PBCs are accounted for, unless the possible ‘external’ mortality effects in other PBCs
happen to be associated with variation in expenditure in those PBCs then these health effects will not be
reflected in the estimated outcome elasticities. This seems likely to underestimate the total health effects of
changes in expenditure unless positive health effects are thought to be offset by expenditure in one PBC
damaging health outcome in others (e.g. adverse events associated with treatment or other iatrogenic
effects).®® To account properly for these possible effects would require estimating the interaction of
changes in expenditure in each PBC on all the others while still accounting for possible endogeneity.
Unfortunately, with only 152 observations in the cross-section (PCTs), this type of simultaneous estimation
is currently not feasible.

Throughout Chapters 3-5 we have not imputed health effects for PBC 23 (GMS) or procedural ICD-10
codes on the grounds that the health effects of this type of expenditure will appear in ICD-10 codes that
contribute to other PBCs. However, the health effects of this type of expenditure (PBCs 22 and 23) will
only be reflected in the estimated outcome elasticities insofar as the variation in outcomes reported in
other PBCs, due to variation in GMS expenditure, happens to be associated with variation in expenditure
in those other PBCs. Therefore our approach to GMS (and social care, PBC 22) expenditure is likely to be
conservative with respect to overall health effects; tending to overestimate the cost per life-year and cost
per QALY threshold.

Exogenous shocks and quasi-experiments

One response to these difficulties would be to look for exogenous budgetary shocks to the whole
health-care system and then estimate the health effects of the shock at a macro level. In principle this is
very attractive as it would avoid all the difficulties of endogeneity and identifying valid instruments,
exploring sensitivity and structural uncertainty. If a complete measure of health outcome was available

at a health system level it would also avoid much of the complexity of working at a PBC and ultimately at
ICD-10 code level.

Unfortunately, there are a number of difficulties. Although the NHS budget is set each year through an
essentially political process (so each year’s change in budget might be regarded as an exogenous shock),
insofar as public expenditure decisions are to some extent influenced by public sector performance,
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then these apparent ‘shocks’ are endogenous in a very similar way to PCT expenditure decisions about
particular PBCs, but just at a higher level of aggregation. However, even if some arbitrary exogenous
change to overall expenditure could be identified there are other serious difficulties. There is no
comprehensive measure of outcome relevant to all NHS activities currently reported. This has two
implications: (i) the mortality data that are available are only relevant to approximately 36% of a change
in overall expenditure (see Which programme budget categories matter most?); and (i) how mortality
translates into life-years and QALYs depends critically on where those effects occur (the ICD-10 codes
that contribute to each PBC). In addition, there are very good reasons why one would expect covariates
(especially measures on need) and instruments to differ between different programmes of care. For all
these reasons this research has focused on using routinely available data at its lowest level of aggregation.

By doing so we not only provide an estimate of a threshold based on a more complete measure of health
effects, we are also able to indicate what type of health is affected and where they are most likely to
occur. This provides a means to update estimates of the threshold should other aspects of social value be
applied to measures of health or other aspects of social value be included in the future (e.g. consumption
and other public expenditure effects). For example, any ‘weights’ that might be assigned to different types
of QALY gains or consumption and other public expenditure effects associated with health effects and
the patient characteristics associated with ICD-10 codes (e.g. QALY burden, YLL or other patient
characteristics, such as age and gender) can be included in the current framework and a threshold
re-estimated for ‘weighted’ QALYs or, give an estimate of the consumption value of a QALY, a threshold
benefit—cost ratio that includes consumption as well as health effects.

Evolving programme budget category data

Each year offers another wave of PBC expenditure data which means that a potentially useful panel data set
is developing. This offers some useful opportunities that have been described above. However, with only
152 PCTs in the cross-section, there is a limit to how much of the remaining uncertainty might be resolved.
The utility of this evolving panel will also be limited by the formation of CCGs rather than PCTs as an
important locus of expenditure decisions. Changes in PCT boundaries and the formation of CCGs will make
the time series problematic unless CCGs can be mapped to previous PCT boundaries. However, updating
expenditure and outcome elasticities based on variation in expenditure and outcomes across CCGs would
be possible (it would provide more observations in the cross-section) so long as PBC expenditure and
mortality outcomes are reported at CCG level.

Of course it would also be useful to be able to observe PBC expenditure at a lower level of aggregation
(ideally at ICD-10 code) as this would avoid the assumption necessary to allocate PBC level effects to
ICD-10 codes based on either estimates of the size of the at risk population or the crude (unadjusted for
covariates) contribution to variance in PBC expenditure. As the only expenditure data that are available by
ICD-10 code (and therefore PBC) for each PCT are HES-based estimates of cost, the relevance of measures
of contribution to variance in PBC expenditure depends on what proportion of PBC costs are accounted
for by HES. However, HES costs are only a small component of total PBC expenditure and contribute very
little to the variability in PBC expenditure across PCTs especially when considering PBCs where mortality
effects could not be estimated (see Chapter 4, Including quality-of-life effects during disease and Chapter 4,
notes an and au). Greater disaggregation within PBCs would be particularly useful as the examination of
information routinely collected by PCTs was not particularly helpful in identifying what investment and
disinvestments within a PBC explain the variation in expenditure across PCTs (see Addendum 2: the role of
data on local NHS decisions in Appendix 3).

Extending measures of health outcome

Currently the only routinely collected health outcome data that can be matched to expenditure by PBC at
PCT level is mortality. For this reason outcome equations could only be estimated for 11 of the 23 PBCs.
As discussed in Chapter 4, Adjusting life-years for quality-of-life and Including quality-of-life effects during
disease, this represents only one aspect of health outcome and is not particularly relevant to many disease
categories and much of the care that the NHS offers, when the primary purpose is to improve health
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experience and QoL rather than to extend survival. Therefore, the estimated proportionate effects of
expenditure on the QALY burden of disease in these 11 PBCs were used as a surrogate for proportionate
effects in the others, i.e. assuming that the proportionate effects that can be observed will be similar to
those that cannot (see Re-estimating the cost per quality-adjusted life-year threshold using more

recent data).

Of course, with access to a more complete measure of health outcome, which is routinely reported

at PCT level and that can also be associated with PBC expenditure, it would be possible to use the same
econometric methods to estimate the health effects of a change in expenditure across all PBCs, rather than
imputing them in those PBCs where mortality is not the most relevant measure of health outcome.

The English NHS PROMs programme was introduced in 2009 and routinely collects self-reported health status
of patients receiving surgery for four elective procedures: knee replacement, hip replacement, groin hernia
repair and varicose vein surgery. The data that are collected include both condition-specific questions

(the Oxford Hip Score, Oxford Knee Score and the Aberdeen Varicose Vein score; no condition-specific
instrument is available for hernia) as well as the generic instrument, the EQ-5D (both the EQ-5D profile, and
the patient’s global assessment of their health, the European Quality of Life-visual analogue scale (EQ-VAS).
Patient-level data from the PROMSs programme are freely available and can be linked to the HES database
which provides a potential link to PBCs. Standardised reports on the PROMs data, including the average
(case-mix adjusted) performance of providers, are regularly published by the NHS IC, currently on a quarterly
basis. Although currently offering very limited coverage for our purposes, there are plans to extend the
PROMs programme in the future, with work under way or being planned around the potential use of PROMs
in a wide range of long-term conditions, primary care, in cancer survivorship, cardiovascular services,
musculoskeletal and cosmetic surgery.

In Appendix 2, Application of method to other non-mortality-based outcome indicators we demonstrate
how the econometric methods set out in Chapter 3 can be extended to these other non-mortality-based
outcome measures. EQ-5D utility scores (pre and post an operative procedure) from the PROMs
programme are used to generate a non-mortality-based outcome measure, which we use to estimate our
outcome model. Although the Department of Health does not report the number of patients undergoing
an eligible operation by commissioner (PCT) it was possible to use the HES data set to obtain this
information. Routine reporting of procedure or intervention by commissioner in the PROMs data set would
seem a simple but important and valuable extension, especially as data are extended to primary care
where HES cannot be used to substitute for this omission.

With data for both the average health gain per operation and the number of operations, we were able to
estimate ‘the health gain per head of population’ for hip and knee replacements as defined above. This
estimated outcome elasticity can then be used as an outcome measure for changes in expenditure in the
‘problems of the musculoskeletal system’ programme (i.e. PBC 15).** However, translating the short-term
impact of an intervention on Qol, which can be estimated from PROMs data, into an estimate of the
longer-term effects on QoL remains problematic.

Table 72 in Appendix 2 reports the estimated outcome equation for PBC 15 (musculoskeletal system) using
the PROMs-based outcome measure. The result is intuitively plausible; an increase in expenditure improves
health outcomes but, for a given spend, more need reduces the gain. The diagnostic statistics suggest that
expenditure is endogenous and that the instruments are valid. They also suggest that the instruments are
relevant and there is no evidence that the instruments are weak. Therefore, it is feasible to extend our
modelling approach beyond those programmes with mortality outcomes should PROMs be extended more
widely. Insofar as PROMs can contribute to a more secure estimate of the overall cost per QALY threshold
in the future, the sensitivity analysis discussed in Which programme budget categories matter most? starts
to indicate where this type of information might be most useful.
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Musculoskeletal is an important PBC, accounting for over 5% of a change on overall expenditure and
almost 5% of the change in health outcomes. However, of those PBCs without mortality outcomes,
it is PBC 5 (mental health) that is most critical (see Table 31 in Which programme budget categories
matter most?).

Measures of anxiety and depression are already routinely collected before, during and at the end of
interventions as part of Improving Access to Psychological Therapies (IAPT), which is an NHS programme
rolling out services across England offering interventions approved by NICE for the treatment of depression
and anxiety disorders. By March 2011 IAPT services were offered in 142 of 151 PCTs. A requirement of
the programme is to complete the Patient Health Questionnaire-9 (a measure of depression)'® and
Generalised Anxiety Disorder Assessment-7 (a measure of anxiety).”"" Both of these disease-specific
measures can be linked to Short Form questionnaire-20 items and further work could, in principle, link
these scores to EQ-5D. This is a rich, valuable and evolving data set which potentially provides much of the
information required to extend the econometric modelling to the mental health PBC. The experience with
PROMs data suggests that this would be feasible, and the analysis in Which programme budget categories
matter most? indicates that this could make a significant contribution to strengthening the assessment

of the overall threshold. It would also contribute to an assessment of the cost-effectiveness of this
programme both nationally and by PCT, which would be of value in its own right. Unfortunately, despite
the collection of these data for every patient encounter for a number of years, unlike PROMs, these data
have not yet been made publicly available.®® Of course, the services offered by the IAPT programme do not
account for all the variation in expenditure in the mental health PBC. Nevertheless, access to data that
have been and continues to be collected by practitioners and NHS patients, could provide estimates of
changes in mental health outcomes due to changes in some types of mental health expenditure, which
would be a significant advance.”

Incidence and duration of disease

Chapter 4, From mortality to life-years sets out the series of steps required to translate mortality effects
into life-years while taking account of competing risks or counterfactual deaths. This analysis used ONS
data on deaths by age and gender in the ICD-10 codes that contribute to each PBC, as well as LEs by age
and gender for the general population. Some information was also required about the age and gender
distribution of the population at risk in the ICD-10 codes that contribute to each PBC (see Tables 77 and
12). In Chapter 4, Years of life lost and accounting for counterfactual deaths this was based on age and
gender distribution of estimates of incidence from the WHO GBD study. The same information was also
used in Chapter 4, Quality of life based on the general population to adjust life-years for the QoL norms of
the general population by age and gender. In Chapter 4, Using estimates of the quality-adjusted life-year
burden of disease the measures of QALY burden of disease also used information about the duration as
well as incidence of disease from the same GBD study. These estimates, published in 2008, were based on
2004 UK data and proved to be the best available source of this type of information given the resources
available for this research. However, the GBD study has recently been updated with the findings first
publicly presented in December 2012." The methodology of the new study as well as sources of
information used have been much improved and any subseguent research on the threshold could integrate
these new and improved estimates.

However, the GBD study is not the only potential source of information about estimates of incidence

of disease by age and gender and disease duration across all the ICD-10 codes that contribute to the

23 PBCs. For example, the Clinical Practice Research Datalink (CPRD) [previously named General Practice
Research Database (GPRD)] contains over 3 million active patient records drawn from approximately

400 primary care practices in the UK. CPRD is jointly funded by the NHS National Institute for Health
Research (NIHR) and the Medicines and Healthcare products Regulatory Agency. The database has clinical
and prescription data and can provide information to support pharmacovigilance (indication, utilisation,
and risk/benefit profiles of drugs) and formal pharmacoepidemiological studies, including information on
demographics, medical symptoms, therapy (medicines, vaccines, devices) and treatment outcomes.
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Although this research was not funded to purchase access to CPRD data, we were able to examine a sample
which comprised 22,313,086 rows/patient-ICD-10 events (three digit) representing 4,229,910 patients with
data on diagnosis of diseases observed between 1 January 2006 and 24 June 2011 (see Addendum 1: data
sources in Appendix 3). Although CPRD data could, in principle, provide the type of information required,
the difficulties faced and the interpretation of the sample of data in the form available to us meant that it
was not directly useful. The particular problems faced included: (i) read rather than ICD-10 codes reported in
the data set, although mapping is and was possible; (i) being able to identify when an episode of disease
ended; (iii) estimating duration of disease from the sample of data when observations were censored by the
limited years of data available to us; and (iv) confidently identifying incident patients in diseases of longer
duration despite 2 years of washout prior to extracting the sample. CPRD is quite clearly a rich and valuable
data set. However, our experience suggests that, to make best use of these data, specialist knowledge and
experience of these data is really needed as well as access to a much larger sample than we were able to
acquire with the limited resources available. Therefore, although CPRD could well help to improve estimates
of incidence by age, gender and duration of disease, it would require additional well-resourced research
including excess to specialist expertise and experience with this particular data set.

Recommendations for research
The priorities for further research that may be feasible based on data which are, or will become,
available can be summarised as follows:

1. Any growth in the nominal or real threshold cannot be assumed (see Impact of investment,
disinvestment and non-marginal effects and How does the threshold change with overall expenditure?),
so it will be important to update estimates of the threshold with more recent and future waves of
expenditure and mortality data.

2. If other aspects of social value are applied to health benefits of a new technology they must also be attached
to the type of health that is likely to be forgone due to additional NHS costs. The methods developed in this
research can be extended to allow the same weights to be also attached to the type of health that is forgone
and estimate the wider social benefits that are likely to be lost when the NHS must accommodate the
additional costs of new drugs.

3. We have demonstrated that these methods of analysis can be applied to QoL data collected as part of
PROM:s. This type of analysis could be applied to these data in key PBCs as PROMs is rolled out
providing some evidence about the QoL effects of changes in PBC expenditure.

4. A key PBC is mental health. Currently, outcomes data that could be linked to measures of QoL are
routinely collected in primary care. In principle, the same methods of analysis can be applied to these
data once they are made available providing some evidence about the QoL effects of changes in mental
health expenditure.

5. Improved and more recent estimates of incidence (by age and gender) and duration of disease will
soon be available from the recently published updated GBD study. These data could be used when the
threshold is re-estimated for later waves of expenditure data. Alternatively, estimates could be based
on CPRD data. However, our experience suggests that utilising CPRD data would need research that is
well resourced with access to specialist expertise and experience with this particular data set.

6. Estimating a more complex lag structure based on the evolving panel data would provide valuable
evidence about the duration of the health effects of changes in expenditure. The recent release of
census data for 2011 may allow a panel model to be estimated allowing better control for unobserved
heterogeneity across PCTs as well as exploiting variation in outcomes, expenditure and other covariates
over time. There are, however, significant challenges including the formation of CCGs in 2013, which
will make the time series problematic for waves of expenditure and outcomes after 2012.

7. If PBC expenditure and outcome data are available at CCG level (as well as covariates and suitable
instruments), it might become possible to estimate outcome and expenditure equations simultaneously
across PBCs. This would enable more of the likely health effects of changes in expenditure to be
reflected in the analysis.
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The methods of analysis presented here go some way to providing an empirically-based and explicit
guantification of the scale of opportunity costs the NHS faces when considering whether or not the health
benefits associated with new technologies are expected to offset the health that is likely to be forgone
elsewhere in the NHS. As such, it provides a basis for determining the appropriate threshold for NICE
decisions as well as those made centrally by the NHS and Department of Health more generally.

Since 2004, NICE has used a threshold range of £20,000-30,000 per QALY. It has been widely recognised
for many years that this range is not based on evidence. The central estimate of the cost per QALY
threshold (£12,936 per QALY based on 2008 expenditure) suggests that the upper bound to this range is
almost certainly too high and the lower bound is also likely to be an overestimate (see Re-estimating

the cost per quality-adjusted life-year threshold using more recent data). For example, the analysis of the
uncertainty associated with the estimated expenditure and outcome elasticities indicates that the chance
the threshold is < £20,000 per QALY is 89% and the chance that it is < £30,000 is 97% (see How
uncertain are the estimates and what are the implications?).

The central estimate is based on identifying a preferred analysis at each stage based on the analysis that
made the best use of available information, whether or not the assumptions required appeared more
reasonable than the other alternatives available, and which provided a more complete picture of the likely
health effects of a change in expenditure. Although other assumptions and judgements are possible that
retain some level of plausibility, they do not all favour a higher threshold. Indeed, when considered
together, they suggest that on balance the central estimate of £12,936 is, if anything, likely to be an
overestimate (see How uncertain are the estimates and what are the implications?).

Although there is substantial uncertainty associated with the estimate of the overall threshold (including
parameter, structural and other sources of uncertainty), a policy threshold set at its mean or expected value
may be inappropriate because the consequences for the NHS of overestimating the threshold are more
serious than underestimating it (see How uncertain are the estimates and what are the implications?). In
principle, a policy threshold (a single value that can be compared to an ICER) should be set below its mean
value to take account of the non-linear relationship between the threshold and the additional NHB offered
by a technology.

The analysis of PCTs that are under more or less financial pressure (above or below their target resource
allocation) starts to indicate the quantitative effect of the scale of the non-marginal impact of new
technologies on an appropriate threshold (see Impact of investment, disinvestment and non-marginal
effects). It suggests that the central estimate of the threshold is likely to be an overestimate for all
technologies which impose net costs on the NHS (almost all technologies appraised by NICE have positive
incremental NHS costs), and that the threshold might be lower for technologies which have a greater
impact on NHS costs.

The research found no evidence that the threshold had increased with real growth in the NHS budget or
with NHS prices (2007-8) (see How does the threshold change with overall expenditure?). There is little
empirical support for an assumption that there will have been growth in the nominal threshold between
2008 and 2012. As how the nominal or real threshold is likely to change over time cannot be assumed to
follow prices or overall expenditure, nor empirical estimates or theoretical predictions of a growth in the
private consumption value of health (WTP), it becomes especially important to be able to regularly update
estimates of the cost per QALY threshold based on routinely available data (see Future research and
improving estimates of the threshold).
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The methods of analysis can not only identify how many QALYs are likely to be forgone across the NHS as
a consequence of approving a technology which imposes incremental costs on the NHS, they can also
indicate where those QALYs are likely to be forgone and how they are made up, that is the additional
deaths, life-years lost (unadjusted and adjusted for Qol) and the QoL impacts on those with disease (see
What type of health is forgone by approval of a new technology?). In doing so the study starts to make
the other NHS patients, who ultimately bear the opportunity costs of such decisions, less abstract and
more ‘known’ in social decisions. As who happens to be known or unknown is only a matter of
perspective, time and ignorance, ethical and coherent social decisions require that both should be treated
in the same way. These methods contribute to removing some of the ‘ignorance’ and making the
unknown more real.

These methods also allow other aspects of health outcome to be incorporated in the estimate of the
threshold. This has implications should a system of value-based pricing for new prescription pharmaceuticals
be introduced, which may include some additional weight for health benefits in diseases which impose a
large health burden and/or where there are wider social benefits for patients, their carers and the wider
economy. The methods developed in this research will allow the same weights to be also attached to the
type of health that is lost and estimate the wider social benefits that are likely to be lost when the NHS must
accommodate the additional costs of new drugs.

The methods of analysis can be used as a framework for further empirical work as additional and more
appropriate data emerge in the NHS (see Future research and improving estimates of the threshold).
They also offer a basis for threshold estimation in other health-care systems which face constraints on the
growth of health-care expenditure and use CEA to inform resource allocation decisions.
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Notes

Chapter 2

a. This is the case as long as all incremental costs are health-care system costs or, as currently,
the perspective adopted by NICE is commonly restricted to the health-care system. If a broader
perspective was to be adopted and, insofar as there are some incremental costs (or benefits) of
adopting a technology that fall on private consumption, then v does become relevant to
decision-making because it represents the value of these consumption effects in terms of health.
In these circumstances it would be inappropriate either to compare an ICER which included
consumption effects to k (because consumption costs do not displace health in the NHS), or to
compare it to v (because some of the costs do not displace private consumption but displace health
at rate k). The ratio of k/v represents the value of NHS resources relative to private consumption.
Observing k < v would suggest a positive shadow price on NHS resources and public expenditure
more generally (i.e. it would indicate that a public sector £ is scarce relative to a private f).
See Claxton et al.*” for a more extended treatment of perspective, the implications for decision
rules and the centrality of an estimate of the threshold, k.

Chapter 3

a. Strictly speaking, these local health authorities are primary care organisations (PCOs), but the vast
majority of these are ‘trusts’ and we retain this terminology throughout.

b. Owing to data limitations the cited studies were only able to relate expenditure in period t to
mortality in periods t, t—1, and t—2 combined. Such studies assumed that PCTs had reached some
sort of equilibrium in the expenditure choices they make and the outcomes they secure.

¢. Owing to data availability constraints previous studies had to relate expenditure in period t to
mortality data in periods t, t—1, and t—2 combined. Implicitly this assumes that data represent a
guasi-long-run equilibrium position, and that relative expenditure levels and health outcomes within
each PCT have been reasonably stable over a period of time.

d. Comparable data for each programme budget subcategory is shown in Table 97 in Appendix 2.
e. These revisions are documented in Appendix 2, Programme budgeting expenditure, 2003/4-2008/9.

f. Expenditure on, for example, community care, accident and emergency (A&E), ambulance services
and outpatients can be difficult to attribute a particular PBC. Critical care, rehabilitation and
specialised commissioning across care settings will also be difficult to attribute to a
particular programme.

g. This cost adjustment reflects the fact that health economy input prices vary considerably across the
country and, for some inputs, are up to 40% higher in London and the south east of England than
elsewhere. We have used a weighted average of the three market forces factor (MFF) indices for
Hospital and Community Health Service (HCHS), for prescribing, and for general medical services
(GMS)/primary medical services (PMS) to adjust the raw expenditure figures in table 2 for local
input prices.”

h. This needs adjustment incorporates the AREA resource allocation formula for HCHS.”®

i. The approach adopted here is extendable in principle to other non-mortality-based outcome indicators.
We illustrate such an application in Appendix 2, Application of method to other non-mortality-based
indicators where we use European Quality of Life-5 Dimensions (EQ-5D) utility scores pre and post an
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operative procedure from the patient-reported outcome measures (PROMs) programme to generate a
non-mortality-based outcome indicator, and we use this indicator to estimate our outcome model.

j. One exception to this is the mortality rate for the trauma and injuries programme where initially only
SMRs were available.

k. Details of the construction of all instruments are shown in Table 92 of Appendix 2.

|. This incorporates the Combining Age-Related and Additional Needs (CARAN) formula for HCHS and
reflects need across all health-care services.

m. However, we do experiment replacing and supplementing this all service measure of need with more
programme-specific measures where these are available (e.g. the diabetes and epilepsy
prevalence rates).

n. Although need is a function of mortality/morbidity in the resource allocation formula, the
relationship is not sufficiently strong enough for us to be concerned about the endogeneity of the
need in any individual care programme.

o. Instrumental variable estimation of say, Equation 8, involves a first-stage regression of the
endogenous expenditure variable, x, on the instrument, z, and the set of exogenous regressors in
Equation 8, n. Predictions, X, from this model can then be included in a second-stage regression of
Equation 8 as a replacement for the endogenous regressor, x.

p. Note that the mortality data precedes expenditure in these models. This was due to data limitations
at the time of the study.

g. Initial modelling work employed the Department of Health's resource allocation model of the need
for health care based on the AREA report.”® Subsequent refinements and updates to this model
employed the implementation of the CARAN model”™ and the initial findings of a person-based
resource allocation (PBRA) study.®
The use of these alternative models for the need for health care was explored.

r. An exception to this is expenditure on GMS/PMS (PBC 23a) which is adjusted using the
GMS/PMS MFF.

s. Refer to Appendix 2, Table 69.
t. Using the CARAN model.”

u. In addition to respiratory and neurological programmes the other programmes where the all service
measure of need was replaced are: endocrine: Index of Multiple Deprivation 2007 data set
(IMD2007) and diabetes prevalence rate; genitourinary: lone parent households; infectious diseases:
IMD2007 and HIV need per head and its square; maternity and neonates: proportion born outside
EU and proportion of population with no qualification aged 16-74 years. For trauma and injuries,
the all service measure of need was supplemented with the proportion of households without a car
and proportion of full-time students.

v. The four programmes are endocrine, infectious diseases, maternity/neonates and trauma/injuries.

w. The Kleibergen—Paap F-statistic is very close to the target value of 10 for both the genitourinary and
infectious diseases outcome models.

x. These are endocrine: all service measure of need and diabetes prevalence rate; neurological: epilepsy
prevalence; GMS/PMS: proportion of lone pensioner households; traumal/injuries: proportion of
population working in agriculture.

y. Full details of these calculations can be found in Appendix 2, Tables 83 and 84.

z. The CARAN measure of service need.
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The amendments are respiratory diseases: all service need and all service need squared; endocrine:
IMD2007 and diabetes prevalence rate; genitourinary: lone parent households; infectious diseases:
IMD2007 and HIV need per head and its square; maternity and neonates: all service need and

proportion born outside EU and proportion of population with no qualifications aged 16-74 years.

These are infectious diseases: HIV need and its square; endocrine: all service measure of need, its square
and diabetes prevalence rate; genitourinary: all service measure of need and proportion of residence
born outside EU; maternity/neonates: maternity measure of need; GMS/PMS: all service measure of
need, proportion of residents reporting permanent sickness (aged 16-74 years), proportion of lone
pensioner households and proportion in professional occupations; traumalinjuries: proportion of
population working in agriculture.

Expenditure on, for example, community care, A&E, ambulance services and outpatients can be
difficult to attribute to a particular PBC. Critical care, rehabilitation and specialised commissioning
across care settings will also be difficult to attribute to a particular programme.

With the index for 1987/8 set equal to 100, then 2005/6 = 240.9, 2006/7 =249.8, 2007/8 =257.0
and 2008/9 =267.0.%

Such studies assumed that PCTs had reached some sort of equilibrium in the expenditure choices
they make and the outcomes they secure.

Chapter 4

a.

Although 3 years of mortality data are used in the analysis of each year of expenditure, these are
averaged to an annual value prior to estimating outcome elasticities. Therefore, the estimated
outcome elasticities represent the proportionate effect on mortality in 1 year due to a proportionate
change in expenditure.

. This does assume that the proportionate effects on mortality due to changes in expenditure are

similar for mortality that is, and is not, recorded at PCT level. This seems more reasonable than
assuming no effect of expenditure on mortality that happens not to be recorded at PCT level.

. The estimated outcome elasticity for PBC 16 (trauma and injuries) was zero for 2006 and could not

be estimated for 2008 expenditure. Therefore, this PBC does not contribute any changes in health
outcomes, although the changes in this expenditure are included in subsequent estimates of cost
per life-year and QALY thresholds. However, there was a very limited coverage of mortality data
recorded at PCT level and the expenditure data for this PBC. In addition, the mortality data that was
available (ICD-10 codes S72, S02, SO06 and T90) was less likely to be associated with changes in
expenditure in this PBC and more likely to be associated with changes in expenditure in others.
Consequently, the health effects of changes in expenditure in PBC 16 may be underestimated.

. The YLL available from NHS IC represented all deaths from maternity and all deaths under 28 days

across PBCs. The coverage factor [0.68 in column (1) of Table 8] adjusts this YLL to represent
maternity and all deaths < 1 year across PBCs. The calculation is described in Appendix 2, Table 37.

. This is the LE that reflects the age distribution of the general population, i.e. the average of the sum of

the LEs conditional on age, over the current age distribution. It will always be higher than LE at birth.

. These ‘counterfactual’ deaths will occur in the other PBCs insofar as all deaths are recorded in an

ICD-10 code. Therefore, we take account of the unavoidable fact that everyone must die of
something at some time. For example, even if all observed cancer mortality was avoidable and could
in principle be eliminated with sufficient expenditure, lives would not be ‘saved’ but deaths delayed
and reallocated to other causes. Note that the outcome elasticities are based on PBC mortality that
is sensitive to changes in expenditure (i.e. is avoidable) at the margin so no assumptions about how
much of the PBC mortality is avoidable is required.
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g. Simply taking the difference between a fixed LE and the age at death of deaths that occur below LE
and ignoring those death that occur above LE, would only provide the correct figure if it is reasonable
to assume that no deaths would have otherwise occurred prior to LE (so all ‘'normal’ deaths must
occur at LE) and that there are no deaths (survivors) beyond LE in the at risk population, i.e. all deaths
below LE are excess deaths and there are no excess deaths above LE.

h. If risk increases over the disease duration more deaths would be observed in groups that have been
prevalent for some time (i.e. are older) than those that are incident. Also if PBC-related mortality is
higher for older age groups they will be overrepresented in observed deaths compared with a
matched normal population. For both reasons LE, YLL and cost per life-year would be overestimated
using age at death as a proxy for the age distribution of the at risk population.

. A higher (lower) LE will mean that there are more (less) deaths below LE, each generating more
(fewer) YLL and fewer (more) deaths above LE each generating fewer (more) YLG.

j. Although this research was not funded to purchase access to General Practice Research Database
(GPRD) data we were able to examine a sample of it which comprised 22,313,086 rows/
patient-ICD-10 events (3 digit) representing 4,229,910 patients with data on new diagnosis of
diseases observed between 1 January 2006 and 24 June 2011 (see Addendum 1: Data sources in
Appendix 3). Although GPRD data could, in principle, provide this type of information the difficulties
of reliability, face validity and interpretation of the sample data in the form available to us meant
that it was not directly useful. We discuss the potential value of other sources of information,
including GPRD in Chapter 5.

k. We are aware that the 2000-2 WHO GBD study and the update which was published in 2008 using
2004 data has itself recently been updated. However, the report and tools were not publically
available at the time this research was conducted. We discuss the potential of future sources of
information in Chapter 5.

. The WHO, through the National Burden of Disease toolkit, reports UK-specific information about the
incidence and duration of sequelae associated with different types of disease by age and gender.
As it is possible that a patient may experience more than one of the types of sequelae reported in
GBD we use the gender and age distribution of the sequelae with the highest prevalence (evaluated
as incidence x duration) to evaluate the age and gender distribution within each disease, i.e. the
minimum estimate of prevalence consistent with these figures (see Years of life lost and accounting
for counterfactual deaths and Addendum 1: Data sources in Appendix 3).

m. Throughout the analysis in Chapter 4 mortality, life-years and QALY were not assigned to procedural
ICD-10 codes (Appendix 3, Years of life lost and accounting for counterfactual deaths) as these are
likely to be evident in other ICD-10 codes related to the procedure. This means that no health effects
are associated with PBC 22 social care (which only includes procedural ICD-10 codes), although
changes in expenditure on PBC 22 are included. This is likely to overestimate the threshold because
any health effects associated with PBC 22 will not be reflected in the estimated outcome elasticities
of other PBCs unless the effects happen to be correlated with changes in expenditure in those
other PBCs.

n. The average of the sum of the YLLs for every observed death where the YLL for each observed death
is the difference between age at death and LE conditional on age of death.

o. In the absence of information about the age distribution of excess deaths this assumes that the
average YLL associated with observed and excess deaths are similar. Insofar as excess deaths are
thought likely to generate more YLL than observed deaths the number of excess deaths will tend to
be overestimated. This would tend to underestimate the cost per excess death averted. However, the
cost per life-year estimates remain unchanged and do not require such an assumption.
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p. The impact of the age distribution of deaths and the age distribution of the at risk population
(summarised as LE) on the calculation of excess deaths is not always obvious as both will affect the
numerator (net YLL) as well as the denominator (average YLL per death) in this calculation.

g. Observed PBC mortality that is sensitive to changes in expenditure can be regarded as ‘avoidable’
and it is only this mortality that contributes to the estimates of outcome elasticities (not all observed
mortality is necessarily avoidable and sensitive to expenditure — such mortality will not contribute to
the estimates). Not all observed mortality is excess when compared with the counterfactual population
but this is unrelated to the question of how sensitive it is to expenditure, i.e. observed mortality will be
just as sensitive to expenditure whether or not it is regarded as excess. Therefore, the estimated
outcome elasticities can be applied to either observed PBC deaths or excess PBC deaths.

r. Recall from Chapter 3 and Appendix 2 that the measure of mortality that is available at PCT level and
used to estimate the outcome elasticities is restricted to deaths under 75 years, as are the published
estimates of YLL associated with them (see Life expectancy and years of life lost). However, to restrict
effects only to those under 75 years would imply that there is no excess mortality above 75 years or
equivalently that there are no health effects of PBC expenditure above 75 years. Rather than assume
no affects of NHS activity in older populations we apply the effects that can be observed to the whole
PBC but account for deaths that would otherwise have occurred in our estimate of net YLL in Years of
life lost and accounting for counterfactual deaths. In many respects whether or not PBC deaths at
older ages are as sensitive to changes in expenditure is not critical as any observed deaths that might
be averted at older ages are less likely to generate YLGs because they are more likely to have occurred
anyway in that year (i.e. are excess so generate zero YLGs anyway). Therefore, they will have very
limited impact on cost per life-year or subsequently on cost per QALY (estimates in Adjusting life-years
for quality-of-life and Including quality-of-life effects during disease). For this, and the reasons given in
the text, it is the cost per life-year rather than cost per death averted, whether excess or observed,
that is of primary interest.

s. What portion of observed deaths are regarded as excess depend on how time is discretised. The data
available reports deaths in annual intervals so in this context ‘quickly’ means within 1 year. If deaths
were reported in narrower time intervals then a greater proportion of observed deaths would be
regarded as excess and in the limit with continuous time all observed deaths would be excess. Of
course, the average YLL associated with them would be smaller and is approximated by the net YLL
reported in Table 12 per observed death (the effects of approximation is likely to be small but
unavoidable as it is due to deaths being reported in annual intervals).

t. This is the same as life-years associated with excess deaths, as all observed deaths in this PBC
are excess.

u. It would be inappropriate to assign all the change in GMS expenditure to the estimate of cost per
life-year based only on the 11 PBCs with outcome elasticities because it would imply that GMS only
contributes to these PBCs. Restricting attention to the 11 PBCs with outcome elasticities but
allocating part of the change in GMS expenditure to them based on their proportional share of
changes in overall expenditure would yield the same cost per life-year as reported in Table 16, line
(4). It should be noted that including changes in GMS expenditure but not assigning health effects to
this PBC is likely to overestimate the threshold because any health effects associated with GMS will
not be reflected in the estimated outcome elasticities of other PBCs unless the effects happen to be
correlated with changes in expenditure in those PBCs.

v. Estimates of the duration of disease for each U-code are available from the GBD study (see Table 122
and Addendum 1: data sources in Appendix 3). This information is also used in Including quality-of-life
effects during disease.

w. Variation in mortality in the first year of data will only contribute to these estimates if differences are
sustained for a minimum of 3 years. Similarly, variation in mortality in the second (third) year will only
contribute if it is sustained for a minimum of 2 (1) years. If differences in mortality are similar each
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year (contribute equally to the estimates) then estimated effects must have been sustained on
average for a minimum of 2 years. As some of the variation in mortality in the first year that is not
sustained to the third year will nevertheless be sustained for 1 or 2 years, 2 life-years per death
averted represents somewhat less than the minimum, consistent with restricting YLGs to the
observed mortality data. Of course, this is the minimum difference in observed rather than
unobserved counterfactual excess deaths. Nonetheless, it can be interpreted as an upper bound
given the data available and therefore the analysis that has been feasible.

x. See Addendum 1: data sources in Appendix 3 for a description of HSE data and Appendix 3, Quality
of life based on the general population for the analysis of QoL norms illustrated in Figure 3.

y. The only exception is PBC 11 (respiratory) which has a large proportion of deaths occurring above
the LE of the PBC population (see Table 12).

z. ICD-10 estimates of the QoL score and age were pooled across data sets by considering the number
of patients from each data set contributing to estimates, i.e. a weighted average.

aa. The average Qol scores across the ICD-10 codes which contribute to each PBC and the average age
and gender of respondents were used to calculate a PBC disease-related decrement based on QoL
norms from the general population. This ‘PBC decrement’ could then be applied to each observed
death and the age at which each life-year was gained or lost. In Including quality-of-life effects
during disease information about the relative share of different types of disease (U-codes) within a
PBC and the information about which ICD-10 codes are more likely to contribute to the effects of
changes in PBC expenditure are explored.

ab. In principle it would be possible to estimate disease-related disutility by age rather than assume a
fixed decrement. HODaR does provide age for each reported QoL score but MEPS only provides
average age of respondents in published summaries. However, even with access to ‘raw’ scores
and the age and gender of each, it is very unlikely that there would be sufficient data to estimate
age-related decrements in each of the component ICD-10 codes. It would, however, be possible to
assume a proportionate rather than fixed decrement by age. As the average age of respondents in
the pooled HODaR and MEPS sample tends to be older than the age distribution of the PBC
populations (see Tables 113 and 129 in Appendix 3) this would tend to increase the quality-adjusted
net YLL and reduce the cost per QALY threshold compared with the fixed decrement applied here.

ac. The QoL score was applied to each observed death considering the age at which each life-year was
gained or lost (from ONS) using the ‘PBC decrements’ from HODaR and MEPS.

ad. The information that is available about disease duration suggests that many types of disease that
comprise the PBCs are not chronic and certainly not lifelong (see Table 122 in Appendix 3).
In Including quality-of-life effects during disease we take account of QoL experienced while alive in
the diseased state.

ae. In Using estimates of the quality-adjusted life-year burden of disease, measures of QALY burden are
used as the basis of estimating the health effects of changes in expenditure. This analysis applies
the estimated proportionate effect of changes in expenditure on life-year burden of disease to
measures of the total QALY burden. This is equivalent to assigning a proportional adjustment to the
QoL with disease to YLGs.

af. Insofar as YLL would not have been lived in full health (see Adjusting life-years for quality-of-life),
the QoL effects during disease must offset the less than full QoL of the YLL to generate a ratio > 1.
Therefore, ratios < 1 are possible even when disease has measurable QoL effects for those
experiencing it.

ag. The analysis in Adjusting life-years for quality-of-life already implies an Ry ratio at PBC level.

ah. Reflecting the QoL norms for the general population in Figure 3 and the distribution of ages and
gender within each U-code (see Addendum 1: data sources in Appendix 3).
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ai. As QoL effects of different disease states are expressed as age-related decrements (see Figure 4) we
do not require the HODaR and MEPS samples to necessarily be representative of the age distribution
of the population at risk in the groups of ICD-10 codes that make up each U-code.

aj. The average QoL scores across the ICD-10 codes which contribute to each U-code (see Addendum 1:
data sources in Appendix 3 for how ICD-10 codes map to U-codes) and the average age and gender
of respondents from HODaR and MEPS were used to calculate a disease decrement for each U-code,
based on QoL norms from the general population. These U-code disease decrements can then be
applied to the age and gender distribution of each U-code, based on information from GBD about
the prevalence and age distribution of each — using information about the incidence of sequelae
associated with them (as described in Years of life lost and accounting for counterfactual deaths) and
information about the durations of disease (see Appendix 3, Table 122).

ak. For example, the evidence about QoL from HODaR and MEPS suggests that the impact of U037 on
QoL is greater than indicated by DALY disability weights. The QoL effects of U141, although still
very significant, are lower than indicated by DALY disability weights.

al. Information about the size, and age and gender distribution is only available at U-code level.
Therefore U-code ratios are applied to all the ICD-10 codes that contribute to a particular U-code.
Note that, unlike ICD-10 codes, U-codes do not map directly to PBCs so some ICD-10 codes in
different PBCs may belong to the same U-code and therefore have the same U-code ratio. Some
ICD-10 codes are not included in the U-code classification of disease. Most of these are procedural
codes where we do not assign life-year and QALY effects anyway (any health effects would be
evident in other ICD-10 codes), so it was not necessary to impute ratios for them (84 out of 1562).
Of the others, most were associated with PBC 16 with a zero outcome elasticity so did not require
imputation either (186 out of 1562). Imputation based on the median ratio across the ICD-10 codes
within the PBC was required for the remaining (482 out of 1562). Eighty-eight of these cannot be
mapped into U-codes. The remaining 394 were associated with U-codes where the ratio was
undefined because the denominator (YLL) was zero. In both these cases, values were imputed based
on the median ratio across the ICD-10 codes within the PBC. As the distribution of ratios within
a PBC tend to be highly positively skewed, imputation based on the median is likely to be
conservative with respect to health effects and especially in the latter case where mortality effects
appear to be a much less important aspect of the disease.

am. It is important to note that it would be inappropriate to calculate an average of the ratios within a
PBC and then apply this ‘average ratio’ to life-year effects at PBC level, rather than calculate QALY
effects at ICD-10 level by applying the relevant ratio. The results, however, can be presented as an
implied PBC ratio (i.e. a ratio of averages) (see Table 145 in Appendix 3).

an. Unfortunately, total PBC costs are not available at ICD-10 level across PCTs so could not be used for
this purpose. Costs from HES data are only a component of total PBC costs (41% of total PBC costs
for the 11 PBCs where mortality effects can be estimated) and contribute less to the variability in
PBC costs across PCTs (HES contribute only 23% of the variability for the 11 PBCs where mortality
effect can be estimated).

ao. It should be noted that the implied QALY ratio of 1.52 for the 11 PBCs with outcome elasticities is a
ratio of QALYs to unadjusted YLL. The proportion of total QALY effects due to premature deaths for
the same PBCs (50% in Table 26) also implies a ratio — equal to 2. However, this is a ratio of total
QALY effects to quality-adjusted YLL. The difference between these two ratios is the denominator
(i.e. quality-adjusted YLL are lower than unadjusted YLL).

ap. In Adjusting life-years for quality-of-life each YLG could be assumed to be lived in full health,
i.e. lived in a QoL that reflects age and gender norms of the general population or lived in a QoL
that reflects the original disease state. Applying an estimated proportionate effect on the life-year
burden of disease to measures of QALY burden of disease implies a proportionate improvement in
the QoL with disease applied to any life-year effects. Therefore, basing estimates on measures of

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Claxton et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.



ag.

ar.

as.

at.

au.

av.

aw.

ax.

ay.

QALY burden provides a more conservative estimate of the QALY effects of changes in mortality than
the best estimate reported in Adjusting life-years for quality-of-life, which was based on QoL norms.

Previously in Chapter 3 and in From mortality to life-years, Adjusting life-years for quality-of-life and
Using ratios of quality-adjusted life-years to years of life lost, expenditure elasticities were only
estimated for PBC 23 and the 11 PBCs where outcome elasticities could be estimated, with the
remaining change in total spend assigned to the other 11 PBCs. As a consequence, proportionally
more of the share of a change in total spend was allocated to these other PBCs in previous sections
[see column (3) of Table 108 in Appendix 3].

Of course it would be possible to solve for a lower outcome elasticity that could be applied to
total burden which would return the required estimate of total QALY effects restricted to 1 year
(see From mortality to life-years in Appendix 3).

As long as estimates of the QoL decrement of disease from HODaR and MEPS are representative of
average effects across those earlier (incident) and later (prevalent) in their disease duration, an
assumption of constant QoL decrement with respect to disease duration is not required.

There are a number of reasons for potential inconsistencies: (i) GBD is based on earlier years of
mortality data; (ii) the imprecision of mapping from U-codes to PBC via ICD-10 codes; and (iii) the
YLL reported in GBD are calculated in the same way as published NHS IC estimates (see Life
expectancy and years of life lost and Years of life lost and accounting for counterfactual deaths)
and will tend to overestimate the net YLL (see Table 146 in Appendix 3). The YLL by U-code,
reported in GBD, that are mapped to ICD-10 codes are adjusted by these proportionate differences
to ensure that the YLL associated with all contributing ICD-10 codes are consistent with (do not
overestimate) the net YLL for the PBC as a whole. However, due to the earlier years of data and
imprecision in mapping from U-codes to ICD-10 codes there might also be some inconsistency in
estimates of the total incidence of disease for a PBC. Insofar as disease-related mortality risk is
stable, the same number of deaths should be observed in GBD and ONS data for the same at risk
population. The PBC deaths recorded in GBD and those observed in ONS data (see Table 146 in
Appendix 3) are similar but nonetheless the proportionate difference is used to adjust the scale of
Qol burden while alive based on GBD information (equivalent to adjusting estimates of incidence).
Notable exceptions are PBC 1 and PBC 18 + 19 where the discrepancies are due to imperfect
mapping from U-codes to PBC via ICD-10 codes.

HES costs are a much smaller proportion of total PBC expenditure for the 11 PBCs where mortality
effects could not be estimated (HES costs account for < 15% of total PBC expenditure) and account
for very little of the variability in PBC costs across PCTs (the contribution that variance in HES costs
makes to variance in PBC expenditure in this group of PBCs is < 8%). Therefore allocating PBC level
effects to ICD-10 codes based on contribution to variance in HES costs is less appropriate when
information about QALY burden in this group of PBCs is used to inform the estimate of the

overall threshold.

See note au and Table 154 in Appendix 3.

Note that this is the ratio of total change in health to total change in expenditure across these
PBCs (rather than an average ratio), and the contribution that each of these PBCs make to these
total effects on health and expenditure depends on the estimated expenditure as well as
outcome elasticities.

Applying the absolute health effect of expenditure from the 11 PBCs with outcome elasticities
implies different (higher) proportionate effects in the other PBCs.

The QALY burdens per incident patient are reported in this Table 147 for each PBC, including the
median and range across the contributing ICD-10 codes. However, these values should not be over
interpreted as the ‘average’ QALY burden for the PBC depends on how PBC effects are allocated to
ICD-10 codes and the ‘average’ burden for groups of PBCs depends on how a change in overall
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expenditure is shared between them (i.e. the expenditure elasticities estimated for each PBC in
Chapter 3 and Appendix 2).

See Addendum 3: characterisation of the investment and disinvestment decisions in mental

health — depression and schizophrenia in Appendix 3 for an examination of the value of investment

and disinvestments that may have been available in PBC 5 (mental health disorders), which
accounts for much of the change in overall expenditure.

The exception is PBC 18 + 19. The reason is that there are significant adjustments made based on
differences in observed and recorded mortality (to adjust for differences in classification when
mapping from U-codes to PBCs via ICD-10 codes) as well as differences in YLL due to the GBD
method of calculation (see Table 146 in Appendix 3).

The implied QALY ratios across these 11 PBCs range from 0.70 in PBC 2 (cancer) to 14.86 in
PBC 7 (neurological).

The cost per life-year threshold in Table 716 can be interpreted as cost per QALY thresholds
conditional on the assumption that all life-years are lived in full health and the QoL with disease is
zero (equivalent to death).

Note that the proportionate differences between the estimates in Table 29, column (3) and
columns (1) and (2) are greater in lines (1) and (2), reflecting the additional health effects from
considering the likely impact of changes in expenditure on QoL during disease. These differences
are less marked in line (3) because the effects in those PBCs where an outcome elasticity can be
estimated are extrapolated to the other PBCs using proportionate effect on QALY burden and
measures of QALY burden in these other PBCs (see the discussion in Using estimates of the
quality-adjusted life-year burden of disease for more details).

It would be inappropriate to assign all the change in GMS expenditure to the estimate of cost per
QALY based only on the 11 PBCs with outcome elasticities because it would imply that GMS only
contributes to these PBCs. Restricting attention to the 11 PBCs with outcome elasticities but
allocating part of the change in GMS expenditure to them based on their proportional share of
changes in overall expenditure would yield a slightly higher cost per QALY than reported in Table 29,
line (2). It should be noted that including changes in GMS expenditure but not assigning health
effects to this PBC is likely to overestimate the threshold because any health effects associated with
GMS (or PBC 22, see notes m and u) will not be reflected in the estimated outcome elasticities of
other PBCs unless the effects happen to be correlated with changes in expenditure in those PBCs.

Chapter 5

a.

The cost per life-year threshold in Table 30, column (1) can be interpreted as cost per QALY
threshold conditional on the assumption that all YLGs or lost are lived in full health but the QoL
with disease is zero (equivalent to death).

. The cost per life-year adjusted for QoL in Table 30, column (2) can be interpreted as cost per QALY

threshold conditional on the assumption that the QoL with disease is zero (equivalent to death);
effectively ignoring any effects on those who survive with disease.

. It would be inappropriate to assign all the change in GMS expenditure to the estimate of cost per

QALY based only on the 11 PBCs with outcome elasticities because it would imply that GMS only
contributes to these PBCs. Restricting attention to the 11 PBCs with outcome elasticities but
allocating part of the change in GMS expenditure to them based on their proportional share of
changes in overall expenditure would yield a slightly higher cost per QALY than reported in

Table 30, line (2). It should be noted that including changes in GMS expenditure but not assigning
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health effects to this PBC is likely to overestimate the threshold because any health effects associated
with GMS or PBC 22 social care (see Chapter 4, note 0), will not be reflected in the estimated
outcome elasticities of other PBCs unless the effects happen to be correlated with changes in
expenditure in those PBCs.

d. The effects of discounting are modest because (i) the health effects of a change in expenditure are
restricted to 1 year (where no discounting is necessary); (i) most of the total QALY effect occurs
in that year; (iii) it is only some of the life-year effects (adjusted for quality) of a change in mortality in
that year that occur in future years that need to be discounted; and (iv) these need to be discounted
only over 4.6 years on average (see Tables 191 and 792 in Appendix 3 for discounted values).

e. Which is determined by the estimated expenditure elasticities (the proportionate change in PBC
expenditure due to a change in overall expenditure) and total PBC expenditure (see Chapter 3 and
Analysis of programme budgeting expenditure for 2008/9 and mortality data for 2008/9/10 in
Appendix 2).

f. Which are determined by the outcome elasticities (the proportionate effects on mortality and YLL of
a proportionate change in PBC expenditure, see Chapter 4, Using estimates of the quality-adjusted
life-year burden of disease for details of how these estimates can be applied to measures of QALY
burden in all PBCs).

g. See Chapter 4, Including quality-of-life effects during disease for how PBC level effects can be
allocated to the contributing ICD-10 codes and how measures of QALY burden for each ICD-10 code
can be established.

h. Within PBC 11, chronic lower respiratory diseases (J40-J47) account for 85% of the QALY effects of
a change in PBC expenditure; lung diseases due to external agents (J60-J70), 4%; other diseases
of the upper respiratory tract (J30-J39), 4%; other respiratory diseases principally affecting the
interstitium (J80-J84), 1%; and other diseases of pleura (J90-J94), 1%. The other ICD-10 codes
each contribute less, but together account for 4% of the health effects of a change in PBC
11 expenditure.

. Within PBC 10, ischaemic heart diseases (I20-125) accounts for 55% of the QALY effects of a change
in PBC expenditure; cerebrovascular diseases (160-169), 21%; other forms of heart disease (130-152),
7%, congenital malformations and deformations of the circulatory system (Q20-Q28), 3%; and
diseases of veins, lymphatic vessels and lymph nodes, not elsewhere classified (180-189), 3%.

The other ICD-10 codes each contribute less but together account for 8% of the health effects of
a change in PBC 10 expenditure.

j- Within PBC 7, episodic and paroxysmal disorders (G40-G47) account for 73% of the QALY effects
of a change in PBC expenditure; extrapyramidal and movement disorders (G20-G26), 8%;
other degenerative diseases of the nervous system (G30-G32), 5%; other disorders of the nervous
system (G90-G99), 3%, and nerve, nerve root and plexus disorders (G50-G59), 2%. The other
ICD-10 codes each contribute less but together account for 9% of the health effects of a change in
PBC 7 expenditure.

k. HES costs only account for 16.8% of total costs in PBC 5 and only explain 5.9% of the variance in
PBC costs across PCTs (see Chapter 4, notes an, au and Chapter 5, note ai), therefore it seems
unlikely that a large proportion of investment and disinvestment in this PBC has been associated with
these ICD-10 codes.

|. Although the published evidence suggests that investment and disinvestment opportunities in this
PBC tend to be much more valuable than the implied cost per QALY, we have little information
on the particular investments and disinvestments that were actually made by PCTs. The review of
local data sources (see Appendix 3, Addendum 2: the role of data on local NHS decisions) revealed
very little routinely collected information about specific investments and disinvestments beyond more
aggregate measures of spending. In common with other PBCs, there will inevitably be inefficient,

NIHR Journals Library



VOL. 19 NO. 14

ineffective or even iatrogenic practice (e.g. due to poor diagnosis and inappropriate prescribing).
Insofar as these types of activities are sensitive to changes in PBC expenditure this will tend to
increase the cost per QALY associated with changes in expenditure in this PBC. Whether or not both
the extent of these inefficiencies and their sensitivity to changes in expenditure are sufficient to
increase the cost per QALY above £18,744 is unclear, although it seems unlikely. Note that the
effects of the scale and sensitivity to expenditure of inefficient or even harmful practice in the other
PBCs where outcome equations could be specified are already captured in the estimated

outcome elasticities.

m. In principle, at least, with sufficient panel data which would allow a more complex lag structure and
simultaneous estimation of expenditure and outcome elasticities across all PBCs, it might be possible
to isolate the short run effects of a change in expenditure in one PBC across all the others. In the
absence of such data and so long as adjustments are expected take place quickly relative to the time
horizon of the effects of the new technology on NHS cost and outcomes (i.e. marginal NHS
resources can be reallocated in the medium term), using the overall cost per QALY threshold for
technologies relevant to any PBC is reasonable and more so than other alternative assumptions that
might be made.

n. The health effects of a change in expenditure in a ‘contributory’ PBC will not be reflected in the
estimated health effects of change in expenditure in the ‘recipient’ PBCs unless they happen to be
correlated with changes in expenditure in the ‘recipient’ PBCs, i.e. all changes in expenditure are
assigned to PBCs but all the health effects may not be. This suggests that the health effects are likely
to be underestimated and the overall threshold underestimated.

0. The quite general theoretical framework in Chapter 3 assumes that PCTs maximise some unspecified
welfare function where health (not necessarily QALYs) is one of its arguments (see Chapter 3,
Modelling framework). The type of econometric analysis conducted would remain the same
irrespective of the measure of health or weights that might be place on different types of health
gained or lost. The assumption required is that mortality is related to the 'health” argument,
however, ‘health’ might be specified. We make no comment on whether or not QALY maximisation
ought to be the objective of PCTs, nor is that required to estimate a threshold for NICE which is
currently based on cost per (unweighted) QALY.

p. A form of value of information analysis could be applied to these estimates in subsequent research,
ideally capturing some of the other sources of uncertainty. Such analysis has firm foundations in
statistical decision theory and has been applied to health-care decisions. More recently it has been
applied to the decisions faced by NICE when considering whether or not there is sufficient evidence
to support the approval of a new technology.

g. The Monte Carlo simulation is in essence Bayesian, where the standard errors from the frequentist
econometric analysis are used to assign normal prior distributions with means equal to the point
estimates and a standard deviation equal to the estimated standard errors. This is equivalent to a
fully Bayesian analysis with initially uninformative priors which are updated through the analysis of
expenditure and mortality data.

r. Note that the mean of the simulated values is not the mean of the sampled ratios but the ratio of
the mean sampled values for the numerator and denominator. Deterministic and simulated values
are the same for 2006, 2007 and 2008 expenditure data (other than negligible Monte Carlo error
from 1000 samples). Also note that in constructing the cumulative probability density function in
Figure 5 and the histograms of values in Appendix 3 it is important to identify whether sampled
negative values favour a low value for the threshold or an unbounded one (there were no negative
values sampled in the simulation of values for all 23 PBCs).
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s. Positive correlation suggests that a high spend elasticity will be associated with a high outcome
elasticity (i.e. less negative, implying a smaller heath effect of a change in expenditure) resulting in a
higher estimate of the threshold. It also suggests that when spend elasticity is low, outcome elasticity
will also tend to be lower (i.e. more negative, implying a larger health effect of a change in
expenditure) resulting in a lower estimate of the threshold. Although realisations of spend elasticities
higher and lower than the mean estimate are equally likely, higher spend elasticities provide a
greater ‘weight’ associated with higher estimates of the threshold (where outcome elasticity is also
high) when calculating the mean threshold. For these reasons a positive correlation will tend to
increase the mean estimate of the threshold.

t. Only a negative skew in the distribution of the threshold would tend to offset the implications of the
non-linear relationship between NHB and the value of the threshold. However, in this case the mean
estimate is very similar but slightly greater than median values (see Using ratios of quality-adjusted
life-years to years of life lost in Appendix 3) indicating a small positive skew, which reinforces the
implication that the policy threshold should be below the expected or mean value.

u. Rather than solve for this type of ‘certainty equivalent’, a probabilistic analysis of the
cost-effectiveness of a technology which integrated the uncertainty associated with the cost per
QALY threshold as well, would take account of these issues (i.e. the technology would be
cost-effective if it offered the highest expected net benefit when averaged over all Monte Carlo
simulations, including sampling from the distribution of the cost per QALY threshold).

v. Although health benefits can be expressed in terms of consumption (in money) using some consumption
value of the health effects (WTP), NHS costs must be first converted into health forgone, using an
uncertain estimate of the threshold, before these are also expressed in consumption (money terms) using
the same consumption value of health, i.e. the non-linear effect of the threshold remains unavoidable.
Failure to account for the threshold and the implications of its uncertainty would only be reasonable in a
heath-care system where expenditure was not constrained and/or all costs fell on private consumption.

w. There are of course other unquantified sources of structural uncertainty in any statistical model.
In this case the underlying model is based on a production function for health consistent with
Cobb-Douglas, which has firm theoretical foundations and has been widely used in health and
elsewhere. Although it might be possible to test more flexible function forms (also founded in
economic theory) to quantify this other source of structural uncertainty, there are no reasons to
believe that more flexible functional forms would necessarily increase or reduce the estimates of
outcome elasticities.

Xx. What can be estimated is the health effect over the observed variation in expenditure. This will also
be the ‘true’ marginal effect (tangency at a budget of B1) if health returns to expenditure diminish
at a constant rate (the second derivative is constant) as illustrated in Figure 7. As nothing is ‘truly’
marginal the important question is how the threshold changes with the sign and scale of the
non-marginal budget impact associated with approval of a new technology.

y. Due to the diminishing marginal returns illustrated in Figure 8 (see Impact of investment,
disinvestment and non-marginal effects for further explanation).

z. 2008 expenditure expressed in 2007 NHS prices based on 3.9% NHS inflation from the HCHS
index — see Adjusting the cost of life-year estimates to constant prices in Appendix 2.

aa. See Tables 157 and 184 in Appendix 3 for a summary of outcome and expenditure elasticities and
total expenditure by PBC in 2007 and 2008. Also see Table 180 in Appendix 3 with Table 31 for an
indication of these net effects on the share of health effects and changes in expenditure.

ab. If the growth rate in the nominal threshold between 2007 and 2008 was applied, the current 2012
threshold would be expected to be £10,536.

ac. All relevant documentation is available at NICE.'%
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ad. Although there was insufficient mortality at PCT level to estimate outcome elasticities for the other
PBCs, the measure of QALY burden in some of these PBCs does include some mortality (based on
ONS data). Therefore, applying a proportionate effect to measures of QALY burden of will include
some mortality and life-year effects although they represent only a small proportion of the total
QALY effects.

ae. The differences in contribution to deaths compared with life-years reflects the distribution of age at
death and the age and gender distribution of the population at risk in the ICD-10 codes that
contribute to each PBC (see Chapter 4, From mortality to life-years and Addendum 1. data sources
in Appendix 3).

af. Information about the age, gender and the incidence of sequelae associated with different diseases
within a PBC are only available for U-codes which can be mapped to groups of three-digit ICD-10
codes. Also allocating PBC level effects to ICD-10 codes was based on the proportion of the total
PBC population within each contributing ICD-10 codes because PBC costs are not available at
ICD-10 code level across PCTs. Although costs from HES data are available at ICD-10 code level they
are only a small component of total PBC costs and contribute very little to the variability in PBC costs
across PCTs especially in those PBCs where mortality effects could not be estimated (also see
Chapter 4, notes ap and av, and Addendum 1: data sources in Appendix 3).

ag. This is implicit in the estimates of outcome elasticities presented in Chapter 3. Although 3 years of
mortality data are used in the analysis of each year of expenditure, these are averaged to an annual
value prior to estimating outcome elasticities, so the estimated outcome elasticities represent the
proportionate effect on mortality in 1 year due to a proportionate change in expenditure. This is
likely to underestimate effects on mortality as expenditure that reduces mortality risk (or reduces the
QALY burden of disease) for an individual in 1 year may well also reduce their risk (reduce QALY
burden) over subsequent years; possibly over the whole of their remaining disease duration.
Expenditure may also prevent disease in future patient populations. Therefore, total health effects
will be underestimated and the cost per life-year or QALY threshold will be overestimated.

ah. The YLG associated with each death averted are based on what would have been their LE taking
account of their age and gender (using life tables for the general population).

ai. It should be recognised that the purpose is to inform an assessment of the threshold for decisions
that have not yet been made (i.e. prediction for decisions not yet made rather than a description of
the past). Therefore, irrespective of the availability of evidence or the sophistication of analytical
methods, the need for assumptions or scientific value judgements can never be avoided but only
better informed.

aj. The nature of prediction to inform decisions, combined with the reality of a forever unobserved
counterfactual makes judgement unavoidable — see note ai.

ak. For example, a more structural approach of estimating an outcome equation jointly with an
expenditure equation, both with appropriately specified lag structures and controlling for
unobserved PCT effects might be possible, although changes to PCT boundaries, recording of PBC
data and the recent formation of Clinical Commissioning Groups (CCGs) makes the time
series problematic.

al. The health effects of previous changes in expenditure in t—n will not be reflected in estimates
of the health effects of changes in expenditure in t unless they happen to be correlated with
changes in expenditure in t. Therefore, excluding a longer lag structure for the health effects
of changes in expenditure in t—n, ... t, ..., t+nis likely to underestimate the effects of changes
in expenditure in t.
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am. These effects will be picked up in the cross-sectional variation, at least partially, so long as there is
some variation in the health effects achieved and scale of simultaneous investment or disinvestment
across PCTs.

an. This would be particularly interesting when reconsidering the subgroup analysis in Impact of
investment, disinvestment and non-marginal effects with panel data.

ao. We have taken account of competing risks or counterfactual deaths (which might appear in any of
the PBCs in our calculation of net YLL — see Chapter 4, Years of life lost and accounting for
counterfactual deaths). The health effects of a change in expenditure in ‘contributory’ PBCs
will not be reflected in the estimated health effects of change in expenditure in the ‘recipient’ PBCs
unless they happen to be correlated with changes in expenditure in the ‘recipient’ PBCs, i.e. all
changes in expenditure are assigned to PBCs but all the health effects may not be. This suggests
that the health effects are likely to be underestimated and the overall threshold underestimated
(see Which programme budget categories matter most? and note p).

ap. The vast majority of hip and knee replacements are for osteoarthritis which is included in PBC 15.

ag. These data have only been collated centrally since April 2012 despite IAPT sites collecting these data
at individual patient encounters for many years. In April 2012, the IAPT data standard was approved
by the NHS Information Standards Board as a nationally mandated data standard. Data is now
collected centrally on a monthly basis from over 200 service locations. The first report on the quality
of IAPT data was published in November 2012 but the quarterly IAPT data reports, which were
scheduled to be released at the same time have not been made available. Although there is a
commitment to make the data set publicly available, the timing and details of what will be available
(summaries or patient-level data and whether it will include the waves of data collected since 2006)
and who might have access (commissioners, service providers or independent researchers) remains
unclear (see www.iapt.nhs.uk and www.hscic.gov.uk/iapt).

ar. Similar difficulties will arise, however, when translating the observed impact of a therapy on QolL,
before and immediately after the intervention, into longer-term effects.

This is the aim of a value-based pricing approach previously considered by the Department of Health.?

a. In fact, the 2004 NICE Methods Guide® noted that ‘the threshold will change over time as the
budget for healthcare changes’ (p. 33). However, there is no clear reference to this change in the
2008 Methods Guide.?

a. This study builds on previous work that was undertaken as part of the Quest for Quality and
Improved Performance, a 5-year initiative of the Health Foundation.

b. Strictly speaking, these local health authorities are PCOs but the vast majority of these are ‘trusts’
and we retain this terminology throughout.

c. In April 2010 two PCTs [East and North Hertfordshire (5P3) and West Hertfordshire (5P4)] merged
to form a single organisation [Hertfordshire PCT (5QV)] so that, since this date, there have been
151 PCTs. At the same time Blackburn and Darwen PCT (5CC) became Blackburn and Darwen
Teaching Care Trust Plus (TAP). In April 2011 Solihull Care Trust (TAM) became a PCT (5QW).
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d. Some commentators have suggested that some of the within programme variation in expenditure
observed across PCTs reflects different accounting conventions or unknown local factors. One way
of reducing the impact of such unobserved heterogeneity is to construct a longitudinal data set with
expenditure and mortality for each PCT for several years. With the availability of several years of data
for both expenditure and mortality, we wanted to estimate a panel data model. However, most of
the instruments employed here are based on the 2001 Census and thus estimation of a panel model
will not be possible until these too become time variant; this should occur later this year with release
of the 2011 Census data at PCT level. The same difficulty arises with the estimation of an
incremental model.

e. This figure ignores intracategory changes (e.g. where an ICD-10 code is reallocated from category 1A
to 1B) and only counts cross-category changes (e.g. where the code is switched from category 1 to
category 2).

f. This expert review also led to the introduction of 40 additional subcategories including 10 subcategories
for the cancer and tumour programme.

g. Expenditure on, for example, community care, A&E, ambulance services and outpatients can be
difficult to attribute a particular PBC. Critical care, rehabilitation and specialised commissioning
across care settings will also be difficult to attribute to a particular programme.

h. This cost adjustment reflects the fact that health economy input prices vary considerably across the
country and, for some inputs, are up to 40% higher in London and the south east of England than
elsewhere. We have used a weighted average of the three MFFs for HCHS, for prescribing, and for
GMS/PMS to adjust the raw expenditure figures in Table 2 for local input prices.”

i. This needs adjustment incorporates the AREA resource allocation formula for HCHS.”®

j. The Association of Chartered Certified Accountants (ACCA)/Audit Commission [Association of
Chartered Certified Accountants (ACCA)/Audit Commission. Costing Care Pathways: Understanding
the Cost of the Diabetes Care Pathway. London: ACCA/Audit Commission; 2011] looked at the
reliability of the PB data for the diabetes subgroup within the endocrine and metabolic problems
category. The ACCA/Audit Commission noted that PB data includes inpatient and prescribing
expenditure, which are thought to be relatively reliably allocated to PBCs and to be consistently
costed across PCTs, and outpatient and community service expenditure, which are thought to be
less reliably allocated to PBCs and to be less consistently costed across PCTs. The ACCA/Audit
Commission compared the variation in expenditure for inpatient and prescribing expenditure with
that for total programme budget expenditure and found that the latter was far greater than the
former. However, the interpretation of this result is not straightforward; as the ACCA/Audit
Commission noted, it is difficult to know whether differences in programme budget spend are
attributable to variation in service provision and efficiency, or simply to different approaches to
cost allocation.

k. One exception to this is the mortality rate for the trauma and injuries programme where initially only
SMRs were available.

|. The NHS IC reports mortality rates using deaths pooled over a 3-year period because the relatively
small number of annual deaths in some disease categories might lead to large year-on-year
fluctuations in death rates at PCT level.

m. However, we do experiment with replacing and supplementing this all service measure of need with
more programme-specific measures where these are available (e.g. using the diabetes and epilepsy
prevalence rates).

n. Although need is a function of mortality/morbidity in the resource allocation formula, the relationship
is not sufficiently strong enough for us to be concerned about the endogeneity of the need in any
individual care programme.
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0. When estimating expenditure equations using PB data for 2005/6 for cancer and circulatory disease
we persevere (for continuity with previous studies) with the use of the circulatory disease SYLLR as
the proxy for other programme need in the cancer programme, and we use the cancer SYLLR as the
proxy for other programme need in the circulatory disease programme (see Martin et al.%%3),

p. The IV procedure involves the estimation of the second-stage expenditure equation as specified in
Equation 12 and the estimation of a first-stage expenditure equation associated with Equation 13.
The same variable might have different coefficients in these two equations because the equations
will have different sets of covariates.

g. For the case of a single endogenous regressor and three excluded instruments, Stock and Yogo®
critical values are as follows in terms of the bias of 2SLS relative to bias of OLS: relative bias 5%,
critical value = 13.9; relative bias 10%, critical value =9.08; relative bias 20%, critical value = 6.46;
relative bias 30%, critical value =5.39.

r. The OLS version of Ramsey's®! reset test was invoked using Stata’s -ovtest- command, and the IV
equivalent was invoked using -ivreset-.

s. As all PCTs face the same prescribing costs, the prescribing MFF is 1 for all PCTs.

t. The "big four PBCs’ are the cancer, circulatory disease, respiratory problems and gastrointestinal
problems. They are ‘big’ programmes in terms of the number of deaths associated with
each programme.

u. The programme-specific cost per life and life-year estimates presented here will underestimate
the true programme-specific costs because not all PCT expenditure can be allocated to a specific
programme (e.g. all GMS expenditure is allocated to PBC 23 rather than being split between
cancer, circulatory disease, respiratory problems, etc.). However, this more generic expenditure is
incorporated into the calculation of the cost of a life-year when this calculation is undertaken across
all programmes.

v. These are the "big four PBCs' in terms of the number of lives (or life-years) lost.

w. The cost of a life-year for a group of PBCs is calculated by dividing (a) the sum of the change in
spend on the component PBCs by (b) the sum of the change in the number of lives/life-years lost for
the component PBCs.

x. We are grateful to Steve Morris for this suggestion.

y. Instead of estimating programme-specific models we also tried estimating an outcome model using
the all-cause mortality rate and expenditure across all programmes combined but this was not
successful (again, counterintuitive signs were obtained on some variables). We also investigated the
possibility of using an overall measure of health derived from the HSE. Apart from sample size issues
at PCT level (4645 adults in England were interviewed for the 2009 survey), such surveys by
definition only provide information about the health status of the living population and reveal
nothing about the level of mortality.

z. The cost of a life-year for those 13 programmes where there is no health gain is, of
course, undefined.

aa. Note that implied need = unified weighted population/(CARAN MFF x raw population).
ab. Ideally, the test F-statistic should be > 10.

ac. Clearly, some expenditure in year t will have an effect on mortality beyond t + 2 but we have no
mortality data that would allow us to include this in our modelling work. We must assume that, for
expenditure that affects mortality beyond t + 2, PCTs have reached some sort of equilibrium position
in terms of their expenditure choices and the outcomes secured.®1%°
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When re-estimating the all PCT model for ‘high spenders’ and then for ‘low spenders’, no attempt
was made to adjust the estimating equation for any implied model misspecifiaction.

The cost of a life-year estimates presented in Table 74 are not adjusted for the mismatch in the
ICD-10 coverage of the expenditure and mortality data because such an adjustment would not
affect our conclusions.

af. See column (1) of Table 65 for the estimated IV cancer outcome model.
ag. We used a symmetrical distribution about zero because we have no priors about the signs of the
coefficients on the instruments. The use of a uniform distribution is arbitrary but of no significance.
ah. The outcome model for circulatory disease reported in Table 65 (using PB expenditure for 2006/7
and mortality data for 2006/7/8) contains four instruments. The application of the sensitivity analysis
described in this section is considerably easier to implement if only two instruments are present and
re-estimation of the outcome model for circulatory disease without the two least significant
instruments generates very similar results to those obtained with all four instruments (e.g. the
coefficient on expenditure declines marginally from —1.434 to —1.427). Therefore, the sensitivity
analysis reported here uses the outcome model containing only two instruments.
ai. The Kleibergen—Paap F-statistic is very close to the target value of 10 for both the genitourinary and
infectious diseases outcome models.
aj. Expenditure on, for example, community care, A&E, ambulance services and outpatients can be
difficult to attribute to a particular PBC. Critical care, rehabilitation and specialised commissioning
across care settings will also be difficult to attribute to a particular programme.
ak. With the index for 1987/8 set equal to 100, then 2005/6 = 240.9, 2006/7 = 249.8, 2007/8 = 257.0,
and 2008/9 =267.0.%
Appendix 3
a. The calculated mid-points are as follows:
<1 1-4 5-9 10-14  15-19  20-24 2529 30-34 35-39 40-44
0.5 3.0 7.5 12.5 17.5 225 27.5 325 37.5 425
45-49  50-54 55-59 60-64 65-69 70-74 75-79 80-84 85-89 90+
47.5 52.5 57.5 62.5 67.5 72.5 77.5 82.5 87.5 92.5

b. The YLL available from NHS IC represented all deaths from maternity and all deaths under 28 days
across PBCs. The coverage factor (0.679) adjusts this YLL to represent maternity and all deaths
< 1 year across PBCs. The calculation is described in Appendix 2, Table 37 footnotes.

c. Figures for England, from ONS.'*?

d. Note that the outcome elasticities are based on PBC mortality that is sensitive to changes in
expenditure (i.e. is avoidable) at the margin so no assumptions about how much of the PBC
mortality is avoidable is required.

e. Although this research was not funded to purchase access to GPRD data we were able to examine a

sample of it which comprised of 22,313,086 rows/patient-ICD-10 events (three digit) representing
4,229,910 patients with data on new diagnosis of diseases observed between 1 January 2006 and
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24 June 2011 (see Addendum 1: data sources). Although GPRD data could, in principle, provide this
type of information the difficulties of reliability, face validity and interpretation of the sample data in
the form available to us meant that it was not directly useful.

f. We are aware that the 2000-2 WHO GBD study and the update which was published in 2008 using
2004 data has itself recently been updated. However, the report and tools were not publically
available at the time this research was conducted.

g. Throughout the analyses in this appendix, mortality, life-years and QALY were not assigned to
procedural ICD-10 codes (i.e. those in ICD-10 chapter Z, Factors influencing health status and contact
with health services). Health effects from increased spending on these ICD-10 codes would either be
non-existent or would be evident in other ICD-10 codes related to the procedure. This means that no
health effects are associated with PBC 22 social care (which only includes procedural ICD-10 codes),
although changes in expenditure on PBC 22 are included. This is likely to overestimate the threshold
because any health effects associated with PBC 22 will not be reflected in the estimated outcome
elasticities of other PBCs unless the effects happen to be correlated with changes in expenditure in
those other PBCs.

h. This is the same as life-years associated with excess deaths, as all observed deaths in this PBC
are excess.

i. It should be noted that including changes in GMS expenditure but not assigning health effects to this
PBC is likely to overestimate the threshold because any health effects associated with GMS will not be
reflected in the estimated outcome elasticities of other PBCs unless the effects happen to be
correlated with changes in expenditure in those PBCs.

j. This information is also used in Including quality-of-life effects during disease.

k. As some of the variation in mortality in the first year that is not sustained to the third year will
nevertheless be sustained for 1 or 2 years, 2 life-years per death averted represents somewhat less
than the minimum, consistent with restricting YLGs to the observed mortality data.

l. The table below reports the cost per QALY threshold using a relative weight based on the size of the
ICD-10 code population to allocate health effects:

All big four programmes 4400 5100 2340
11 PBCs (with mortality) 8066 9267 4212
All 23 PBCs 9117 10,474 4760

m. In Chapter 4, Adjusting life-years for quality-of-life each life-year gained could be assumed to be lived
in full health, lived in a QoL that reflects age and gender norms of the general population or lived in a
QoL that reflects the original disease state. Applying an estimated proportionate effect on the life-year
burden of disease to measures of QALY burden of disease implies a proportionate improvement in the
QoL with disease applied to any life-year effects. Therefore, basing estimates on measures of QALY
burden provides are more conservative estimate of the QALY effects of changes in mortality than the
best estimate reported in Chapter 4, Adjusting life-years for quality-of-life, which was based on
QoL norms.

n. HES costs are a much smaller proportion of total PBC expenditure for the 11 PBCs where mortality
effects could not be estimated (HES costs account for < 15% of total PBC expenditure) and account
for very little of the variability in PBC costs across PCTs (the contribution that variance in HES costs
makes to variance in PBC expenditure in this group of PBCs is < 8%). Therefore, allocating PBC level
effects to ICD-10 codes based on contribution to variance in HES costs is less appropriate when
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information about QALY burden in this group of PBCs is used to inform the estimate of the
overall threshold.

o. Note that this is the ratio of total change in health to total change in expenditure across these PBCs
(rather than an average ratio) and the contribution that each of these PBCs make to these total
effects on health and expenditure depends on the estimated expenditure as well as the
outcome elasticities.

p. Applying the absolute health effect of expenditure from the 11 PBCs with outcome elasticities implies
different (higher) proportionate effects in the other PBCs.

g. Note that the proportionate difference between the estimates in Table 7153 column (3) and columns (1)
and (2) are greater in lines (1) and (2), reflecting the additional health effects from considering the likely
impact of changes in expenditure on QoL during disease. These differences are less marked in line
(3) because the effects in those PBCs where an outcome elasticity can be estimated are extrapolated to
the other PBCs using proportionate effect on QALY burden and measures of QALY burden in these
other PBCs.

. It would be inappropriate to assign all the change in GMS expenditure to the estimate of cost per
QALY based only on the 11 PBCs with outcome elasticities as it would imply that GMS only
contributes to these PBCs. Restricting attention to the 11 PBCs with outcome elasticities but
allocating part of the change in GMS expenditure to them based on their proportional share of
changes in overall expenditure would yield a slightly higher cost per QALY than reported in
Table 153, line (2). It should be noted that including changes in GMS expenditure but not assigning
health effects to this PBC is likely to overestimate the threshold because any health effects associated
with GMS (or PBC 22 see Chapter 4, notes m and u) will not be reflected in the estimated outcome
elasticities of other PBCs unless the effects happen to be correlated with changes in expenditure in
those PBCs.

-

s. Which are determined by the estimated expenditure elasticities (the proportionate change in PBC
expenditure due to a change in overall expenditure) and total PBC expenditure (see Chapter 3 and
Analysis of programme budgeting expenditure for 2008/9 and mortality data for 2008/9/10 in
Appendix 2).

t. Which are determined by the outcome elasticities [the proportionate effects on mortality and YLL of
a proportionate change in PBC expenditure (see Including quality-of-life effects during disease for
details of how these estimates can be applied to measures of QALY burden in all PBCs)].

u. See Including quality-of-life effects during disease for how PBC level effects can be allocated to the
contributing ICD-10 codes and how measures of QALY burden for each ICD-10 code can
be established.

v. HES costs only account for 16.8% of total costs in PBC 5 and only explain 5.9% of the variance in
PBC costs across PCTs, therefore it seems unlikely that a large proportion of investment and
disinvestment in this PBC has been associated with these ICD-10 codes.

w. Although the published evidence suggests that investment and disinvestment opportunities in this
PBC tend to be much more valuable than the implied cost per QALY, we have little information on
the particular investments and disinvestments that were actually made by PCTs. The review of local
data sources (see Addendum 2: the role of data on local NHS decisions) revealed very little routinely
collected information about specific investments and disinvestments beyond more aggregate
measures of spending. In common with other PBCs, there will inevitably be inefficient, ineffective or
even iatrogenic practice (e.g. due to poor diagnosis and inappropriate prescribing). Insofar as these
types of activities are sensitive to changes in PBC expenditure this will tend to increase the cost per
QALY associated with changes in expenditure in this PBC. Whether or not both the extent of these
inefficiencies and their sensitivity to changes in expenditure are sufficient to increase the cost per
QALY above £13,876 is unclear, although it seems unlikely. Note that the effects of the scale and
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sensitivity to expenditure of inefficient or even harmful practice in the other PBCs where outcome
equations could be specified are already captured in the estimated outcome elasticities.

x. Professor Craig Currie and Sara Jenkins-Jones.

y. This represents six fewer than the incidence data as in these instances the end dates for the disease
were beyond the end of the data collection period.

z. Mapping algorithms were provided by the NHS Connecting for Health group,
see www.connectingforhealth.nhs.uk/systemsandservices/data/clinicalcoding/crossmap for
more details.

aa. Representing instantaneous, 1 month, 1 year, 5 years and lifelong.
ab. For more information on access to the toolkit see WHQ.™®
ac. For more information on the surveys and the data they collect see Department of Health.'*®

ad. This contrast was informed by our clinical representative (Dr Charlotte Haylock, York Teaching
Hospital NHS Foundation Trust, 2012, personal communication).

ae. Estimate by Tim Kendal.
af. This view was informed by our clinical advisors.

ag. Although there was insufficient mortality available at PCT level to estimate outcome elasticities for
the other PBCs, the measure of QALY burden in some of these PBCs does include some mortality
(based on ONS data). Therefore, applying a proportionate effect to measures of QALY burden
disease of will include some mortality and life-year effects although they represent only a small
proportion of the total QALY effects.

ah. Information about the age, gender and the incidence of sequelae associated with different diseases
within a PBC are only available for U-codes which can be mapped to groups of three-digit ICD-10
codes. Also, allocating PBC-level effects to ICD-10 code was based on the proportion of the total
PBC population within each contributing ICD-10 code because PBC costs are not available at ICD-10
code level across PCTs. Although costs from HES data are available at ICD-10 code level, they are
only a small component of total PBC costs and contribute very little to the variability in PBC costs
across PCTs especially in those PBCs where mortality effects could not be estimated (also see
Chapter 4 notes ap and av and Addendum 1: data sources).
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Appendix 1 Systematic review of the literature
on the cost-effectiveness threshold

Systematic review approach

Introduction

The aim of the systematic review was to inform the development of the conceptual framework, as well

as the design, implementation and interpretation of the empirical analyses. Rather than define a set of very
specific questions to answer through the review, the objective was to characterise the existing literature in
terms of the questions addressed and approaches taken. However, it was hoped that insights would be
provided on topics including:

general conceptualisation of the cost-effectiveness threshold
how NICE's cost-effectiveness threshold should be defined, characterised and operationalised
® approaches to estimating cost-effectiveness thresholds in general and the NICE threshold in particular.

In the initial stages of this systematic review it became clear that the ‘traditional’ method of conducting
systematic searches of existing literature on the topic of the cost-effectiveness threshold would be
insufficient to deal with the requirements of this particular study. Here we refer to the ‘traditional’ method
as the practice of finding key terms and medical subject headings (MeSHs) that most accurately capture
the range of literature relevant to the topic, while attempting to include as few irrelevant studies as
possible (making use of programs such as MEDLINE).

The main weaknesses of using such an approach for a systematic review of this topic is that it requires a
pre-existing knowledge of the terms used and topics covered in the current literature. This process has
always required a degree of expertise (and luck) as to the strategy taken, including both knowledge of the
literature to find likely search terms and skill in the construction of the strategies. The implications of
excluding a single key term are potentially equivalent to ignoring vast areas of the literature. In addition,
the traditional approach relies on key terms existing that suitably encapsulate the relevant literature.
Finding common terms used in literature with potential relevance to the cost-effectiveness threshold was
found to be a significant problem as many relevant topics were not specifically aimed at issues relating to
the NICE cost-effectiveness threshold (e.g. the Martin et al. publications®>° which provide a precursor

to this project). In addition, due to the wide range of coverage of topics such a ‘threshold’ and
‘cost-effective’, any attempts at a systematic review would be either excessively large or result in a clearly
limited snap-shot of the existing literature.

As a result a pragmatic approach was taken to the identification of relevant papers, one of ‘pearl growing’
which can be defined here as the use of existing collections of studies to identify additional relevant

parts of the literature. The approach uses a pool of ‘initial pearls’ to grow the literature both through
references and citations until all relevant papers have been discovered. This approach therefore relies on
the expertise of the authors of the existing literature to populate the pool of studies rather than the
searcher’s potentially limited knowledge.

Although this approach of ‘pearl growing’ was significantly limited by the existing software available
and has a time consuming element, it represents an approach that corrects for many of the failings of
traditional searches for topics that share the characteristics of the cost-effectiveness threshold.
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APPENDIX 1

Systematic review methods
The "pearl growing’ method of systematic review can be characterised into five steps for the identification
of relevant papers.

1. Identification and extraction of ‘initial pearls’.

(o]

‘Initial pearls’ were identified through consultation with researchers with experience of the
cost-effectiveness threshold literature. Fourteen initial pearls were identified through this process.
These publications were chosen for their wide-ranging coverage of the topic as well as their
anticipated significance.

2. Extraction of citations and references from ‘initial pearls’.

o

Citations: Web of Knowledge was selected to perform the citation searches. The reason for this
selection was in part due to expert advice from an information specialist as well as brief and
non-systematic investigations of citation results from a range of alternative software packages.
References: Web of Knowledge was also used for the collection of papers’ references.

Both citations and references were exported into an EndNote library (EndNote X6, Thomson
Reuters, CA, USA) for the purpose of collection and further analysis (exclusion of repeats, title
searching and review of the abstracts).

3. Identification of further ‘pearls’ from cited and referenced papers.

(o]

o

o
(o)

Once citations and references of the ‘initial pearls’ had been collected, they were subjected to a set
of investigations to identify further ‘pearls’.

Papers were excluded based on whether or not the titles or abstracts suggested the paper
contained information on five topics of interest. These topics had been previously identified given
the objectives of the project and from a review of the ‘initial pearls’ and included papers were
classified by whether or not they could inform:

introduction to the cost-effectiveness threshold topic and policy context

discussion and debate around the current value use of the threshold

potential methods suggested to find a suitable threshold value

specific values proposed

the use of individual and societal valuations of health gains to inform the value of the threshold.

O0OO0OO0OO

4. Repetition of citation and reference searches.

The process was then repeated for the ‘pearls’ identified in step 3.
This process was repeated until no new ‘pearls’ were discovered by additional iterations.

5. Manual search of references.

(o]

To ensure as complete a search had been conducted as possible a retrospective manual search of
all of the ‘pearls’ references was conducted. Any potentially relevant references not discovered
previously (most likely due to a mix of user error and limitations with the software used) were
added to the analysis at the relevant step and further pearl growing methods applied to them to
ensure completeness of results.

Systematic review results
The "pearl growing’ method of systematic review revealed 76 papers deemed relevant. The results from
each stage of the process are reported in Figure 9. The figure highlights that after four iterations no new

relevant papers were identified by the systematic process.
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Review of the literature

Introduction and policy context

Due to the broad range of context which the relevant literature covers it is necessary to break down the
literature review into several topics, these will be discussed independently. The 76 papers (see Papers
discovered by the literature review for all of these papers) identified by the systematic review were defined
into three different categories:

1. literature covering the introduction to the cost-effectiveness threshold topic and policy context
2. discussion and debate around the current value use of the threshold
3. potential methods suggested to find a suitable threshold value.

These categories were chosen to reflect the broad range of relevant topics and areas of discussion
covered by the cost-effectiveness threshold literature. It should be noted that the majority of the literature
identified by the literature review fell into the first and last categories, with very few covering multiple
categories sufficiently to be discussed in more than one section. The final category will only be discussed
briefly as it can be seen as a separate, unrelated approach to the threshold required for purposes of
decision-making by NICE.

The majority of papers (34 of the 76 papers discovered) identified in the literature review could be
characterised as introducing the idea of a cost-effectiveness threshold (these consist of the very early
literature pre-dating NICE) or discussing the policy context through the years,'3>7815334046:47.5052-55114-130
This section will characterise the main areas of discussion in the literature and briefly describe the key parts
of the literature development.

Definition of the cost-effectiveness threshold

An important place to start is the consideration of how the literature has defined the cost-effectiveness
threshold. This is important to analyse in the review as not only is it worth ensuring that a good definition has
been presented, but it also allows us to assess whether or not the existing literature uses a definition that is
both consistent and accurate.

One of the earliest definitions of something resembling the modern interpretation of the cost-effectiveness
threshold comes from Weinstein and Zeckhauser.™ Their paper identifies a ‘critical ratio’ between
monetary costs and a measure of health gains. This critical ratio was argued to represent ‘a cut-off point
for allocation’ of an activity in a budget-constrained public sector entity (p. 1)."

A similar, more recent approach to define the threshold is that taken by Towse et al.*® where the author
considered a hypothetical budget-constrained health-care sector, with a perfectly informed decision-maker
who only considers the cost per QALY of health technologies. Assuming perfect information, the
decision-maker is able to rank all of the potential health-care activities based on their cost per QALY.

A decision-maker will implement as many of the relatively low cost per QALY activities as possible until the
budget is used up. Eventually a point will be reached where society is not willing to pay for a further
marginal increase in QALYs and would rather the funding be used on other consumption. The cost per
QALY at which this cut-off occurs can be described as the cost-effectiveness threshold as it represents

the switching point between an activity being funded and not. As the budget is assumed to be fully
responsive, any new technologies with a cost per QALY below this threshold will be funded in the future.

National Institute for Health and Care Excellence and the

cost-effectiveness threshold

The use and valuation of a cost-effectiveness threshold by NICE has been controversial. Williams®
highlighted three events that may be argued to have particularly muddied the water. First, NICE did not
set a threshold value by the government at the time of its inception in 1999. This meant that NICE was
obliged to come up with a de novo estimate fairly rapidly. Through his set of discussions with NICE,
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Williams stated that at the point of inception NICE came up with a value of ‘roughly £30,000 per QALY,
plus or minus £5000 depending on the specific circumstances’ (p. 7)

The second event which Williams refers to was NICE's initial resistance to acknowledging that any form of
threshold value existed. Following analyses such as Towse et al.’*® and Devlin and Parkin® investigating
previous NICE decisions and inferring an implicit threshold, NICE began to publish details of its approach to
an ICER threshold. The major step was the 2004 Guide to the Methods of Technological Appraisal® that
provided these details, although the definition of the £20,000-30,000 threshold range may be considered
loose and open to interpretation. Although the 2004 guide was one of the first official references to the
threshold, Sir Michael Rawlins did state at the 2001 NICE Annual General Meeting that the Institute would
‘need to be very clear in its reasons for supporting technologies with cost-effectiveness ratios higher than
£30,000 per QALY'.'*®

Williams' final event is the often quoted £20,000-30,000 threshold range having never been scientifically
justified. Authors such as Rawlins and Culyer® have argued that there has never been an empirical basis
for the values or any definitive meaning behind the range. They therefore argued that the threshold should
not be the only tool for NICE to draw conclusions about new technologies.

The threshold as a range

The idea of such a threshold range has been part of the literature for some time. Kaplan and Bush'?®
considered the idea of a less abrupt approach than that suggested by Weinstein and Zeckhauser."”

Kaplan and Bush'® investigated a set of early Medicare adoption decisions and presented broad criteria of
acceptance based on a set of threshold ranges in terms of cost per additional well-year. These were
defined as < $20,000/well-year (cost-effective), $20,000-100,000 (possibly controversial but justifiable),

> $100,000 (questionable when compared with other expenditure). However, the authors noted that a
$100,000 cut-off was not relevant to the policy decisions at the time and that all results would need
significant future investigation. Similarly, Laupacis et al.>® presented five ‘grades of recommendation’

for decisions about technological reimbursement in Canada.

The conclusions of both of these papers can be represented graphically by Figure 10, which is also
described or presented in much of the literature (see Rawlins and Culyer,*® Littlejohn in Towse et al.,"°

Probability of rejection on the
grounds of cost-effectiveness

0 Increasing cost per QALY (log-scale)

FIGURE 10 Probability of rejection with a ‘soft’ cost-effectiveness threshold. A and B represent the two points
of infection.
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McCabe et al.? and Devlin and Parkin®). This graph represents the probability of rejection of a new
technology as a function of the technology’s ICER. The graph clearly shows two points of inflection

(A and B in Figure 10), these two points represent an interpretation of the lower and upper bounds of a
cost-effectiveness threshold range.

The literature often makes use of the terms ‘soft’ and ‘hard’ when referring to the threshold. The term
‘soft’ is often used in a similar way to the threshold ‘range’ (alternatively Akehurst’s ‘smudge’'*°). Although
the underlying idea is the same, a ‘soft’ threshold has also been used to refer to a single threshold. For
example, McCabe et al.? argued that it is both feasible and probably desirable to use a single threshold
rather than a range, as the threshold should represent the point beyond which factors other than
cost-effectiveness are considered. This approach would suggest that all new technologies with an ICER
below the threshold should receive funding (regardless of their impact on other factors such as equity

of health). It is, however, unclear from this paper what the implications are for technologies with an ICER
beyond the single threshold value.

In contrast, a ‘hard’ threshold represents the situation where the ICER valuation is the sole relevant variable
in an adoption decision, as demonstrated in Figure 11." It is an important point that if a ‘hard’ threshold
is set, no other factors can be considered in the decision-maker’s consideration of a new technology.

The difference between a ‘hard’ and a ‘soft’ threshold is therefore largely based on whether or not the
ICER reflects all considerations. Assuming the decision-maker is optimising health, a hard threshold should
represent the most effective allocation of a health-care budget, but cannot account for any equity
concerns (such as the severity of the condition, unmet need and orphan diseases) that are not included in
the calculation of the ICER. Authors such as Dolan et al.*' have demonstrated that a ‘hard’ threshold may
not be able to suitably reflect the non-linearity of social or political values of QALYs to factors such as
quality and length-of-life and for those with worse health prospects or dependents.

What does the threshold represent?

Two broad lines of thought have developed on what the threshold represents, social WTP and shadow

pricing."2®121817 The key difference between the two is the budget that should be considered by those

accepting or rejecting health technologies. The social WTP approach (usually implicitly) assumes that the
budget of the health-care sector is flexible to the value of health gains determined by society. So in this
case it is the value society places on the health benefits (e.g. in QALYs) generated by new health-care

Probability of rejection on the
grounds of cost-effectiveness

0 Increasing cost per QALY (log-scale)

FIGURE 11 Graph showing a ‘hard’ cost-effectiveness threshold.
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programmes and technologies is estimated first, and then the health-care budget is the sum of society’s
WTP for all treatments. In other words, the threshold is set exogenously with no reference to a
budget constraint.

In contrast, the shadow pricing approach takes the budget as given (at least beyond the control of those
who determine the cost-effectiveness threshold).? The threshold is, therefore, endogenously based on the
services currently provided within the system. When a new programme or technology is accepted into

the system and imposes an additional cost onto the budget, the only way to meet those costs is to remove
or down-scale existing services which will incur opportunity costs in terms of population health. Hence the
threshold represents the ICER of the least cost-effective existing service covered by the budget. In principle,
it is this service which is removed to fund a new programme or technology. In practice, a range of criteria
is likely to be used to identify appropriate services for displacement to make room in the budget for

new interventions.

In the UK, the main source of debate about which of these concepts of the threshold is the correct one
lies in NICE's remit. Authors such as Culyer et al." have discussed NICE's position as a ‘searcher’ or a
‘setter’ of the threshold. The distinction between these two roles is that a threshold ‘searcher’ does not set
a threshold with the motivation of maximising social welfare under the assumption of a flexible NHS
budget, but instead investigates the threshold value that is appropriate given current NHS activities and the
fixed budget as set down by Parliament.

Much of the literature on this topic is founded in the discussion of the correct constitutional role of NICE,
the potential negative implications of setting a threshold and the feasibility of identifying displaced
activities. In 2007, Culyer et al." argued that it is not appropriate for NICE to be characterised as a
threshold setter. The authors argued that the setting of a threshold would effectively imply that NICE sets
the NHS budget. The setting of the NHS budget, they highlight, is the constitutional responsibility of
Parliament, not NICE. Hence the paper argues that NICE should concern themselves with being threshold
‘searchers’, seeking to identify ‘an optimal threshold ICER, at the ruling rate of expenditure, that is
consistent with the aim of the health service to maximise population health’ (p. 4)."

In a similar vein Appleby et al.*® concluded that the threshold used by NICE should be consistent with the
decisions made by local commissioners within the NHS. This is important given that NICE provides little
guidance to the NHS regarding interventions suitable for disinvestment to release the funding necessary to
cover the new technologies it recommends. If the threshold is set too high NICE may well accept new
technologies which are less cost-effective than the services which local commissioners displace to fund
those technologies. Conversely, if the threshold is set too low, NICE is likely to reject services that are
cost-effective relative to existing services delivered from the NHS budget. The authors conclude that, in the
short term, NICE have to act as a threshold ‘searcher’ to ensure continuity in the NHS.

Alternative arguments have been put forward which reject the idea of NICE as a threshold ‘searcher’.
First, some authors (such as Gafni and Birch”'?°) have made the case that an implicit threshold has the
potential to lead to spiralling inflation if new cost-effective technologies are funded without sufficient
disinvestment. However, McCabe et al.? argued that Culyer’s characterisation of the NICE threshold could
overcome this challenge if it were regularly reviewed so as to be flexible over time to changes in the

NHS budget and the productivity of the sector, and if the threshold for new activities with a non-marginal
budget impact was greater than those with a marginal impact. The issue of the inflationary pressure of a
threshold is discussed further below.

Another concern raised about Culyer et al.’s' characterisation of the NICE threshold is that of Towse.*®
They argue that a lack of knowledge of the true opportunity cost of new activities makes us unable to
identify the value of those activities being displaced and, therefore, it is impossible for NICE to ‘search’ for
a threshold relating to activities displaced at the margin. The issue of the difficulty of identifying current
activities at the margin in terms of cost-effectiveness will be dealt with later in this chapter.
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Factors considered by the National Institute for Health and Care Excellence other

than the comparison of the incremental cost-effectiveness ratio and threshold

As was discussed in the section The threshold as a range, the suitable threshold approach is dependent on
the policy context around it, specifically if the comparison of the ICER with the threshold represents the
only relevant piece of information that informs an adoption decision (a ‘hard’ threshold) or if it is simply
one of many factors considered (‘soft’ threshold). In the case of the UK, NICE has openly stated the ICER
of a technology is not the sole consideration of the committee in its adoption decisions.®

Both NICE and a number of other authors have provided overviews of the other factors that are considered
by NICE in the adoption decision, these are provided in Table 35.

Table 35 suggests that the threshold is only one consideration to decision-makers at NICE. However, in
principle, these other types of benefits could be added to health benefits and compared with potential
treatments for displacement which also have wider social benefits. In other words, this wider set of
considerations relating to the benefits of new technologies should arguably also be reflected in

the threshold.?

Multiple thresholds

Similarly, some have argued for using different thresholds for different situations.>'” The two main cases
for using different thresholds are the size of the budgetary impact, or depending on whether the decision
represents an investment in additional activities or a disinvestment in current activities.

The topic of different thresholds for different budgetary impacts of a proposed technology has received
very little analytical attention from the literature. McCabe et al.? argue that technologies with a large
budgetary impact should be evaluated against a lower threshold than those with a relatively small impact.
The reason for this is a large budgetary impact will require a greater displacement of current activities
(assuming a fixed overall budget); this may result in displacement of non-marginal activities which may be
associated with a lower ICER than those at the margin.

Several authors have suggested the use of different threshold values depending on whether the

decision represents an investment in additional activities or a disinvestment in current activities.
O'Brien et al.’s 2002 paper'' considers the difference in willingness to accept monetary compensation to

TABLE 35 Table showing factors other than ICER considered by NICE

Uncertainty of variables Severity of illness Uncertainty of the ICER Uncertainty of the ICER
Availability of comparators End-of-life treatment Availability of comparators Burden of disease
Clinical priorities Stakeholder opinion Severity of illness
(as set by Secretary of State) ]
Innovation
Clinical need ) o
Population characteristics
Availability of resources (disadvantaged and children)
Innovation

Disease characteristics and
population size

Wider social costs and benefits

Length of benefit
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forgo a health-care programme and WTP for the same benefit and link it to the cost-effectiveness
threshold. This paper came from the perspective of the threshold representing social preferences rather
than the shadow price of a fixed budget constraint and highlights that from a traditional ‘welfarist’
economics standpoint; a greater threshold value for disinvestment may be welfare maximising. Similarly,
both Devlin and Parkin® and Speight and Reaney' have suggested a threshold for disinvestment of
currently performed activities could be lower than for new activities, however, neither present any
methodology for calculating the weight of a disinvested activity.

This is in contrast with the view that CEA guides the decisions of health systems with the objective of
maximising some measure of health benefit subject to a budget constraint. Hughes and Ferner*® argued
that differential thresholds with respect to investment and disinvestment would result in suboptimal levels
of population health. This is because a new technology that would improve health may be rejected under
a policy of having different thresholds for investment and disinvestment but not if the threshold values
were the same. The authors argue that this failure to maximise population health represents an avoidable
inefficiency not related to the aim of the health-care sector to maximise health and thus making the case
for a single threshold value for disinvestment and investment. This point can be seen as a further case for
the shadow price approach as opposed to the social WTP perspective as it highlights that, given a fixed
NHS budget, the social WTP approach will not lead to a maximisation of health.

Related to the discussion over the correct role of NICE in determining a suitable cost-effectiveness
threshold for the NHS is the literature on the potential for an independent threshold panel. Such a panel
has been characterised in a similar manner to the Monetary Policy Committee (the setters of the Bank of
England’s interest rate who act independently of the Government of the UK), as an independent
committee responsible for the setting and updating of the cost-effectiveness threshold used by NICE.

The papers covering this topic are consistent in their call for an independent threshold panel, with no
papers identified arguing against it. The main case provided in the literature for an independent setter is
the removal of political influence; Claxton et al.*® argue that political influence may drive the threshold up
as politicians seek to use the threshold as a means to encourage investment by pharmaceutical companies.
Williams® suggests that NICE is biased in the setting of a threshold, as its political connections mean a
higher threshold makes it more popular with the ‘sellers’ (the author defines sellers as not only the
pharmaceutical industry but health-care professionals and patient groups) by allowing more technologies
to be approved. Similarly, papers by Appleby et al.>® and Raftery'® call for the creation of an independent
threshold setter. The 2008 Health Select Committee™ recommended that a body independent of NICE
should be established to set and review the threshold. However, it is unclear if such a body would also be
independent of political influence or just of the NICE structure.

A number of authors have argued against the use of a threshold. As mentioned earlier authors such as
Gafni and Birch”'?° have suggested that the threshold approach risks leading to spiralling increases in
inflationary pressures on health-care spending, and present an alternative approach based on the use of
league tables of cost-effectiveness. The reason, they argue, is that there is no guarantee that the activities
displaced are less cost-effective than those new technologies imposing costs on the health system
budget. This observation is coupled with the expectation of authors such as Cohen and Looney''® that
pharmaceutical firms will inevitably price their drugs so as to ensure the ICER of their proposed new
technology is sufficiently close to the threshold to ensure adoption and thereby gain maximum producer
surplus. This observation implies that providers such as the NHS may be forced to pay above market costs
of new technologies by revealing their maximum WTP, in the form of the threshold. In addition the point
raised in McCabe et al.? that the threshold should be adjusted regularly over time to ensure its efficiency
seeks to address both of these arguments.
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Other authors such as Eichler et al.>? have raised and debated the issues around the theoretical base for
the cost-effectiveness threshold, namely the assumption of perfect divisibility of health-care programmes,
constant returns to scale and constant marginal opportunity costs.

Bridges et al.'"® argues that a unique threshold value imposes impractical assumptions in the case of the
US health-care sector, and fails to account for supply and demand side variations in the market. As an
alternative the authors propose a series of thresholds that reflect regional, dynamic budgeting and general
methodological differences. They conclude that the case for abandoning a fixed threshold outweighs those
for keeping one in the USA and that any threshold should vary across payer, over time, in the true budget
impact of interventions and in the measurement of the effectiveness of interventions. This argument has
clear links to the argument for shadow pricing of the threshold rather than the social WTP approach, as
the shadow price approach is based on the view that the threshold is determined by budget and current
efficiency which can be seen to differ over time and across payers. The unresolved issue here is the degree
to which different subgroups (e.g. by region or budget) require different threshold values.

Identification of activities under the threshold

An important part of the literature is the discussion around the identification of activities with an ICER
greater than the proposed threshold. The importance of this discussion stems from the requirement of
new activities to displace current activities that are at the margin of what is cost-effective. If it is not
possible to identify these activities separately from others then threshold analysis is methodologically
flawed, as the funding of a new activity may impact on an activity with an ICER above the

proposed threshold.

Most literature on this topic focuses on the importance of identifying activities to be displaced rather than
the process and feasibility of doing so. For example, Hughes and Ferner*® and McCabe et al.? highlight

the implications of inconsistent displacement on geographic variations in health-care provision and that the
lack of consistency in the displacement process undercuts the use of a single cost-effectiveness threshold
for the evaluation of new technologies. Similarly, Buxton®' suggests that, in order to fully appreciate the
opportunity cost of the implementation of a new technology, we must have a clear knowledge of those
activities displaced at the cost-effectiveness margin.

Few authors have sought to develop methods to identify the activities that should be displaced to free-up
budget for new more cost-effective activities. Elshaug et al.>* outlines a set of criteria for the identification
of existing, potentially non-cost-effective practices which could then be further assessed to determine their
cost-effectiveness using health technology assessment. The criteria suggested include factors such as new
evidence on safety; efficacy or cost-effectiveness; geographic variation that have become apparent since
technology adoption; heterogeneity in the clinical procedure; and technological development.

The current value of the threshold

As it became evident that decision-making bodies such as NICE are using (more or less explicit)
cost-effectiveness thresholds, there has been a significant level of debate over its appropriate
value 68383945485156130.1347137 | this section we will present three areas of the debate:

1. the lack of empirical basis to the current value
2. arguments over the value being generally too high or too low
3. if and how the threshold should change over time.

Lack of empirical basis to the current value

Since NICE made it clear that it uses an explicit threshold® there has been little hiding the lack of evidential
justification behind the £20,000-30,000 range. Indeed the Health Select Committee' heard (during their

enquiry into NICE in 2008) that the NICE threshold has no basis in hard science. Similarly, Appleby et al.*®

noted that ‘the uncomfortable truth is that NICE’s threshold has no basis in either theory or evidence'.
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Similarly, the US value of $50,000 per QALY, which is often cited as the cost-effectiveness threshold
relevant to resource allocation decisions in that country, is often attacked for its lack of empirical
founding.®*#>122124 Some have suggested that the US figure is rooted in the cost-effectiveness of hospital
renal dialysis,'*? although why this makes it suitable for use more generally is unclear.

Another concern of current NICE practice is the apparent lack of change in the threshold value used since
the body’s inception. Many authors have argued that factors such as the NHS budget, price inflation,
technological developments in the NHS and the discount rate applied to economic evaluations®* 122125126
have all changed since the first use of the cost-effectiveness threshold. As such, the threshold should have
changed to reflect this fact. Braithwaite and Roberts* sought to demonstrate the impact of budget and
technological growth on the optimal threshold. By creating a computer simulation of the US Medicare
system, the authors were able to demonstrate the impact of these factors. Although there is no doubt in
the literature that the NICE threshold should potentially change over time,® no papers have been identified
which model the impact of any changes on the threshold.

Both Ubel et al.* and Raftery'? discuss the principles behind the directional change the threshold should
take over time. Ubel et al.’* have argued that the optimal threshold value needs to fall over time assuming
medical innovation continues at roughly its current rate. Raftery® has noted that, in real terms, the
threshold has been falling since 1999 as, in order to stay constant in real terms, it should have increased
given inflation (up 40% in the time period) and increased NHS spending (up 90%). The authors argue that
this decline in the threshold should have been observed in the value used by NICE in decision-making.
They describe the suggestion of a rise in the threshold being linked to the observed growth of the NHS
budget over the last decade as ‘audacious’.” It is unclear to what extent the authors disagree with this
interpretation of NHS efficiency as a relevant factor affecting the optimal threshold.

The majority of the debate over the current use of the threshold in the UK (and elsewhere) has been
centred on whether the current value is too low or too high. The papers that will be discussed in this
section focus on the general discussion of necessary directional change in the value rather than the
presentation of a specific value; the latter is discussed in more detail in the following section on

the proposed values of the threshold in the literature.

Vernon et al."*” presented an analysis of the implications of the threshold being above or below its
optimum value in terms of signals to the companies involved in research and development of new medical
products. The authors concluded that if the threshold is set too low (below the economic value of the
health benefit) it will result in research and development investment levels that are too low relative to
their economic value (at the margin). The reason for this lies in a lack of returns to investments for

the pharmaceutical companies. However, in the isolated case of the threshold relevant to the NHS

(a small proportion of the world pharmaceutical market), the impact of changes to the threshold on

the international pharmaceutical market equilibrium is unknown but likely to be small.

Similarly, thresholds set too high (above the economic value of the health benefit) will result in inefficiently
high levels of research and development spending, such that the health-care provider is funding projects
that do not have a sufficient impact on social welfare.

The literature that argued the threshold is too high in the UK can be broadly characterised into three key
papers. Williams® made the case that, intuitively, the threshold should not be significantly greater than the
gross domestic product (GDP) per capita (roughly £18,000 in the UK in 2004). He made the case that,
although it may be possible to provide a lot of the population with health care when the threshold is
above the GDP per capita, it is not possible to provide health care for much of the population without
imposing great hardship on those expected to foot the bill (the tax payer or government debt).
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Second, Raftery'® argued that, although the UK threshold has been historically too high, it does not need
reducing as the real value has decreased since 1999 due to inflationary pressure and increases in the NHS
budget. He also suggests that recent policies implemented by NICE, such as greater weight being given
to the benefits of treatment accruing to patients at the end of their life, need to be offset by reductions in
the threshold for all other treatments for expenditure to remain within the NHS budget. Finally, Raftery
cites the opportunity cost analysis of trastuzumab (Herceptin®, Roche)'* which showed that more
cost-effective oncology services were being sacrificed to fund trastuzumab in breast cancer. This result
suggests directly that, in some cases at least, the threshold value is too high.

Work by Martin et al.>’"*° investigated the cost per life-year saved in a selection of the 23 PBCs used in the
NHS; these results are presented in Table 36. It is important to note that these results are presented as
the cost per YLG rather than the cost per QALY of the least cost-effective current activity. The authors and
others have used these results to argue that the threshold used by NICE may be too high."?® Similarly,
Collier's* report of the Health Select Committee suggests that the threshold used by NICE is higher than
that used by PCTs.

In contrast, a range of authors have argued that the current NICE threshold is too low. Both Speight and
Reany'? and Towse® argued that the inclusion of wider social costs/benefits and full consideration of
social WTP for additional health gains show that the threshold should be significantly larger. Both cite
recent NICE work by Mason et al.2>'* which suggested the threshold should be between £30,000 and
£75,000 per QALY based on attempts to model a WTP-based value of a QALY based on observations of
the value of avoiding a statistical fatality. Similarly, in the USA, Ubel et al.”*® have argued that, if inflation
and WTP valuations are taken into account, the relevant threshold in the US should be closer to $200,000
per QALY than the regularly cited $50,000.

Those analyses which conclude the UK and US thresholds should be significantly higher have, at the core
of their argument, the assumption that the respective health-care budget is fully capable of responding
to society’s WTP for additional health gains.

Potential methods for threshold estimation

There are broadly three approaches that can be taken to determine the threshold value:*'*® social WTP,
non-analytical approaches. Such as expert elicitation and shadow pricing of the budget constraint. This
project is concerned with the latter approach to estimating the cost-effectiveness threshold. This is entirely
consistent with the remit of the NHS in general and NICE in particular — they do not set the NHS budget
but have to allocate those finite resources appropriately.

57-59

TABLE 36 Table showing cost per YLG results of Martin et al. papers

Cancer 13,137 13,931
Circulation problems 8426 7979
Respiratory problems 7397 N/A
Gastrointestinal problems 18,999 N/A
Diabetes 26,453 N/A

N/A, not applicable.

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Claxton et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

147



148

APPENDIX 1

Papers seeking to elicit social willingness to pay and non-analytical approaches

The majority of the literature that has presented a proposed value for the threshold (in the UK, USA and
elsewhere) has done so using valuation methods based on WTP for an additional health benefit.'8323437
However, other approaches have been suggested. For example, the WHQO's 2002 report'* suggested that
interventions costing less than three times GDP per capita for each DALY averted represent good value
for money.

Lee et al." sought to update the US ‘dialysis standard’ often claimed to be the base of the US Medicare
threshold."?? The authors present a valuation of $129,090 per QALY based on current dialysis practice

in the USA. Finally, in an appendix to their edited book, Towse et al.*® provide an interesting set of

results drawn from a set of participants to the associated workshop (the majority of which were health
economists). The participants were asked to anonymously record their view on what threshold NICE should
apply. Eighteen responses were recorded with the average of all responses being £29,000 per QALY.

Papers considering the shadow price of the budget constraint
The systematic review only identified four different papers by three different authors that suitably fell
into the category of shadow pricing of the budget constraint.

Williams® suggested investigating the cost-effectiveness of NHS interventions that represent the majority

of the budget (he speculated that some 300 interventions accounted for about 90% of the cost incurred by
the NHS). The purpose of this would be to identify current NHS activities that might not be cost-effective.
He acknowledged the implausibility of conducting full technological appraisals on such a large number of
interventions (estimating this would take 10 years, at which point it would be necessary to re-evaluate the
initial appraisals), and thus suggested relying on expert opinion and existing patient data to speed up

the process.

While Williams’ recommendations related to identifying current interventions with a high cost per QALY as
the basis for disinvestment, there is the potential to take this approach further and use it for a method to
determine the cost-effectiveness threshold even down to the level of a local decision-maker. This was
attempted by Appleby et al.* who conducted a feasibility experiment into the estimation of the
appropriate NHS threshold by examining decision-making in the NHS at a local level. The authors propose
a structured model considering the new technology’s cost per weighted QALY gain in a table of all existing
services. In an attempt to test the feasibility of this model they conducted interviews with senior NHS staff
as well as investigating information on public health to construct a list of health-care services introduced or
discontinued in 2006/7. The authors found that it was feasible to identify decisions and to make the
important step of estimating their cost-effectiveness; however, they noted that any attempts to fully
evaluate sufficient decisions as to estimate a threshold would require a detailed understanding of the
decision structure at a local level as well as a significant number of observations.

The other key papers seeking to develop and implement methods for estimating the NHS threshold were
those of Martin et al.>"° They aimed to establish a link between health-care spending and health
outcomes in the NHS after having adjusted for the need of the patient population. They made use of data
around the observed mortality at PCT level in the NHS alongside expenditure data on health care across
23 programmes of care based on ICD-10 disease categories. As has been mentioned earlier in this chapter
these papers present the cost per life-year for a range of PBCs; however, the key result of these papers is
that it is possible to make use of existing data to determine such valuations for current NHS interventions.
The authors concluded that although their results are highly limited and do not present a single cost per
QALY estimate for the optimal threshold they can ‘inform the decisions of NICE on whether their current
threshold for accepting new technologies is set at an appropriate level’ (p. 37). These studies are the
precursor of analyses presented in this report, and further details can be found in Appendix 2 and in
Chapter 3 of the main report.
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In the area of the efficient allocation of health care it is also important to note the contribution of the
earlier mathematical papers such as Stinnett and Paltiel’® who outlined mathematical techniques to
approach the problem through the use of a mixed integer programming approach. Although their
approach differs from the interpretation of the threshold as used in this study it represented an important
step in the evaluation of the methodology of seeking to solve the optimisation problem apparent in
health care.

Conclusion

This systematic review of the literature surrounding the cost-effectiveness threshold has highlighted

the significant range and diversity of the literature. Despite the international and mature nature of the
literature there are significant differences in the suggested methods to represent a cost-effectiveness
threshold. The main areas of debate relevant to this report have revolved around the role of NICE as a
‘searcher’ or ‘setter’ of the threshold.? Although some authors have implicitly argued for NICE to fulfil the
role of a threshold ‘setter’ by suggesting methods of elicitation of social WTP valuations of a QALY, death
or life-year,'®323437 the literature of most relevance to this research has sought to consider estimation
methods consistent with its role as a ‘searcher’.>*™>°

Papers discovered by the literature review

Note: not all of these papers are referenced in this appendix and some references used were not
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Initial pearls
Appleby J, Devlin N, Parkin D. NICE’s cost effectiveness threshold — how high should it be?
BMJ 2007;335:358-9.

Appleby J, Devlin N, Parkin D, Buxton M, Chalkidou K. Searching for cost effectiveness thresholds in the
NHS. Health Policy 2009;91:239-45.

Bridges JFP, Onukwugha E, Mullins CD. Healthcare rationing by proxy cost-effectiveness analysis and the
misuse of the $50 000 threshold in the US. Pharmacoeconomics 2010;28:175-84.

Culyer A, McCabe C, Briggs A, Claxton K, Buxton M, Akehurst R, et al. Searching for a threshold, not
setting one: the role of the National Institute for Health and Care Excellence. J Health Serv Res Policy
2007;12:56-8.

Devlin N, Parkin D. Does NICE have a cost-effectiveness threshold and what other factors influence its
decisions? A binary choice analysis. Health Econ 2004;13:437-52.

Gafni A, Birch S. Incremental cost-effectiveness ratios (ICERs): the silence of the lambda. Soc Sci Med
2006;62:2091-100.

McCabe C, Claxton K, Culyer AJ. The NICE cost-effectiveness threshold — what it is and what that means.
Pharmacoeconomics 2008;26:733-44.

Raftery J. Should NICE's threshold range for cost per QALY be raised? No. BMJ 2009;338:268-9.

Towse A. Should NICE's threshold range for cost per QALY be raised? Yes. BMJ 2009;338:268-9.

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Claxton et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

149



Braithwaite RS, Meltzer DO, King JT Jr, Leslie D, Roberts MS. What does the value of modern medicine say
about the $50,000 per quality-adjusted life-year decision rule? Med Care 2008;46:349-56.

Grosse S. Assessing cost-effectiveness in healthcare: history of the $50,000 per QALY threshold.
Exp Rev Pharmacoecon Outcomes Res 2008;8:165-78.

Rawlins MD, Culyer AJ. National Institute for Clinical Excellence and its value judgments. BMJ
2004,;329:224-7.

Chambers JD, Neumann PJ, Buxton MJ. Does Medicare have an implicit cost-effectiveness threshold?
Med Decis Making 2010;30:E14-27.
Brouwer W, can Exel J, Baker R, Donaldson C. The new myth — the social value of the QALY.

Pharmacoeconomics 2008;26:1-4.

Claxton K, Lindsay AB, Buxton MJ, Culyer AJ, McCabe C, Walker S, et al. Value based pricing for NHS
drugs: an opportunity not to be missed? BMJ 2008;336:251-4.

Cohen J, Looney W. Re: How much Is life worth: cetuximab, non-small cell lung cancer, and the $440
billion question. J Natl/ Cancer Inst 2010;102:1044-8.

Eichler HG, Kong SX, Gerth WC, Mavros P, Jonsson B. Use of cost-effectiveness analysis in health-care
resource allocation decision-making: how are cost-effectiveness thresholds expected to emerge?

Value Health 2004;7:518-28.

Green C, Gerard K. Exploring the social value of health-care interventions: a stated preference discrete
choice experiment. Health Econ 2009;18:951-76.

Groot W, van den Brink HM. The value of health. BMC Health Serv Res 2008;8:136.

Hughes DA, Ferner RE. New drugs for old: disinvestment and NICE. BMJ 2010;340:690-2.

Lieu TA, Ray G, Ortega-Sanchez |, Kleinman K, Rusinak D, Prosser L. Willingness to pay for a QALY based
on community member and patient preferences for temporary health states associated with herpes zoster.

Pharmacoeconomics 2009;27:1005-16.

Mason AR, Drummond MF. Public funding of new cancer drugs: is NICE getting nastier? Eur J Cancer
2009;45:1188-92.

Mason H, Jones-Lee M, Donaldson C. Modelling the monetary value of a galy: a new approach based on
UK data. Health Econ 2009;18:933-50.

Maynard A, Bloor K. The future role of NICE. BMJ 2010;341:¢6286.
Rascati KL. The $64,000 question — what is a quality-adjusted life-year worth? Clin Ther 2006;28:1042-3.

Rawlins M, Barnett D, Stevens A. Pharmacoeconomics: NICE’s approach to decision-making. Br J Clin
Pharmacol 2010;70:346-9.

Shiroiwa T, Sung YK, Fukuda T, Lang HC, Bae SC, Tsutani K. International survey on willingness-to-pay

(WTP) for one additional QALY gained: what is the threshold of cost effectiveness? Health Econ
2010;19:422-37.

NIHR Journals Library



DOI: 10.3310/hta19140 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 14

Speight J, Reaney M. Wouldn't it be NICE to consider patients’ views when rationing health care? BM/J
2009;338:297.

Tappenden P, Brazier J, Ratcliffe J, Chilcott J. A stated preference binary choice experiment to explore NICE
decision making. Pharmacoeconomics 2007;25:685-93.

Weinstein MC. How much are Americans willing to pay for a quality-adjusted life-year? Med Care
2008;46:343-45.

Yaesoubi R, Roberts SD. A game-theoretic framework for estimating a health purchaser’s willingness-to-pay
for health and for expansion. Health Care Manag Sci 2010;13:358-77.

Step 2 results

Appleby J, Devlin N, Parkin D, Buxton M, Chalkidou K. Searching for Local NHS Cost Effectiveness
Thresholds: A Feasibility Study. NICE Conference Manchester. 5-6 December 2007. URL: www.nice2007.
co.uk/ApplebyDevlin.pdf (accessed 12 January 2012).

Birch S, Gafni A. The biggest bang for the buck or bigger bucks for the bang: the fallacy of the
cost-effectiveness threshold. J Health Serv Res Policy 2006;11:46-51.

Braithwaite RS, Roberts MS. $50,000 per QALY: Inertia, Indifference, or Irrationality? Presented at the
Annual Meeting of the Society for Medical Decision Making. Atlanta, GA, USA, 17-20 October, 2004.

Drummond M, Torrance G, Mason J. Cost-effectiveness league tables: more harm than good?
Soc Sci Med 1993;37:33-40.

Gerard K, Mooney G. QALY league tables: handle with care. Health Econ 1993;2:59-64.

Gyrd-Hansen D. Willingness to pay for a QALY: theoretical and methodological issues.
Pharmacoeconomics 2005;23:423-32.

Hammitt JK. The $64,000 question: what are we willing to pay for a QALY. ISPOR Connect 2005;11:7-9.

Hirth RA, Chernew ME, Miller E, Fenderick AM, Weissert WG. Willingness to pay for a quality-adjusted
life-year: in search of a standard. Med Decis Making 2000;20:332-42.

King JT Jr, Tsevat J, Lave JR, Roberts MS. Willingness to pay for a quality-adjusted life-year: implications for
societal health care resource allocation. Med Decis Making 2005;25:667-77.

Lee C, Chertow G, Zenios S. An empiric estimate of the value of life: updating the renal dialysis
cost-effectiveness standard. Value Health 2009;12:80-7

Martin S, Rice N, Smith P. Further Evidence on the Link Between Health Care Spending and Health

Outcomes in England [CHE 28. National Institute for Health and Care Excellence. NICE discussion paper 32].

York: University of York; 2007.

Martin S, Rice N, Smith PC. The Link Between Health Care Spending and Health Outcomes for the New
English Primary Care Trusts. CHE Research Paper 42. York: University of York; 2008.

Mauskopf J, Rutten F, Schonfeld W. Cost-effectiveness league tables: valuable guidance for decision
makers? Pharmacoeconomics 2003;21:991-1000.

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Claxton et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

151


http://www.nice2007.co.uk/ApplebyDevlin.pdf
http://www.nice2007.co.uk/ApplebyDevlin.pdf

Smith RD, Richardson J. Can we estimate the ‘social’ value of a QALY? Four core issues to resolve.
Health Policy 2005;74:77-84.

Stinnett AA, Paltiel AD. Mathematical programming for the efficient allocation of health care resources.
J Health Econ 1996;15:641-53.

Towse A, Pritchard C, Devlin N, eds. Cost Effectiveness Thresholds: Economic and Ethical issues.
London: Office of Health Economics, The King's Fund; 2002.

Ubel PA, Hirth RA, Chernew ME, Fendrick AM. What is the price of life and why doesn't it increase at the
rate of inflation? Arch Int Med 2002;163:1637-41.

Williams A. What Could Be Nicer Than NICE? London: Office for Health Economics; 2004.
Winkelymayer WC, Weinstein MC, Mittelman MA, Glynn RJ, Pliskin JS. Health economic evaluations:

the special case of end-stage renal disease treatment. Med Decis Making 2002;22:417-30.

Baker R, Bateman I, Donaldson C, Jones-Lee M, Lancsar E, Loomes G, et al. Weighting and valuing
quality-adjusted life-years using stated preference methods: preliminary results from the Social Value of a
QALY Project. Health Technol Assess 2010:14(27).

Bobinac A, van Exel N, Rutten FFN, Werner B. Willingness to pay for a quality-adjusted life-year:
the individual perspective. Value Health 2010;13:1046-55.

Brock DW. How much is more life worth? Hastings Center Rep 2006;36:17-19.

Byrne MM, O'Malley K, Suarez-Almazor ME. Willingness to pay per quality-adjusted life-year in a study
of knee osteoarthritis. Med Decis Making 2005;25:655-66.

Griffin S, Claxton K, Sculpher M. Decision analysis for resource allocation in health care. J Health Serv Res
Policy 2008;13:23-30.

Gyrd-Hansen D. Willingness to pay for a QALY. Health Econ 2003;12:1049-60.
Harrison S. A policy agenda for health-care rationing. Br Med Bull 1995;51:885-99.
Laufer F. Thresholds in cost-effectiveness analysis — more of the story. Value Health 2005;8:86-7.

Pinto-Prades JL, Loomes G, Brey R. Trying to estimate a monetary value for the QALY. J Health Econ
2009;28:553-62.

Vernon JA, Goldberg R, Golec J. Economic evaluation and cost-effectiveness thresholds signals to firms
and implications for R&D investment and innovation. Pharmacoeconomics 2009;27:797-806.

Abelson P. The value of life and health for public policy. Econ Record 2003;79:52-13.

Fryback DG, Lawrence WF. Dollars may not buy as many QALYs as we think: a problem with defining
quality-of-life adjustments. Med Decis Making 1997;17:276-84.

Gafni A, Birch S. Guidelines for the adoption of new technologies — a prescription for uncontrolled growth
in expenditures and how to avoid the problem. CMAJ 1993;148:913-17.

NIHR Journals Library



DOI: 10.3310/hta19140 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 14

Johnson FR. Einstein on willingness to pay per QALY: is there a better way? Med Decis Making
2005;25:607-8.

Laupacis A, Feeny D, Detsky A, Tugwell P. How attractive does a new technology have to be to warrant
adoption and utilization — tentative guidelines for using clinical and economic evaluations. CMAJ
1992;146:473-81.

Polsky D. Does willingness to pay per quality-adjusted life-year bring us closer to a useful decision rule for
cost-effectiveness analysis? Med Decis Making 2005;25:605-6.

Martin S, Rice N, Smith P. The Link Between Health Care Spending and Health Outcomes: Evidence from
English Programme Budgeting Data. CHE Research Paper 24. York: Centre for Health Economics; 2007.

Chambers JD, Neumann PJ, Buxton MJ. Does Medicare have an implicit cost-effectiveness threshold?
Med Decis Making 2010;,30:E14-27.

Step 5 results
Birch S, Gafni A. Cost-effectiveness ratios — in a league of their own. Health Policy 1994,28:133-41.

Johnson FR, Backhouse M. Eliciting stated preferences for health-technology adoption criteria using paired
comparisons and recommendation judgments. Value Health 2006;9:303-11.

Step 6 results
Dolan P, Shaw R, Tsuchiya A, Williams A. QALY maximisation and people’s preferences: a methodological
review of the literature. Health Econ 2004;14:197-208.

Baker R, Bateman |, Donaldson C, Jones-Lee M, Lancsar E, Loomes G, et al. Weighting and valuing
quality-adjusted life-years using stated preference methods: preliminary results from the Social Value of a
QALY Project. Health Technol Assess 2010;14(27).

O'Brien BJ, Gertsen K, Willan A, Faulkner L. Is there a kink in consumers’ threshold value for cost-effectiveness
in health care? Health Econ 2002;11:175-80.

Buxton M. How much are health-care systems prepared to pay to produce a QALY? Eur J Health Econ
2005;6:285-7.

Mason AR, Drummond MF. Public funding of new cancer drugs: is NICE getting nastier? Eur J Cancer
2009;45:1188-92.

© Queen'’s Printer and Controller of HMSO 2015. This work was produced by Claxton et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

153






DOI: 10.3310/hta19140 HEALTH TECHNOLOGY ASSESSMENT 2015 VOL. 19 NO. 14

Appendix 2 The link between NHS spending
and mortality: estimating the cost of a life-year
in England?

Prologue

This report presents, in a linear fashion, details of the econometric work undertaken to estimate the link
between NHS spending and mortality. It also presents details of how the econometric work is used to
calculate the cost of a life-year. This report is designed to serve as a reference document in support of the
main project report, which highlights the major findings from the project. As a supporting document this
report provides far more detail than most interested parties will require. Nevertheless, those who seek
more detail than that contained in the main project report may find the material here useful.

Background, model, data, and estimation approach

Introduction

In a recent White Paper the new British Conservative government emphasised the importance of clinical
outcomes. It notes that, in future, success will be measured, not through the achievement of process
targets, such as short waiting times, but against outcomes such as cancer and stroke survival rates.'
Although the NHS budget is ring-fenced against the ongoing public sector deficit reduction programme,
its budget is still likely to be under considerable pressure, and attention is likely to focus on the extent to
which any additional health-care expenditure yields genuine patient benefits in the form of improved
health outcomes.

However, one of the most fundamental yet unresolved issues in health policy is the extent to which
additional health-care expenditure yields patient benefits, in the form of improved health outcomes.
The work of health technology agencies, such as NICE, has greatly improved our understanding at the
micro-level of the costs and benefits of individual therapeutic technologies. However, there remains a
dearth of evidence at the macro-level on the benefits of increased health system expenditure.

Recently a series of studies has taken advantage of the availability of two new data sets to examine the
relationship between NHS expenditure and mortality rates for various disease categories.>*%25 One data
set contains mortality rates for various disease categories at the level of geographically defined local health
authorities, known as PCTs. The other data set presents NHS expenditure by PCT on 23 broad programmes
of care. This data set embraces most items of publicly-funded expenditure, including inpatient, outpatient
and community care, and pharmaceutical prescriptions.

Like previous studies, we employ a model that assumes that each PCT receives an annual financial lump
sum budget from the national ministry and allocates its resources across the 23 programmes of care to
maximize the health benefits associated with that expenditure. Estimation of this model using the
expenditure and mortality data facilitates two related studies: first, a study of how changes in the NHS
budget impact on expenditure in each care programme; and second, a study of the link between
expenditure in a programme and the health outcomes achieved, notably in the form of disease-specific
mortality rates. The latter study also permits the calculation of the cost of an additional life-year for
individual programmes of expenditure.
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The work presented here draws heavily on previous studies. These were constrained in a number of ways
and, in this analysis, we build on and improve these previous studies in four major ways:

First, due to data limitations previous studies related expenditure in time period t to mortality in periods
t, t—1, and t—2 combined. In doing this, such studies assumed that PCTs had reached some sort of
equilibrium in the expenditure choices they make and the outcomes they secure. This is probably not
an unreasonable assumption given the relatively slow pace at which both types of variable change but,
with more recent mortality data now available, here we relate expenditure in time period t to mortality
in periods t, t+ 1, and t+ 2 combined (see Model estimation using 2006/7 expenditure data and
mortality data for 2006/7/8: CARAN need and two market forces factors).

Second, previous studies have tended to focus on a very limited number of care programmes

(e.g. cancer, circulatory disease, gastrointestinal problems and respiratory problems). Here we present
plausible outcome models for a larger number of budgeting categories.

Third, previous estimates of the cost of a life-year have been for individual programmes of care.

Here we present estimates of the cost of a life-year for an enlarged number of programmes and,
importantly, with the aid of assumptions about the productivity of programmes without a meaningful
mortality-based outcome indicator, we extend our individual programme estimates to incorporate
expenditure across all programmes of care.

Finally, although previous results and our current models ‘pass’ the appropriate statistical tests,

we subject our latest results to a substantial sensitivity analysis.

The structure of this report is as follows. Previous studies presents a brief review of previous empirical
studies in this domain, which have often yielded conflicting results. A straightforward theoretical model of
the budgetary problem faced by a PCT manager seeking to allocate limited funds between competing
programmes of care is presented in Theoretical model. The PB and health outcome (mortality) data are
described in NHS programme budgeting in England and Health outcome and other data respectively.
Estimation issues and strateqy outlines our estimation methods and some of the issues surrounding them.

In Analysis of programme budgeting expenditure for 2005/6 and mortality data for 2002/3/4 we commence
our empirical work by estimating well-specified econometric models that outline (a) the budgetary expenditure
choices and (b) the health outcomes achieved by PCTs using expenditure data for 2005/6 and mortality data
for 2002/3/4. Analysis of programme budgeting expenditure for 2006/7 presents results using expenditure
data for 2006/7 and mortality data for 2004/5/6. It also presents results using the same expenditure data but
updating the mortality data to 2006/7/8. Several pieces of sensitivity analysis are also included in Analysis of
programme budgeting expenditure for 2006/7, but the major piece of sensitivity analysis — examining the
impact of relaxing the instrument validity restriction — is reported in The sensitivity of the outcome elasticity to
the validity of the instrument exclusion restrictions.

In Analysis of programme budgeting expenditure for 2007/8 and mortality data for 2007/8/9 we
re-estimate our model using updated expenditure and mortality data. In particular, we use the PB
expenditure for 2007/8 and mortality data for 2007/8/9 to re-estimate our outcome and expenditure
equations. In Analysis of programme budgeting expenditure for 2008/9 and mortality data for 2008/9/10
we update the data set again, and this time we employ PB expenditure data for 2008/9 and mortality data for
2008/9/10. We also compare the elasticities and cost of a life-year estimates that we have obtained using
expenditure and mortality data for different years.

Finally, Summary and concluding remarks presents a summary of our findings and some concluding remarks.
There is a large body of literature on the determinants of international variations in health-care spending in
which income levels often play a central role.™ However, whether or not more expenditure generates

better outcomes — for example, in terms of reduced mortality — remains a matter of debate. For example,
Fisher and Welch'' note various ways in which more health care might harm patients and they cite various

NIHR Journals Library



VOL. 19 NO. 14

studies supporting their arguments. In a comprehensive review, Nolte and McKee® discuss many studies
that examine the impact of health care and other explanatory variables on some measure of health-care
outcome. Nolte and McKee® point out that researchers usually combine a production function approach
with the application of regression analysis. For example, in an early cross-sectional study of 18 developed
countries, Cochrane et al.®* use regression analysis to examine the statistical relationship between mortality
rates on the one hand and per capita GNP and per capita consumption of inputs such as health-care
provision on the other. They find that the indicators of health-care provision were generally not associated
with the outcomes in the form of mortality rates. Thereafter, the failure to identify strong and consistent
relationships between health-care expenditure and health outcomes (after controlling for other factors) has
become a consistent theme in the literature, while, in contrast, socioeconomic factors are often found to
be good determinants of health outcomes.®>®’

This failure to detect a significant positive relationship between expenditure and health outcome might
reflect the difficulties associated with any such study rather than the absence of such a relationship.

For example, Gravelle and Backhouse® examine some of the methodological difficulties associated with
empirical investigation of the determinants of mortality rates. These include simultaneous equation bias
and the associated endogeneity problem (that the level of health-care input might reflect the level of
health outcome achieved in the past), and that a lag may occur between expenditure and outcomes
(studies typically assume that expenditure has an immediate effect on mortality). To avoid the difficulties
imposed by data heterogeneity inherent in international analyses, the study by Cremieux et al.*® examines
the relationship between expenditure and outcomes across 10 Canadian provinces over the 15-year period
1978-92. They find that lower health-care spending is associated with a significant increase in infant
mortality and a decrease in LE.

Although challenging the received empirical wisdom, one difficulty with the Cremieux et al.*® study is that the
estimated regression equation consists of a mixture of potentially endogenous variables (such as the number
of physicians, health spending, alcohol and tobacco consumption, and expenditure on meat and fat) and
exogenous variables (such as income and population density). The authors’ chosen estimation technique
(GLS) does not allow for this endogeneity and consequently the coefficients on the endogenous variables
may be biased.®® Or's™? study of the determinants of variations in mortality rates across 21 Organisation for
Economic Co-operation and Development countries between 1970 and 1995 may suffer from the same
weakness. She finds that the contribution of the number of doctors to reducing mortality in Organisation for
Economic Co-operation and Development countries is substantial but her estimation technique assumes

that the number of doctors is exogenous to the health system.

Nixon and Ulmann’® provide a detailed review of 16 studies that have examined the relationship between
health-care inputs and health outcomes, using macro-level data. They also undertake their own study using
data for 15 EU countries over the period 1980-95. They employ three health outcome measures — LE at
birth for males and females, and the infant mortality rate — and a dozen or more explanatory variables
including per capita health expenditure; number of physicians (per 10,000 head of population); number of
hospital beds (per 1000 head of population); the average length of stay in hospital; the inpatient admission
rate; alcohol and tobacco consumption; nutritional characteristics; and environmental pollution indicators.
Nixon and Ulmann’® conclude that although health expenditure and the number of physicians have made
a significant contribution to improvements in infant mortality, ’. . . health care expenditure has made a
relatively marginal contribution to the improvements in LE in the EU countries over the period of the
analysis’. Again, however, the study does not allow for the possibility that some of the explanatory
variables may be endogenous.

Although loosely based on the notion of a health production function, the traditional empirical study
described above has rarely been informed by an explicit theoretical model. This is understandable, as the
processes giving rise to the observed health outcomes are likely to be very complex, and any theoretical
model might become rather unwieldy. However, this absence of a model has usually led to a theoretical
search for measures of health inputs demonstrating a statistically ‘significant’ association with health
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outcomes. In contrast, in this study we inform our empirical modelling with a theoretical framework.
We believe that this may lead to a more convincing and better specified model of health outcomes than
that used in many previous studies, and this model is outlined in the next section.

Our modelling framework assumes that each PCT i receives an annual financial lump sum budget y; from
the national ministry, and that annual total expenditure cannot exceed this amount. The PCT must then
decide how to allocate its budget across the J programmes of care (/=23 in this case). For each
programme of care there is a ‘health production function’ f(.) that indicates the link between local
spending x; on programme j and health outcomes in that programme h;. Health outcomes might be
measured in a variety of ways, but the most obvious is to consider some measure of improvement in LE,
possibly adjusted for QoL, in the form of a QALY.

The nature of the specific health production function confronted by a PCT will depend on two types of
local factors: the clinical needs of the local population relevant to the programme of care (which we
denote n;); and broader local environmental factors z; relevant to delivering the programme of care (such
as input prices, geographical factors, or other uncontrollable influences on outcomes). Both clinical and
environmental factors may be multidimensional in nature. Increased expenditure then yields improvements
in health outcomes, as expressed, for example, in improved local mortality rates, but at a diminishing rate.
That is:

hi; = f(xi;, nij, z;); 8F;/8x > 0; &8 /dx* < 0. )

We assume there is a PCT social welfare function WA.) that embodies health outcomes across the J
programmes of care. Assuming no interaction between programmes of care, each PCT allocates its budget
so as to maximise total welfare, subject to the local budget constraint and the health production function
for each programme of care:

max W(hfWIhIZI -"lh/J>

subjectto  Yx; <y, (10)
J
h/-j :fj(X,'j, n,'j,Z,'/'>; J: 1, L

It can of course quite plausibly be argued that decision-makers do not discriminate between health
outcomes in different programmes of care, and that WA.) is merely the sum of such outcomes. However,
there is no need for that assumption in our formulation.

Each PCT allocates expenditure across the 23 programmes of care so that the marginal benefit of the last
pound spent in each programme of care is the same. This is represented diagrammatically in Figure 12,
which illustrates the trade-off between just two programmes of care. The top left-hand quadrant indicates
the health production function for programme 1, whereas the bottom right-hand quadrant indicates the
health production function for programme 2, albeit in transposed form. The bottom left-hand quadrant
indicates the budget constraint; the expenditure choice must lie on the budget line. This means that for
each feasible pair of expenditure choices (points on the budget constraint line), a pair of health outcomes
in the two programmes emerges, which is traced out as the health production possibility frontier in the
top-right quadrant. The PCT will choose the point on this frontier that maximizes welfare. In this example,
we have indicated a simple health maximizing approach (the maximum health summing across the two
programmes), leading to optimal health outcomes (H¥, H¥) and expenditure (X¥, X%).

Solving the constrained maximisation problem yields the result that the optimal level of expenditure in
each category, x}, is a function of the need for health care in each category (na, np, ..., Ny,
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FIGURE 12 Graph showing optimal trade-off between two programmes of care.

environmental variables affecting the production of health outcomes in each category (z4, z, . .., zy), and
PCT income (y;). Thus:

X?}=g/’(n/’1l"'ni/lZf1l"'Zilej>; j=1l"'IJ (11>

Thus, for each programme of care there exists an expenditure equation (see Equation 11) explaining
expenditure choice of PCTs and a health outcome equation (see Equation 9) that models the associated
health outcomes achieved.

Our model is static in the sense that the health production function (see Equation 9) assumes that all
health benefits occur contemporaneously with expenditure. We acknowledge that for some programmes
of care benefits might occur > 1 year after expenditure has occurred. This is particularly likely to be the
case for those programmes aimed at encouraging healthy lifestyles, where some benefits may occur
decades after the actual programme expenditure. For other programmes, such as maternity/reproductive
conditions and neonate conditions, benefits may be largely contemporaneous with expenditure.
Furthermore, we do not model the decision-maker’s time preferences.

For our empirical modelling, however, we are constrained by the data we have available, which are largely
cross-sectional in nature. Owing to data limitations, previous studies have had to relate expenditure in
period t to mortality data in periods t, t— 1, and t—2 combined so that the mortality data precedes the
expenditure data. This is not ideal. Implicitly previous studies have had to assume that the data represent a
quasi long-run equilibrium position, and that relative expenditure levels and health outcomes within each
PCT have been reasonably stable over a period of time. As we shall see, this appears to be a reasonable
assumption because we obtain similar results when we estimate our models using expenditure for period t
with either mortality data for periods t, t—1, and t—2 combined (see Model estimation using 2006/7
expenditure data and mortality data for 2004/5/6: CARAN need and two market forces factors) or with
mortality data for periods ¢, t+ 1, and t+ 2 combined (see Health outcome and other data).

Having outlined our model, in the next section we dis