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Abstract

There is growing interest in cost-effectiveness thresholds as a tool to inform resource allocation decisions in health care.
Studies from several countries have sought to estimate health system opportunity costs, which supply-side cost-effectiveness
thresholds are intended to represent. In this paper, we consider the role of empirical estimates of supply-side thresholds in
policy-making. Recent studies estimate the cost per unit of health based on average displacement or outcome elasticity. We
distinguish the types of point estimates reported in empirical work, including marginal productivity, average displacement,
and outcome elasticity. Using this classification, we summarise the limitations of current approaches to threshold estimation
in terms of theory, methods, and data. We highlight the questions that arise from alternative interpretations of thresholds
and provide recommendations to policymakers seeking to use a supply-side threshold where the evidence base is emerging
or incomplete. We recommend that: (1) policymakers must clearly define the scope of the application of a threshold, and the
theoretical basis for empirical estimates should be consistent with that scope; (2) a process for the assessment of new evidence
and for determining changes in the threshold to be applied in policy-making should be created; (3) decision-making processes
should retain flexibility in the application of a threshold; and (4) policymakers should provide support for decision-makers
relating to the use of thresholds and the implementation of decisions stemming from their application.

1 Introduction or clinically ineffective. In such cases, an incremental cost-
effectiveness ratio (ICER) threshold may be used as the
New health care technologies are commonly both cost- basis for judging whether a technology represents value for

increasing and health-improving, rather than cost-decreasing ~ money. The use of a threshold approach may be consist-
ent with the objective of maximising health improvements

from given health care budgets if the threshold is correctly
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csampson @ohe.org specified. Health technology assessment (HTA) processes
commonly adopt the quality-adjusted life year (QALY) as a
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(CET) can be defined in these terms. However, a threshold
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UK If we accept the notion that a monetary value (i.e. a
threshold) must be attached to health outcomes—to interpret
cost-effectiveness evidence and translate this evidence into
investment and disinvestment decisions—then both positive
and normative questions regarding the choice of threshold
arise. Explicit thresholds are not commonly used in decision-
making, and those that do exist have been specified without
reference to evidence, perhaps based on precedents [1, 2].
More recently, applied research on the relationship between
health care spending and outcomes has sought to provide a
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Key Points for Decision Makers

Empirical estimates of opportunity cost may inform cost-
effectiveness thresholds used in policy-making, but there
are limitations in the evidence base.

Cost-effectiveness thresholds are not synonymous with
opportunity costs, and adoption of any metric—such as
average displacement—implies a range of assumptions
about the nature of service provision and the objectives
of technology assessment.

Policymakers can make appropriate use of imperfect
evidence on opportunity costs by establishing transparent
and flexible processes for the assessment and use of this
evidence.

basis in evidence for CETs. This research has in part arisen
from the recognition that CETs used in policy may not cor-
respond to the opportunity cost of decisions, while the true
opportunity cost of every decision cannot be observed. This
growing body of research has created the potential to use
evidence-based thresholds to guide policy decisions [3, 4].

Two fundamentally different approaches have histori-
cally been used to provide an evidence base for the selection
of CETs, each based on different principles and implying
alternative empirical strategies. In one approach, the thresh-
old could be determined by the value that society places
on QALY gains. This can be estimated empirically using
willingness-to-pay (WTP) experiments and is often referred
to as the ‘demand-side’ approach, grounded in welfare eco-
nomics, whereby the ‘demanders’ have preferences over
health and other goods to allocate resources within their
budget constraint [5, 6]. An alternative approach deter-
mines the threshold by identifying the opportunity cost of
implementing cost-increasing technologies in the presence
of a fixed budget. This approach is known as a ‘supply-side’
threshold.! In this paper, we focus on recent evidence cen-
tred on the optimal allocation of fixed budgets, in which case
supply-side thresholds provide a practical and intuitive basis
for decision-making.

Internationally, policymakers require guidance on apply-
ing appropriate decision rules in HTA and resource alloca-
tion [7]. The aim of this paper is to consider how the emerg-
ing evidence on health system opportunity costs should be
used to set and use a CET in policy and decision making.

! We note that the ‘supply-side’ and ‘demand-side’ terminology is
problematic, particularly where ‘supply-side’ thresholds are used to
indicate society’s demand for new technologies within a given budget
constraint. However, we use them in this paper as they are readily
understood by researchers.
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We present a narrative review of the literature on the nature
and use of supply-side thresholds and outline several recom-
mendations for policymakers. The review and the recom-
mendations arose from a series of discussions, first between
the lead author and each co-author, and then as a group.
Relevant articles were primarily identified on the basis of the
authors’ collective knowledge, and supported by a snowball-
ing strategy.

The remainder of this paper is presented in six sections.
The next three sections (Sects. 2—4) introduce some basic
principles and further background to the research. We first
summarise the observed impact of estimates on policy, then
describe how—we believe—thresholds may be ‘evidence-
based’, and finally consider some different ways in which
a ‘supply-side threshold’ may be characterised. After this,
Section 5 considers the current evidence base with respect
to theory, methods, and data. Building on this, Section 6 out-
lines our recommendations to policymakers, before Sect. 7
concludes.

2 What Impact have Estimates had
on Policy?

The first concerted attempt to estimate a supply-side CET,
without relying on cost-effectiveness estimates for individ-
ual technologies, was by Claxton et al. [8] in the context
of the National Health Service (NHS) in England, which
recommended a central estimate of £12,936 per QALY. The
researchers developed econometric models to estimate the
relationship between differences in expenditure and differ-
ences in mortality. The methods have been influential, with
studies conducted in Australia, Spain, and other countries
adopting similar methods [3].

The UK Department of Health and Social Care (DHSC)
explicitly cites Claxton et al. [8] as the basis for recommend-
ing the opportunity cost of a QALY as £15,000 in impact
assessments (see, for example, [9]). The empirical estimate
for England has not resulted in the adoption of a new thresh-
old by the National Institute for Health and Care Excellence
(NICE). The 2019 voluntary scheme for branded medicines
pricing and access (VPAS), agreed between the Association
of the British Pharmaceutical Industry (ABPI) and DHSC,
maintains the existing threshold range used by NICE at
£20,000—£30,000 per QALY gained [10]. A proposal to
adopt a threshold of £15,000 per QALY in decision-making
about vaccines was rejected by the government [11].

In other countries for which empirical CET estimates
(based on similar methods to those used for the England
estimate) have been available for several years, such as
Spain and Australia [12, 13], their influence has been lim-
ited because policymakers do not specify an explicit CET.
In Spain, a figure of €30,000 per QALY has been widely
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cited based on a review of economic evaluations, rather than
on an analysis of expenditure and outcomes [14]. In 2012,
the government introduced a legal stipulation stating that
health technology financing decisions had to be based on
scientific evidence from cost-effectiveness analysis and eco-
nomic evaluations. No threshold value was adopted formally
because of the perceived lack of a theoretical and scientific
basis, and controversy around its estimation and what the
threshold should represent. In this context, the Ministry of
Health commissioned the Spanish Network of HTA agen-
cies to prepare methodological reports on the definition
and estimation of Spain's CET [15-17]. The Ministry of
Health has not formally adopted the published estimate of
€22,000—€25,000 per QALY [12]. In Australia, the Pharma-
ceutical Benefits Advisory Committee (PBAC) is believed
to apply a threshold range of $45,000 to $60,000 per QALY
[18], but this is not officially stated, and is not based on the
published empirical estimate of $28,033 [13].

For most countries, empirical estimates from country-
specific data are not available. However, researchers have
used estimates from England to generate threshold estimates
for other countries [19]. This approach has had some limited
influence in Canada, where the Patented Medicines Prices
Review Board (PMPRB) recommended a CET of $60,000
per QALY, which was twice the $30,000 evidence-based
recommendation [20, 21], citing earlier work by Woods et al.
[19] that applied estimates from Claxton et al. [8] to the
Canadian context.

Published CET estimates have been adopted in cost-
effectiveness research [22] and have influenced debate about
thresholds, if not those used in decision-making. In the fol-
lowing section, we consider how evidence on thresholds
might be used to inform policy.

3 How can Thresholds be Evidence Based?

It is common for policy-making to be based on heuristics,
which expedite processes and outcomes [23] and may be
informed by evidence to a greater or lesser extent. This
is true for the use of CETs, for which heuristic values or
ranges, such as £20,000-£30,000 per QALY in the UK and
$50,000 or $100,000 per QALY in the USA, have long been
discussed [24-26]. Evidence-based policy-making, which
would be less reliant on heuristics, remains the exception in
public administration, though long favoured by the research
community [27, 28].

Throughout this article, we distinguish between ‘poli-
cymakers’ and ‘decision-makers’. Policymakers represent
those who specify a CET based on their interpretation of
what it ought to represent. Decision-makers represent those
who must make decisions with reference to the threshold and
local evidence, but who play no role in the specification of

the CET. The policy threshold—as some researchers have
described it—may differ from the most accurate empirical
estimate of opportunity cost [4]. This gives rise to two poten-
tially divergent interpretations of what a CET represents
and makes it important to identify a third party in threshold
identification and use—researchers, who generate and inter-
pret evidence to inform the specification of a threshold by
policymakers. While we assert that it is preferable for CETs
to be evidence based, other stakeholders may be more or
less favourable to evidence-based CETs, depending on the
implications of their adoption.

Policymakers face the challenge of using quantitative
analyses as an input to their decisions, while recognising
the limitations of the evidence, yet not disregarding it for
its imperfection [29]. There are different ways in which evi-
dence can be used. Lavis et al. [30] have argued that evi-
dence may be used in instrumental, conceptual, or symbolic
ways.

Instrumental use of an empirically estimated threshold
may include direct adoption. Alternatively, if an empiri-
cal CET estimate were used as a justification to increase
or decrease an explicit threshold used in policy, this would
also constitute an instrumental use of the evidence by
policymakers.

Conceptual use of the evidence could involve a more
informal or indirect recognition in policy. For instance, if
empirical estimates are used to influence implicit thresh-
olds—say, through consideration by health technology
appraisal committees—this would constitute a conceptual
use of the evidence.

Symbolic use of evidence is a political strategy, which
might involve post hoc justifications for decisions made
without reference to the evidence. For instance, a decision-
maker may justify a negative reimbursement decision on the
basis of an ICER exceeding a threshold, where this threshold
was not prespecified. We do not consider this a basis for
evidence-based policy.

Most evidence-based policy does not involve the identifi-
cation of a single point estimate on which to base decisions,
not least to allow leeway to accommodate the unique factors
and context of each decision. Furthermore, decisions are not
generally determined by the efficiency of prevailing service
provision and, by extension, historic decisions. CETs, on the
other hand, may be used to determine—and be determined
by—the efficiency of health care. Consequently, to our
knowledge, there are no approximate analogies in policy to
the adoption of an empirically estimated CET. Some policy-
making uses evidence on the value of a statistical life (VSL)
[31], which is similar in some respects to a CET. However,
the estimation and use of supply-side thresholds assumes the
presence of a fixed budget, whereas VSL estimates do not,
and the budget constraints are implicit. For these reasons, the
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translation of evidence into policy in the context of CETs is
uniquely challenging.

4 What is a Supply-Side Threshold?

The basic principle of a supply-side threshold is to represent
the benefits that a health system can currently achieve from
the reallocation of a fixed budget. If spending more on one
thing means spending less on another, then new technolo-
gies will result in the displacement of current service pro-
vision. New technologies that are not cost-effective, when
judged against the threshold, would displace more benefi-
cial expenditure from existing programmes, with an overall
negative impact on population health.

In an ideal world (i.e. a stylised theoretical conceptuali-
sation), policymakers could observe the cost-effectiveness
of all possible health care programmes. New technologies
could displace the least cost-effective programmes currently
provided. The cost-effectiveness of these displaced pro-
grammes could be specified as a shadow price and adopted
as a threshold. In this case, the threshold would represent
health opportunity cost—the value of the health gain fore-
gone from the next best use of the resources involved in
adopting a cost-increasing technology [32, 33]. The follow-
ing discussion of threshold estimates is limited to the domain
of health in the context of health maximisation within a fixed
budget, recognising that a decision-maker may value health
gains differently. Though we refer to opportunity costs, it is
important to note that we are not considering the full (non-
health) opportunity costs of resource allocation decisions
in health.

It is infeasible to observe the cost-effectiveness of all pro-
grammes and services within a health system and observe
that which is displaced. To our knowledge, there are no
examples of successful attempts to do so at scale, though
there is one well-known unsuccessful example (i.e. in Ore-
gon [34]). In lieu of this information, policymakers may seek
to identify a CET that is relevant across the whole health
care system.

The marginal product of health care expenditure can
be represented by the change in health outcomes arising
from a unit change in expenditure ‘at the margin’. Alter-
natively, average displacement could represent the average
change in health outcomes under observed budget contrac-
tions or expansions. In this case, new technologies that are
cost-effective relative to this threshold would, on average,
improve the efficiency of health care expenditure. Recent
examples of threshold estimation (e.g. [12, 13, 35, 36])
have sought to identify marginal productivity. Depending
on our interpretation of the methods and our satisfaction
with the inherent assumptions, we may alternatively inter-
pret these studies as suited to the identification of average
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displacement. While these two approaches are distinguish-
able in theory, any given analysis may include characteristics
that partially satisfy both.

A threshold estimate may also be characterised as an
outcome elasticity when a proportional association between
inputs and outputs is identified (as may be imposed by a
statistical model). Outcome elasticity estimates can identify
different thresholds depending on potential health gains in
different contexts (see, for example, [37]) and may not for-
mally identify the causal effect of expenditure on outcomes.

Table 1 outlines these four related interpretations of a
supply-side CET. Ideally, an empirical study would adopt
one of these concepts. However, in the assessment of cur-
rent evidence, these four interpretations are neither mutu-
ally exclusive nor collectively exhaustive. While we label
concept A as ‘shadow price of health’, any concept could be
equivalent under the stated assumptions (according to the
theoretical interpretation described in Table 1). Only con-
cept A will provide an accurate estimate of opportunity cost
if these assumptions cannot be met. An important question
is how well concepts B-D approximate the true opportu-
nity cost when the assumptions fail or, equivalently, how
biased they are. We discuss aspects of published empirical
estimates in more detail in Sect. 5. We do not classify each
study according to the concepts outlined in Table 1 since
each empirical study exhibits characteristics appropriate to
multiple conceptions.

Theoretical conceptions of supply-side thresholds provide
a basis for their estimation and interpretation, determining
the evidence and assumptions required. Researchers have
proposed a variety of different approaches, each with dif-
ferent implications for the resulting threshold. With perfect
information, all investment decisions would be based on a
specific opportunity cost, but, as Table 1 illustrates, there is
a trade-off between realistic assumptions and data require-
ments. A key question to consider is whether each concept
can and should be used to inform a supply-side threshold,
given the assumptions required and how it will be used. We
discuss these matters further in Sect. 5.

5 What s the Basis of Current Evidence?

The evidentiary requirements for identifying a threshold
relate to (1) the theoretical interpretation of ‘cost-effective-
ness threshold’, (2) the data sources for the generation of the
evidence, and (3) the methods used to generate estimates.
In Table 1, we provide an illustration of the differences in
evidence that might be associated with different interpreta-
tions of the CET.

Concepts B, C, and D (in Table 1) represent imperfect
estimates of the opportunity cost of a decision and are infe-
rior to concept A as a basis for informing decision-making.
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However, the evidentiary requirements for thresholds that
guarantee improvements in efficiency for every decision are
far greater than those that may ensure improvements in effi-
ciency on average (e.g. concept C). It is unlikely that any
decision will be made based on evidence that is sufficient
to precisely estimate a concept A threshold. Indeed, if the
true opportunity cost of every decision could be estimated,
a threshold approach would not be necessary, as a new tech-
nology would be directly assessed against that which would
be displaced. The purpose of an evidence-based supply-side
CET is to support decisions that approximate optimal deci-
sion-making under such conditions.

Several reviews of the evidence have already been con-
ducted [1, 3, 8, 38-40]. In this section, we consider the
evidence base generally, from a global perspective, relat-
ing it to the different interpretations of thresholds specified
in Table 1. In the following sections, in relation to theory,
methodology, and data, we assess the issues that might limit
the informativeness of evidence for policy-making. In par-
ticular, we assert that the evidence base generally provides
estimates of outcome elasticity (concept D) or average dis-
placement (concept C), and that the limitations of the evi-
dence as a basis for decision-making are poorly understood.

5.1 Are Estimates Theoretically Robust?

The use of CETs, in general, has been criticised on practical
and theoretical grounds [41-43]. We assert that empirical
estimates of thresholds are, in principle, a useful input to
decision-making. We focus on the theoretical nuances that
help to determine how they ought to be used.

The appropriateness of the theoretical basis underlying
an empirical estimate of a threshold depends on its applica-
tion [44]. Here, we assume that policymakers wish to use a
threshold that ensures efficiency in the use of a fixed health
care budget, and that technologies and their prices are exog-
enously determined. In this case, the true opportunity cost
of the decision would be the appropriate basis for decision-
making, and empirically based thresholds should seek to
approximate this.

The most influential attempt to estimate a threshold in
recent years was published by Claxton et al. [8], building on
earlier work by Martin et al. [45, 46]. This work specified
‘the expected health effects (in terms of length and [quality
of life]) of the average displacement’ as the relevant statistic
for NICE's remit. Thus, the theoretical basis for this estima-
tion is specified, corresponding to a concept C estimate in
Table 1. However, the methodology proceeds with an inten-
tion to identify the effect of marginal changes in expendi-
ture, which corresponds more closely to concept B. Other
work using similar methods has been described in similarly
inconsistent ways, tending to frame key results as elasticities
[12, 13, 47]. Some studies, also using similar methods, have
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described their analyses as estimating marginal productivity
or marginal returns to expenditure [35, 36, 48, 49]. Other
studies state that they seek to identify opportunity costs, but
present elasticities between expenditures and outcomes [37,
50, 51], with little consideration of the extent to which this
represents a compelling theoretical basis for a CET.

In general, the framing of the relevant threshold estimate
is determined by the specification of the econometric model
in each study. The term ‘opportunity cost’ is routinely used
in research and in material for wider audiences [52, 53], as
a broader concept that highlights the importance of trade-
offs. However, this tendency to overlook nuance in empirical
work that seeks to identify opportunity cost may mislead
policymakers and other stakeholders.

To equate marginal product and average displacement is
to infer changes at the margin from differences on average.
Where marginal product is not constant, average estimates
may differ substantially from the margin. Average displace-
ment can, in theory, support the correct decision on average
and can inform high-level decisions that affect population
health. However, it may result in many suboptimal decisions
and systematically disadvantage outcomes in certain con-
texts (e.g. where displacement is less efficient).

There are clear differences between the objectives under-
lying purchasers' prioritisation decisions and the assump-
tions inherent in a threshold based on QALY maximisation.
Research exploring investment and disinvestment decisions
has revealed that payers tend to have more complex objec-
tives [54-56], such as reducing inequalities or waiting times.
This inconsistency undermines the extent to which empiri-
cal CET estimates represent opportunity cost. In practice,
there are many sources of variation that affect local pro-
duction functions, including varying valuations of health
gain [57]. This limits the extent to which average measures
of opportunity cost capture the realities of displacement in
local settings.

The focus of empirical work to date has been on the esti-
mation of a single threshold for use in policy. Little attention
has been given to the theoretical basis for single thresholds
compared with the use of multiple thresholds or a threshold
range, despite the latter approach being adopted in some
contexts, including appraisals by NICE and the Institute
for Clinical and Economic Review [2]. Some researchers
have recently argued that such estimates should be used in
appraisals to represent opportunity costs, but not to define a
policy threshold range, because such threshold ranges exist
in recognition of a variety of other criteria beyond efficiency
[58].

Recent research has begun to address the reasons why
a threshold might be adjusted according to the parameters
of a particular decision [59]. The prevailing supply-side
threshold relating to a given decision assumes a marginal
budget impact, such that a non-marginal budget impact
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implies a lower threshold [60]. In a supply-side threshold
decision context, Claxton et al. [61] and Gravelle et al. [62]
have argued that the discount rate applied to expected future
health effects could be lower than that applied to expected
future costs. This research highlights that thresholds are not
necessarily fixed over time and that optimal CETs rely on
assumptions about other parameters of a decision.

The true opportunity cost of expenditure will differ for
every decision, as different technologies will affect different
populations and clinical areas, and thus displace technolo-
gies delivered with varying levels of efficiency [63]. There
may also be systematic heterogeneity across different deci-
sions. In this case, the use of a single national threshold as
an overarching decision rule may introduce bias, favouring
those areas where health care is less productive. For exam-
ple, regional variation in opportunity costs may be unavoid-
able due to differing decentralised health budgets, costs,
epidemiology, or quality of care.

Some HTA agencies have exhibited a preference for some
QALY gains over others, by using differential CETs. For
example, NICE has attached a greater value to QALY gains
for ‘end of life’ treatments, implying a threshold of £50,000/
QALY, and uses a threshold of £100,000/QALY for highly
specialised technologies [64]. Similarly, Zorginstituut Ned-
erland (ZIN) accepts higher ICERs for treatments according
to the severity of conditions [65]. If we accept that there will
be special cases, then the use of empirical estimates for the
base case implies the need for empirical estimates for special
cases. To date, empirical research to identify CETs has not
recognised the use of multiple CETs in decision-making,
or the role of equity considerations and other factors that
impact the value given to health gain by decision-makers.

The use of a threshold in decision-making is necessar-
ily political (in the broadest sense), as it implies a certain
objective for public health care funding overall, with the
consequence that the allocation of public budgets may or
may not align with the public’s preferences for individual
decisions. Yet, public choice theory has been given little
or no attention in the estimation of empirical supply-side
thresholds. This lack of consideration makes it difficult to
identify how empirical thresholds will be used in practice
and, therefore, difficult to judge the appropriateness of the
theoretical basis for their estimation. As described in the
following section, current methods rely on historical corre-
lation for the estimation of a threshold. The extent to which
this is a satisfactory basis for decision-making remains unex-
plored by researchers.

Empirical estimates to date have relied on the identifica-
tion of elasticities to provide a single threshold in terms of
QALYs. Independent of whether these analyses succeed in
their aims, it is not clear whether such estimates provide the

information that policymakers need or expect. Some HTA
agencies use multiple thresholds and threshold ranges [2],
signalling that strict adoption of a single threshold is not a
policy-making objective. In this case, there is a theoreti-
cal divide between evidence-based supply-side thresholds
and thresholds used in practice. This divide may be bridged
with clearer articulation of policymakers’ objectives beyond
health maximisation and further empirical work on that
basis.

5.2 Are Estimates Based on Robust Methodology?

League tables are based on ranking (and funding) a set of
interventions from the most to least cost-effective, with the
threshold defined as the cost-per-outcome of the lowest-
ranked intervention that can be funded from the budget [66].
League tables, in principle, enable the inference of opportu-
nity cost, based on knowledge of costs and outcomes of all
current and potential programmes of expenditure.

Linear programming is a constrained optimisation
method, based on a single budget constraint, and constitutes
an early conceptualisation of threshold estimation. In this
case, the threshold represents the inverse of the shadow price
of the budget constraint and is defined as the magnitude of
the improvement in outcomes that would result from a one-
unit increase in the budget [32], meaning that it represents a
concept B estimate in Table 1.

Both league tables and linear programming require full (a
priori) knowledge of the costs and benefits of all interven-
tions and have therefore not been used to identify empirical
thresholds. Thokala et al. [3] demonstrated the equivalence
of linear programming and league table methods under a set
of strong assumptions including perfect divisibility of treat-
ments, independence, marginal budget impacts, and perfect
information. Epstein et al. [67] demonstrated that budget
constraint optimisation can be extended from a linear pro-
gramming problem with a single budget, to include further
constraints and assume indivisibilities and non-linearities,
with the consequence that (concept A and B) thresholds are
shown to differ depending on the budget, the discount rate,
and equity considerations.

In the absence of complete data on the cost-effectiveness
of all individual programmes, or investment and disinvest-
ment decisions under budget changes, current evidence
relies on aggregate information on spending and health out-
puts in the health system.

When relying on aggregate data (for concept B, C, or
D estimates), the target of inference is the causal effect of
health spending on health outcomes. In an idealised experi-
ment, this effect could be estimated by randomly allocating
clusters of health care purchasers (e.g. NHS Commissioners)
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to either a ‘treatment group’ with increased (or decreased)
budget or a ‘control group’ and observing outputs over time.
Obviously, this experiment would be unethical and impracti-
cal. The methodological challenge is to replicate this experi-
ment using observational data.

Changes in health care expenditure are deterministic;
variations between providers, jurisdictions, or regions are
typically determined by need, particularly for systems with
centrally allocated budgets. In any study that naively com-
pares spending and outcomes in these circumstances, the
effect of spending is endogenous due to reverse causality.
An exception may arise if budget expansions or contractions
result from policy changes and political shifts, such as a
change in government. These changes may approximate ran-
dom change with respect to underlying health shifts. How-
ever, if these budget shifts occur simultaneously across all
sites, there will be a lack of contemporaneous control. Even
in this experimental scenario, the effect of budget changes
will not be separable from concurrent secular shifts in health
outcomes.

Some studies have adopted an instrumental variable
approach to estimate the effects of health care expenditure
on outcomes [8, 12, 13, 47]. These studies rely on the exist-
ence of a valid instrument for health spending that is both
strongly correlated with health spending and only affects
health outcomes through its effect on health spending (i.e.
the exclusion restriction). The existence of such an instru-
ment is questionable, as health systems generally try to
avoid variation in health spending that is unrelated to the
health needs of the population. Nevertheless, the exclusion
restriction has been claimed to hold for instruments based
on socio-economic variables [35, 63] and is supported by
the decomposition of health expenditure according to the
'funding rule' [68]. Variation in the instrument can simulate
random variation in health expenditure and estimate a local
average treatment effect that represents the causal effect of
health expenditure on health outcomes. In this case, it is
necessary to assume that the local average treatment effect
is generalisable to other causes of change in the budget; oth-
erwise, the interpretation of the estimates changes again.

Health outcomes at an aggregate level are dynamic pro-
cesses with future values of the series dependent on past val-
ues. Furthermore, not all the effects of health care expendi-
ture are likely to be realised immediately; many manifest
over several years [69]. This creates another challenge for
the accurate identification of causal effects. Yet, threshold
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studies have relied on static models, even where data are
available over time [35]. Researchers have found that it is not
possible to use time series analyses to estimate a threshold
based on marginal changes in expenditure and outcomes, due
to reverse causality [47]. Thus, it has not been possible to
use variation in expenditure over time to estimate its impact
on health outcomes. Analyses remain reliant on regional
variation within cross-sectional data.

A recent systematic review and meta-analysis of studies
investigating the relationship between health care expendi-
ture and population health outcomes identified 65 studies
on the topic [70]. Most of these studies employed panel or
longitudinal data on regions or countries and estimated static
models. We have identified examples of dynamic panel-data
models used in this context [71-73]. Both Crémieux et al.
[73] and Guindon and Contoyannis [71] examined the impact
of pharmaceutical spending on life expectancy and infant
mortality in Canada using panel data from Canadian prov-
inces, allowing for autocorrelated error terms. Ivaschenko
[72] estimated the effect of health care expenditure on life
expectancy using a panel of Russian provinces, modelling an
autoregressive AR(1) process. Recent work using a distrib-
uted lag model highlights the potential importance of such
methodological complexities [74]. Some authors have advo-
cated that static models can be used to estimate long-run
equilibrium relationships between two dynamic processes
by imposing certain assumptions on model parameters [75,
76]. However, the estimators of such static models may be
significantly biased [77, 78], especially with small sample
sizes as many of the aforementioned studies have.

There are additional relationships in the data that may
need to be included in a model to provide reliable estimates.
For example, spatial correlation between health care centres,
sites, or regions is likely to be present since health outcomes
are similar in proximal locations. Ignoring this correlation
will lead to inefficiencies and potential bias depending on
the modelling assumptions. For instance, if people in higher-
spending areas have poorer health behaviours, the effect of
spending may be underestimated.

Heterogeneity is an important consideration in this con-
text, and there is no consensus on how heterogeneity ought
to be accounted for in the estimation of a threshold. One
approach that has been used is weighting. For instance,
Claxton et al. [8] present estimates weighted by clinical area
for purchasers in England. Heterogeneity is observed across
different specialisms, and observations may be weighted by
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mortality rates [63]. Vallejo-Torres et al. [12] argue that dif-
ferences in the threshold due to scale—associated with pop-
ulation size—should not be considered. If larger regions are
associated with greater marginal productivity (i.e. a lower
threshold), weights depending on population size in regres-
sion analyses will drive down the threshold, leading to sub-
optimal decision-making in smaller regions.

Little research, if any, has dealt with these various mod-
elling questions in relation to CETs. Studies that estimate
CETs tend not to compare results from fundamentally dif-
ferent modelling assumptions. While some researchers have
considered structural uncertainty (e.g. [49]), it is difficult to
say how much uncertainty remains regarding the values of
the parameters of interest. Published standard errors only
reflect sampling variation for a specific model.

Empirical estimation of a supply-side CET demands
identification of causal effects. Idealised experimental condi-
tions will never be satisfied, and the endogeneity of budgets
makes reliable estimation challenging. The individual chal-
lenges are not necessarily unique to identifying thresholds,
but these methodological uncertainties call for careful con-
sideration by policymakers seeking to adopt an empirical
estimate in policy.

5.3 Are Estimates Based on Appropriate Data?

All empirical estimates of supply-side thresholds rely on
data relating to health care expenditure and health outcomes.
These may be observed directly or indirectly, and at different
levels of aggregation. Yet, there are no data designed for the
purpose of estimating supply-side CETs and, therefore, limi-
tations in the data are inevitable. In addition to specific chal-
lenges with expenditure and outcome data, the association
of the two can also be problematic because of a mismatch
in data coverage across clinical areas.

At the minimum level of aggregation, it may be possi-
ble to observe patient-level data from insurance claims (for
instance). At the maximum level of aggregation, time series
of national data on expenditure may be available. More
aggregated data prevents analysts from fully accounting for
heterogeneity and controlling for individuals' health care
needs. The more disaggregated the data are, the greater the
risk of missing health expenditure that is incurred at the
national level.

For expenditure, Claxton et al. [8] used programme-
level (clinical area) budget data, while analyses in Australia

and Spain were not able to do this and relied on overall
regional expenditure [12, 13]. Expenditure data cannot be
disaggregated in many settings and limitations in the qual-
ity of expenditure data are poorly understood. In settings
where budget deficits are common (e.g. in England [79]), it
is important that estimates should rely on realised expendi-
ture rather than budget allocation.

High-quality data on morbidity outcomes associated with
health care are lacking. This is arguably the most significant
challenge to the identification of appropriate data for the
estimation of opportunity costs. Threshold estimates tend to
rely on mortality data (e.g. for England [8], Australia [13],
and South Africa [36]), which can provide limited infor-
mation about heterogeneity in the population. For instance,
mortality data often do not include statistics by age and
health care provider. In some clinical areas (e.g. maternity
and neonatal care in high-income countries), mortality does
not capture the most meaningful health outcomes.

Threshold estimates for Spain, Australia, and the Nether-
lands have relied on an indirect estimation of average health-
related quality of life values. This involves using age- or sex-
specific estimates, observed in surveys, to weight life years
derived from mortality data [12, 13, 49]. In England, there
is a lack of quality of life data that can be used to estimate
QALYs, so the analysts relied on a set of assumptions—
relating to disease burden and the comparability of mortality
effects to morbidity effects—that may be inaccurate [80].

Problems with identifying the relationship between
expenditure and outcomes may be further compounded when
the availability of data relies on health care expenditure. This
is especially relevant in low- and middle-income countries
(LMICs), where reliable outcomes data do not generally
exist. In this context, mortality or disability-adjusted life
year (DALY) estimates from sources like the Global Burden
of Disease studies are used (e.g. [51]). The quality of these
estimates may partly depend on the availability of certain
health care and public health technologies, which depend
on health care spending.

The availability of data affects the empirical model, the
possibilities to correct for the endogeneity of expenditure,
and the approach to attributing health effects to changes in
health expenditure as distinct from other confounding factors
and unobservable heterogeneity. Therefore, numerous limi-
tations in the data used to estimate supply-side thresholds
are inevitable, the implications of which remain unknown.
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6 How Should Policymakers Use Imperfect
Evidence?

We have provided reasons to be cautious in adopting empiri-
cally estimated supply-side CETs. The appropriate theoreti-
cal and empirical basis for their estimation is unclear, the
methods employed to date may not be capable of accurately
estimating causal associations, and the data available may
not be adequate. However, the question remains as to what
ought to be the basis for a threshold.

Policymakers should strive to make instrumental use of
evidence to inform CETs, so long as the evidence is suffi-
cient. It is important to distinguish between statistical esti-
mates of the impact of expenditure on outcomes and a CET
that is used in policy. The identification of a threshold for
use in policy necessarily depends on a normative judgement
rather than a purely empirical estimate.

In the absence of any other prioritisation criteria, hav-
ing no threshold risks an unfair and inefficient allocation
of resources and overpaying for some new technologies
[44]. Some attention has been given to the cost of setting
a threshold too high, in terms of the displacement of more
cost-effective care [81], though there is no evidence to dem-
onstrate the extent of this. Little attention has been given to
the costs associated with setting a threshold too low, which
might include a restriction of access to cost-effective new
technologies and a stifling of innovation.

Policymakers may perceive that any change to the thresh-
old due to uncertain or misinterpreted evidence may result in
harm, especially if a current threshold is politically accept-
able. A certain standard of evidence should therefore be
required to affect such change. To this end, we provide four
key recommendations to policymakers seeking to choose
a threshold: (1) define the decision scope, (2) develop an
evidence assessment process, (3) maintain flexibility, and
(4) support decision-makers.

6.1 Define the Decision Scope

The extent to which evidence is sufficient depends on the
ways in which the evidence will be applied. Despite their
duty of transparency [82], policymakers in general have
not provided an account of their intended and actual use
of CETs.

The key point on which clarity is lacking is in the scope
of thresholds—that is, to which decisions they should apply
and how they will be used. Other researchers have described
the importance of scope in relation to the definition of
(opportunity) costs [44]. Policymakers should refine the
scope of CETs and communicate this to researchers and the
public. In Box 1, we provide a set of questions that should be
considered in defining the scope of decisions where thresh-
olds will be applied.

A\ Adis

Box 1: Questions to define the decision scope

Questions to define the decision scope

Several key questions must be answered in defin-
ing the decision scope for a threshold. These questions
should determine the approach to estimating an empirical
threshold.

e On which decision-makers’ perspective(s) will the
threshold be based?

e What is the budget?
e  Who is the budget holder(s)?
e How do we characterise the budget holder’s aims?

e What outcomes are they seeking to achieve?
e How should outcomes be measured?

e [s there a single or multiple objectives?

e What is the objective (e.g. maximisation)?

e To which technologies and services will the threshold
be applied?

e Can the value of these technologies be captured by
a single outcome (e.g. quality-adjusted life years)?
e Why should the application of the threshold
be restricted in this way?

e What type of decisions will the threshold inform?

¢ Policy decisions

¢ Policy evaluation

e Market approval

e Price negotiation

e Investment and disinvestment decisions
e Clinical guidelines

¢ C(Clinical decision-making

There are multiple decision-makers within any health ser-
vice. Each may have a different perspective and thus seek to
employ a different threshold or decision-making framework.
A 'national' threshold estimate may differ from that relevant
to local budget holders, where different prices and econo-
mies of scale or scope may apply. It may also be important
to consider contexts beyond the health service and outcomes
beyond health. There are many contributors to health outside
of health care, particularly social care, which might justify a
multisectoral approach [83].

If the ambition of policymakers is to use thresholds to
optimise efficiency across a range of services, within a total
health care budget, then a standard approach is needed.
However, it is common practice for thresholds to be applied
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to only a subset of funding decisions (e.g. primarily to new
medicines in Australia, Canada, England, the Netherlands,
Korea, Scotland, and Sweden). Spending on new technolo-
gies, infrastructure investments, staffing decisions, or any
decisions about allocative efficiency could be considered
within the same paradigm.

As a tool of economic evaluation, a threshold is a means
to achieving politically and socially acceptable ends. The
costs of meeting alternative or changing political goals
might differ, and different estimates are required for differ-
ent goals. For instance, a decision-maker might reasonably
prioritise a less cost-effective treatment for a disadvantaged
group over a more cost-effective treatment. Empirical esti-
mates of average displacement alone cannot guide such deci-
sions as they provide no information about distributional
impacts. It is necessary that policymakers clearly formulate
the constraints of the problem—such as concerns for distri-
butional impacts—to support an optimisation exercise, as
these constraints determine a shadow price [29].

The empirical estimation of thresholds must consider the
context in which they will be applied. Different countries
use thresholds in different ways, and this is not by chance.
In countries with complex systems of health care financing
and provision, with multiple budget constraints in opera-
tion, the role (and benefit) of a single threshold approach
becomes clouded. This may be especially applicable in
LMIC settings. It is also important to consider how the use
of a threshold relates to the policy and regulatory context.
For example, expenditure on branded medicines in the UK
is capped, yet this budgetary threshold is not considered in
either the estimation or application of CETs [10].

It is beyond the scope of this article to explore the vari-
ous ways in which a CET may be used in decision-making.
However, thresholds should be seen as an input to HTA, and
HTA as an input to a broader framework of priority setting
in health [84]. The extent to which a CET may determine
recommendations can therefore vary as CETSs interact with
other mechanisms. Similarly, the nature of recommenda-
tions that are supported by thresholds should inform their
estimation. For instance, a threshold might be used to deter-
mine the availability of a medicine, or it might be used to
inform clinical guidelines. A given threshold in each context
is likely to have different implications for resource alloca-
tion and health outcomes. Furthermore, investment deci-
sions might be considered as distinct from routine decisions
about health care provision or disinvestment decisions [85].
A threshold might simply be used as a price negotiation tool,
to manage competition, in which case its relationship to the
budget constraint might be considered incidental. Where a
CET is adopted as an ‘approval norm’ [86], it is incum-
bent on policymakers to specify how this CET should be
informed by evidence, with full consideration of the ethical
and economic consequences.

6.2 Develop an Evidence Assessment Process

As more evidence on opportunity costs is generated, and as
budgeting arrangements change over time, it is inevitable
that evidence will be conflicting, collected using different
theoretical bases, methodologies, and data sources. As previ-
ously stated, there are few, if any, analogies in policy to the
process of setting an evidence-based CET. Thus, a bespoke
dedicated assessment process for new evidence to inform the
threshold should be established. In Box 2, we propose some
characteristics for such a process and the questions that it
ought to consider.

The assessment process will need to determine whether,
and under what circumstances, there is enough relevant evi-
dence to justify a change in threshold. Where an explicit
threshold is already used by policymakers, some formal pro-
cess is required to consider whether evidence is sufficient to
justify a change, given the possibility of harm if the wrong
decision is made (or if an inappropriate threshold is main-
tained). Where an explicit threshold is not used, an assess-
ment of the implications of adopting a threshold should be
conducted.

HTA agencies might adopt the task of interpreting evi-
dence and setting a threshold, or there might be a separate
body given this task. For example, an analogous organisa-
tion to an interest rate setting committee of an independent
central bank (such as the Monetary Policy Committee in
the UK or the Federal Reserve Board in the USA) might be
suitable [57]. Explicit adoption of such a task may support
better availability and transparency of relevant data from
health systems, which would support further empirical work.

In adopting a CET, it is important to understand what is
displaced or foregone when a new technology is adopted
(see, for example, [87, 88]). Currently, there is little or no
data available on either (1) what is displaced in practice or
(2) the cost-effectiveness of those things that are displaced,
diluted, or delayed. Without information about the cost-
effectiveness of prevailing care provision which might be
displaced, the impact of employing a threshold to a decision
cannot be assessed.

Crucially, the establishment of such a process depends
on agreeing the theoretical basis for CETs and the scope of
their application (as described above). There is a need for
openness, scrutiny, and triangulation. For any policy to rely
on a single study or methodological approach is risky; vali-
dation and replication are important tools. Reproducibility
in different settings or under different conditions should be
part of an assessment of evidentiary sufficiency. The process
should involve a systematic assessment of sources of bias as
well as of sources of structural and parameter uncertainty.

There are numerous stakeholder perspectives to consider
in setting CETs [88]. Some stakeholders may hold oppos-
ing views about the evidence, so it is vital that the process
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is inclusive. The limited influence of empirical estimates to
date—as described above—may have arisen in part from
industry stakeholders’ opposition to those estimates. Simi-
larly, the complexity of the research challenge calls for a
multi-disciplinary approach. Given the international appli-
cation of such approaches, there is a need to build capac-
ity globally. This is particularly important for LMICs. The
application of evidence from the UK to other countries [19],
with no assessment of the relevance of such evidence, is
problematic [89].

The assessment process should acknowledge the com-
plexity of decision-making in health care. Thresholds are
part of a broader process, so changes (up or down) may be
countered by other parts of the process; there are numer-
ous levers available to influence decisions. For instance, the
definition of a reference case for economic evaluations has
a significant bearing on the relative cost-effectiveness of
technologies. Furthermore, in view of the evidence, criteria
should be established for deviating from a reference thresh-
old in individual cases or contexts. We discuss this in the
next section.

We have focussed on supply-side threshold estimates, but
demand-side estimates may also be considered important to
policy-making [90] where health expenditure impacts social
insurance, individual insurance premiums, or rates of taxa-
tion. The assessment process may therefore seek to reconcile
alternative types of evidence.

In addition to the considerations for new evidence listed
in Box 2, it is also important to consider the costs of adopt-
ing or changing a threshold. These costs may be considered
from a political, normative, or economic perspective. At the
very least, tangible costs associated with the communication
and realignment of policy could be identified.

More generally, there is a need to understand the conse-
quences of threshold changes. It seems logical that a thresh-
old should change over time as populations, budgets, and
prevailing health care evolve [12]. A policy response will be
required for the historical inconsistency in decision-making
that arises from a threshold change. For example, there may
be a desire to revisit decisions based on earlier CETs used
in policy.

For a jurisdiction that is looking to change a thresh-
old based on new evidence, a further question arises as to
how frequently the threshold should be reassessed. NICE's
threshold has remained unchanged for around 15 years. In
principle, the threshold could be changed every year as the
latest evidence becomes available. A Bayesian approach to
integrating evidence could be adopted, though this must rec-
ognise the trade-off between constant updates for accuracy,
the upheaval and costs of change, and the long-term nature
of drug development. Regulatory impact assessments and
value of information approaches could be used to assess
whether a new estimate represents a basis for revising a CET
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or if a higher hurdle was needed, perhaps with additional
research to address uncertainty.

We are not aware of any such process being employed
by policymakers. However, existing research (e.g. in Spain
[91]) has sought to answer some of the questions that we
have specified in Box 2, and such research could form the
basis of assessment processes.

Box 2: Developing an evidence assessment
process

Developing an evidence assessment process
An evidence assessment process should adopt the fol-
lowing characteristics:

* Systematic, e.g. identification of all relevant evidence

* Critical, e.g. assessment of the quality of the evidence

* Transparent, e.g. pre-specified terms of assessment

* Inclusive, e.g. multi-disciplinary and cross-stakeholder
approach

And address the following questions:

* What is the theoretical basis for the empirical estimate?
* Are the methods employed appropriate?
* Are the data suitable?
* What are the sources and level of uncertainty?
* What are the sources and extent of bias?
* Have the findings been validated?
* Internal, external, and ecological validity
* How should the current evidence inform policy?

* What additional evidence could be collected to
address concerns about uncertainty or bias?

*  What are the implications of changing the threshold
now?

* What are the implications of waiting for additional

evidence before acting?

6.3 Maintain Flexibility

Policymakers should recognise that CETs are a blunt instru-
ment because they do not capture all that is relevant to
resource allocation decisions. Thresholds should not be used
in a mechanistic manner and, because the extent to which
they are appropriate may vary according to the context of
the decision, their application should be flexible. Prevailing
approaches to the use of thresholds highlight the benefits
of maintaining flexibility. There are at least four respects in
which flexibility should be maintained.
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6.3.1 In Recognition of Uncertainty

Uncertainty in economic evaluations can be managed and
quantified (through sensitivity analysis), but cannot be
resolved. Inflexible application of a fixed threshold across
all decisions implies confidence about the implications
of displacing budgets and hence the cost-effectiveness of
technologies being assessed. Decision-makers rarely have
confidence in either the expected cost-effectiveness of tech-
nologies or the opportunity cost of a particular decision.
The application of a (quantitative) threshold should allow
for a (qualitative) consideration of the nature of uncertainty
in a decision.

There are accepted methods for presenting evidence on
uncertainty about the cost-effectiveness of a new technology,
but not for characterising uncertainty in a CET. Ways of pre-
senting uncertainty relevant to the econometric approaches
used are valuable, and researchers have adopted a variety
of approaches [40]. Recommendations for parameter uncer-
tainty to be conducted around relevant structural uncertain-
ties in key modelling assumptions—and not just authors’
preferred estimates—are also relevant [92].

6.3.2 In Recognition of the True Health Opportunity Cost
of a Decision

There are specific scenarios in which a purposeful flexibility
can be used to adjust thresholds depending on the inputs to
(and consequences of) the decision process. For instance, the
opportunity cost of a decision depends on its budget impact
[60, 93]. There may also be grounds for adjusting thresholds
in light of additional QALY benefits relating to dynamic
efficiency [94] and the value of innovation [95].

6.3.3 In Accounting for Non-QALY Sources of Value

Health services do not proclaim the sole aim of maximising
the health of the population. To this end, HTA agencies have
made use of equity weights or modifiers to adjust thresh-
olds in particular cases, such as severity or rarity of illness
[2]. In this sense, adjustments may be applied to a threshold
estimate for some decisions. Nevertheless, it should be rec-
ognised that thresholds cannot capture everything that is of
value. HTA agencies that make explicit use of thresholds
do not employ them in a mechanistic manner, but rather use
them as part of a broader deliberative process. Where cost-
per-QALY thresholds are used, it is important to consider
non-QALY values as part of the process [96].

6.3.4 In Recognition of Moral Principles

The true opportunity cost of a decision will be differ-
ent at the local level compared with the national level.

It is necessary to make a judgment about the trade-off
between local variation and national solidarity, which
cannot rely solely on evidence of opportunity cost. For
instance, use of a CET may imply that a local health
care investment is not cost-effective, but if the rest of
the country already has access to this investment, parity
of care may be a priority, and the CET may be deemed
less relevant to the decision. More generally, it is impor-
tant to recognise the political nature of CETs and the
conflicting political objectives of decision-makers that
use them.

6.4 Support (Local) Decision-Makers

Consistency needs to be maintained between the estimation
and application of thresholds and their consequences for
decision-making. However, there will remain inconsisten-
cies in the priorities of decision-makers at different levels.
Those setting thresholds for use in policy will not neces-
sarily operate on the same terms as those making decisions
about the use of resources.

Evidence suggests that local decision-makers adopt a
'satisficing' approach rather than maximisation [97], which
undermines the use of thresholds at the national level. Man-
agers and commissioners in health care are subject to numer-
ous imperatives and policy initiatives, such as targets for
waiting times and treatment uptake, that have little to do
with the objectives underlying the use of a CET.

If thresholds are to support an optimal allocation of
resources, local decision-makers require guidance and sup-
port to act in accordance with national thresholds. In par-
ticular, the creation of frameworks for disinvestment that are
relevant to local decision-makers may support consistency
in decision-making.

In countries without national HTA agencies or the capac-
ity to make legally binding decisions about resource allo-
cation in health care, decision-makers are likely to require
even greater support. There may be many different value
frameworks employed in a fragmented health care system.
Each of these may choose to adopt a different threshold and
the relevance of any national threshold needs to be clearly
articulated by policymakers.

Policymakers may provide targeted support where
decision-makers formally employ alternative decision-
making frameworks, such as multi-criteria decision
analysis (MCDA) or programme budgeting and marginal
analysis (PBMA). Such alternative approaches are, in
some respects, a valid recognition of the limitations of
a threshold approach. Guidance in specific scenarios
should also be considered, such as where a provider is in
deficit or has large reserves.
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7 Conclusions

It is essential that any use of CETs should be informed by
evidence on the opportunity costs of health care expenditure.
We have described some limitations in the current evidence
base concerning theory, methods, and data, which may
explain and justify the limited extent to which estimates have
influenced policy. Further research, as described elsewhere
[98], would be valuable in supporting policymakers in mak-
ing instrumental or conceptual use of evidence.

Uncertainties and inconsistencies in the evidence base
will persist, while policymakers retain the task of using (or
not using) CETs, currently in the absence of a framework for
appraising evidence for use in a decision context. We have
provided a set of actionable recommendations for policy-
makers that can support the use of evidence in the applica-
tion of CETs. In particular, policymakers should establish
a process for the assessment of evidence on opportunity
costs in health care, which recognises the complexity of
decision-making, and clearly communicate their objectives
to researchers and decision-makers.
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