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Abstract

Context

Until recently, purchasers’ options regarding whether to pay for the use of technologies have been
binary in nature: a treatment is covered or not covered. However, policies have emerged which
expand the options - for example, linking coverage to evidence development, an option increasingly
used for new treatments with limited/uncertain evidence. There has been little effort to reconcile
the features of technologies with the available options in a way that reflects purchasers’ ranges of
authority.

Methods

We developed a framework within which different options can be evaluated. We distinguished two
sources of value in terms of health: the value of the technology per se; and the value of reducing
decision uncertainty. The costs of reversing decisions are also considered.

Findings

Purchasers should weigh the expected benefits of coverage against the possibility the decision may
need to be reversed and the possibility adoption will hinder/prevent evidence generation. Based on
the purchaser’s range of authority and the features of the technology different decisions may be
appropriate. The framework clarifies the assessments needed to establish the appropriateness of
different decisions. A taxonomy of coverage decisions consistent with the framework is suggested.

Conclusions

A range of coverage options permit paying for use of promising medical technologies despite their
limited/uncertain evidence bases. Itis important that the option chosen be based upon not only the
expected value of a technology but also the value of further research, the anticipated effect of
coverage on further research, and the costs associated with reversing the decision.

Key words: health technology assessment, cost effectiveness, comparative effectiveness, only in
research, coverage with evidence development, patient access scheme
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Introduction

Historically, new health care technologies such as pharmaceuticals and devices gained access to
countries’ health care systems and coverage by public or private third-party payment systems
directly following regulatory approval or licensing. In the case of pharmaceuticals, this required
evidence of the safety and efficacy of their products (European Medicines Agency 2009; U.S. Food
and Drug Administration 2009). However, many health systems, in an effort to stem rising health
care costs, now require a higher standard: that the expected additional health benefits of a new
technology justify its additional cost (Freemantle and Hill 2004). This so-called “fourth hurdle”
(Taylor et al. 2004) has changed the type and quantity of evidence required by purchasers before
technologies are made available for widespread use and manufacturers are able to receive payment
for use of their products. Even in systems which do not explicitly consider cost and cost-
effectiveness, there is a often a focus on the magnitude of health benefits, considering the
effectiveness and safety of new products, and informally weighing this against cost - for example,
evidence suggests that Medicare in the USA does not automatically cover new, more costly medical
technologies without consideration of the magnitude of their incremental health benefits
(Chambers, Neumann, and Buxton 2010; Neumann and Tunis 2010).

Thus, in most systems purchasers (sometimes called ‘reimbursement authorities’) are increasingly
balancing the potential for improved health outcomes offered by new technologies against
acquisition costs. This challenge is accentuated by the fact that such decisions are having to be
made earlier, often shortly following licensing, partly as a result of pressure from patients, lobby
groups, politicians and manufacturers (Boseley 2006; Cooksey 2006; Evans and Boseley 2006; House
of Commons Health Committee 2005; National Institute for Health and Clinical Excellence 2008).
However, the type of evidence available at a product’s launch is largely focused on what is necessary
to inform regulatory authorities (e.g. for pharmaceutical licensing) rather than coverage decisions,
and there is typically little information on relative effectiveness in routine use or against existing
interventions, let alone about relative cost-effectiveness. New technologies often appear promising,
offering improvement over existing interventions in the same disease area. However, the evidence
of long term benefits and costs is inevitably not available at launch, and there is often considerable
uncertainty about the consequences of their widespread use.

A health care technology may be considered valuable if the additional benefits it generates are
expected to exceed the additional costs associated with its use. In a budget-constrained health care
system like the UK’s NHS, a technology can be regarded as valuable if the expected health benefits
exceed the health expected to be forgone as other NHS care is displaced due to any additional costs
of the new intervention (Claxton et al. 2008). In open health care systems (those without an
explicitly fixed budget constraint), such as in the US, the expenditure on a more expensive new
technology may displace either health, other non health uses of expenditure as a result of higher
taxes or insurance premiums or a mixture of both. As such, a new technology would be regarded as
valuable only if its health improvement outweighs the benefits of those things it has displaced.

In making the decision to cover a new technology, there is also value in reducing the uncertainty
surrounding a decision through evidence generation: reducing the chance of error (e.g., deciding to
pay for use of a technology which is ultimately not valuable) and making better decisions (Claxton,
Cohen, and Neumann 2005). Also, making a wrong decision and having to reverse it as more
evidence emerges often incurs a cost (Eckermann and Willan 2008; Palmer and Smith 2000). For
example, a technology may require some investment in capital or staff training which cannot be
recouped or, once a technology has been widely used, there may be a cost of withdrawing it (e.g.
costs associated with changing common clinical practice, political pressure to maintain its coverage).
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Purchasers need to be able to take all these factors into account when making decisions about the
coverage of new health care technologies.

Until recent years, coverage decisions in many health systems have been considered largely binary in
nature, based on the price set by the manufacturer and the evidence available at launch: that is, the
purchaser would choose whether or not to pay for the product, for the entire indication or for a
particular subgroup, based on existing evidence and current prices. However, new coverage options
have emerged which have expanded the options available. Examples include coverage only with
research (Carino, Sheingold, and Tunis 2004; Schluessmann et al. 2009; Tunis and Whicher 2009),
only in research (Chalkidou 2006) and with performance linked payments, sometimes referred to as
'risk sharing' (Rutten, Uyl-de Groot, and Vulto 2009; Towse and Garrison 2010). These methods have
been developed with the objective of allowing patients early access to promising and innovative
health care technologies. They also aim to give manufacturers longer to make returns before patent
expiration, and also to allow health care providers to give their patients access to promising
technologies whilst reducing the risk payers face in making a wrong coverage decision and obtaining
more evidence.

In the US, Medicare has begun to develop coverage policies aimed at reducing uncertainty about
effectiveness through the generation of additional evidence. The term Coverage with Evidence
Development (CED) is used by Medicare as a catch all term for two separate coverage options in
which generating additional evidence is a condition of coverage: coverage with study participation
(CSP) and coverage with appropriateness determination (CAD). CSP allows coverage of technologies
for which the evidence is not adequate to support full coverage but where additional evidence
gathered in the context of clinical care would clarify the benefits of treatment, therefore restricting
coverage to those patients receiving the intervention as part of a clinical trial or registry. CAD allows
for the collection of additional clinical information that would not be available on a claims form to
determine the appropriateness of coverage, therefore not restricting the coverage to those patients
participating in a clinical trial or registry but still providing additional evidence. These two schemes
have also been referred to as 'only in research' (OIR), which restricts coverage to patients receiving
the intervention as part of a clinical study or registry, and 'only with research' (OWR), which does not
necessarily limit coverage to those patients participating in a study or registry, respectively (Carlson
et al. 2010). The distinction between OIR and OWR is primarily the degree of coverage that the payer
confers during the period of evidence generation.

There has been little effort to date to reconcile the plethora of terms used to describe these
schemes or to distil their essential features. This paper provides a conceptual framework which
allows these new coverage options to be understood more clearly, identifying the essential
contribution each makes and the key assessments that purchasers should make to establish when
each is most appropriately used. We show that appropriateness of coverage decisions depends on
the combination of several circumstances, including the features of the particular technology and
the range of authority granted to the purchaser. Finally, we present a taxonomy of the coverage
options available and a classification of schemes observed in practice and we discuss implications for
policy and the impact of widening the range of authority granted to purchasers.
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Conceptual framework

Identifying the assessments that should be made when considering the coverage of a new health
care technology is central to understanding the potential contributions that new coverage options
offer. The appropriate coverage of a promising technology depends upon the assessment of three
essential features: i) the value of the technology based on existing evidence; ii) the value of reducing
uncertainty about the technology’s benefits, risks, and costs by acquiring more evidence; and iii) the
value of any investment or reversal costs resulting from an initial positive coverage decision. These
are considered in turn below.

The value of a technology

A technology can be considered valuable if its expected additional benefits (in health or cost terms)
justify its additional net costs. In a budget-constrained, or 'closed’, health care system like the UK’s
NHS, funding a more expensive new technology requires other health care activities to be curtailed
to accommodate the additional costs, leading to forgone health outcomes elsewhere which are
incurred as 'opportunity costs'. In such a system, a technology is valuable if the expected health
benefits to those who will use that technology exceed the health expected to be forgone by other
NHS patients whose care would be displaced. The same principle applies to open health systems
such as those in the USA but, in the absence of firm budget constraints on health, the opportunity
costs may manifest themselves in terms of forgone non health expenditure through increased
insurance premiums, taxation or copayments. Although the following exposition takes the
perspective of a closed system, it readily generalises to open systems with the opportunities costs
falling on non health expenditure rather than health.

Methods to estimate the long term additional health gains and additional net costs associated with a
new technology are well established and increasingly sophisticated (Drummond et al. 2005; National
Institute for Health and Clinical Excellence (NICE) 2008). Whilst there is no universal agreement on
the most appropriate measure of health, most would agree that it is important to capture both the
effect on the quantity and quality of life. One such measure which is commonly used is the quality-
adjusted life-year (QALY) (Brazier et al. 2007). We use this measure as the unit of health
measurement for illustration.

The relationship between value, health benefits and additional cost is illustrated in Figure 1. The y-
axis shows the additional cost of the new technology when it is priced at three different levels (price
less than P*, P*, and greater than P*), and the x-axis shows the expected health benefits, measured
in QALYs. If the health care budget is fixed then additional costs will displace other health care and
health will be forgone for other patients (although as stated previously, this can be generalised to
open systems where it is non health expenditure rather than health which is displaced). Therefore,
some assessment of how much additional cost leads to one QALY being forgone elsewhere is
required. This is the concept of the cost-effectiveness threshold used by some budget constrained
health care systems (Culyer et al. 2007). The rising diagonal in Figure 1 illustrates a threshold where
every additional £20,000 is expected to displace one QALY. This analysis can easily be extended to
consider an open system with the threshold instead representing the willingness of society to give
up non health expenditure for a health improvement.

Suppose the new technology is expected to offer two additional QALYs for each patient treated. If
the price is less than P* the additional health care costs of £20,000 would only displace one QALY
elsewhere so there would be a net health benefit (NHB) to the health care system of one QALY.
Therefore, in these circumstances the new technology can be regarded as cost-effective (the
incremental cost effectiveness ratio is £10,000 per QALY which is less than the threshold). If the
price is higher, at P*, the additional health care costs of £40,000 would be expected to displace two
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QALYs elsewhere, just equal to the expected health benefits. Therefore, there is no NHB overall and
P* represents the maximum the health care system can afford to pay for this technology. If the
price is set above P*, the health care costs of £60,000 would be expected to displace three QALYs.
The health expected to be forgone exceeds the health expected to be gained. If this technology
were approved it would reduce overall population health outcomes since the NHB is -1 QALY based
on existing evidence.

What should become clear from this illustration is the critical role that the price of the technology
plays in determining the value of a technology and whether it should be paid for based on existing
evidence.

Cost Cost-effectiveness Threshold

L~ £20,000 per QALY

Price > P* £60,000 | - .. y 2
L £30000 .7

! per QALY,"

W £20,000 |

© 1 per QALY |

Price =P*  £40,000

Price <P*  £20,000 ===y e s mcee e oo

£10,000
per QALY i

'1 » QALYs gained
N J\ J
Y Y
Net Health Benefit Net Health Benefit
1 QALY -1 QALY

Figure 1: The value of a technology (source Claxton et al 2008)

Whilst the above analysis focuses on the explicit use of cost-effectiveness analysis to assess value, it
is recognised that not all payers use formal economic evaluation. However, no health system can
completely ignore opportunity costs. For example, in the USA, some parts of the private sector are
beginning to use formal cost-effectiveness analysis (Wellpoint National Pharmacy and Therapeutics
Committee 2008), but Medicare does not undertake the explicit forms of economic analysis to
inform decisions seen in many European countries, Canada and Australia. However, there is
evidence that at least some Medicare coverage decisions reflect an implicit assessment of value for
money because Medicare does not automatically cover every intervention offering an incremental
benefit — expensive technologies yielding only small gains in effectiveness may not be approved for
coverage, cost is likely to be one consideration in this (Chambers, Neumann, and Buxton 2010;
Neumann and Tunis 2010). In other words, some assessment is made of whether the magnitude of
the health benefits generated by a technology is sufficient to justify it being covered. Indeed, in the
context of recent developments in comparative effectiveness research (Institute of Medicine 2009),
one interpretation of the value of this initiative to policy and decision makers is that it can provide
an assessment of the magnitude of the health improvement offered by new technologies against
existing interventions which can be considered alongside their costs. Whether the assessment of
value is made explicitly or implicitly, the conceptual framework remains relevant in considering the
coverage of new technologies. Although the framework we offer focuses on formal assessments of
NHB as the measure of value, our approach can be generalised to more implicit value assessment
consistent with the emerging tenets of comparative effectiveness research, whereby some
assessment is made of whether the magnitude of the health benefits generated by a technology
justify its coverage. The remainder of the paper refers to the concept of the value of the technology
in general but it should be emphasised that this can be based on an explicit evaluation of cost-
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effectiveness (such as that made by NICE) or implicit assessment informed by comparative
effectiveness research methods.

The value of evidence

The previous section has focused on the value of a technology assuming that the costs and benefits
are known with certainty. When assessing the value of a new technology, however, gaps in
information may mean that the estimates of the expected (i.e. average) costs, health outcomes and,
therefore, overall NHB will be uncertain. Additional evidence can reduce this uncertainty and
provide more precise estimates which can reduce the risk of incorrect decisions (i.e., coverage of a
technology that does not actually provide a net health benefit).

This value of evidence is illustrated in Table 1, where a new technology B is compared with an
existing technology A. There is uncertainty about the clinical effect (a) and, thus, about the expected
NHB of both. For illustration, suppose that the current evidence indicates that a could take one of
four possible values with equal probability, each producing a NHB for each technology.

Based on current evidence, technology B has the highest expected NHB (7.5 QALYs), even though the
probability it meets a given cost-effectiveness threshold is only 0.25 (B only has the highest NHB for
one of the four possible values of a). Nevertheless, assuming there are no costs associated with
reversing the decision to cover the technology, B is expected to be valuable, offering an additional
0.5 QALYs compared to technology A given existing evidence (Claxton 1999).

However, if more evidence about the effects of the two technologies could resolve the uncertainty
surrounding a, then better coverage decisions could be made, improving overall NHB. This is the
basis for estimating the value of further research. Using the example in Table 1, if the uncertainty
could be fully resolved then we can establish which treatment would be adopted given the true
value of a: B would be chosen if a; was shown to be the true value, but A would be chosen if a,, a3,
or a4, where shown to be true, improving NHB by 1 QALY in each case compared to B. However, the
results of further research are as yet unknown (i.e. we do not know ex ante which particular value a
will take), so we need to allow for the probability that each value of a turn out to be true - here we
assume each result is equally likely. Therefore, the expected NHB of treatment, if additional
evidence could resolve this uncertainty, is found by averaging across the maximum NHB associated
with each particular value of a (giving 8.25 QALYs).

Table 1: Net Health Benefits under uncertainty

Net Health Benefit (in QALYs)
Possible values Technology A Technology B Maximum NHB Technology
of a chosen
o 10 15 15 B
a, 8 7 8 A
o3 6 5 6 A
0y 4 3 4 A
Expected Net 7 7.5 8.25
Health Benefit

This simple example illustrates that evidence may be valuable for the same reasons as access to a
new and effective technology: it can improve overall health benefits. In this case, evidence that
could resolve uncertainty offers additional expected NHB of 0.75 QALYs compared to choosing B
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based on existing evidence (8.25 - 7.5 QALYs), i.e., greater than the expected value of new
technology itself given current evidence (0.5 QALYs). However, 0.75 QALYs represents an upper
bound on the value of additional evidence, or the expected value of perfect information (EVPI), since
research which could be conducted is unlikely to resolve all uncertainty surrounding the choice
between A and B (Claxton 1999; Claxton and Sculpher 2006). Some assessment of uncertainty, its
consequences and the need for further research is needed by purchasers. Such assessment of
uncertainty can be informed through well established quantitative methods which can be extended
to consider the value of proposed research designs (Ades, Claxton, and Sculpher 2006; Conti and
Claxton 2009).

However, the generation of additional evidence may be costly, both in resources needed to do the
research and in delays in approving a valuable technology for widespread use. Ideally, a promising
technology that is expected on average to be of value would be paid for while further research is
being conducted to resolve uncertainties. However, allowing patients early access to the technology
may affect the prospects of the research, which is required to generate the additional required
evidence, actually being conducted. For example, manufacturers would have less incentive to invest
in additional research about a technology once it is covered; physicians might consider further
clinical trials to be unnecessary and unethical; and patients might be unwilling to participate if they
already have access to the new technology. Therefore, early coverage may mean that the benefits of
additional evidence to inform treatment choice for future patients will be forgone. If the benefits
forgone for future patients exceed the benefits to current patients of earlier access, then it may be
better to withhold coverage of a technology, even if it is expected on average to be valuable given
existing evidence, until further research is conducted (Griffin et al. 2010).

For example, in Table 1, the value of access to the new technology (B) for current patients is 0.5
QALYs (compared to standard practice, A), but the value of additional evidence for future patients is
0.75 QALYs. The purchaser should consider whether the benefits of early coverage exceed the
future benefits which may be forgone. In doing so they should consider the value of evidence
associated with research that might be undertaken if coverage is withheld, how long such research
might take, and what other changes might occur during that interval (e.g., the entry of cheaper
generics or of other new technologies). Such assessment will partly depend on the price of the
technology. For example, if the price of the technology is reduced then there will be greater
benefits of early access for current patients and, if the technology was already regarded as valuable
at the original price, the value of additional evidence for future patients will tend to fall. Both of
these effects would make immediate coverage more likely. Critically, there is an important
relationship between the price of a technology, its value and the need for additional evidence
(Claxton et al. 2008; Griffin et al. 2010).

Costs of investment and reversal

This discussion indicates that, if further evidence about the benefits of a technology would be
forgone as a consequence of early coverage approval, then decisions should not be based only on
expected cost, benefits and NHB. An assessment of uncertainty and its consequences is also
required. The value of evidence that might be forgone can be thought of as an investment
(opportunity) cost of approval. However, there are other more familiar investment costs such as
capital expenditure on equipment and facilities or staff training and learning by doing. There may
also be some costs of withdrawing coverage once a technology becomes widely used (e.g., the time
and effort required to change common clinical practice or political costs of withdrawing treatment).
In such cases uncertainty that might lead to subsequent withdrawal of coverage of a technology
means that the decision should not be based on expected NHB alone. The source of uncertainty may
be in the estimates of NHB for which further research could partly resolve. However, there are
other sources of uncertainty that cannot be reduced by further research but that might,
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nonetheless, resolve over time. For example, the price of the technology or its comparators might
be expected to change over time (e.g., the entry of generics at patent expiry), or new future
technologies might become available and make current technologies obsolete. Even if further
research is not conducted, the existence of investment and reversal costs could mean that delaying
coverage until uncertainties are resolved or reduced might be preferable even for technologies that
are expected to be of value on average based on current evidence (Eckermann and Willan 2008;
Palmer and Smith 2000).

The relationship between investment or reversal cost, uncertainty and immediate coverage or delay
is illustrated in Table 2. The new technology D is compared to current clinical practice C. NHBs in
each period are partly determined by an uncertain event (e.g., the price of future generics) A, which
is uncertain but has two equally likely values.

Table 2- Option values

Net Health Benefit per year (in QALYs)

Possible values of Technology C Technology D Maximum NHB
A (p=0.5) 0 1 1

A2 (p=0.5) 0 -0.5 0

Expected Net Health 0 2.5

Benefit (10 years)

If there are no investment or reversal costs, then the purchaser can choose the alternative with the
highest expected NHB. If the technologies offer the reported NHB in each of the next 10 years then
D should be approved with its expected NHB of 2.5 [(0.5 * 10) + (0.5 * -5)], compared with current
practice which, for simplicity, we assume is 0 QALYs. If some investment is required to implement D
which would displace 2 QALYs elsewhere, the expected NHB of D would be reduced to 0.5 QALYs
(2.5-2) but it should still be covered if the uncertainty surrounding A cannot be resolved.

However, if, after one year, the uncertainty surrounding A were to be resolved (e.g., the price of new
generics became known), withholding coverage until the value A is known might be worthwhile. In
the first year C would be retained with expected NHB of 0 QALYs. If A= A; then D would be covered
for the following 9 years with a NHB of (1 * 9) — 2 = 7 QALYs (the health benefit less the investment
cost). If A=A, then C would be maintained with NHB of 0 QALYs. Therefore, the expected NHB of
withholding approval of D for one year would be (0.5*%7) + (0.5*0) = 3.5 QALYs; which is greater than
an immediate decision to use D.

Although the expected benefits of D would be delayed for one year, these opportunity costs of delay
would be more than offset by the benefits of the purchaser retaining the option to abandon the
coverage of the technology and therefore avoiding the investment costs if they choose not to cover
the technology. In other words, there is an option value of delay which, in this example, is 3 QALYs
(the difference in NHB between delaying for a year, 3.5 QALYs, and immediate coverage, 0.5 QALYs).
This illustrates that investment or reversal costs, when combined with other sources of uncertainty,
may appropriately lead to the delayed coverage of a technology that is expected to be valuable on
the basis of current evidence, even when further research is not worthwhile. As previously stated,
the option value of delay will also depend partly on the price of the technology since a lower price
will make delay more costly. Also, future changes effect the value of evidence generated by future
research (Phillips, Claxton, and Palmer 2008). Therefore, in addition to estimates of expected NHB,
purchasers need to have some assessment of the scale of investment or reversal costs associated
with the coverage of a technology, the sources of uncertainty and when these might be resolved.
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What are the implications?

In our analysis, the value of early approval and coverage is not only determined by the expected
benefits and costs of a technology but also the value of additional evidence, the effects of approval
on the prospects of further research, and any investment or reversal costs associated with a range of
sources of uncertainty. The purchaser should explicitly, or implicitly, weigh the expected benefits of
early adoption against the possibility that the decision may be ‘wrong’ and needs to be reversed in
the future, and the risk that early adoption will hinder or prevent the generation of valuable
evidence. These concepts provide a set of guiding principles about the type of assessments that
need to be made by purchasing bodies, whether or not they are informed by formal analysis. Of
course, all these issues are affected in different ways by the price of the technology and should be
considered jointly as they all impact in different ways on the health delivered by the resources
available to the health care system. The essential features of the various schemes that have been
proposed, and the choice between them, rest on these tradeoffs.
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The technology’s characteristics and the purchaser’s range of authority

Before assessing the coverage options available to the purchaser, it is first worth considering the
possible characteristics of the technology (the ‘technology space’) and the purchaser’s range of
authority (the scope under their control) in order to determine what coverage options can and
should be considered.

Figure 2 represents a stylized view of the technology space, encompassing six important scenarios
(labelled A to F). The scenarios are based on whether an initial positive coverage decision about the
technology is likely to be too costly to reverse if new evidence emerges suggesting it was incorrect,
whether future research would be worthwhile and whether additional evidence could feasibly be
generated following a decision to cover the technology. Future research is potentially worthwhile if
the value of the uncertainty that could be reduced exceeds the costs of the research (this is a
necessary condition in our framework for research being worthwhile), i.e., that the research is likely
to be beneficial when taking account of both the benefits in terms of reduced uncertainty and the
costs. Whether the evidence could be generated following coverage would depend upon the source
of uncertainty (e.g., this may not be possible if the uncertainty relates to the relative effectiveness of
a treatment for which a RCT may be the only suitable design to minimise potential bias but a RCT
may be unable to recruit patients if the technology is already covered).

If the technology is
introduced would there .

— Yes — > F

— Yes ——>
be a cost in reversing the
decision at a later date?
— No —> E
Can the evidence be
r Yes ——> generated following .
reimbursement? — Yes —— > D
If the technology is
L no introduced would there .

be a cost in reversing the
decision at a later date?

Is more evidence
worthwhile .

If the technology is
introduced would there .

- No R .
be a cost in reversing the

decision at a later date?

Figure 2: A pathway diagram showing the alternative characteristics of technologies (the ‘technology space’)
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Figure 3 represents the possible ranges of authority that purchasers may have. Representing all
possible nuances would be difficult. To simplify we present six key situations (labelled 1 to 6) based
on a binary view of three dimensions of the purchaser’s authority. These are, firstly, whether a
purchaser can delay a decision or reverse it in the future in the face of new information. For
example, some purchasers may be forced to make a decision on whether to cover the technology
immediately, and that decision may be non reversible, whilst others may have the ability to delay
the decision until more evidence is available or, if they initially decided to cover the technology, may
be able to reverse this decision in the light of new evidence. Secondly, whether the purchaser has
some influence over the effective acquisition price paid for a technology, either through price
negotiation or some arrangements that reduce the effective price without changing the formal list
price. The ability to influence price could be dependent on many factors, although here we assume
for simplicity that the purchaser can only influence price if it can reject the technology grounds of
lack of value, thereby giving the purchaser some bargaining power. Thirdly, whether the purchaser
can contract for research or have some control of research budgets so as to ensure the research is
conducted. It should be clear that the wider the range of authority of the purchaser the more
extensive the options open to it when making coverage decisions on health care technologies.

The figure characterises six different types of purchases in terms of their range of authority. It is
possible to locate some decision makers into these categories. For example, NICE in the UK probably
most closely resembles Purchaser 3 in that it has the ability to delay and review decisions, has
limited scope to ensure that research is conducted and has little influence on price. Other systems,
such as HAS in France, have more influence over price.

— Yes ——> 6

Do they have
— Yes ———————> influence over the .

effective price?

— No ———> 5

Can they
- Yes ———> ensure the .
research — Yes ——> 4

is conducted?

Do they have
'— No —— > influence over the .

effective price?

— No —— > 3
Can the decision maker
delay a decision or
reconsider it at a later date?

- Yes —mM8M8M ———> 2

Do they have
- No influence over the .

effective price?

-~ No ———————> 1

Figure 3: The purchaser’s range of authority
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Choosing among coverage options

The previous section has characterised the technology space and the purchaser’s range of authority
each in terms of six possible states (A to F and 1 to 6, respectively). Combining these creates 36
possible combinations, out of which falls a set of feasible coverage options which we consider in
detail in Tables 3 and 4. These are as follows:

e Reject- The technology is not paid for on the grounds that it is not considered beneficial
(i.e. of value) to the health system. This may be able to be reversed at a later date.

e Accept- The technology is paid for on the basis that it is considered beneficial to the health
system. This may be able to be reversed at a later date.

e Influence over effective price- The purchaser has some influence over the effective price
paid for a technology. It is assumed that influence will only be possible if the purchaser
can reject the coverage of the treatment, otherwise it would have no bargaining power to
ensure a reduction in the effective price.

e Only in research (OIR)- Coverage of a technology is available only to patients involved in
research. This option may involve the purchaser paying for the research, which would
require the purchaser to have some influence over research decisions (i.e., being able to
contract for the research to be conducted). Alternatively, it may involve the purchaser
rejecting the technology and simply recommending research, with the research being paid
for by another party (e.g. the manufacturer or another stakeholder), which would not
require the purchaser to be able to ensure the research was conducted.

e Only with research (OWR)- A positive coverage decision is conditioned upon the collection
of additional evidence to support continued, expanded or withdrawal of coverage (Carlson
et al. 2010). So the technology is paid for all but further research is also required. This
research may be funded by the purchaser, the manufacturer or another stakeholder, but
such a decision would require that the purchaser was able to enforce that the research is
actually conducted, so will be treated here as an available option only when the purchaser
can ensure the research is conducted.

Table 3 shows the coverage options from which the purchaser should choose in each scenario when
the technology is expected to be of value (i.e. assessed explicitly or implicitly) on average based on
existing evidence. The options available when the technology is not expected to be of value based
on current evidence are shown in Table 4. How these choices should be made is then discussed with
reference to the conceptual framework presented earlier. The analysis in these tables is based on
the introduction of a new technology. When considering the future coverage of an already funded
technology similar judgements must be made, although they are not specifically considered here.
Our analysis also only considers uncertainties which will be resolved through research and not those
uncertainties which will be resolved through some other method (e.g., waiting to observe the
generic price of a technology).

Whatever the purchaser’s range of authority, when there is no cost of reversal and collection of
evidence is not worthwhile then the decision should be based solely on whether the treatment is
expected to be of value or not. Therefore in column A of Table 3 the treatment is universally
accepted, whilst in column A of Table 4 the treatment is rejected unless the purchaser has influence
over the price paid, in which case, if the price can be lowered to a level where the treatment is
expected to be of value, it should be paid for.
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Table 3: Coverage options when the treatment is expected to be (i.e. on average) effective (or cost-effective) given existing evidence

E(NHB)>0 A B C D E F
No cost of reversal Cost of reversal No cost of reversal Cost of reversal No cost of reversal Cost of reversal
Evidence not Evidence not Evidence worthwhile Evidence Evidence worthwhile Evidence worthwhile
worthwhile worthwhile Cannot get evidence worthwhile Can get evidence Can get evidence with
with approval Cannot get with approval approval
evidence with
approval
1 Can’t delay/reconsider
No influence over effective price Accept Accept Accept Accept Accept Accept
Can’t ensure research is
conducted
2 Can ‘t delay/reconsider
Influence over effective price Accept Accept Accept Accept Accept Accept
Can’t ensure research is
conducted
3 Can delay/reconsider
No influence over effective price | Accept Accept Accept Accept Accept Accept
Can’t contract for research
OIR OIR OIR OIR
4 Can delay/reconsider
Influence over effective price Accept Accept Accept Accept Accept Accept
Can ensure research is conducted Price influence Price influence Price influence Price influence Price influence
OIR OIR OIR OIR
5 Can delay/reconsider
No influence over effective price Accept Accept Accept Accept
Can ensure research is conducted
OIR OIR OIR
OWR OWR
6 Can delay/reconsider
Influence over effective price Accept Accept Accept Accept
Can ensure research is conducted Price influence Price influence Price influence Price influence Price influence
OIR OIR OIR
OWR OWR
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Table 4: Coverage options when the treatment is not expected to be (i.e. on average) effective (or cost-effective) given existing evidence

E(NHB)<0 A B C D E F
No cost of reversal Cost of reversal No cost of reversal Cost of reversal No cost of reversal Cost of reversal
Evidence not Evidence not Evidence worthwhile Evidence Evidence worthwhile Evidence worthwhile
worthwhile worthwhile Cannot get evidence worthwhile Can get evidence Can get evidence
with approval Cannot get with approval with approval
evidence with
approval
1 Can’t delay/reconsider Reject Reject Reject Reject Reject Reject
No influence over effective price
Can ensure research is conducted
2 Can ‘t delay/reconsider Reject Reject Reject Reject Reject Reject
Influence over effective price
Can ensure research is conducted | Price influence Price influence Price influence Price influence Price influence Price influence
3 Can delay/reconsider Reject Reject Reject Reject Reject Reject
No influence over effective price
Can ensure research is conducted
OIR OIR OIR OIR
4 Can delay/reconsider Reject Reject Reject Reject Reject Reject
Influence over effective price
Can ensure research is conducted | Price influence Price influence Price influence Price influence Price influence Price influence
OIR OIR OIR OIR
5 Can delay/reconsider Reject Reject Reject Reject Reject Reject
No influence over effective price
Can ensure research is
conducted OIR OIR OIR OIR
6 Can delay/reconsider Reject Reject Reject Reject Reject Reject

Influence over effective price
Can ensure research is conducted

Price influence

Price influence

Price influence
OIR

Price influence
OIR

Price influence
OIR
OWR

Price influence
OIR
OWR
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Below we consider in detail how each type of purchaser should choose between the coverage
options available in the other scenarios.

Purchaser 1 who cannot delay or reconsider a decision and has no influence over price

In this context, the decision regarding whether or not to pay for the use of the technology should be
based solely on whether or not the technology is expected to be of value. Future research is not of
value as the decision cannot be delayed or reconsidered at a later date when evidence becomes
available and, similarly, any costs of reversal do not need to be taken into account as the decision
cannot be reversed subsequently. Therefore, when the treatment is expected to be of value the
technology should always be covered (see row 1 Table 3), and when the technology is not expected
to be of value it should always be rejected (see row 1 Table 4).

Purchaser 2 who cannot delay or reconsider a decision and has influence over the price

Purchaser 2 is in a similar position to Purchaser 1 although it has influence over the price. Similarly to
Purchaser 1, the value of evidence and any reversal costs do not need to be considered as it cannot
delay or reconsider their decision. When the technology is of value on average, given existing
evidence, it should always be accepted (see row 2 Table 3). Even though the purchaser has influence
over the price, it has no bargaining power in the case when the treatment is expected to be of value
as the manufacturer knows that the treatment will be paid for at the current price, and therefore
has no incentive to reduce it. When the treatment is not expected to be of value it should not be
paid for unless a reduction in the effective price can be secured to make the technology valuable on
average (see row 2 Table 4).

Purchaser 3 who can delay or reconsider a decision and has no influence over price or
scope to ensure the research is conducted

This purchaser has three coverage options available, either to accept or reject immediately, or to
reject for now but recommend research be carried out to reduce any uncertainty (OIR
recommendation).

In a situation where the technology is expected to have positive NHB based on current evidence
(Table 3), if additional evidence collection is not worthwhile the treatment should always be
accepted, as the evidence will never be generated to show that the decision was incorrect (3A and
3B Table 3). When gathering additional evidence is worthwhile then the purchaser should decide
whether the value of immediate acceptance (the expected NHB as a result of patients receiving the
treatment during the period it would take to conduct the research) outweighs the value of the
evidence that will be forgone. If not then an OIR decision should potentially be recommended
instead of accepting the technology immediately. As the purchaser is unable to ensure the research
is conducted they cannot enforce that evidence will be generated following acceptance, so it does
not matter whether the evidence can be generated with acceptance or not. Costs of reversal can be
ignored as the evidence which would change the decision will not be generated if the technology is
accepted. Therefore, the choice remains between accept and OIR (see 3C, 3D, 3E and 3F).

When the technology is not expected to be of value given existing evidence (Table 4), the treatment
should be rejected unless the research is expected to be worthwhile, in which case an OIR decision
may be appropriate.



Coverage with evidence development, only in research, risk sharing or patient access scheme? 15

Purchaser 4 who can delay or reconsider a decision and has influence over price but
cannot ensure the research is conducted

Purchaser 4 is in a similar situation to Purchaser 3 but also has influence over the price paid.
Therefore, the choice between coverage options is very similar in the two situations, although now a
manufacturer may be able to alter an OIR decision to an accept decision by lowering the price and
thus improving the technology’s value. In this case the value of immediate acceptance would
increase, and it may also reduce the value of additional evidence (making OIR less favourable) (see
4C, 4D, 4E, 4F Table 3 and Table 4). Even when the evidence is not worthwhile (i.e., the value of the
reduction in uncertainty does not exceed the cost), when the treatment is not expected to be of
value on the basis of current evidence the manufacturer can lower the price to a level so the
treatment is expected to be of value to secure the coverage of their treatment (see 4A and 4B Table
4).

Purchaser 5 who can delay or reconsider a decision, can ensure the research is conducted
but has no influence over price

Here the purchaser has more coverage options available as OWR and OIR options are included
where the purchaser actively ensures the research is conducted rather than recommending research
(and hoping it takes place) through an OIR decision, as has been assumed with the previous
purchasers.

Let us first consider where the treatment is expected to be of value given current evidence (Table 3).
When the collection of additional evidence is not worthwhile or research cannot be undertaken
once the technology has been paid for (for example, when relative effectiveness evidence is
required but coverage makes recruitment difficult), then the purchaser faces the same coverage
options as Purchaser 3. Hence they should weigh up the same factors when choosing between the
available options although they can now ensure that the research is conducted through an OIR
decision (5A, 5B, 5C, 5D Table 3). However, when it is considered that the evidence can be
generated once the treatment has been paid for, then a OWR option may now be worthwhile. When
there is no cost of reversal, OWR becomes the dominant coverage option as more patients will
receive the treatment that is expected to be of value therefore providing the same expected benefit
to patients as immediate acceptance and the valuable additional evidence will also be collected (5E
Table 3).

When there is a cost of reversal the choice is now between OWR and OIR (OWR still dominates
outright acceptance as the uncertainty will also be resolved). The purchaser should now weigh up
the expected NHB as a result of patients receiving the treatment in the time it would take to conduct
the research against the probability that the treatment will not be found to be of value by the
research and the cost of reversing the decision is incurred in the future. If the expected benefits
outweigh the probability and costs of reversal then a OWR decision should be made; however, if
they do not, an OIR decision should be considered (5F Table 3).

When the treatment is not of value, given current evidence, OWR should never be considered and
the purchaser faces the same choices as those of Purchaser 3, although they should weigh up
whether they should fund the research themselves, or simply recommend that the research is
conducted.

Purchaser 6 who can delay or reconsider a decision, has influence over price and can
ensure the research is conducted

Purchaser 6 faces the same coverage options as Purchaser 5 but also has influence over the effective
price of the product. The purchaser should base their choice of coverage option on the same



16 CHE Research Paper 77

discussion as for 5, but now should note that, by agreeing effective reductions in price, they can
change the balance between the various coverage options. For example, whilst previously the
probability and costs of reversal may have made an OIR decision favourable in 5F Table 3, by
securing a reduction in price the NHB to patients increases, and may make a OWR decision
worthwhile (6F Table 3).

When the treatment is not expected to be of value given existing evidence (Table 4), OWR now
becomes a coverage option when the evidence can be generated with coverage, as long as the price
can be reduced to a level where the treatment is expected to be of value (6E and 6F). In the case of
6E, if the treatment is now expected to be of value, OWR will dominate OIR (the patients all receive
the treatment with expected NHB and the evidence will also be generated). In the case of 6F, the
purchaser should now weigh up the expected NHB as a result of patients receiving the treatment
during the research period, against the probability that the treatment will be found by the research
not to be of value, hence incurring the cost of reversing the decision in the future. If the expected
benefits outweigh the probability and costs of reversal then an OWR decision should be made;
however, if they do not, an OIR decision should be considered.

What assessments are needed when choosing between coverage options?

The above has set out how purchasers should choose between the set of coverage options under
various scenarios. There are a number of general insights which come from these analyses. When
the purchaser is unable to delay a decision or to reconsider it at a later date their options are heavily
limited: they should accept or reject, and the coverage decision should be based solely on the
expected value of the treatment (whether assessed explicitly or implicitly). For technologies which
are expected not to be of value given existing evidence, the purchaser is generally limited to
rejecting the technology or trying to ensure a reduction in the price.

More interesting are the choices available when a technology is expected to be of value on average,
given existing evidence. As the purchaser’s range of authority expands so also do the coverage
options available to them, and the choice should be based on more than the expected value for
money. When evidence is worthwhile, but cannot be generated following a decision to pay for use,
the value of the evidence should be weighed against the expected benefits to patients of immediate
coverage. When there are large reversal costs the purchaser should weigh the expected benefits to
patients against the probability that the decision will be wrong and should be reversed and the
reversal costs incurred. What should be apparent is that the choice between coverage options
always revolves around the trade-offs between the expected value for money of the treatment, the
amount of uncertainty (and how much of it can be resolved through research) and the costs of
reversing a decision.
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A new taxonomy of coverage options

Conventionally, coverage decisions have been considered to be binary in nature: technologies were
either paid for or not. However, the range of options available to purchasers can be expanded to
include many more options which should be considered. A plethora of coverage options has
developed although, as yet, there is no common terminology for those observed in practice. To
address this, a taxonomy of coverage options is presented which attempts to draw out the key
features of observed coverage decisions on the basis of the analyses presented previously. To this
end the coverage options are split into two broad areas: those associated with reductions in the
effective price (i.e. influence over pricing decisions from the previous section); and those associated
with evidence generation (i.e. OIR or OWR decisions from the previous section). Differences
between the coverage options are often a result of variation in how the allocation of risk between
the manufacturer and the purchaser is altered by the agreement. Carlson et al. previously suggested
a taxonomy which, although it has influenced the approach here, differs in that their key distinction
was between whether the coverage options are outcome or non outcome based rather than
whether the focus is on altering the expected price or reducing the uncertainty surrounding value
for money through the generation of additional evidence (Carlson et al. 2010).

The taxonomy here is intended to assist an understanding of the coverage decisions observed in
practice. The aim is to make a clear distinction between those coverage decisions which alter the
expected value of a treatment with existing evidence through changing its effective price, and those
which provide additional evidence so at to reduce the uncertainty surrounding value. Further
differences are down to the allocation of risk between the purchaser and the manufacturer and to
what is actually specified in the agreement, e.g. is the price explicitly linked to the results of
research? In Appendix A various examples of these coverage decisions have been described and
allocated to the appropriate section of the taxonomy.

Reductions in the expected effective price

Decisions which result in reductions in the effective price make treatments more desirable by
reducing their expected costs to the health care system. The previous section grouped such
agreements as having influence over the price paid for a technology; however, there are many
nuances to the coverage decisions observed in practice which, whilst all affecting the effective price,
do so in different ways. Figure 4 distinguishes reductions in effective price as being one of two types:
outcome and non-outcome based.

Outcome based coverage decisions

Outcome based coverage decisions link the effective price paid for a technology to some measure of
clinical outcome and, therefore, operate at the level of the individual patient (although these can be
aggregated so payments are effected at the population level). Three types of outcome based
agreements can be distinguished: money back guarantees, conditional treatment continuation and
price linked to outcome.

i) Money back guarantees

Money back guarantee schemes involve the health service being refunded if a patient does not
achieve a specified target. The level of refund is not necessarily 100% of the acquisition cost, and the
refund may be financial or through another method, for example in replacement stock of the
treatment. These schemes can be considered risk shifts, where the risk of a patient not achieving the
outcome, and therefore having a negative NHB if the list price was paid, is shifted away from the
health care system to the manufacturer who faces the risk of having to pay a refund. A notable
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example of such a scheme is the agreement between Park Davis and North Staffordshire Health
Authority for the use of atorvastatin in patients with high cholesterol. The manufacturer agreed to
rebate the health authority if patients did not achieve a low density lipoprotein cholesterol
concentration target of less than 3 mmol/| after treatment with atorvastatin (Chapman et al. 2003).

i) Conditional treatment continuation

Conditional treatment continuation involves payment for the continued use of a technology only in
patients who have achieved a target clinical effect (Carlson et al. 2010). Such schemes can also
involve refunds, either full or partial, for those patients who do not achieve the targeted effect. An
example of such an agreement is that between Johnson and Johnson and the UK’s NHS for the use of
bortezomib for multiple myeloma. Johnson and Johnson agreed to repay the NHS in either cash or
product for patients who fail to respond after 4 cycles of treatment with bortezomib. Those who
respond would receive an additional 4 cycles of the treatment (Green et al. 2006).

iii) Price linked to outcome schemes

Price linked to outcome schemes involve the price being directly linked to a specified outcome for
each patient (either clinical or other; for example, a biomarker). These schemes share similarities
with money back guarantees, although the risk is still shared as the better a patient’s outcome the
higher the price. No examples of such schemes have been indentified in practice, perhaps as a result
of their high management costs or the possibility for gaming by either the manufacturer or the
purchaser to artificially raise or lower price. However, with the advancement in health care
information systems it may be possible in the future to have schemes where the price paid for the
treatment of a given patient is directly related to their outcome.

Non outcome based coverage decisions

With non outcome based coverage decisions effective prices can be determined at an individual
patient level or at a population level (i.e. across all patients).

a) Patient level non outcome coverage decisions

Patient level non outcome coverage decisions are characterised by different effective prices for a
given technology for different patients, but this is not achieved by linking prices to measures of
outcome; rather, prices are linked to other factors associated with treatment. Three types of such
agreements can be identified: discounted treatment initiation, utilisation caps and fixed cost per
patient.

i) Discounted treatment initiation

Discounted treatment initiation schemes involve patients receiving a technology for a price which is
different to the list price at the initiation of treatment. The price then reverts to the list price if the
patient remains on the treatment after a set number of courses or period of time. Unlike with
conditional treatment initiation schemes, there is no agreement that that patients will remain on
treatment should they achieve a target effect. In the UK, the first cycle of sunitinib for the treatment
of renal cell carcinoma is provided free for all patients (NICE 2009).

i) Utilisation caps
Utilisation caps, or individual volume agreements, involve the cost of treatment of patients being
reduced (often falling to zero) following an agreed length of treatment if the patient is judged still to
require further treatment. These arrangements shift the risk of the health system incurring the cost
of the patient undergoing more treatments than a specified maximum from the payer to the
manufacturer. Novartis agreed a utilisation cap in the UK for the use of ranibizumab for the
treatment of wet acute macular degeneration (Economist Intelligence Unit 2008). The NHS covers
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the cost of 14 injections in the treated eye with any subsequent injections being covered by
Novartis.

iii) Fixed cost per patient
A coverage decision of a fixed cost per patient involves a set price for an entire course of a patient’s
treatment regardless of the number of treatments actually received. Such a decision still involves a
risk share between the manufacturer and the purchaser with the purchaser paying more for patients
who require very few treatments but less for those who require many. In the UK such a scheme has
been agreed for the use of gefitinib for the treatment of non-small cell lung cancer (NICE 2010).

b) Population level non outcome coverage decisions

Population level non outcome coverage decisions are characterised by the effective price being
determined at the level of the health care system rather than the individual patient. Three forms of
such decisions can be distinguished: price changes, expenditure caps and price volume agreements.

i) Price changes

Price changes involve the negotiation of a price per unit of the technology between the
manufacturer and the purchaser which differs from the list price. Examples of such agreements are
limited, however, as a result of global reference pricing, where pricing of a drug in one country is
linked to the price in another. As a result of this most such agreements would not be published as
the manufacturer would fear price erosion of their technology in other markets as well.

i) Expenditure caps

Expenditure caps limit the total expenditure by a health system on a treatment without limiting the
total quantity of the treatment available, effectively linking the price of a treatment directly to how
much of it is used. These agreements also involve a risk shift, with the manufacturer facing the risk
of treatment levels being above those consistent with the expenditure cap. In Australia an
agreement was reached that the Australian Health Authority would cover $100 million (Australian) a
year of the cost of etanercept for the treatment of rheumatoid arthritis, with the manufacturer
meeting any costs in excess of this (Lu et al. 2004). It was estimated that the treatment would cost
$140 million a year.

iii) Price volume agreements

Price volume agreements link the price paid per unit for a health care technology to the total
number of units purchased. An example of such a decision is non linear pricing schemes where the
price paid for a unit differs dependent on the total number of units purchased, perhaps being
reduced once a threshold number of treatments purchased is reached.

Evidence generation

Evidence generation schemes allow access to technologies whilst also providing evidence so as to
reduce the uncertainty surrounding the value of the technologies. These schemes fall into one of
two groups: OIR, where the therapy is only paid for in patients involved in the research; and OWR
where all patients are given access to the technology but new evidence is also generated. This
distinction is the same as that considered earlier, but further distinctions can be made in how the
evidence generated is used as discussed below.
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Only in research
Evidence generated under OIR can be used to inform coverage decisions in one of three ways:

i) Coverage only

These schemes involve collecting additional evidence to inform a future decision on wider coverage
of the technology, perhaps at a set date or when the evidence base is considered sufficiently mature
to revise the decision. In the UK, NICE has recommended many treatments only be used in the
context of randomised trials or studies. The use of laparoscopic surgery for colorectal cancer was
initially rejected by NICE and recommended only in the context of a clinical trial which was ongoing.
When the treatment was reconsidered at a later date it received positive guidance on the basis of
evidence provided by the clinical trial (Chalkidou 2006).

i) Refund and coverage

In addition to the arrangements used outlined for coverage only, this category of coverage decision
also involves some form of refund or rebate from the manufacturer to the health care system if the
additional research suggests that the price paid for the technology for those patients participating in
research resulted in the technology not being of value.

iii) Conditional pricing agreement
Conditional pricing agreements involve an agreement between manufacturer and purchaser that the
price of the technology will be determined directly by the results of the research. Such schemes may
also include a refund linked to the cost of treatment for the research if the results show the
treatment is not of value.

Only with research

Only with research schemes allow all patients access to the technology, but also provide for the
generation of evidence to reduce uncertainty. Such schemes can be used to inform future coverage
decisions in the same ways as those described under OIR.

An example of a coverage only scheme is the Swedish agreement on the use of rosuvastatin for high
cholesterol, whereby the manufacturer agreed to provide additional data on the use of the drug in
clinical practice and the long term effects of the drug on morbidity and mortality (Anell and Persson
2005). Another is the French authorities’ agreement to a refund and coverage scheme to cover
risperidone at list price for patients with schizophrenia whilst the manufacturer performed further
studies to evaluate whether the treatment helped patients stay on their medication. If the studies
showed this not to be the case the manufacturer would refund a portion of the money spent on the
treatment (Whalen 2007).

The UK’s NHS agreed a conditional pricing arrangement regarding the use of interferon beta or
glatiramer acetate for the treatment of multiple sclerosis. The treatments were funded on the
condition that their effect on disease progression in a cohort of patients was monitored for 10 years.
Potential price adjustments were to be made every 2 years to ensure an agreed cost per QALY
gained of the therapy was no more than £36,000 (Pickin et al. 2009).
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Discussion

The concepts described in this paper are intended to provide a set of guiding principles for
purchasers when considering whether to pay for new health care technologies. Even if these
concepts are not implemented using formal analysis they should still be in the forefront of the
purchaser’s thoughts when making such decisions.

The paper also sets out a stylized version of the technology space and the purchaser’s range of
authority and shows the coverage decisions which should be considered under the resulting 36
possible combinations. The greater the purchaser’s range of authority, the greater the coverage
options available and, therefore, the increased scope to optimise decisions. In many countries the
range of authority described above is split between several decision making bodies - for example,
with a purchaser having control of payment for use decisions and another body having control of
research funding. The conceptual framework, however, demonstrates that these are intrinsically
linked and both have real effects on health outcomes. The separation of these areas of authority, or
the failure of purchasers and other decision makers to act together, may, therefore, result in
inefficient decisions by limiting the coverage options available.

It should be noted that only uncertainty which can be reduced through research has been
considered here. As previously mentioned, there are other sources of uncertainty which cannot be
resolved by further research but might be resolved over time (e.g., the future price of a technology
or it comparators). In the presence of such uncertainty it may be optimal to reject a technology,
which is expected to be value for money given existing evidence, and to wait until the uncertainty
has been resolved.

The taxonomy provided here aims to assist the understanding of the coverage decisions observed in
practice. Table A in Appendix A provides details of coverage decisions from several countries and
allocates the decision in accordance with the taxonomy. In terms of schemes involving reductions in
expected effective price, many were observed in practice on the basis of information available in the
public domain. Seven examples of money back guarantee schemes are presented, of which four
were observed in the UK, two in Germany and one in the USA. Ten versions of conditional treatment
continuation schemes have been identified in the UK, the USA, Australia, Italy and Canada. No
examples of decisions where the price was directly linked to outcome were found, this may be as a
result of the large transaction and information costs associated with such schemes. Only one
example of each of a discounted treatment initiation, utilisation cap and fixed cost per patient were
observed, all of which were in the UK. No examples were found where there was a change in the list
price agreed between the purchaser and the manufacturer, although it is likely that such
agreements would remain private as a result of the impact they could have on prices in other
countries through global reference pricing. Examples of expenditure caps were observed in Australia
and Germany.

Many examples of schemes involving evidence generation were observed. Most involved OIR
decisions where the evidence was to be used to inform future coverage decisions (with such
approaches observed in the UK and USA). The UK also had one example of an OIR scheme where the
evidence was directly linked to the price (an OIR conditional flexible pricing schemes). OWR schemes
were less commonly observed in practice, with the exception of Sweden where such decisions are
common. Given the size of the USA there have been surprisingly few examples there so far of these
new coverage decisions. A key factor may be the unwillingness of the private sector in the USA to
adopt such schemes, particularly with regards to those coverage decisions involving evidence
generation, where the benefit is not fully internalised by the purchaser as a result of the public good
properties of information.
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Another set of schemes which have emerged but which are not dealt with explicitly in our taxonomy
are cost-sharing schemes whereby patients cover some or all of the cost of treatments that are not
deemed to meet acceptable value for money standards (Austvoll-Dahlgren et al. 2008; Jackson
2010). These have not been dealt with explicitly here as they involve more complex issues around
patient choices and preferences particularly when considered across different types of health
systems.

Our conceptual framework was developed around the concept of the expected value of a new
technology on the basis of existing evidence. This is described principally in terms of cost
effectiveness as defined by organisations such as NICE in the UK - that is, whether a new technology
generates more health gain to relevant patients than is forgone to others as a result of services
being displaced to fund the new intervention. It is recognised that some jurisdictions do not use
formal cost-effectiveness analysis to support coverage decisions, but it can be argued that such
systems (e.g. Medicare in the USA and the French health system) conduct an implicit comparison of
the magnitude of gain in effectiveness offered by a new technology, against relevant comparators,
and its acquisition cost. Any assessment of value for money needs to consider which consequences
of new technologies are valued. Our conceptual framework simplifies this to a concern only with
aggregate health gain in a population. In reality other factors may be important to purchasers
including a range of equity considerations and the need to encourage innovation amongst
technology manufacturers.  Although these wider considerations complicate the technical
implementation of cost effectiveness, the value of the conceptual framework remains in showing
the types of assessments purchasers need to make in selecting appropriate coverage options.
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Conclusions

Several key policy implications fall out of this paper. Firstly, coverage decisions should no longer be
based solely on the expected value given available evidence. Instead the purchaser should weigh the
expected value, the value of further evidence, the effect on evidence generation of immediate
coverage and the reversal costs for uncertain decisions. Secondly, this paper demonstrates the
importance of a purchaser’s range of authority: given a certain range of authority, there is a set of
coverage decisions potentially available to purchasers. However, in many cases, there is a separation
of the areas of authority, for example in many countries a purchaser decides on payment for use
decisions whilst another decision making body is in control of research. However, these are
intrinsically linked and both have real effects on the health gain produced by health care systems.
The separation of these areas of authority, or the failure of purchasers and other decision makers to
act together, may result in inefficient decisions.
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Appendix A

Disease area Product Agreement Type of scheme

UK

High cholesterol Statins Manufacturer agreed to rebate the North Staffordshire health authority if patients did Money back guarantee

not achieve a low density lipoprotein cholesterol concentration target of < 3 mmol/| after
treatment with statins (Chapman et al. 2004).

Asthma

Omaluzimab

Manufacturer offers replacement products for appropriately diagnosed patients who fail
to achieve an agreed target clinical response (Sparrowhawk 2007).

Money back guarantee

Colorectal cancer

Cetuximab

Rebate direct to primary care trust on the cost of any vials of cetuximab used for patients
who do not achieve a pre-agreed clinical outcome (‘nonresponders’) at up to 6 weeks
(with a maximum rebate of 3200 milligrams) (Thomson 2008).

Money back guarantee

Multiple myeloma

Lenalidomide

The manufacturer has agreed to meet the drug cost of lenalidomide for all patients who
have received 2 or more previous therapies and who remain on therapy for more than 26
weeks (Gajraj et al. 2009).

Money back guarantee

Multiple myeloma Bortezomib J & J agreed to reimburse the NHS in either cash or product for patients who do not Conditional treatment
respond after 4 cycles of treatment with bortezomib. Responding patients receive an continuation
additional 4 cycles (Green et al. 2006).

Renal cell sunitinib The first cycle of sunitib for the treatment of renal cell carcinoma is free to all patients Discounted treatment

carcinoma (NICE 20009). initiation

Macular Ranibizumab The NHS will pay for up to a maximum of 14 injections with any further treatments being | Utilisation cap

degeneration

reimbursed by the manufacturer (Economist Intelligence Unit 2008).

Non-small cell lung
cancer

Gefitinib

A fixed cost per patient scheme was agreed for the use of gefitinib for the treatment of
non small cell lung cancer (NICE 2010).

Fixed cost per patient

Chronic
myelogenous
leukemia (CML)

Gleevec (Imatinib
Mesylate)

If a person has been taking imatinib for CML while in the chronic phase, but still goes on
to the accelerated or blast crisis phase, NICE has recommended that imatinib treatment is
continued only as part of a research study (NICE 2002).

OIR- Coverage only

Brain cancer

Temozolomide

Temozolomide is only recommended as the initial chemotherapy treatment for patients
with brain cancer when they are taking part in a clinical trial (NICE 2001).

OIR- Coverage only

Age-related
macular
degeneration

Photodynamic therapy
(PDT)

PDT is not recommended for people who have wet ARMD with mostly classic subfoveal
CNV (that s, at least half is classic but there is also some occult CNV). The exception is
where the person is treated as part of a clinical study designed to provide useful
information on the effectiveness of the treatment (NICE 2003a).

OIR- Coverage only

Breast cancer

Taxanes

The use of taxanes for adjuvant treatment of early breast cancer should be limited to
randomized clinical trials. Docetaxel was eventually recommended for breast cancer
whilst paclitaxel was not (Chalkidou 2006).

OIR- Coverage only
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Colorectal cancer

Laparascopic surgery

The use of laparascopic surgery for colorectal cancer should be limited to randomized
clinical trials.
The treatment was eventually recommended.(Chalkidou 2006)

OIR- Coverage only

Colorectal cancer

Oxaliplatin and irniotecan

Neither treatment was recommended for first line treatment of advanced colorectal
cancer except as part of a clinical trial. Both treatments were eventually recommended
(Chalkidou 2006).

OIR- Coverage only

Alzheimer's disease | Memantine Memantine is not recommended as a treatment option for patients with moderately OIR- Coverage only
severe to severe Alzheimer’s disease except as part of well designed clinical studies
(Chalkidou 2006).
Non-Hodgkin's Rituximab NICE has said that rituximab should only be used in people with diffuse large-B-cell OIR- Coverage only
lymphoma lymphoma in stage 1 if they are being treated as part of a clinical study (NICE 2003b).
Diabetes Metformin Metformin in combination with insulin should only be used within research studies OIR- Coverage only

because the effectiveness of this combined treatment in improving glycaemic control is
uncertain (NICE 2004).

Lung cancer

Post-operative
chemoradiotherapy

Patients who are pathologically staged as Il and Il non-small cell lung cancer following
resection should not receive post-operative chemoradiotherapy unless it is within a
clinical trial (NICE 2005).

OIR- Coverage only

Multiple Sclerosis

Interferon beta’s or
glatiramer acetate

Drugs were funded on the condition that their effect on disease progression in a cohort of
patients was monitored for 10 years. Potential adjustments in price would be made every
2 years to ensure an agreed cost per QALY of no more than £36,000 (Pickin et al. 2009).

OIR- Conditional flexible
pricing agreement

PPRS- Financially based patient access schemes- the company does not alter list price but
offers effective discounts or rebates linked to, for example:

i) Price volume
ii) Utilisation cap

i) Number of patients treated (price/volume agreement) iii) Money back guarantee

i) Number of doses required / Price linked to outcome

iii) Response of patients treated (Department of Health 2008).

PPRS- Outcome based patient access schemes- 3 types: i) OWR- Conditional

i) Proven value price increase- company seeks agreement for later increases flexible pricing agreement
in price subject to a re-review of the drug in light of additional evidence ii) OWR- Conditional
collected flexible pricing agreement

ii) Expected value rebate- Company seeks agreement for a price subject to the | & Refund and coverage

collection of additional evidence. The drug will be subject to a rebated and a
subsequent reduction in list price in the event of the additional evidence not
supporting the original price

iii) Risk sharing- outcomes are measured and prices adjusted &/or cash
transferred in one or both directions (Department of Health 2008).

iii) OWR- Conditional
flexible pricing agreement
& Refund and coverage
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USA

High cholesterol

Simvastatin

Merck promised to refund up to six months of prescription costs if simvastatin plus diet
did not help lower LDL cholesterol to target concentrations identified by their doctors
(Moldrup 2005).

Money back guarantee

Hemodialysis

Erythropoiesis-stimulating
agents

CMS will reimburse erythropoiesis-stimulating agents until the patient achieves a
hemoglobin level of 10g per dl (Berns et al. 2005).

Conditional treatment
continuation

Type 2 diabetes

Sitagliptin

Manufacturer has agreed to link the price paid for sitagliptin (and sitagliptin plus
metformin) to how well patients are able to control their blood sugar (Pollack 2009).

Osteoporosis

Risedronate sodium

Manufacturers have agreed to reimburse insurer for the costs of treating related
fractures (Pollack 2009).

Cognitive FDG-Positron emission An FDG-PET scan is covered in patients with mild cognitive impairment or early dementia OIR- Coverage only

impairment tomography (PET) scan in the context of a clinical trial (Centers for Medicare and Medicaid Services).

Hearing loss Cochlear implant CMS may cover cochlear implantation for treatment of hearing loss in the context of an OIR- Coverage only
approved clinical trial (Centers for Medicare and Medicaid Services).

Oncology FDG-PET scan An FDG-PET scan is covered in patients with brain, ovarian, pancreatic, small cell lung, OIR- Coverage only

testicular cancers, and certain indications for cervical cancer in the context of an
approved clinical registry (Centers for Medicare and Medicaid Services).

Tachyarrhythmia’s

Implantable Cardioverter
Defibrillator

Implantable Cardioverter Defibrillators are covered in the context of an approved clinical
trial or registry (Centers for Medicare and Medicaid Services).

OIR- Coverage only

Chronic hypoxemia

Home use of oxygen

The home use of oxygen is covered for those beneficiaries with arterial oxygen partial
pressure measurements from 56 to 65 mmHg or oxygen saturation at or above 89% who
are enrolled subjects in clinical trials approved by CMS and sponsored by the National
Heart, Lung & Blood Institute (NHLBI) (Centers for Medicare and Medicaid Services).

OIR- Coverage only

Atherosclerotic
disease

Angioplasty and Stenting

CMS covers Percutaneous Transluminal Angioplasty and Stenting of intracranial arteries
for the treatment of cerebral artery stenosis 250% in patients with intracranial
atherosclerotic disease when furnished in an approved clinical trial (Carlson et al. 2010).

OIR- Coverage only

Colorectal cancer

Oxaliplatin, irinotecan,
cetuximab, bevacizumab

Oxaliplatin, irinotecan, cetuximab, or bevacizumab for the treatment of colorectal cancer
are covered in the context of an approved clinical trial sponsored by the National Cancer
Institute (Carino et al. 2006; Centers for Medicare and Medicaid Services).

OIR- Coverage only

Emphysema

Lung volume reduction
surgery

Medicare would fund the treatment only as part of a clinical trial (Carino, Sheingold, and
Tunis 2004).

OIR- Coverage only

Breast Cancer

OncotypeDx

United Healthcare agreed to reimburse the OncotypeDx test for 18 months while it and
Genomic Health monitor the results. If the number of women receiving chemotherapy
exceeds an agreed upon threshold, even if the test suggests they do not need it, the
insurer will negotiate a lower price (Pollack 2007).

OWR-
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Sweden

High cholesterol

Rosuvastatin and
ezetimibe

The companies had to provide additional data on the use of the drug in clinical practice
and the long-terms effect of the drug on morbidity and mortality (Anell and Persson
2005).

OWR- Coverage only

Diabetes Mellitus

Insulin detemir

The company must provide additional data on the frequency of hypoglycaemic events
(Anell and Persson 2005).

OWR- Coverage only

Diabetes Mellitus

Insulin glargine

The company had to provide additional data on cost-effectiveness for use among patients
with type 2 diabetes (Anell and Persson 2005).

OWR- Coverage only

Diabetes Mellitus

Inhalable insulin

The company shall provide additional data to support the economic value of inhalable
insulin in a Swedish clinical day-to-day setting (Carlson et al. 2010).

OWR- Coverage only

Obesity Orlistat and sibutramine The companies had to provide data of actual use in the Swedish health care system (Anell | OWR- Coverage only
and Persson 2005).

Testosterone Testogel The company had to provide data of actual use in the Swedish health care system (Anell OWR- Coverage only

therapy and Persson 2005).

Eczema. Pimecrolimus The company shall provide additional data on the effect of pimecrolimus for patients who | OWR- Coverage only

are resistant to steroid-treatment and its use in the Swedish clinical day-to-day setting
(Carlson et al. 2010).

Type 2 diabetes and | Rimonabant The company shall provide additional data on the long-term effects of rimonabant and its | OWR- Coverage only

Obesity economic value in a Swedish clinical day-to-day setting (Carlson et al. 2010).

Parkinson's disease | Rasagiline The company shall provide additional data on the cost-effectiveness of rasagiline versus OWR- Coverage only
entakapon and selegilin (Carlson et al. 2010).

Smoking cessation Varenicline The company shall provide additional data on the long-term effects of varenicline OWR- Coverage only

(Carlson et al. 2010).

Cervical cancer

Human papillomavirus

quadrivalent

The company shall provide additional data on ongoing and planned studies in order to
determine the cost-effectiveness from a long-term perspective (Carlson et al. 2010).

OWR- Coverage only

Grass pollen allergy | Lyophilisate The company shall provide additional data on the long-term effects of lyophilisate and a OWR- Coverage only
new health-economic evaluation based on costs and medical effects of the drug in clinical
practice (Carlson et al. 2010).

Parkinson’s disease | Rotigotine The company shall provide additional data the effect of rotigotine in the Swedish clinical OWR- Coverage only
day-to-day setting (Carlson et al. 2010).

Psoriasis Efalizumab The company shall provide additional data on quality of life and effectiveness from use in | OWR- Coverage only

real clinical treatment (Anell and Persson 2005).




Coverage with evidence development, only in research, risk sharing or patient access scheme? 33

Schizophrenia Risperidone The company shall provide data on hospitalisation and quality of life from use in real OWR- Coverage only
clinical treatment (Anell and Persson 2005).

France

Schizophrenia Risperidone France's health care authority agreed to cover risperidone at list price if the manufacturer | OWR- Refund and

performed further studies to evaluate whether treatment helps patients stay on their
medications. If the studies show otherwise, the manufacturer will partially reimburse
France for spending on the treatment (Whalen 2007).

Coverage

Australia
Rheumatoid Etanercept, infliximab, Australian health authority will condition coverage of these biological on an assessment Conditional treatment
arthritis adalimumab and anakinra | of effectiveness at 12 weeks. Coverage will continue for patients in whom it is effective continuation

(Lu, Williams, and Day 2007).
Ankylosing Infliximab and etanercept | Coverage for infliximab and etanercept for ankylosing spondylitis is conditioned on an Conditional treatment
spondylitis assessment of short-term effectiveness. Coverage will continue for patients in whom itis | continuation

effective (Carlson et al. 2010).
Chronic Imatinib mesylate Coverage is conditioned on an assessment of short-term effectiveness evaluated at 18 Conditional treatment
myelogenous months. Coverage will continue only for those patients in whom it is effective (Carlson et | continuation
leukaemia al. 2010).
Rheumatoid Etanercept (enbrel) The manufacturer will cover all expenditure over $100 million (Lu et al. 2004). Expenditure cap
arthritis

Pulmonary arterial
hypertension

Bosentan

The price of bosentan for pulmonary arterial hypertension is linked to the survival of
patients followed in an observational study (Wlodarczyk et al. 2006).

OWR- Conditional flexible
pricing agreement

Italy
Renal cell Sunitinib and sorafenib A hospital discount of 50% applies to the first 2/3 months of treatment with sorafenib Conditional treatment
carcinoma and sunitinib. For responding patients, the treatment is then reimbursed and the discount | continuation

dropped (Carlson et al. 2010; IMS 2007).

Alzheimer's disease

Alzheimer’s disease drugs

During first 3 months, patients starting Alzheimer’s disease drugs are assessed for
short-term effectiveness with the drug provided free by manufacturer during this period.
If treatment goals are met after 3 months, treatment is continued for a max of 2 years
(Sparrowhawk 2007).

Conditional treatment
continuation

Small cell lung Erlotinib Price is only 50% for first 2 months on the basis that 50% of patients are expected to Conditional treatment
cancer progress in this period (Rutten, Uyl-de Groot, and Vulto 2009). continuation
Chronic Nilotinib Cost of treatment will be refunded for all patients who do not achieve an agreed Conditional treatment

myelogenous
leukemia

response after one month (Wagstaff 2009).

continuation
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Canada

Alzheimer's disease

Doneperzil, rivastigmine
and galantamine

Patients using donepezil, rivastigmine, or galantamine will be reimbursed for a period of
up to 3 months after which further coverage will be made available to those patients
whose disease has not progressed/deteriorated while on this drug (Carlson et al. 2010).

Conditional treatment
continuation

Germany

Kidney
transplantation

Cyclosporine,
mycophenol acid or
everolimus)

Manufacturer has agreed to refund money for cyclosporin, mycophenol acid or
everolimus if a patient loses his/her donor kidney (Carlson et al. 2010).

Money back guarantee

Osteoporosis

Zoledronic acid

DAK and Barmer (a German insurance company) have a money back guarantee
forzoledronic acid if an osteoporosis related fracture occurs (Carlson et al. 2010).

Money back guarantee

Wet aged macular
degeneration

Ranibizunab

The payer will not have to pay more than 315 million euro a year (Rutten, Uyl-de Groot,
and Vulto 2009).

Expenditure cap




