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Glossaries

Table 1 Glossary of Characters

Character | Definition Reference
Firm The capitalised “Firm” refers to a player in a Game. It is introduced in First use of “Firm”
Game 1, Chapter 8 and it features in Games 2 and 3 in Chapters 9 and 10 is Section 3.2
respectively. It is capitalised, as is the convention in Game theory models. | Examples of
It has specific production functions and markets. published pharma-
economic games
p. 116
firm A firm with a small “f” is a pharmaceutical firm with no specific cost
function who participates in the reimbursement process, invests in R&D
and lobbies for higher prices. Its objective function is profit maximisation.
Institution The capitalised “Institution” refers to a specific institution that is a player | First use of
in a Game. In these Games the Institution needs to consider how to “Institution” is in
respond to a threat from Pharma or a specific Firm. It has specific rules it Game 1, Chapter 8,
must play by. p. 112
institution And institution with a small “i” is the collective term for the regulators The country such
involved in decisions about new drugs. The institutions of interest in this an institution
thesis are those that work in countries that use cost effectiveness analysis | works in is
to make decisions about the reimbursement of new drugs, have universal | described in
health care schemes and constrained budgets. Section 2.1 p. 21
Reimburser | The Reimburser is the key character in this thesis. She is not an economist | First use of
and not a clinician. She is bureaucrat who works with a clear objective Reimburser and
function: to maximise the health gains possible from this and future Health Economic
budgets. Adviser is in
Chapter 3 p. 45
Health The Health Economic Adviser is the second character in this thesis. His
Economic task is to take the problems presented to him by the Reimburser and
Adviser apply economic theory to solve them.
Pharma Pharma is the name given to the pharmaceutical industry, particularly
those firms that invests in R&D.
Displacer The Displacer’s job description is to “find savings” in order to allow for The Displacer’s first
the additional costs of programs such as the drug budget to be financed. appearance is in
He may or may not be able to find the least cost effective of existing Chapter 6, p. 98.
programs and if he does he cannot always displace them. In most cases,
he cannot displace patented health technologies.
Social Drummond et al (2005) refer to three types of Analysts: A, B and C. The Social Decision
Decision Analyst C takes the position that the role of the economic analyst is to Maker is
Maker provide information on a “wide range of costs and consequences and introduced in the

present them in a way that helps health care decision makers form a
better judgement”. (p. 18)

The Social Decision Maker referred to in this thesis is the person in
receipt of this information. He is not an economist. He is probably a
clinician. He may have a preference for method of production,
specifically, he may prefer to use a new drug rather than an existing drug,
even if it is no more effective, because he values “newness”.

Conclusion Section
3.3p. 190
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Table 2 Glossary of Phrases

Phrases

Definition

Universal health
care

The term universal health care is used to distinguish between the health care schemes
in counties such as the US and other developed countries such as Canada, Australia,
New Zealand, England, Scotland, Denmark, Sweden, Finland, Norway and the
Netherlands. The latter counties have not achieved equitable access to a minimum level
of care for all patients and significant disparities in utilisation and health outcomes
remain. In Australia, the gap in access to health care for Indigenous Australian
compared to non-Indigenous Australians contributes to the significant 20 year gap in
life expectancy at birth for males.

New drug price

New drug price refers to the phenomena of new drug price as the focus of heated
debate. It refers to all new drugs, not a specific new drug.

Political economy of
new drugs

The political economy of new drugs (PEND) is the economic expression of the heated
debate about how the surplus associated with a new drug’s innovation should be
allocated across consumers, institutional purchasers and firms via the price
mechanisms.

Policy narrative

The policy narrative is the story that surrounds the development and implementation
of a policy, such as how to regulate the price of new drugs. It could be a simple cause
and effect narrative and may or may not make reference to evidence.

Evidence based
policy narrative

The evidence based narrative is a term | use to describe a policy narrative that is
populated by multiple references to empirical evidence but not evidence that justifies
the actual policy choice. For example, reference to the burden of disease associated
with a condition to justify a policy to screen for a condition, with no reference to the
evidence of the effectiveness of that program in reducing that burden of disease.

New drug
New NME

The new drug or new NME has recently been approved for prescribing by the FDA or
TGA and now prices are being negotiated. Evidence of incremental cost and effect are
available.

Future drug
Future NME

The future drug is one that has not yet completed phase 3 trials or the molecule has not
even been discovered. Evidence of incremental cost and effect is not available.

Future population’s
health

One of the objectives of the conventional political economy of new drugs is to identify
the health of a future population with or without additional future drugs. Of course it is
by and large today’s population, just older, and with different medical technologies.

Present value of
population’s future
health

The present value of the population’s future health is the PV of expected life time
health of a population in the future — not just the health in one year.

Net present value
population’s health

This is the previous concept less the loss in health effects today as a consequence of
higher prices today and hence less health today.

Table 3 Glossary of prices and costs in price effectiveness analysis

FPP

The firm’s preferred price is the price that the firm offers a new drug at and also a price that
the firm justifies as the price that should be used.

PPP

The purchaser’s preferred price is the price that a purchaser believes maximises the objectives,
whatever these are. The purchaser might be making a “mistake”

IPER, f

The incremental price effectiveness ratio is arithmetically identical to the ICER but price is
recognised as endogenous and a function of the choice of the decision threshold rather than
as exogenous.
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IMER, ¢ The incremental cost to the firm of producing the incremental health effect compared to the
previous drug.
ITER The incremental economic rent to the firm on the incremental health effect.

Table 4 Notation and parameters

Parameter | Description

Be The health shadow price: the alCER of the most cost effective strategy to increase the
population’s health where this strategy will typically include a combination of financing and
expenditure. It is a function of the economic context, ¢, which includes the amount of
resources that need to be displaced in order to finance a new drug, the prevailing prices of
inputs and the existing degree of inefficiency in the health budget.

n The alCER of the most cost effective program or technology in expansion or adoption.

m The alCER of the most cost effective program or technology in contraction or
disinvestment.

d The alCER of the program or technology that is displaced to finance the additional costs of
the new drug.

r The conventionally measured rate of return on new drugs.

c The IMER in algebraic form. Can vary across drugs.

ALP The additional life years experienced by patients from a new drug or new drugs.

R The investment in R&D by the firm.

e One alternative expression of return on R&D, incorporating the budget constraint.

f The algebraic expression of the IPER at which the firm offers a new drug.

w The share of additional economic rent from higher prices that is allocated to new drug
R&D.

H The investment by public sector research groups | pharmaceutical R&D.

A The conventional shadow price of the budget constraint defined by relaxing the budget
constraint by one unit.

ACP The incremental cost to the health budget of the new drug at the given price.

AE The net increase in the health of the population due to any cause or combination of causes
The following are all net changes in health to a specific group of patients as a consequence of a
specific action or strategy (two actions)

AE® (A) reallocation from least to most cost effective of existing programs.

AEP (D) displacing the program that

AEM (M) expanding or contracting the least cost effective program.

AEN (N) expanding or contracting the most cost effective program
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Parameter

Description

P

AE (P) from the adoption of a new drug
AER® (R) from the strategy of reimbursement (the net effect of the new drug and the services
displaced to finance it.
AET (T) the most cost effective alternative strategy to reimbursement.
NEBHAR? Net economic benefit of the decision to reimburse, expressed in health units.
EVCI The economic value of clinical innovation
B The health shadow price corresponding to the alternative strategy set which comprises all
possible opportunities to reallocate.
B As above but corresponding to all investment strategies.
u The parameter that defines the increased productivity of a program if there is an
investment in improving its technical efficiency.
1B The shadow price of the budget constrain (B) defined in expansion (e)
e
)Lglc The shadow price of the budget constraint (B) defined in expansion (e), given previous
contraction (c).
CEAi Cost effective analysis applied to inform reimbursement decision, using a threshold of i to
correspond to either a NB or an ICER metric
ICERI The conventional ICER compared to a threshold of i
NBi The conventional net benefit calculated using i
A The best alternative strategy to reimbursement that is a reallocation (contraction of least
cost effective to financing of most cost effective)
R The strategy of Reimbursement, which comprises adoption and financing.
(Not to be confused with R, which is the amount invested into R&D)
T The best alternative strategy to Reimbursement
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Abstract

This thesis uses an applied game theoretic framework to address the following question: What is
the population health maximising decision threshold price for a new drug? This threshold
accommodates: strategic behaviour; inefficiencies in the health care system; budget constraints;
suboptimality of displacement to finance the additional cost of new drugs; failure of markets to
develop evidence of unpatented services; and the relationship between drug price and future
innovation and health.

A framework (price effectiveness analysis, PEA) for the analysis of the reimbursement process as a
strategic interaction is proposed and tested. PEA uses the results of cost effectiveness analyses as
inputs in a model that derives the population health outcomes of reimbursement: the net health effect
of i) adoption of the new drug; and ii) displacement to finance its additional costs.

The first result is that the health shadow price, ., is the population health maximising decision
threshold, under the conditions of a fixed and allocatively inefficient budget:

1 1 1\7?
pe=(G-m+a)
where n is the most cost effective of existing programs in expansion or adoption; m is the least cost
effective in contraction, and d is the average ICER of services displaced to finance the additional costs

of the new drug at the offer price. Allocative inefficiency is characterised by m-n and suboptimality of
displacement by m-d.

The second result is that there are restrictive conditions under which there is an incentive for a
rational institution to pay a price above B. to take into account the relationship between price and
future innovation. However, if these conditions are met, the firm will prefer to raise funds through the
capital market rather than contract with an institution.

Currently, reimbursing institutions provide an incentive to develop evidence of the cost and effect
of patented health technologies. Adopting S. as the new drug decision threshold places a value on
evidence of the least and most cost effective services, regardless of whether they are being proposed
for reimbursement. Hence, the market’s failure to provide evidence of unpatentable and unpatented
health services is addressed and the health gains possible from a budget increased.
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"No love lost"
Warsaw (Joy Division), Salford, 1977
(Trust)

"You want it all ... but you can't have it."
Faith No More, Sausalito, 1989

(Constraints)

"America's health care system is second only to Japan, Canada, Sweden, Great Britain,
well ... all of Europe. But you can thank your lucky stars we don't live in Paraguay!"

Homer Simpson, Springfield, 1992
(The Counterfactual)

Benjamin Franklin once remarked, “In this world nothing can be said to be certain, except death
and taxes.” Spokespersons for the pharmaceutical industry might be inclined to argue that the benefit-
generating capability of prescription drugs also belongs in this exclusive category. They could make a

compelling case: recent studies suggest that pharmaceutical products increase longevity, improve
quality of life, and often result in medical cost savings.

C. Giaccotto, R. Santerre and J.A. Vernon, 2005

(The political economy of new drugs)

Page 19



Chapter 1: Introduction

1 Research question

At a time when evidence based medicine increasingly dominates decision making and health
budgets are tightened, how should institutions respond to the following ostensibly evidence based
claim?

Lowering the price of a new drug below the firm’s preferred price will lead to suboptimal
investments in R&D and lower health for the population than otherwise possible.

For institutions that use economic evaluation and decision thresholds to guide decisions about new
drugs, this problem comes down to the following question:

What should the new drug decision threshold be, given the dynamic efficiency implications of the
relationship between new drug price and the health benefits of future drugs?

Unsurprisingly, the debate surrounding this question is highly charged. “New drug price”! impacts

both health and profits. Hence, this thesis starts with the economic expression of the debate; the
political economy of new drugs. The active participants of this political economy include academics,
industry, regulators, consumers and global organisations such as the World Health Organisation
(WHO) and the Organisation for Economic Cooperation and Development (OECD).

Comanor observed in 1986 that the political economy of the pharmaceutical industry has shaped
economists’ research agenda since the Kefauver Committee of 1959.% He also noted that changes in
the research agenda were driven by changes in the political debate. Comanor found that the one
research question common to the disparate literature was the ratio of investment in R&D to the social
return on this investment. However, he also found there was no methodologically sound estimate of
this ratio at the time of his publication (1986). Comanor observed that the antagonistic nature of the
political debate is reflected in two distinct positions held by economists: i) unregulated monopoly
power by firms is essential to ensure there is sufficient innovation for the population; and ii) regulate
to ensure that social welfare gains from pharmaceuticals are maximised. And finally he noted that the
then (1986) current political economy and hence research agenda excluded one possible outcome of
more competition (lower prices) today, namely, improved social welfare tomorrow. Hence, the trade-
off that characterises the political economy might not exist under all regulatory structures; it could be
possible to have more competition and more innovation and health tomorrow.

This thesis’s research question is inspired by these observations by Comanor. | start by reframing
the political economy in a way that will allow the economic research to find a solution to the choice of
a decision threshold that is population health maximising, and takes into account the relationship
between price and innovation. This alternative to the conventional political economy is framed from
the perspective of an institution that is required to select and then enforce a decision threshold price

Throughout this thesis I use the term “new drug price” in the context of new drug prices generally. If a specific price is
referred to I use the term “the price of the new drug” or “the new drug’s price”. See Glossary of Phrases Table 2 p. 11.

2 Kefauver was a US Congressman then Senator from 1939 to his death in 1963. He chaired a number of significant US

Senate Committees, including a 1950 committee on organised crime. The Kefauver Committee of 1959 was motivated by the
“excess profits” of the US pharmaceutical industry. It was seen as an antitrust (market power) Committee rather than a drug
safety and quality regulation Committee. His work on this Committee resulted in the Kefauver-Harris Drug Act of 1962. This
committee explored the nature and consequences of market power and rent seeking in the pharmaceutical industry. Amongst
other things, it challenged the pharmaceutical industry’s payments to the American Medical Association in terms of the
implications this would have for objective scientific reporting of new drugs. For further information, a good place for an
economist to start is Comanor (1966).
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that maximises the net present value of the population’s health (hpvPH). It starts with the following
characterisation of the debate:

Higher prices today mean increased economic rent for Pharma otherwise firms would not lobby for
them. It is in Pharma's interest to protect and seek these economic rents. Whether higher prices
and more R&D today increase future health remains an empirical question. If higher prices also
mean a higher net present value of the population’s health, then it is in the institution’s interest to
increase prices. Given the institution’s objectives, the most effective strategy Pharma can use to
protect these rents is "the Threat": lowering prices is against the interest of health funders
because it will reduce a population’s future health.

The research question is:
How should rational institutions respond to the Threat?

(Where a rational response is one that is consistent with a given institution's stated objective function,
whatever this is.)

This introduction places this research question in the context of current evidence and research, by
addressing the following:

1) Is it plausible that the Threat exists and that it influences the price of new drugs?

2) Is there rigorous empirical evidence that suggests that lower drug prices will result in less future
health?

3) Is there agreement on a decision threshold for new drugs that accommodates characteristics of the
health budget such as allocative and technical inefficiency?

Then, the method this thesis uses to explore the research question is summarised and the plan of the
thesis is outlined.

2 Is it plausible that the Threat exists and influences the price of new
drugs?

2.1 Whatis a Threat?

The claim by the pharmaceutical industry that lower prices today will make the population worse
off is appropriately characterised as a Threat. In game theory, a threat is simply a claim by one player
about his or her future behaviour, conditional on the decisions made by another player, today.®> This
claim could be credible or, quite simply, a lie. The important point is that a threat is telling one player,
who is making a decision, to take into account the likely response by another player. In the case of the
price of new drugs, the industry uses a range of threats to provide an incentive for an institution not to
lower prices in order to make savings today. For example, a firm could say: if your country lowers
prices, we will not invest in innovation and there will be no more new drugs in the future. In game
theory the issue is, how should the institution respond to this threat, given what is known about the
firm and its motives.

The Threat is likely to be operating throughout the OECD, including the US. Of particular interest
in this study is the influence that the Threat has in countries that: i) have universal health care; ii) have
budget constraints; iii) have a fund holder with the broad objective of maximising a population’s

% See for example, Gibbons (1992), p. 56
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health and welfare;* iv) inform drug reimbursement decisions with HTA/CEA;® and v) use an explicit
or implicit decision threshold price in a new drug adoption decision where this threshold is expressed
as an average incremental cost per unit incremental effect (ICER).

It is possible that the Threat is present (either explicitly or implicitly) each time an institution
decides whether to reimburse a drug that has a high ICER compared to the institution’s decision
threshold. If this does occur in the private domain, it cannot be used as evidence in an academic study.
The Threat does dominate international debate about drug price regulation, and this debate is largely in
the public domain. The case of the Australia—U.S. Free Trade Agreement (AUSFTA) negotiations is
an example.

2.2 A public domain expression of this threat: the Australian US FTA

In 2004, the negotiations between Australia and the US that resulted in the AUSFTA were almost
derailed when the Australian practice of regulating the price of pharmaceuticals was challenged by the
US government, which argued that the practice was against the principles of free trade.® The US
government argued that the Australian practice of using cost effectiveness analysis (CEA) to inform
reimbursement decisions resulted in lower prices in Australia than in the US. Australia was therefore a
free-rider on the significant investments made by US consumers into pharmaceutical R&D via higher
drug prices. As a consequence of OECD-wide policies, including Australia's policies, US consumers
had to pay higher prices for the same drugs in order that firms can finance pharmaceutical R&D; R&D
that Australians can benefit from. The records of the Congress and US Senate Committees are rich
with references to this debate, in particular, the 204 page document that is the record of a joint hearing
of two subcommittees of the Finance Committee of the US Senate (FCUSS). Consider the opening
remarks of this Joint Hearing, made by the Chair of the Health Care Subcommittee:

| have long thought that the prescription drug price controls employed by foreign countries
amount to an unfair trade practice because they block the access of U.S. product to foreign
markets, but worse is that the price controls impose unacceptable burdens on the United States as
our consumers end up paying the bulk of the cost for research and development, probably up to 60
percent more for most prescription drugs compared to the citizens and countries that use price
controls. Hon. Jon Kyl, U.S. Senator From Arizona, Chairman, Subcommittee On Health Care
(Finance Committee US Senate 2004)

4 Of course this is a simplistic definition of the objective of a health care system. The main point is that this system does not

explicitly value the following as part of the drug reimbursement process: the technology that is used to deliver the health
gains. That is, whatever it is that the health system values, it is irrelevant to the Reimburser's decision whether the outcome is
obtained using the newest drug or conventional old tech therapies. Specifically, this excludes the possibility that a clinical or
institutional decision maker will be prepared to pay for "novelty”. The possibility that this is the case is raised in the
conclusion.

® Relative to the early adopters (Australia and Canada) some European countries are late adopters of routine use of economic
evaluation to inform drug decisions (post 2000), and the US is still to adopt this practice. How early did Australia and Canada
start using economic evaluation of pharmaceuticals? From the 1994 first edition of the Canadian Economic Evaluation
Guidelines:  "Australia was the first country to develop and implement guidelines for the economic evaluation of
pharmaceuticals. Draft guidelines were released in 1990, revised in 1992, and are currently going through the process of
second revision. In Canada, the process for developing these guidelines began when the Province of Ontario issued draft
guidelines for comment in the Fall of 1991. During 1992 it was determined that it would be useful to develop a set of
Canadian guidelines, that each Province could adopt, with or without modifications, as they saw fit." (Canadian
Coordinating Office for Health Technology Assessment 1994)

® A summary of the issues is contained in Harvey et al. (2004)
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And the opening remarks by the Chairman of the International Trade subcommittee reveal a
concern for "the folks in Australia” should they reduce their control on pharmaceutical prices, but that
this was a requirement of an AUSFTA that the US was not prepared to compromise on:

So I think that price setting is sort of, in a way, similar to a tariff that is put on the goods. It has a
great impact on what happens here. To deal with these, Congress passed the Trade Act of 2002,
which established a primary objective of tightening the regulatory practices that create market
distortions and effectively deny U.S. companies global access. As we know, the issue of regulatory
practices relating to pharmaceuticals was one of the last items resolved in the recently completed
Australian Free Trade Agreement negotiations. It is a sensitive issue for the folks in Australia, and |
respect their concerns. But it is an issue that deserved to be on the table, and one that needs to be
raised in future negotiations. Hon. Craig Thomas, a U.S. Senator from Wyoming, Chairman,
Subcommittee On International Trade (Finance Committee US Senate 2004)

Not only was pharmaceutical price regulation characterised as anti-competitive and analogous to
tariffs on imports, it was also argued to reduce incentives for innovation and hence reduce the number
of new drugs. The US government argued that as a consequence of widespread price controls, the
health of the OECD's population was less than what would otherwise be possible. At around the same
time as the AUSFTA was being negotiated, a US government agency, the International Trade
Administration (ITA), published a report on the implications for US consumers of the OECD
countries' practice of price control of new drugs (ITA 2004). This study found that if all OECD
countries (apart from the US) stopped regulating drug prices and stopped using monopsonist
purchasing power there would be an additional three to four NMEs each year; a consequence that
would have significant positive value to all OECD consumers.

The ITA study also revealed a view amongst US pharma-economists that the process of using a
threshold price above which the drug could no longer be considered value for money was price control
under another name and hence the policy can be classified as a trade restriction.

Cost-effectiveness reviews, called the “fourth hurdle requirements” by industry, are defined as
government consideration of “factors other than safety, efficacy, and quality in approving new
drugs for marketing or reimbursement.” Although the schemes differ from country to country, the
determination that a new medicine is not cost-effective or “medically necessary” can work much
like price controls because the analysis can be performed in a way that makes clear that a price
reduction will make the drug acceptable. (International Trade Administration 2004 p. 6)

2.3 The Threat exists and it is plausible that it influences decisions

The Threat was applied during AUSFTA trade negotiations. The Finance Committee of the US
Senate, US Pharma and US government economists appeared to be almost unanimous in their public
position that the Australian Pharmaceutical Benefits Scheme (PBS) and similar institutions are
restricting free trade and that this is at a cost to the future health of, not only US, but all of the world's
citizens. A notable exception amongst the US pharma-economic literature is Reinhardt’s criticism of
the Free Trade argument and the associated estimates of the benefits to the US and other countries of
removing price controls.” (Reinhardt 2007) It is plausible that this Threat influenced the result of these

" A second important exception was the statement by Prof. Gerard Anderson, of John Hopkins. His oral statement and the

resultant discussion with the Joint Committee Hearing are both reproduced as Attachment 2. These excerpts capture the
drama and intensity of the political economy of new drugs perfectly. And finally, Prof. Alan Sager from Boston School of
Public Health gave a presentation in 2003 (around the same time) which summarises the issues regarding access from the
position of the US. His set of slides “Three futures for the US pharmaceutical industry” are available at: www.sph.bu.edu
Accessed 12-12-2011
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negotiations, for example, by requiring that the AUSFTA include an additional annex that recognised
the requirement for its pricing processes to recognise and reward pharmaceutical innovation.®

3 Whatis the evidence upon which this Threat is founded?

If there were unambiguous evidence that lowering a price below the firm’s preferred price (FPP)
would make a population worse off in terms of the npvPH, then an institution with the objective of
maximising population health would prefer to price at the FPP. However, the question of whether
such evidence exists, and its applicability to countries outside the US, is a contentious issue.

US pharma-economists have built a significant body of theoretical and empirical evidence that
supports but rarely challenges the case for the FPP as the social welfare (and population health)
maximising price.” However this body of evidence is not straightforward to assess. For example, there
are a number of ways in which this FPP is defined, including: i) the price that would occur in an
unregulated unilateral monopoly market (International Trade Administration 2004); and ii) the
maximum willingness to pay (maxWTP) for a health effect (Vernon, Goldberg et al. 2009).
Furthermore, the theoretical and empirical analyses supporting the case for the FPP tend to assume
that budgets are unconstrained, hence, the applicability of any results to countries that have fixed
health budgets and alternatives other than pharmaceutical R&D to invest in improved future health is
limited (See Chapter 3, Section 3, p. 48 ). Finally, the empirical studies that support the unregulated
price often draw on private domain data bases that are costly to access, and hence the opportunity to
analyse these data with models that specify health budgets as constrained (rather than uncapped) is
limited.”® In summary, the empirical and theoretical evidence is not necessarily strong enough to
support the case made by US pharma-economists, the US government and their agencies and Pharma.

4 What are the current options for the decision threshold?
4.1 Existing options for the decision threshold

If institutions wish to formally assess the FPP, then they would need to be compared against an
alternative. Currently, there is no agreed purchaser preferred price (PPP) or decision threshold that
could be compared to any given FPP in terms of its social welfare and health implications. Health
economists have been debating the question of the choice of decision threshold price since 1992: for
program adoption generally (Birch and Gafni 1992; Birch and Gafni 1993; Johannesson and Weinstein
1993); and for drugs specifically (Drummond 1992). Some institutions have claimed that there are no
explicit thresholds, but reviews of their decisions seem to suggest otherwise (Devlin and Parkin 2004;
George, Harris et al. 2001.). Around 2007, there was a shift away from support for the maxWTP,
which was the preferred threshold of many health economists since 1993.***? (Culyer, McCabe et al.
2007; McCabe, Claxton et al. 2008)

8 See discussion of this issue in Chapter 4.

® Not all US pharma-economists claim that existing evidence provides unambiguous support for the FPP. For example,
Reinhardt (2007) and Comanor (1986) have critiqued the methods used in some pharma-economic studies.

10 see for example (Giaccotto, Santerre et al. 2005) which accessed a data set from PhRMA that is not in the public domain.

™ This preference for using the maxWTP as a threshold price (or "value for money" as a criterion) for adoption and
reimbursement probably continues in many institutions. Since 1992 Birch and Gafni have pointed out that this strategy will
not maximise a population’s health from a given budget, unless the budget is sufficiently large to accommodate all programs
that are value for money or that the budget continues to increase to accommodate these programs and technologies.

12 The NICE Briefing paper for the Methods Working Party on the Cost Effectiveness Threshold provides a summary of the
issues in 2007. Accessed 12-12-2011
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One proposed alternative is a threshold of the average ICER of services displaced to finance the
new drug, d (Sendi, Gafni et al. 2002). This threshold is likely to be sensitive to budgetary impact™
and minimises the risk that the reimbursement of new drugs results in a net reduction in the
population's health. However, what if the threshold is revealed by institutions to be d and firms are
strategic and price at this threshold? Then the net effect of ongoing displacement and new drug
adoption on the population's health is zero; the new drug's innovation improves the health of a group
of patients but there is no net gain in the population's health.

Such a result, pharmaceutical innovation being taken up, but having no net impact on a population's
health, could be acceptable in a country that places a value on new technology adoption per se,
independent of its impact on a population’s health. Such a country could make claims such as: “Our
country is the first to have all the latest medical technologies available for use by patients”. However,
if a county’s primary rationale for new technology adoption is to improve the population’s health, then
research that found that new technologies are available rapidly, but that the population’s health has not
increased could lead that country to question their decision making.

4.2 The health shadow price as decision threshold

The research presented in this thesis proposes a new PPP: the health shadow price, S.. To derive
B., this research draws on a conventional CBA method of deriving a shadow price for an input (in this
case a new drug) in the presence of market failure, by referencing the shadow price of the output (for
which there is a market) (McKean 1972; Mishan and Quah 2007). This method can be summarised as
defining the price of the input (without the market price) such that the decision maker is indifferent
between adopting the strategy that includes that input and adopting the best alternative strategy, where
all inputs have a market price. This conventional method is developed further in this thesis to
accommodate a number of characteristics that economists would expect to find in a health sector,
including:

1) suboptimal displacement (the services displaced to finance the additional costs of a new drug are
not necessarily the least cost effective of current services); and

2) allocative and technical inefficiency in the health budget.

The result, S., is the ICER of a new drug, above which the population would be better off (the
populations' health would be greater) if the institution chose the best alternative strategy, rather than
the strategy of reimbursement. Improving the allocative or technical efficiency of the health budget is
an alternative strategy considered in this thesis.

5 The framework for this research
5.1 Price effectiveness analysis

This thesis develops then applies a framework, Price Effectiveness Analysis (PEA) to address the
research question. This framework accommodates strategic behaviour by both firms and institutions,

www.nice.org.uk/media/4A6/41/CostEffectivenessThresholdFinalPaperTabled AtWPMeeting5Sep3907KT.pdf

! The budgetary impact is the net additional cost of adopting the new drug. The proposed threshold of d will be a function
of budgetary impact if the cost per effect of displaced services changes as the amount of services displaced increases. This is
in contrast to the most prominent option for the threshold k, the maximum willingness to pay for a health effect, which is
exogenous to the state of the health budget.
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in addition to the characteristics of the economic context as captured by S.. The economic method
used in this part of the research is applied game theory, which was selected for two reasons.

First, unlike decision theoretic models, game theoretic models can capture the consequence of more
than one decision maker in the reimbursement process, for example both the firm and the institution,
where these players (decision makers) act strategically. Acting strategically means that players
consider the response of the other player when they make a decision such as choosing an offer price of
a new drug. For example, a firm (which as a monopolist is a price maker) will consider whether or not
an institution will reject a new drug at an offer price when it selects its offer price.

Second, a theoretical game, like most theoretical economics, is driven largely by making small
changes to existing models, which might have very little relevance to the real world of health and
economics. For example, consider a theoretically derived model that makes the following assumptions
about the health sector: i) no budget constraints; ii) perfect and complete (public) information; iii) no
strategic behaviour; iv) no failure in the market for evidence of the cost and effect of unpatented and
unpatentable services; and v) economic efficiency. Conventionally, a piece of theoretical research
would involve extending such a model by making small changes; for example, assuming that there is a
budget constraint. However, the resultant adapted model would struggle to accommodate the
characteristics of the health system that generate the very situations that are the subject of health
economic research, in particular situations that arise because of the complexity of information in the
health sector. In contrast, applied game theory draws its inspiration from the real world, not existing
models, and the challenge is to generate models that capture vital real world characteristics. Therefore,
game rather than decision theoretic models were used, and an applied rather than theoretic approach
was used to develop these games.

5.2 The role of the narrative in the models and the research

The use of the narrative to capture the vital characteristics of an economic problem is a
distinguishing characteristic of game theory. For example, the narrative of the Prisoner’s Dilemma'* is
reasonably well known, even if the application of economic theory to solve this game is not. This
thesis also uses a narrative structure to develop models and concepts that capture an increasing number
of the characteristics that influence the political economy of new drugs. This narrative takes the form
of a series of problems that a Reimburser in a hypothetical country has when she tries to select and
then enforce a PPP. Each of the Chapters 3 to 11 start with the Reimburser being presented with a
specific dilemma, which is referred to as: The Reimburser’s Problem. The narrative uses three main
characters (a Reimburser, a Firm and a Health Economic Adviser) to set up, then explore, that
Chapter’s problem.

There are secondary cast members:

1) “pharma-economists”, who research and analyse the economics of the industry, pharmaceutical
R&D and drug price; and

2) “pharmaco-economists”, who research and analyse the economics of the molecule, patients and
the decision threshold.

There are also two key sectors:
1) “Pharma”, the pharmaceutical industry; and

2) “the Institution”, which is the broad group of government pharmaceutical decision makers, fund
holders and regulators.

1% For a description of both the narrative and the associated economic model of the Prisoner’s dilemma, see Gibbons (1992).
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The Firm is a member of the former sector and the Reimburser of the latter. The narrative approach
allows some of the debates and conversations that are common to drug reimbursement processes
around the world - and often in the private domain - to be part of the games' narratives and the
Reimburser's problems, without attributing specific actions or claims to any particular firm or
regulator. The use of capitals to start terms such as “Firm” and “Institution” is necessary in the context
of the three Games (Chapters 8 to 10). The use of capitals signifies it is a firm or institution with
carefully specified characteristics, such as objective and cost functions and decision rules. The use of
firm with a small “f” refers to any firm in the pharmaceutical industry. The use of capitals to refer to
the Reimburser and the Health Economic Adviser is a literary (rather than methodological) device.

6 Summary of thesis
6.1 Six key concepts

The thesis develops and/or builds on six key concepts:

1) The political economy, as expressed via the policy narrative, is reshaped to identify additional
research questions. This research agenda and the associated models are specified so as not to
exclude any of the following outcomes of higher drug prices: an improvement, a reduction or no
change in the present value of the population’s future health.

2) The opportunity cost of a strategy in an institutional setting does not necessarily imply that the
decision maker is physically choosing between these two strategies and their corresponding end
state alternatives. Instead, it means that the decision maker is valuing all states of the world that
could emerge under different allocations of resources. This definition is consistent with that used
by Buchanan (2008).

3) Price effectiveness analysis is a method of assessing the decision to reimburse a new drug by
testing the relationship between the price of the new drug and the population’s health.

4) The strategy of reimbursement comprises the actions of adoption (substituting an existing with
alternative therapy) and financing (displacing services or expanding the budget to fund the
additional cost of the new drug).

5) The health shadow price, g, is:
a. the incremental cost per incremental health effects gained by the target patients

b. as a consequence of the strategy of reimbursing (adopting and financing) the new drug with
clinical innovation AE and additional financial cost AC

c. such that the funder is indifferent between the strategy of reimbursement and the best
alternative strategy (optimal adoption and displacement) available to the funder also using the
resources AC

d. in a given economic context (c) which includes existing prices, inefficiency and budget
expenditure required.

6) The economic value of clinical innovation, EVCI=B.AE is the gross clinical benefit of the new
drug compared to placebo, constrained twice: by the clinical opportunity cost (the best alternative
therapy to the new drug) to obtain AE and the economic opportunity cost (the best alternative use
of resources AC) to obtain S AE.

6.2 Outline of thesis

The thesis comprises three parts.
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Part One provides background discussion on the political economy of new drugs, pharmaceutical
innovation and its clinical and economic value. The thesis starts with a discussion about political
economy and its relevance to price of a new drug and the economic research that addresses this critical
policy choice (Chapter 2). Chapter 3 presents a review of the "bottom line" empirical evidence
supporting the current framing of the PEND: i) the high rate of return (in health gains) to investment in
pharmaceutical R&D; and ii) increasing pharmaceutical R&D and new drugs as a major driver of the
ten year gain in average life expectancy at birth of the US population over the period 1950 to 20009.
The definition of the clinical value of innovation is clarified and distinguished from the term
"pharmaceutical innovation", which applies to any new drug, regardless of its clinical advantages
compared to either placebo or the best alternative therapy. Two additional types of pharmaceutical
innovation are identified (Chapter 4). Then the significance of using a shadow price rather than a
maximum Willingness to Pay (maxWTP) to provide an economic value more generally is
demonstrated. A conventional method to derive the shadow price of an input or output when the
market fails to provide a price is illustrated (Chapter 5).

Part Two is concerned with the health economics of the choice of a threshold price for the
reimbursement decision. The concepts of B. and PEA are introduced. Part Two starts with the
derivation of B. for the special case of an economically efficient budget that is expanded to
accommodate the additional cost of a new drug. PEA is introduced in Chapter 6. It is as a method used
to characterise and quantify the relationship between price and population health outcomes. The
capacity of . to capture information about variations in allocative and technical efficiency in the
health budget and sub-optimality in displacement is demonstrated. In particular, its capacity to capture
information about the strategy of improved allocative efficiency financed by optimal displacement as
the best alternative strategy to reimbursement in an allocatively inefficient health budget is illustrated
(Chapter 7). A simple applied game theoretic model is used to demonstrate the endogeneity of new
drug price to the reimbursement process. This endogeneity concerns the relationship between new
drug price and the institution's choice of decision threshold. This model predicts that as the threshold
increases, so will a strategic profit-maximising firm's choice of the offer price per effect of the new
drug (Chapter 8).

Part Three focuses on the pharma-economics of new drug price; in particular the question of
whether the fact that the relationship between price and innovation is not captured by S. means that
the threshold price of the health effects of a new drug should be higher than S.. Part Three starts with
the results of an analysis of two cases for the FPP within the prevailing PEND. The following
possibility is raised: these arguments for the FPP do not consider the implications of fixed health
budgets and alternative methods to improve future health on the economic value of pharmaceutical
innovation. Then, two additional cases for the FPP are framed as specific threats and analysed within
a game theoretic model and the PEA framework. Both of these threats are about how a price below the
FPP is against the interests of the institution because it lowers the population’s health. The two threats
differ in terms of the mechanism underlying this claim. The first specific threat is a line of reasoning
that links drug price and R&D funding via the failure of the capital market. Specifically:

Firms rely on internal funds generated by above marginal cost pricing of new drugs because the
capital markets fail to finance risky R&D. Hence without economic rents from higher prices it
will not be possible to finance R&D.

This Game is called "The pharmaceutical R&D financing Game™ (Chapter 9). The second specific
threat is:

Unless the decision threshold price of new drugs is given a premium over that applied to non-
pharmaco-therapy, there will be less health in the future. Buying new drugs buys both current
health and future health gain via innovation and the decision threshold must accommodate this.
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This Game is called "The new drugs need a premium Game" (Chapter 10).

The Conclusion (Chapter 11) presents a case for health economists to support the adoption of . as
the decision threshold for the new drug reimbursement process. This case builds on the following
observation: health economists have long questioned the practicality of using the opportunity cost of
the additional cost of a new drug as the decision threshold price, primarily because of the absence of
evidence of the opportunity cost. The starting point of an alternative approach to the political economy
of the decision threshold is to ask why we do not have evidence of the best alternative strategy to new
drug reimbursement and to identify S. as a solution to this problem:

In providing incentives for and rewards to firms to develop evidence of the cost and effect of
patented innovation and technologies, institutions have failed to correct for the failure of the
market to provide evidence of the cost and effect of unpatented or unpatentable health
technologies and services. Using the [ will provide an incentive for the institution to develop
evidence of both the least and most cost effective of currently funded programs and hence
correct for this market (and institutional) failure.

6.3 The main result

The thesis concludes with a summary of how a rational institution should respond to the general
form of the Threat: “Lowering prices is against the interest of health funders because it will reduce a
population's future health”. There are certain very restrictive conditions under which a population
health maximising institution has an incentive to respond to this Threat by increasing the threshold
price of a new drug above S.. The promise of clinical innovation from a future drug is found to be
neither a necessary nor sufficient condition for a benefit to the population from higher prices and more
future NMEs. A necessary condition is that the institution must contract with the firm to ensure that
the institution can recoup the additional expenditure today through higher prices that will be invested
into R&D by the firm. These funds are recouped through a discounted price of the future drug. It is
highly likely that such a contract would be incomplete and unenforceable and hence it is uncertain
whether the institution will reap the benefits in the future (more health gains than otherwise possible)
of its investment today (less health effects from today's budget). This highly unlikely future benefit to
the institution (and certain current net cost) is in contrast to the certainty that the firm will benefit from
increased economic rent today. This benefit to the firm (more economic rent today) occurs regardless
of whether this contract is enforced or the promise of a low cost future drug is an eventuality.

The most certain and significant consequence of a lower price today is a reduction in firm's
economic rent today. | conclude that, when the conditions are created for the institution to have an
incentive to contract with the firm, it is in the interests of the firm to borrow from the capital market
rather than the institution, if the former has a stronger preference for risk than the latter.

7 Trust, constraints and the counterfactual

This thesis is about reframing the prevailing PEND by considering three elements of the political
economy: trust, constraints and the counterfactual. These three elements are the central principles of
PEA. They guide the development of models that are used to analyse the highly charged question of
new drug price.

7.1 Trust

Trust that rational Pharma acts strategically. Currently, economists use non-strategic (decision
analytic) models to inform the new drug reimbursement process. Most pharmaco-economists would
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accept that there is a certain element of strategy involved in developing a pharmaco-economic model.
The objectives of such strategies are to specify models so as to either minimise or maximise the
estimated ICER of a given new drug generated by that model.”® The process of critical review of
pharmaco-economic models in all reimbursement processes that use economic evaluation is about
working within this strategic dynamic to achieve the best estimates of additional cost and effect. The
rules to this process are contained in guidelines and the peer reviewed methods literature on topics that
range from meta-analyses of clinical trials to extrapolation of clinical trial results.*® However there is a
second level at which strategic behaviour works within the reimbursement process and this aspect
cannot be explored within the rules for pharmaco-economic simulations. For example, how does the
institution's choice of threshold influence the firm's choice of offer price? Or, when firms and US
pharma-economists say they have shown that it is in the interests of the population's health not to price
new drugs below the FPP, should the institution accept that these claims are based on rigorous and
non-strategic evidence? Should we accept industry funded pharma-economic literature if it is
published in peer reviewed journals or should these studies be placed under a strategic microscope?
Do we need to prove empirically and rigorously that firm's act strategically as part of the
reimbursement process, or is it sufficient to establish incentives and opportunities for strategic play
and to build on the rich but private domain experiences of participants in these processes?

7.2 Constraints

Resources are constrained; if a new drug is reimbursed at an additional financial cost to the
health budget, something, somewhere, will need to be displaced to finance it. It is likely that no
health budget can be expanded to accommodate all purchases that are considered "value for money" in
the lay sense of the term.'” Something, somewnhere, needs to be displaced. It could be a respite care
program that was going to be extended to other regions, but at the next budget, these proposals are

1 This statement is difficult to support using public domain evidence, but the National Institute of Clinical Excellence
(NICE) commentary on the reasons for differences in the ICER for trastuzumab estimates by Roche (the patent holder) with
an estimate of £5,687 per QALY and the NICE independent reviewers (£18,000 per QALY provides a number of examples
of how these potential biases are generated in pharmaco-economic models. (See Section 3.6 in the NICE Technical Report
TA107, Trastuzumab for the adjuvant treatment of early-stage HER2-positive breast cancer, 2006) Experience of most
members of committees that receive HTAS/CEAs from firms in support of the decision to subsidise a drug at the FPP is that
the process of review of the models typically involves the revision of assumptions that overestimate benefits and
underestimate the incremental costs of a new drug, as estimated by the firm. The point made here is simply that this
behaviour is consistent with the actions of a profit maximising firm. If there were no reason to believe that firms have an
incentive to underestimate the ICER of new drugs, then the review process could well be very different. It is also likely that
firms would make the same criticism of institutions; they have an incentive to underestimate effect and overestimate
incremental costs in order to achieve a lower price for the drug at a given threshold.

18 For example, the Guidelines prepared for firms submitting HTA/CEASs to the Australian PBAC (Pharmaceutical Benefits
Advisory Committee 2008).

17 without evidence of ICERs of all the health programs and technologies, this statement is difficult to prove. Certainly there
are services that can be considered “cost ineffective” that are currently funded and could be disinvested. There are also other
services that are cost effective and that could be funded (Weinstein 2008). My point is simply that we cannot act as if health
budgets are unconstrained, or are constrained only by some lay measure of “value for money” which is typically insensitive
to changes in competition in the market for health inputs (See Chapter 3). Furthermore, an important theme in this thesis is
that the choice of price by a firm that is a patent holder and has some monopoly power is endogenous to the choice of
threshold; if a given threshold is imposed, firms with technologies that have ICERs greater than this threshold have the option
to lower their price in order to make them “cost effective”. Therefore, technologies with ICERs greater than a given threshold
will not necessary remain unfunded if that threshold is imposed. (See Chapter 6) And finally, choice of a threshold needs to
involve recognition of the budget constraint. Weinstein (2008) summarised the US’s preference for not applying CEA and
decision thresholds and hence the absence of demand for evidence of the value of a QALY: “Until Americans come to terms
with the fact that they are not willing or able to pay the cost of providing all citizens with all effective health care services,
there will be no explicit need for a benchmark dollar value of a QALY.”
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reversed. It could be the expansion of a program of disability services that was going to be financed by
an expanded disabilities budget, but instead this increased budget is transferred to health. The results
of analyses that assume budgets are unconstrained are limited in their generalisability to countries that
recognise these constraints.

7.3 The Counterfactual

It is in the population's interest to address the failure of markets and institutions to develop
evidence of the counterfactual to reimbursement and higher drug prices. If we accept that budgets
are constrained and probably inefficiently allocated, then the counterfactual to reimbursing a new drug
at an additional cost to the health sector matters. Economics is about understanding the counterfactual
of interest as not just any alternative strategy, but the opportunity cost of a nominated strategy. This is
the counterfactual that signals the maximum benefit foregone by selecting a nominated strategy. The
opportunity cost of reimbursement is not what is physically displaced to finance the additional cost (an
operational issue) it is the best alternative strategy (optimal adoption and optimal financing) to
reimbursement (adoption and financing). A key argument against adopting the core economic
principle of opportunity cost to define the maximum economic value of a given strategy is the lack of
evidence of the counterfactual; if we have no evidence of the incremental cost and effect of all
strategies, how can the most cost effective alternative be identified? Maybe, one day, cost effective but
unpatentable programs or publically funded innovation that the government chooses not to impose
intellectual property rights over, will no longer be the counterfactual; they will be the factual.
However, the failure of markets and institutions to provide an incentive to develop evidence of the
counterfactual needs to be addressed before these programs can be financed. Furthermore, there is an
imperative to address the long run implications for allocative inefficiency (and probably equity)*® of
providing financial incentives to new patented technologies without addressing the market failure in
relation to financing unpatented programs.

18 One possibility raised in this thesis is that the inequity that we observe in access to health care could be related to a
systematic bias towards patented technologies and away from health care for which the market and institutions fail to provide
advocacy and evidence and protection from displacement.
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Part 1: The political economy of new drugs
and the value of pharmaceutical innovation

The political economy of new drugs (PEND) is about defining the share of the value of
pharmaceutical innovation that should be appropriated by a new drug’s patent owner as
profit. The political economy defines the rules by which a given share can be rationalised in
a world that increasing requires evidence rather than sheer purchaser and seller power to
determine a price.

In Part 1, four concepts that are fundamental to understanding PEND are clarified:

1) How does PEND define the rules by which policy on new drug price can be
assessed in an evidence based policy framework? (Chapter 2)

2) Is it reasonable to rely on empirical evidence of the historic rate of return on
pharmaceutical innovation as the central piece of evidence guiding policy on the
choice of a decision threshold? (Chapter 3)

3) What is the clinical value of pharmaceutical innovation? (Chapter 4)

4) What is the difference between a monetary and economic value of a good?
(Chapter 5)




Chapter 2: Reframing the political economy of new drugs

The global PEND is driven and shaped primarily by the US; its pharmaceutical industry,
its government via trade-negotiations with the OECD, and the US academic pharma-
economists and the evidence they generate. However, as the US starts to address issues
such as whether it should use evidence of cost effectiveness to make decisions about drug
reimbursement, the capacity of the prevailing political economy to accommodate a
mechanism such as the decision threshold is tested.

In Chapter 2 we explore questions about the political economy of new drugs in the
context of this changing landscape. We ask:

1) What is the political economy of new drugs?
2) How does it influence the research agenda?
3) Does it change over time?

4) What is the value in reframing the prevailing political economy to accommodate
developments such as the use of economic evaluation of new drugs to inform
reimbursement decisions?
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1 The political economy of new drugs

The term “Political Economy” is a former name of the discipline of economics. Today it is used in
a number of senses, and its usage continues to change. Common to most of these modern
interpretations is the economic analysis of tension in policy choices in a context that recognises both
the political and economic influences (Groenewegen 2008). In this thesis, the political economy of
new drugs (PEND) is defined following the precedence set by Comanor in his 1986 paper: “The
Political Economy of the Pharmaceutical Industry”. While Comanor did not explicitly define his use
of this term, it can be inferred from his paper that the political economy of the pharmaceutical industry
concerns the economics of the critical choices governments need to make about the pharmaceutical
industry and its regulation.

Economics is a practical science. Since its inception as an independent discipline, it has probed the
major policy issues of the day. The topics that aroused the interest of its practitioners have
generally been those that presented government officials with critical choices. The modern
literature on the pharmaceutical industry is no exception. (Comanor 1986 p. 1178)

Of particular interest to Comanor was the relationship between the economist’s research agenda
and the politics of pharmaceutical regulation; he found that the political economy framed the research
and as the political debate changed, so did the research.

In this thesis the focus is “the political economy of new drugs”: the factors that influence how any
surplus associated with a new drug or a future drug is allocated across stakeholders, including
consumers, purchasers, budget holders and firms." The relationship between the economic research
agenda and the political process identified by Comanor is also a central issue in this thesis. The focus
in this thesis on the political economy of new drugs rather than the pharmaceutical industry reflects the
increased role of cost effectiveness analysis and the capacity to quantify the innovation associated with
new drugs.

One way that the pharmaceutical industry seeks a share of the surplus is through lobbying.
Lobbying plays an important part in the allocation of surplus associated with patented innovation in
any sector of the economy. In the case of new drugs, this lobbying tends to focus on the question of an
appropriate price for new drugs, given the health generating potential of that drug and future
innovation. The associated policy choices include: i) whether new drug price should be regulated; ii)
the choice of a decision threshold price in a reimbursement process; and iii) whether bilateral Free
Trade Agreements (FTAS) with the US should be used to prevent partner countries from regulating the
price US firms request for their new drugs.

In the broader economy, lobbying by patent holding firms is characterised as rent seeking or rent
protection.”® In the prevailing PEND, lobbying for higher new drug price is instead characterised as
providing incentives for investment into further research and development (R&D). This way of
framing the impetus for lobbying links increased price to increased profits as well as increased future
health outcomes, hence creating an apparent win-win situation for firms and consumers. These claims
of the relationship between new drug price and future health are supported by peer reviewed research

1 A UK example of the political economy of new drugs and the appropriation of surplus is from a commentary on proposed
changes to the UK pricing scheme (Towse 2007) “The more of the surplus that accrues to the innovator, the greater the
incentives for future innovation and health gain. However, the greater the surplus that accrues to the NHS, the greater the
immediate health gain. Evidence suggests that the societal gains from pharmaceuticals and other health technologies have
been high.”

% The term “rent seeking” was coined by Kruger and her original paper remains a significant milestone in the economics of
lobbying and the associated deadweight social loss. (Krueger 1974)
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and government studies (Comanor 1986; Scherer 2000; International Trade Administration 2004;
Vernon, Goldberg et al. 2009). This evidence base supports the claim that the relationship between
price and R&D investment is positive and that new drugs are a key driver of improved longevity (life
expectancy).”* The claims that firms rely on non-capital market funded R&D rather than capital
market borrowings due to the riskiness of this investment is supported by the pharma-economic
literature. ? The claim of and evidence for a win-win outcome to the policy of higher prices for new
drugs is critical to the success of lobbying by US Pharma.

2 The rate of return on investment in pharmaceutical R&D and the
political economy

Comanor argued that the political economy of the pharmaceutical industry shaped the economic
research agenda, most notably the premise that there is a trade-off between savings today and health
tomorrow: society can have more of one and less of the other but not more of both. Comanor noted
that the literature did not question whether this trade-off exists. Instead the research agenda prioritised
an estimate of this trade-off, in the form of the ratio of the return (future health) on the original
investment. Comanor identified three potentially relevant rates of return: the return to the firm in terms
of economic rent from their investments; to the industry overall; and the social return where return is
measured as the increase in social welfare (economic rent and consumer welfare).

Comanor found that the focus on evidence of these rates of return was the single issue common to
the disparate economic literature on the pharmaceutical industry. He also found that, at the time of his
review, no reliable estimate of the social rate of return on R&D had been published in the peer
reviewed literature.”® Comanor concluded that it could be possible to increase competition (lower
price) without having a loss in future innovation, but the current political economy excluded this
possibility from the research agenda. Consequently, the evidence that could test this hypothesis (the
possibility that there is no trade-off) was not available.

3 Is the political economy of new drugs constant?

Comanor observed that over the period 1959 to 1985, the political economy of the pharmaceutical
industry was reframed at least twice in response to changes in the political debate. The focus went
from questioning whether the industry did in fact experience monopoly rents, to accepting that they
did and then considering the impact of regulation and identifying optimal regulation on these rents and
the incentive for R&D. Comanor also noted that the adversarial nature of the political debate was
reflected in the economic research.

Particularly at the start, there was too little attention paid to the critical trade-offs essential for
the development of effective public policy. One side presumed that substantial restrictions on

21 While improved quality of life is also an outcome of improved pharmaco-therapy, the US literature and lobbying is
dominated by the evidence supporting the claims of improved longevity at the population level. This situation is probably a
consequence of the preference in the US economic literature for population based analysis of the benefits of pharmaceutical
innovation rather than CEAs of individual new drugs. The complexity of measuring quality of life at the population level,
without a control group, is far greater than that of measuring quality of life in a controlled clinical trial.

22 «“Non-capital market funded R&D” is a term used in this thesis to refer to the strategy by pharmaceutical firms of funding
their investments in R&D through “internal funds” (economic rent) and publically financed health research such as the NIH
(Vernon 2003; Keyhani, Diener-West et al. 2005; Santerre and Vernon 2006). This term distinguishes this strategy from the
strategy of funding R&D by borrowing from the capital market.

28 Comanor identified one study that estimated this return for three drugs but he found that the author had inflated this return
by estimating the total social welfare from a given drug rather than the incremental social welfare from the innovation of this
drug.
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competition were required for innovation, and that the former was far more essential for social
welfare, while the other largely ignored any relationship between competition and innovation.
Neither approach was sufficient. (Comanor 1986 p. 1180)

In the 25 years since Comanor’s 1986 review of the political economy of the US pharmaceutical
industry, the following have continued to grow: the US pharmaceutical industry®*; US expenditure on
pharmaceuticals and health as a percentage of Gross Domestic Product (GDP)?; the number of new
drugs in the US development pipeline®; and the average longevity of the US population.”” Studies
have provided further evidence that the following relationships are positive: new drug price and R&D
investment by firms (Vernon 2005); R&D investments and New Drugs as summarised by the costs of
bring a new drug to market (DiMasi 2001); and new drugs and longevity (Lichtenberg 2006). And
other evidence suggests that the costs of bringing a new drug to market continues to increase as does
society’s demand for new drugs, particularly in relation to chronic diseases for which obesity is a risk
factor (Grabowski, Vernon et al. 2002; DiMasi, Hansen et al. 2003).” The evidence supporting the
case for higher new drug price appears to have strengthened, but the focus of evidence development
has not broadened; the landscape of this political economy appears to have intensified but not shifted.

Also since 1986, there have been three main developments in the global pharmaceutical economy.
First, institutions throughout the Organisation for Economic Cooperation and Development (OECD)
started using formal processes such as Health Technology Assessment/Cost Effectiveness Analysis
(HTA/CEA)” to assess the incremental costs and benefits of new drugs compared to the best existing
therapy.® The results of HTA/CEA are then used in conjunction with a decision threshold and other
information to assess whether the population will be better or worse off if the institution reimbursed
the drug at the firm’s offer price. Hence, the policy debate throughout much of the OECD is
increasingly broader than that of the US debate. The latter is primarily concerned with policies around

% To the extent that the almost 50% increase in expenditure on pharmaceuticals as a % of GDP reflects growth in the US
sector (see following footnotes), it is reasonable to surmise that the role of the US pharmaceutical sector as a % of GDP has
also increased since 1986. But how big was it in 2009? In 2009 an input output analysis of the US pharmaceutical sector
prepared by consultants (Battelle Technology Partnership Practice) for the PARMA (an industry lobby group) found that the
output of the US biopharmaceutical sector represented 917B annually, with $382B in direct contribution (a multiplier of 2.4).
Given that the US GDP was estimated at $14,043B this suggests that the pharmaceutical sector contributes (directly and
indirectly) around 6.7% of the total GDP and around 2.3% for its direct contribution. It is in the interests of lobby groups to
overestimate the role of their sector to the economy. For example, the authors write that: “A $10 billion change in US
biopharmaceutical revenues would have the following effect on the U.S. economy: $29.7 billion in total output; 130,000 total
jobs; $9.2 billion in personal income.” Source: “The biopharmaceuticals sector: The economic contribution to a Nation” July
2011. Available on www.PhRMA.org (Accessed 26-12-2012)

% Total pharmaceutical expenditure increased from 8.8% in 1986 to 12% in 2009 Total Health expenditure increased from
10.6% in 1986 to 17.4% in 2009, Source: OECD health statistics, Frequently requested data, www.oecd.org Accessed 26-12-
2012

% From around 1300 in 1997 to 2995 in 2010 Source: http://www.phrma.org/us-market-drives-global-development-
medicines (Accessed 26-12-2011)

27 Life expectancy increased from 74.7 years at birth in 1986 to 78.2 in 2009 Source: OECD health statistics, Frequently
requested data, www.oecd.org Accessed 26-12-2012

%8 The proportion of the population who are obese, in the US increased from 23.3% in 1991 to 33.8% in 2008. These
proportions are based on measured height and weight, not self-report, which tends to be lower. Obesity is defined as a
BMI>30 kg/m2 Source: OECD health statistics, Frequently requested data, www.oecd.org Accessed 26-12-2012

2 In the words of Chandra, Jena et al. (2011), Cost effectiveness analysis is the half sibling to comparative analysis. The
latter term appears to be used in the US in the same sense that HTA is used throughout counties that use economic
evaluation.

% A summary of the range of OECD institutions that used economic evaluation in the mid 2000’s is presented in ITA
(2004). All countries have offices or institutions that place their local conventions in the public domain.
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discounts to large purchasers, whether there should be universal access to drugs, whether HTA/CEA
should be used and prices regulated. The rest of the OECD is additionally concerned with the choice
of decision threshold and the type of information that should be included in an assessment of costs and
benefits of new drugs.** However, the imperative to maximise the benefits of pharmaceutical and
biotechnology innovation remains a significant part of OECD-wide research on pharmaceutical
policy.*

Second, there has been a significant development in the quantity of evidence about the relationship
between: i) price and innovation; and ii) new drugs generally and health.** However, it was only
recently that the US pharma-economic literature provided two estimates of the ratio of the social
return on consumers’ investment in higher drug prices in the US. Lichtenberg’s 2004 estimate of the
social return on additional investment in new drug R&D is in the order of 160 to 1. Santerre and
Vernon’s (2006) estimate of a return on consumer’s investment via higher prices over the period 1960
to 2000 in terms of the value of the additional health benefits from additional drugs is in the order of
2810 1.

Third, the US pharmaceutical industry now has two additional avenues to take the PEND to the rest
of the OECD: i) the formal reimbursement process for individual new drugs (lobbying for choice of
decision threshold) (Vernon, Golec et al. 2010); and ii) the bilateral FTAs between the US and OECD
countries (lobbying to prevent trading partners from regulating new drug price) (Harvey, Faunce et al.
2004).

US pharma-economists have sought to adapt the original US political economy and research
agenda to accommodate some of these changes. For example, Vernon et al. (2009) chose to define the
socially optimal threshold from the perspective of optimal innovation. The authors started with the
premise that socially optimal decision investment in R&D occurs when the firm can appropriate 100%
of the associated social surplus. Vernon et al. argue that this result occurs when the incremental cost
per Quality Adjusted Life Year (QALY) of a new drug is the same as the cost per QALY of the least
cost effective of currently funded services. The authors argue this reference is the provision of dialysis
at a cost per QALY of $129K. Other authors have argued that setting a price threshold of i* and
comparing the results of CEA against this threshold of i is price control under another name and its
result is the same: pricing below the free market price will lead to a deadweight social loss.* Jena and
Philipson have published a number of papers about the inclusion of dynamic welfare considerations in
the decision threshold (Jena and Philipson 2007; Jena and Philipson 2008). Originally they argued that
this threshold should be the maximum Willingness to Pay (maxWTP), just as Vernon et al. have

%1 Research such as that presented in Lakdawalla et al. (2009) is a good example of how the pharmaceutical policy issues
faced by the US are far removed from the methodological debates that occupy countries such as the UK and the associated
institutions such as NICE. The commentary on this piece by the eminent pharma-economist Scherer (2009) should be read in
conjunction with that study; it summarises the technical reasons why their estimate of the health gains from new drugs are
likely to be overestimates. The opinion piece by Weinstein (2008) shows how the US is still struggling with the question of
whether or not they should use a CEA at all in decision making. Weinstein was a co-author of one of the seminal papers that
sought to formalise CEA (Weinstein and Stason 1977). More than thirty years later, Weinstein observed that ”Until
Americans come to terms with the fact that they are not willing or able to pay the costs of providing all citizens with all
effective health care services there will be no explicit need for a benchmark dollar value of a QALY.”

82 For example: “The Bioeconomy to 2030: designing a policy agenda” at the OECD Science, Technology and Industry
Working Papers Series all available at www.OECD.org Accessed 26-12-2011

8 Sloan and Hsieh provide a comprehensive summary of this literature. (Sloan and Hsieh 2007)
% For example, $75,000 per incremental QALY

% For example, the report on OECD price controls prepared by the US International Trade Administration. (International
Trade Administration 2004)
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claimed. Their rationale included that “technology adoption through cost-effectiveness is a price-
control policy in disguise and might therefore have many of the properties of such policies.” But in
the later paper, they recognised a number of factors that supported the case for it to be lower than the
maxWTP, including budget constraints and the contribution by public sector research funds to
pharmaceutical R&D. Jena and Philipson did not specify exactly what this price should be, only that it
should be higher than the threshold applied to non-pharmacotherapies.

One key aspect of the political economy has remained constant, despite these developments: the
trade-off between savings today and health tomorrow remains the central premise.*® The possibility
that increased competition (lower prices) could lead to more health in the future as well as today is not
part of the research agenda. Furthermore, it is a possibility that continues to be excluded from the
prevailing political economy.

4 Reframing the political economy

The starting point for this thesis is the following set of questions.

1) Is it possible to reframe rather than adapt the prevailing PEND to accommodate the developments
in drug reimbursement and HTA/CEA?

2) Could this reframed political economy include the possibility that each of the following can be
simultaneously improved: competition; current health; and future health?

3) This reframed political economy would focus on the central policy decision by a reimbursing
institution: Which decision threshold will maximise the npvPH?

The first step in this research was to develop a formal model to define the political economy of new
drugs in the context of policy choice and research. Then the model was used to specify both the
current and alternative frame for the political economy.

4.1 Architecture of evidence based policy

The relationship between the PEND and the research agenda is characterised using an adaption of
Grine-Yanoff and Schweinzer's Architecture of Game Theory (Griine-Yanoff and Schweinzer 2008)
with additional elements derived from Roe (1991) and Comanor (1986). The adaption is described in
Appendix 1 and illustrated in Figure 1 p.39 . Amongst other advantages, this framework identifies the
line of reasoning that leads to certain possibilities being excluded from the prevailing research agenda.
For example, by defining the key trade-off as between more health tomorrow and more savings today,
the possibility that both competition and population health can be improved is excluded.
Consequently, this framework identifies that there is a requirement to redefine the evidence based
policy framework that shapes the current research agenda and suggests some mechanisms by which
this could be achieved.

% This is also expressed as the trade-off between access today and health tomorrow (Scherer 2000) and: “the key trade-off
inherent in research and development: the decreased welfare of current patients as a result of higher prices versus the
increased welfare of future patients as a result of the incentives for innovation that such prices provide.”(Jena and Philipson
2007)

Chapter 2: Reframing the political economy of new drugs
Page 38



World Applied Economic Model Theory Proper

Regulator's
policy choices Evidence
based Solution
. Moc.j(.elz narrative concepts
Society's key decision or -
trade-off <::> game Emplrllcal <::>
questions
structure Definitions
Firm's key
strategic
choice ﬂ

Evidence based policy

Empirical evidence informs
the policy decision

Figure 1 Architecture of political economy of evidence based policy: Adapted from Griine-Yanoff and
Schweinzer's Architecture of Game Theory

4.2 Prevailing political economy

The key trade-off is between savings today and health tomorrow, for example:

If the price of today's new drug is reduced below the firm's preferred price (FPP), there will be
financial savings for some today but this is at the cost of access to more drugs for the whole
population in the future.””

The key decision by the firm is how much to invest in R&D and the key policy choice is whether
or not to regulate or control the new drug price. This particular framing inspires research questions
such as:

1) What is the relationship between today's price of a new drug, pharmaceutical R&D and future
innovation? (Vernon 2005; Abbott and VVernon 2007; Vernon, Goldberg et al. 2009);

87 An excerpt from the Joint Hearing of the Finance Committee of the US Senate in April 2004 is reproduced in Attachment
2 and contains a number of variations of this theme. This characterisation is a synthesis of the extensive literature on this
topic, much of which is summarised in Comanor (1986) and Scherer (2000). Specific examples include: “Greater access to
today’s medicines could be obtained through drug price controls in the U.S., but this will come at a cost: lower R&D
investment and fewer new drugs in the future. Understanding this tradeoff is imperative for sound public policy. ” (Vernon
2004). Another example is Vernon et al.’s (2006) analysis of a change in pricing policy in the US. “Possibly the biggest
economic concern over S.334 is that its objective, if achieved, would impart significant costs to future generations of
Americans through delayed and reduced medical and pharmaceutical innovations (as a result of reduced levels of investment
in R&D). This is something we have shown empirically. Given recent estimates on the productivity and value of
pharmaceutical and medical R&D it is critical that the debate of price regulation and importation also consider the costs
such policies are likely to entail. It is important to note that our analyses do not measure the relative costs and benefits of
pharmaceutical importation (or price regulation). Instead, we acknowledge the obvious potential benefits and measure the
more hidden potential costs. The policy debate needs to focus on this trade-off. Finally, since the debate is really about
lowering drug prices in the U.S., it is precisely this debate that Americans should be having.”

Chapter 2: Reframing the political economy of new drugs
Page 39



2) What is the incentive for purchasers to maintain prices at the FPP? (Lichtenberg 2004; Santerre
and Vernon 2006).

This frame excludes empirical questions about the direction of the relationship between: i) new
drug price, R&D, number of new drugs; and ii) future health of the population. This relationship is
assumed to be positive under all conditions. The critical piece of information that will inform the
regulator is the return on this investment in R&D (financed via higher prices and public investment),
where this return is measured as the additional health gains possible from additional future drugs. If
the health effects are monetised, for example using an estimate of the value of an additional year of
life, then the return can be compared to the investment as a ratio. If this ratio is high then increased
prices today represent a good evidence based policy choice. If this ratio is less than one, then there is a
net loss on the original investment.

The evidence based policy narrative takes the following or a related form:

New drugs have been shown to be the key driver of historic gains in life expectancy for the US
population. In order to achieve sustained increases in life expectancy, more new drugs are needed
in the future. Pharmaceutical innovation is driven by R&D investments by firms. R&D investments
are driven by higher new drug prices, acting as both an incentive and a funding source for ongoing
R&D. The value of the possible health gains far outweigh the financial costs of R&D, therefore
higher (unregulated) prices represent good policy.

4.3 An alternative political economy of new drugs

The impetus for this thesis is the possibility that an alternative framing of the prevailing PEND will
open fresh paths for research and different critical research questions. There are many ways that the
political economy could be reframed. The frame used in this thesis is summarised as follows.

The key trade-off is between savings for health purchasers today and firms’ profits. The evidence
for this trade-off is twofold. First, a firm would not lobby for a higher price unless this strategy
increased its profits in the current period. Second, an institution would not reject a higher price of new
drugs if it also decreased costs of providing the same health benefits from today’s budget. Therefore
the existence of this trade-off is a reasonable premise.

The key decision by the firm is how to maximise profits today and tomorrow. One strategy
available to the firm is to minimise the R&D costs borne by the firm by creating an incentive for
institutions to subsidise these costs. One mechanism by which this is achieved is to increase the price
of current drugs, without reducing quantity sold (for example, increase the decision threshold). The
key policy choices for the institution are: i) what should the decision threshold for the health effects
for new drugs be; and ii) should this threshold be altered given that there is a relationship between new
drug price today and future population health. This particular framing inspires research questions
such as:

1) Given that budgets are constrained or fixed, under what conditions will increased pharmaceutical
R&D today necessarily lead to increased population health in the future?;

2) What about the impact on the population’s future health due to less resources being allocated to
health care today?; and

3) How should institutions respond to Pharma’s strategy of lobbying to increase the decision
threshold?
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The critical pieces of information for the institution are: i) what is the maximum acceptable price
for new drugs; and ii) how does this maximum price change if there is a relationship between price
and the npvPH. And the evidence based narrative takes the following or related form:

Higher prices today mean increased economic rent for Pharma otherwise they would not lobby for
them. It is in Pharma'’s interest to protect and seek these economic rents. Whether higher prices
and more R&D today increase future health remains an empirical question. If higher prices also
mean a higher net present value of the population’s health, then it is in the Institution’s interest to
increase prices. Given the institution’s objectives, the most effective strategy a firm can use to
protect these rents is "the Threat": lowering prices is against the interest of health funders
because it will reduce a population's future health.

This alternative framing would expand the market within which pharmaceuticals compete to
include any health input, including unpatented programs and technologies. Competition for
pharmaceutical R&D funds would include investments in other forms of medical and health
innovation, including those that cannot be patented, and research on workforce and service delivery.
The reframed political economy also recognises that there is a failure by markets to provide evidence
of the cost effectiveness of unpatented and unpatentable programs. It recognises firms’ rent seeking
motives, accepts these as rational and explicates the increased rent available to firms as a consequence
of lobbying. And finally, it includes both of the following possible scenarios, not just the first (as is the
case with the prevailing political economy):

1) new drug prices increase and the future health of the population improves; and
2) new drug prices increase and the health of the current and future population decreases.

Consequently, the following two central premises of the prevailing political economy become
testable hypotheses under this alternative framing:

1) Higher drug prices, more R&D and more new future drugs will always increase future health of
the population; and

2) There is a trade-off between savings (and additional health from improved access) today® and
health tomorrow.

4.4 Comparison of prevailing and proposed frames

The prevailing and alternative frames of the political economy are compared in Table 5 Table 5 (p.
43). Only the alternative frame accommodates the possibility that the health of the future population
either increases or decreases as a consequence of lower drug prices today. It is designed to find the
solution to the policy problem of the choice of a decision threshold price for new drugs that
accommodates a range of characteristics of the health budget, and the relationship between price today
and future innovation. This objective is in contrast to the prevailing frame, which, as demonstrated in
Chapter 3 and Appendix 7, is specified so as to fit a solution, namely that threshold prices below the

8 The reference to reduction in health today as a consequence of increased expenditure on more costly drugs was originally
part of this trade-off. Typically this was expressed as the trade-off between access (lower priced drugs so that everyone,
particularly the uninsured could afford them) and more health in the future. See for example Scherer (2000). However,
increasingly the US literature expresses this as a trade-off between savings today and health in the future. For example, see
Santerre and Vernon (2006). The critical question then is to compare the financial value of future health effects against these
savings. For reasons discussed in Chapter 1, this particular framing results in a higher ratio of the gains in the future
compared to the loss today. See also Footnote: 36
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firm’s preferred price or the maxWTP are not in the interest of an institution seeking to maximise the
population’s health.*®

One issue that is addressed in this alternative political economy is that it is not possible to calculate
the critical ratio of costs to benefits of lower prices without evidence of the counterfactual. The
counterfactual to higher drug prices becomes relevant when the budget is assumed to be either fixed or
constrained (that is, not unconstrained). (See the discussion of these terms on page 48) However,
without evidence of the alternative uses of these funds, it is not possible to determine whether or not a
country such as the US could have done better by investing in alternative technologies (perhaps with a
low incremental cost per QALY (ICER)) or in unpatented programs. This issue is also relevant to
countries that do use HTA/CEA to inform new drug adoption decisions. The pharma-economic
literature is strong on the requirement to use patents to generate a financial incentive for investing in
the R&D for new drugs. However, as Arrow (1962) and Tirole (1988) both conclude, the failure of the
market to provide an incentive to invest in innovation where that innovation cannot be patented is an
economic case for public sector investment. The failure of the market to provide an incentive to invest
in developing evidence of unpatented programs and technologies is not provided the same attention by
pharma-economists as the potential failure to protect the results of patentable, pharmaceutical R&D
(Sloan and Hsieh 2007). The issue of absence of evidence of the counterfactual is a barrier to testing
the key empirical question under the prevailing frame. In the alternative frame, the absence of this
evidence is a characteristic of economic context; the failure of the market to provide evidence of the
unpatented counterfactual to higher prices.

5 Conclusion

The political economy shapes the pharma-economic research agenda. The key question faced by
today’s US researchers is how this political economy should be adapted to accommodate the rise of
HTA/CEA as a determinant of new drug price. But how should the political economy and research
agenda be reframed so as to accommodate the critical policy issues faced by institutions outside the
US? There is more than one way that this political economy could be reframed. The frame proposed in
this chapter and used throughout this thesis has a number of features that distinguish it from the
prevailing political economy. One of these features is that it recognises that there is competition in the
market for health inputs, including competition from unpatented and unpatentable technologies and
inputs. The critical piece of evidence is a qualitative value (equation) of a health shadow price that
reflects the competition in the market for health inputs.

The evidence of the historic rate of return on consumers’ investment in pharmaceutical R&D via
higher prices is no longer the key piece of evidence that informs policy. However, if the evidence that
it is very high is correct, then it would seem that the value of an alternative political economy that also
identifies the possibility of an increase in current and future health from lower prices has limited
value; it will not change a policy decision.

In the following chapter, | show that despite the US evidence of a very high ratio of social return on
pharmaceutical R&D, it is both possible and plausible that, had prices of new drugs in the US been
lower over the past 50 years, that the health of the population could have been higher. A high return,
as calculated in the US literature, does not exclude the possibility that lower prices can improve
current and future health.

% The distinction between framing a problem to find rather than fit the solution comes from Birch and Gafni (1993).
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Table 5 Reframing the political economy of new drugs

Framing the problem to FIT the solution Framing the problem to FIND the solution
Trade-off Savings today vs. more health in the future population. More economic rent today vs. more health (or more savings) today.
Firm e  How much to invest in the R&D for new drugs? e How much to invest in lobbying for a higher price?
strategies |¢ Whatis the price at which R&D is optimised? e  What is the most effective way to increase and protect economic rent?
Regulator |e Should the new drug price be controlled? e  What s the decision threshold (shadow price) for the additional health effect a new
< | policies e How much should the public sector invest in R&D? drug?

S e How should FTAs accommodate pharmaceutical pricing? | ¢  How much to invest in the development of evidence of counterfactuals?

3 e How to respond to the threat that lower prices are not in the population's interest?
Evidence Improved longevity is driven by Pharma R&D. To continue to | Less than 30% of the economic rent from higher prices is allocated to NME R&D. Firms
based improve longevity we need to continue invest in R&D via have an incentive to generate and protect these rents. The most effective threat is to

g narrative higher prices and more public research funds. claim that the higher prices are in the interest of the population's health.

o

S Model Decision theoretic, uncertainty but no private information Game theoretic, assuming that there is strategic response, new drug price is endogenous

‘E | structure and new drug price is exogenous to the reimbursement to the reimbursement process and firms hold private information (information in their

g process. private domain).

 |Research e What is the health value of historic R&D decisions? e Whatis the economic value of the clinical innovation of new drugs?

E questions e  What s the response of R&D to new drug price? ¢ How much to invest in developing evidence of counterfactuals to Pharma R&D?

oy e  What s the health return on consumers’ investmentin |e  Under what conditions will a price above the shadow price increase the npvPH?

< R&D?

Theory Firms require the full surplus associated with the drug in Shadow price of new drugs should accommodate existing inefficiencies and all

5. | proper order to achieve socially optional levels of R&D. Price control | alternative investment opportunities by the public sector. Firms have private

§ leads to a deadweight social loss and pharmaceutical price information. There is a failure of markets to develop evidence of unpatentable health

£ control is no exception to this basic economic fact. innovation.

Evidence New drugs have contributed significantly to improvements The improvements in longevity experienced in the US are below those experienced in

5 in US longevity that would not have occurred without this other countries such as Canada, UK and Australia. (Appendix 3) These other countries

:g R&D. have not corrected for the failure of the market to provide evidence of the

3 There is a return of 28 fold in health benefits from every counterfactual but they have provided incentives to develop evidence of the cost and

° dollar invested in R&D raised through higher new drug price. | effect of new drugs.

[72]

8 | Policy e Do not regulate new drug price. It could be that there is a price above the shadow price that is better for the npvPH. If

§ decisions e Increase public subsidy of private Pharma R&D this is the case, this price should be adopted. Otherwise the shadow price should be

3 e Use FTAs to control regulation in other countries applied. How much should be invested to correct for the markets failure to generate

E’ evidence of unpatented and unpatentable services, technologies and programs?
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Chapter 3: The social rate of return on investment in
pharmaceutical R&D

The central justification for the continued investment in new drug R&D via higher prices
and public sector research funds is the return on this investment in the form of additional
health for the population. If this rate of return is significantly greater than 1, then this is high
enough to justify ongoing investment. In the prevailing political economy of new drug price
(PEND), this ratio it is assumed to never be less than O; there is never a loss in the
population’s health as a consequence of more pharmaceutical R&D. This assumption is
consistent with a critical premise of the prevailing PEND; the relationship between more
New Molecular Entities (NMEs) and the change in the population’s health in the future is
always positive.

In this chapter | show that the positive relationship between more NMEs and future
health for the population is not axiomatic; it is a testable hypothesis and the direction of this
relationship depends on the economic context of the health budget. | present a general
expression for the estimate of a return on increased drug prices and public funding for
private pharmaceutical R&D. | distinguish between three types of health budget constraints:
i) a fixed budget that cannot be expanded; ii) a constrained budget that can be expanded
incrementally, but expansion involves foregoing the best alternative strategy; and iii) an
unconstrained budget that expands to fund every program that is “cost effective” in the lay
sense of the term.

| use the general expression of a return on consumers’ investment to show that the
estimate of the 28 fold return on this investment in Pharma R&D via higher prices (Santerre
and Vernon 2006) is consistent with maximising future population health only under the
special case of a unconstrained budget. If the budget is constrained or fixed, then a return
of 28 to 1, while high, does not exclude the possibility that, had prices and R&D been lower
in the past, today’s health could have been better.
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1 Reimburser's problem

A country with a universal health care system and a fixed budget is negotiating a Free Trade
Agreement (FTA) with the US. During the negotiation a US senator visits the country and explains
that, even though he is advocating on behalf of the US government, he also has the interest of the
citizens of this country at heart. He argues that the evidence is clear; increased life expectancy is
driven by new medicines and new medicines are driven by more pharmaceutical R&D, which is in
turn driven by not regulating the firm's Preferred Price (the FPP). Citizens in all countries would be
better off if countries like this one stopped regulating the FPP. The short term gain of financial
savings was at the cost of the population's longer term health; higher prices mean more health.

The Minister for Health and the Minister for International Trade ask the Reimburser her opinion on
whether applying a decision threshold price per effect for new drugs that is lower than the FPP will
lead the population's health to be worse off in the longer run. (The Reimburser makes the final
decision regarding the adoption of a new drug at its offer price based on evidence of its additional cost
and effect.) The Reimburser is provided with evidence of the gain in average life expectancy at birth in
the US; a gain of a full decade over the sixty years 1950 to 2009. She is also provided with a summary
of the peer reviewed evidence of the significance of hew medicines contribution to this gain (PhRMA
2011). This report suggests that the contribution of new drugs to increased life expectancy in areas
such as HIV and cardiovascular disease is in the order of 50% to 80%.

The Reimburser is also presented with a study that estimates that the health return on consumer
investment in R&D via higher prices (foregone consumer surplus) in the US over the period 1960 to
2000 is in the order of 28 to 1 (Santerre and Vernon 2006). A study by Lichtenberg estimates that the
social return on pharmaceutical R&D is in the order of 160 to 1 (Lichtenberg 2004). Furthermore, in
the concluding chapter of a recent text on the topic of pharmaceutical innovation with contributions
from a range of eminent pharma-economists, the editors state that:

With the rates of return of 10 to 1 based on measures of increased life expectancy alone, not even
considering improvements in the quality of life, pharmaceutical research has successfully provided
developed countries with better health at a cost that has been far exceeded by the value of
improved longevity. (Sloan and Hsieh 2007 p. 273)

And finally, the Reimburser is given a study by Lichtenberg that explores the relationship between
drug vintage (the years since patent granted) and Australian improvements in mean age at death (and
other variables). This study concluded that:

"During the period 1995-2003, mean age at death increased by about 2.0 years, from 74.4 to
76.4. The estimates implied that, in the absence of any increase in drug vintage, mean age at
death would have increased by only 0.7 years. The increase in drug vintage accounts for about
65% of the total increase in mean age at death." (Lichtenberg and Duflos 2008 p. 14)

As intuitively appealing as this line of reasoning is, the Reimburser is unsure whether it is
sufficient to justify a policy of increased prices of new drugs via a higher threshold. She has these
concerns, even though the purported objective of such a policy is the same as the Reimburser's
objective; increasing the population's health. She performs a back of the envelope estimate of the
additional financial cost to the pharmaceutical budget of the proposed increase in price for new drugs
for the next year; a 10% increase in the pharmaceutical budget. The Reimburser then realises that the
additional financial cost to the pharmaceutical budget permanent; it is not a one-off increase in prices
but a policy that would lead to all future pharmaceutical budgets being higher than would otherwise be
the case. Furthermore, the policy is expected to lead to more new drugs than would otherwise be the
case and they will all be at this higher new price. These additional costs will need to be financed
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somehow; the current fiscal climate is one of restraint and other programs will need to be displaced.
While there might be $28 worth of health benefits to certain patients for every additional dollar
invested in R&D via higher prices, the ratio of additional population health to additional R&D dollars
could be much smaller; even negative.”” Even if the budget is increased to accommodate these
additional costs, other programs, including the extension of existing programs, will be foregone.
Lichtenberg's claim that the average longevity of a population would not have improved without the
new drugs is difficult to accept unless there is no alternative use for the additional costs of the new
drugs.

The Reimburser reviews the US evidence. It seems to her that the basis upon which this return on
R&D is estimated makes no reference to these foregone opportunities.” Can the US pharma-
economists and regulators conclude, as they routinely do, that the US population would have been
worse off with lower drug prices, without considering the evidence of foregone benefits — the
counterfactual? If this evidence is shown to have limited relevance to US new drug price policy, can
the US trade negotiators claim that all countries will be better off with unregulated (higher) drug
prices? The Reimburser wonders if her intuition about the limitations of this evidence has an economic
foundation.

The Reimburser asks her Health Economic Adviser:

Does the US estimate of a 28 fold health return on pharmaceutical R&D financed by higher
drug prices exclude the possibility that at lower prices and less NMEs the US’s population’s
longevity would now be even higher?

2 Acloser look at the evidence supporting Pharma’s lobbying

2.1 Why is return on consumers’ investment in pharmaceutical R&D
important?

US Pharma sources the majority of its funds for R&D from non-capital market funding: from
purchasers (via higher prices) and public and private not-for-profit research institutes (Joint Economic
Committee 2000; Lichtenberg 2004; Giaccotto, Santerre et al. 2005). Therefore, US Pharma must
lobby (rather than contract with the capital market) to ensure that these funds are ongoing, if not
increasing. While there is no doubt that increased economic rent for Pharma is an objective of this
lobbying for higher price, it is not an acceptable justification for non-capital market investment. In
simple terms, Pharma cannot lobby using the following justification: “increase prices because, even
though it will increase your organisation’s costs, it will increase our profits”. Instead Pharma must
lobby on the basis that there is a return to the funder of this additional R&D, namely, an increase in the
population’s future health.

Comanor (1986) observed that the single feature uniting the disparate US pharma-economic
literature from the 1959 Kefauver Committee*” to the publication of Comanor’s paper in 1986 was the
recognition that the most critical piece of information in the current political economy was an estimate
of the return on this investment in pharmaceutical R&D. Comanor also noted three ways in which this
return on R&D was defined: the return to the individual firms, the return to the industry and the social
return in terms of improved health. It is the last of these three that is of particular interest to the

0 This would be the case if the additional services displaced to finance the additional new drugs had a lower ICER compared
to the ICER of the new drugs.

41 A review of this literature is presented in Appendix 2. The summary presented in this chapter is primarily concerned with
evidence of the social return to consumers’ investment in Pharma R&D via higher prices.

42 See Footnote 2, Page 20
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Reimburser and other purchasers and public health research funding bodies as providers of funds to
finance the R&D.

At the time of Comanor’s 1986 publication, no estimate of the social return existed. Comanor
reported that one study (Wu and Lindgren 1984) had found social rates of return on three specific new
products’ R&D of 65%, 169% and 69%. However, Comanor noted that the study had not deducted
“the consumer and producer surpluses obtained from predecessor products” and that “this lead to

inflated values”.®®

Comanor also noted a practice by US pharma-economists of inferring that the costs of regulation
outweighed “any prospective benefits at the regulatory margin”. In simple terms, when some
economists identified that there was unintended negative consequence of increased regulation, they
would infer (not prove) that this cost outweighed the benefits of that regulation. For example,
increasing the amount of evidence about a new drug that needs to be reviewed by a regulator such as
the FDA will have the intended consequence of improving safety, but the unintended consequence of
forgone health effects due to the delay in for time new drugs to reach the market (International Trade
Administration 2004 p. 6). Therefore, some pharma-economists might infer that this leads to a net
social loss. In Comanor’s words:

While that (the unintended consequence) may be so, there is nothing in these findings that
estimates the net social value of the drugs delayed or prevented by regulation. (Comanor 1986 p.
1207)

If the evidence of the social rate of return, the major justification of ongoing non-capital market
investment in R&D, was not available in 1986, when did it become available?

2.2 Whatis the evidence of the return on consumer’s investment?

2.2.1 Areview of the literature

Numerous US pharma-economic studies published over the period 2000 to 2010 conclude or infer
that the result of their study supports the policy of allowing drug companies to price without regulation
because society’s return on increased pharmaceutical R&D is high and therefore a population’s future
health will be worse if the price of drugs is lowered. However, a detailed review of these studies*
reveals that only two published studies attempted to provide the evidence that is required to inform
this policy choice; the return from pharmaceutical R&D estimated as a social return on non-capital
market investment: Santerre and Vernon (2006) and Lichtenberg (2004).

A review of the full literature is summarised in Appendix 2. The remaining studies included in this
review were classified into three types. The first group, which included most of the remaining studies,
provide evidence that supports the “policy narrative”, but not the policy choice. The evidence that
supports the policy narrative is wide ranging. Some studies provide evidence that if profit increases,
investment in R&D increases (Vernon 2004). Other studies provide evidence of the high and
increasing present value of the costs of bringing a new drug to market (DiMasi, Hansen et al. 2003).
One study provided evidence that even the threat of price control in the US was sufficient to reduce
R&D investment (Golec, Hegde et al. 2005). The second group of studies provided evidence of rate of
return estimates for the purchase of new drugs (not drug R&D). For example, they provide evidence
from retrospective analysis of historic data that the increased expenditure on new drugs leads to a

*® This is analogous to calculating the clinical value of innovation by comparing it to placebo rather than the best available
existing care. This approach results in an overestimate of the clinical innovation of a new drug, where this overestimate
increases as the clinical innovation of the comparator increases. (See Chapter 2)

4 This review is presented in Appendix 2.
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health benefit with a monetary value greater than the additional cost of these drugs (Cremieux,
Jarninen et al. 2007).*® The third group comprised three studies which could, under very restrictive
conditions be interpreted as providing evidence of the social rate of return, but these conditions are
very unlikely to occur.

2.2.2 The two estimates of the social return

The two studies (2000 to 2010) over this period that estimated a return on the ongoing non-capital
market investment in pharmaceutical R&D found a very high return on historic investments of
consumer surplus in pharmaceutical R&D via higher prices; in the order of 28 fold from Santerre and
Vernon’s study and 160 fold from Lichtenberg’s study. These estimates of return are a powerful piece
of evidence supporting continued and increased investment in pharmaceutical R&D via non-capital
market sources. With returns this high, why would a rational institution respond to Pharma’s lobbying
in any way other than continuing and possibly increasing this non-capital market funding?

The expression underlying Santerre and Vernon’s estimate is generalised to the following form.

kAL? Equation 1
AR

r =

where k is the maxWTP for an additional year of life (and assumed to be constant regardless of the
investment in R&D) and ALF is the additional life years possible from new drugs and AR is the
additional investment in R&D, which leads to the additional drugs. Hence, a 28 fold return on
consumers’ welfare means that for every dollar of revenue from higher prices (foregone consumer
welfare) the additional life years from the additional new drugs had a monetary value of $28. This
general expression is the measure of rate of return that is consistent with the prevailing political
economy: the cost of increased savings (reduction in R) is less life years in the future (reduction in L").

The policy narrative states (with supporting evidence) that: i) increased R&D will lead to more
drugs; and ii) drugs have an average impact on life expectancy that is greater than or equal to zero.
Therefore, if prices and R&D go increase, so must the population’s future health. (See Appendix 2) If
the policy narrative is accepted, then it is reasonable that this expression of rate of return excludes the
possibility that reduced R&D will improve the population’s health. Therefore the central premise of
the prevailing political economy (that the trade-off exists) is not tested by the empirical research. This
is consistent with the observation by Comanor (1986) that the possibility that improved competition
(lower prices) today and improved future health could both occur, but is not considered in the research
agenda.

A more general expression of this return on non-capital market investment in pharmaceutical R&D
would accommodate the possibility that policy can both improve competition (lower prices) and
improve the population’s health (today and tomorrow). But before such an expression can be
developed, the critical implicit assumption in the US pharma-economic literature needs to be
explicated. This assumption concerns the nature (and/or the existence) of the budget constraint.

3 Fixed, constrained and unconstrained budgets

In the simplest sense, budget constraints can be fixed, absent or something “in between”. To
explore the question of “in between” we need a formal distinction between different types of budget
constraints. Such a distinction is proposed by Claxton et al. (2000b.). In the context of a discussion

5 For countries that use CEA to inform drug reimbursement decisions, there would appear to be little value in retrospective
uncontrolled studies such as these to inform pricing decisions on future drugs.
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about the shadow price of the budget constraint*®, Claxton et al. raise the idea of two types of budgets
for health. The magnitude of the first is defined by some decision maker external to the health sector.
For the purpose of this thesis, one such decision maker could be a Treasury Department official who
takes into account the constraints in government spending. This budget is set at a fixed amount and
cannot be expanded. The second type of budget has a size that is defined by a decision about the
maxWTP for a health effects. Any program that meets the defined threshold can be financed. All
programs that meet this criterion are financed if the health sector is economically efficient. The budget
expands to accommodate any program that meets this criterion.

3.1 Four type of budgets

In an adaption of Claxton et al., the following formal definitions of budget constraints are proposed
and used throughout this thesis.

1) A fixed budget cannot be expanded and any additional purchases can be funded only if existing
activity is displaced.

2) A constrained budget can be expanded by a trigger such as the decision to finance a new drug but
there is a foregone benefit to that expansion; other health and non-health programs or investments
in R&D for unpatented programs could instead have been expanded or implemented.

3) Anunconstrained budget is one that is expanded to accommodate any purchase that has an ICER
at or below the maxWTP, where this maxWTP is defined by the social decision maker as in the
endogenous budget from Claxton et al. (2000b). The corollary of this definition of a budget is that
there is no foregone benefit, within or external to the health sector, to any purchase with an ICER
at or below that threshold. The price of a new drug is relevant in that it must not be above the
maxWTP.

4) No budget means that there is no constraint on health expenditure. The price of a new drug is not
relevant to the new drug adoption decision in this context.

3.1.1 Why is it useful to have four classifications of budgets?

The important point about these distinctions is their implication for interpreting the benefit of new
drugs. The US pharma-economic literature generally implicitly assumes that the health budget is
unconstrained. In this context it is reasonable to conclude that if new drugs can be shown to have
contributed to improved health of target patients, then less new drugs will reduce the population’s
future health.

An example of the application of this assumption in the peer reviewed literature is Lichtenberg et
al. (2008) who state that an empirical finding that 65% of a two year increase in life expectancy can be
attributed to new drugs means that if these new drugs were not available, the life expectancy of
Australians would have been 35% of this amount, namely 0.7 years. This assumes that there is no
other opportunity to improve the patient’s health, other than new drugs. However, the only condition
under which this claim can be made is if we assume an unconstrained budget; all other opportunities

% Claxton et al. (2000b) distinguish between a shadow price of a budget constraint that is determined from a positive
empirical question and a normative decision by a social decision maker. The exogenous shadow price is derived in a situation
where the health budget is defined by a policy maker exogenous to the health care system and the shadow price of the budget
constraint is defined as the marginal benefit (additional QALY's) from marginal expansion of the budget. However, when the
health budget is able to be expanded, the authors argue that “there is no reason to regarding existing budgets for health care
as fixed.” In these cases the budget is expanded to fund all services that have a net benefit of zero or more and hence the
budget can be defined as endogenous.
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are already funded because they meet the decision threshold. Under a constrained or fixed budget, the
resources allocated to the additional cost of new drugs could have otherwise been allocated to other
programs. The counterfactual to additional expenditure on new drugs would have been a world in
which other services were purchased, resulting in health benefits that were either better than, less than
or no different to those from more new drugs. In the context of the unconstrained budget, this
counterfactual is irrelevant; if the counterfactual had an ICER < maxWTP, then it would have already
been funded, and its funding would not be dependent upon the expenditure on new drugs.

Using these distinctions between types of budgets we can now prove that Santerre and Vernon’s
result of a 28 fold return on consumer investments via higher prices only excludes the possibility that
the US could have done better with lower prices if there is an unconstrained budget. But first we start
with a general expression for rate of return that accommaodates all of these budgets.

4 Accommodating the budget constraint in the return on R&D

There is more than one possible expression for a return on R&D funded by non-capital market
funds, and a number will includes the benefits of foregone activity, which, if it is the best alternative
activity, is the opportunity cost. One general expression that accommodates the possibility that more
drugs could either increase, decrease or not impact on a population’s future health is presented. Then |
show that the conventional measure of the rate of return, r, is a special case of the general expression,
where the budget is unconstrained. Finally, I derive the conditions under which the population’s future
health increases if prices and future NMEs decrease.

4.1 A general expression for a rate of return on consumer investment in
pharmaceutical R&D

One general expression for return on non-capital market sourced investment in Pharmaceutical
R&D is:

ALP — di ALP )
e = t Equation 2
T (0AR + 4H)
0
where:

1) ALPis the additional health effects possible from the additional new drugs;
2) AR isthe additional investment in pharmaceutical R&D for new drugs;

3) w is the ratio of every dollar that needs to be raised by higher prices in order to finance one
additional dollar of NME R&D*', where 3<w<5;

4) AH is the increased investment from the public and private not-for-profit medical research funds;

5) di is the average incremental cost per effect of services displaced to finance the additional cost of
the additional new drugs, at either the current period (i=0), or the future period when the new drug
is marketed, (i=t);

6) f is the weighted average incremental price effectiveness ratio (IPER) of these additional new
drugs.*®

" The evidence for this adjustment is that around 20% to 30% of the additional profit from a higher price with constant
quantity purchased will be invested into R&D for new drugs hence é <w< % (ITA 2004 p. 30)
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This return e has four main characteristics that distinguish it from the conventional return r, as
expressed in Equation 1.

1) The denominator captures the full financial value investment.

2) The financial cost of investment is translated into a health loss.

3) The financial cost to the health budget of purchasing the new drugs is included.
4) The financial costs of the new drugs are converted to health effects.

Each of these is reviewed in detail below.

4.1.1 The denominator captures the full financial value investment.

The denominator captures the full change in investment made by the non-capital market investors
(wAR + AH) not just the resultant increase in investment by the firm (4R). This investment by the
non-capital market funders comprises:

1) the increase in investment from the public and private not-for-profit medical research funds, for
example, the National Institute of Health (Joint Economic Committee 2000)); and

2) wAR, the total increase in expenditure by the purchaser as a consequence of the higher prices,
only a portion of which is invested into pharmaceutical R&D for new drugs.

Why is it useful to define the investment against which the return is being assessed as the full
investment by consumers via higher prices and public sector research funding (wAR + AH), rather
than AR, the changed investment by firms into R&D? The reason is that it prevents an overestimate of
the return on the investment by consumers and the public sector, where this return is in the form of the
number of additional new drugs in the future. In simple terms, AR underestimates the investment
required by consumers to achieve an additional drug and by using AR as the denominator, the return
to consumer investment in overestimated. This issue is discussed in more detail in Appendix 2,
Section 6.2, p.205.

4.1.2 The financial cost of investment is translated into a health loss.

The financial cost of the investment, wAR + AH, is translated to a loss in potential health benefits
(a health rather than financial cost) to the population as a consequence of the services displaced to
finance the additional expenditure.

In this example, this loss in health effects is derived by dividing the additional financial cost to the
public sector and purchasers by do the average ICER (alCER)* of the services displaced to finance
these additional costs. This displacement occurs because the budget is assumed to be fixed. If the
budget were constrained rather than fixed, the alCER of the services that could otherwise have been
financed with the expanded budget would be used. Hence, the health cost to the population of higher
prices and additional public sector funding of research is defined as the foregone health effects of the
investment in non-capital market funded R&D which under a fixed budget is given by the expression:

wAR + AH
do

“8 The IPER is arithmetically identical to the ICER and therefore includes adjustments to account for any net additional costs
or savings elsewhere in the health system. Conceptually the IPER recognises the endogeneity of price of new drugs to the
reimbursement process. Unlike the ICER of say a smoking cessation program where the only costs are the salary of a
counsellor, the IPER of a drug behaves more like the price in a bilateral monopoly — it is the product of negotiation.

9 The average ICER is an average of the average.
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4.1.3 The financial cost to the health budget of purchasing the new drugs is included.

The numerator:

L AL?

ALP —
dy

accounts for the financial costs to the heath budget of additional future drugs:
fALP

New drugs are not provided free of charge by companies. It is clear to US pharma-economists the
that cost to firms of manufacturing new drugs should be netted off the sales in order to estimate the
rate of return to the firms of their investments in R&D. Vernon (2003) is an example of the numerous
studies that examine the relationship between firm profit as a return on pharmaceutical R&D, not firm
revenue. It seems reasonable then to assume that the additional net cost to the health sector of the new
drug should also be included in the rate of return to that sector from its investments in higher prices.*

The additional net financial cost to the health sector of the new drugs is represented by AC in
HTA/CEA and by fAL? in this ratio, where AL? is the additional health effects from the new drugs
and f is the weighted average IPER of these new drugs.

4.1.4 The financial costs of the new drugs are converted to health effects.

We assume, initially, that the net additional financial cost of the future new drug needs to be
financed from within a fixed budget. Services need to be displaced to finance the additional financial
cost to the health sector of adopting the future new drug. The alCER of the displaced services in the
future (time = t) are given by d.. Hence, the numerator, AL, the net effect of more R&D today on the
population’s future health is:

AL = ALP — dLALP

t
This represents the health gain to the target patients for the new drug, AL, less ALP, the loss in
health to other patients in the population due to the financing the additional cost of the future new
drugs by displacing programs with an alCER of d, where:

_ fAL?

ALP
d;

Assume for simplicity that the cost per effect of displaced services is constant over time.
d =dy=4d;

Then Equation 2 is rearranged to provide one alternative estimate of the return on the non-capital
market investment:

%0 The question of whether the economic rent to the firm should be included in the estimate of the impact of new drug R&D is
discussed in detail in Chapter 10. In this chapter the question is: what is the return to the consumer of their investment in new
Drug R&D via higher prices?
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ALP(d — ) Equation 3
¢ = (AR + 4H)

This equation is saying that the return on consumers and the public sectors’ full investment into
more future drugs is the additional health effects from that drug with a monetary value given by the
difference between the ICER of the health effects displaced and the IPER of the health effects from
new drugs. The drivers of the return e include four parameters not identified in the conventional
measure r: d, f, w, and AH. The alCER of displaced services, d is relevant because is signals the
health value of the additional resources used to finance higher prices. The higher the alCER of
displaced services, the less health effects can be purchased from the additional savings available to
consumers with lower prices. The IPER of the new drug, f, is relevant because the higher it is, the
higher the additional costs of the future new drugs and the more health effects need to be displaced
(health programs contracted) to finance the new drugs. The proportion of additional funds raised by
higher prices that is invested in NME R&D (w) is relevant because the higher this proportion is, the
smaller the number of future NMEs per dollar of higher prices. Finally, it is not only higher prices that
finance pharmaceutical R&D. A significant share is financed by health research institutes, both
private-not-for-profit and public (4H).

Unlike the conventional US estimate r, e is not a function of the choice of the maxWTP, k. This
situation is a consequence of converting the financial costs of additional financial expenditure today
and in the future, into foregone health effects.

In summary, this alternative rate of return captures the net effect on the population’s health of the
non-capital market funded investment in increased R&D by firms financed by non-capital market
funds. Significantly, this method prevents the following error:

1) the loss to consumers measured as financial savings compared to the financial value of additional
health gains from future drugs (underestimates the loss relative to the benefit);

2) the additional health effects that could have been purchased being compared to the additional
health effects from the drugs.

The general expression presented in this section is one of a number of possible general expressions.
Other possible expressions include using an opportunity cost rather than a simple net population
benefit. (See Chapters 6 and 7)

Now we compare Equation 1

3 kALP
"R

and Equation 3

_ AP )
¢ = (iR + 4H)

This comparison illustrates why r is a special case of e. The former assumes that there are no
health effects foregone in order to achieve the additional benefits of the new drugs, either in terms of
higher prices today or more expenditure on more drugs tomorrow. While this situation could apply in
the US, at least in the minds of decision makers and consumers (Weinstein 2008), it is unlikely to
apply in other countries throughout the OECD and it certainly does not apply in the country in which
the Reimburser makes decisions. It is a special, rather than a general, case.
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We now address this situation formally.
4.2 Conditions under which more future NMEs means less future health

Now we return to the central premise of the prevailing political economy: the increased health of
the population is positively related to the number of additional NMEs in the future and hence
positively related to higher prices. Is it possible for there to be a net increase in the future health of the
population as a consequence of reduced investments by the non-capital-market sources, even if the
conventionally measured return on this investment is estimated to be 28 to 1?

The net effect on the population’s health of more new drugs in the future is given by the numerator
of Equation 2.

AL = ALP — gALP

If the net effect on the population is negative (there is less health as a consequence of more future
new drugs) then:

AL = dALP — fAL? <0
where

ALP,d >0

=>d—-f<0

s0<d<f Equation 4

This result simply says that if the alCER of the services displaced to finance the new drug is less
than the IPER of the new drug, then the effect of purchasing the additional new drug in the future is a
net reduction in the population’s health. The conventional rate of return:

_kALP
TR

is constant regardless of the relationship between d and f. It is also constant regardless of the price of
the new drug. Therefore it is possible that » > 1 and the health gains for one group of patients is very
significant, but there is a net loss in health effects for the population, compared to the current
population health AL<O.

The corollary of this result is that had new drug prices been lower, and the services not displaced, it
is possible that health effects could also have been lower if d>f or been higher if d<f.

Is the condition d < f plausible? Is it possible that the alCER of the services that are displaced are
lower than the alCER of the health effects of the new drug? It is plausible in the context of a decision
to adopt a specific new drug, when budgets are fixed. The case of health budgets across the UK being
required by law to purchase Herceptin for eligible patients because it was established by NICE as
being a “cost effective” drug is an example of how this situation could arise. The significant additional
financial costs of Herceptin needed to be financed by displacing other cancer drugs and therapies for
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which there was no legal requirement for them to be reimbursement by the funder. If these other
programs were more cost effective than the new drug, then the net effect would have been a reduction
in the health of the population (Barrett, Riques et al. 2006). It is also possible that institutions such as
NICE and PBAC, in providing incentives for evidence development of patented inputs without
addressing the failure of the market to provide evidence of unpatented inputs, have increased the
probability that d <f.>

It can be concluded that, if the health budget is unconstrained, a positive relationship between more
NMEs and more population health can be inferred from the result of the conventional rate of return of
around 28-fold. In this case there is no health loss to either the additional costs of R&D or the
additional costs of the future drug hence the entire benefit of the additional drugs is appropriated as
additional health effects. However, if the budget is fixed, then this assumed relationship and hence the
central premise of the current political economy is an empirical question. The direction of the net
effect of more NMEs on the population health depends upon the relationship between the IPERs for
the new drug and alCERs of the displaced services. In turn this relationship depends upon a range of
institutional and market arrangements and incentives, particularly the differential impacts of incentives
and reimbursement decisions on patented, compared to unpatented, technologies and programs.

What about the case of the constrained budget where services do not need to be physically
displaced and the budget can be expanded, but there are competing uses of the expanded budget?

5 The conventional rate of return and the constrained budget

What are the conditions under which lower prices in the past for drugs could have led to better
health today, if budgets are constrained (rather than fixed, or unconstrained)? This possibility for
better health today if prices were lower is discussed in this section in the context of the US rather than
another country, for three reasons. The first reason is that the US is the only country for which there is
an estimate of a return on increased price of new drugs. Second, the possibility that the US could have
done better had it not maintained higher drug prices and instead invested in other technologies or
improved access to all health care is not even considered as a possibility in the prevailing US political
economy of new drugs. Third, relative to other countries such as Australia, Canada and UK, the US
budget is constrained rather fixed. Over the period 1990 to 2010, the US had the greatest increases in
the percentage of the GDP that is expended on either health or pharmaceuticals.’* The US health

L significantly, institutions such as NICE, PBAC and the MSAC with their preference for financing programmes and
technologies that have demonstrated cost effectiveness could be increasing the probability that d < f.

First, the availability of evidence of cost and effect is biased towards programs for which the market and institutions
provide incentives for an evidence base. A focus on HTA/CEA generated evidence to inform decisions can be justified as
consistent with Evidence Based Medicine (EBM). However, EBM does not recognise the failure of markets and institutions
to provide incentives for the development of evidence for non-patented or unpatentable technologies. Hence, it is likely that
there are programs that are cost effective, but are not funded because the market has failed to provide incentives to develop
evidence of cost and effect.

Second, the process of displacement to finance new drugs is biased towards programs that have not been approved as part
of formal evidence based reimbursement process. If a program is recommended or reimbursed via an EBM decision process,
then the capacity of the system to displace this program in order to access the funds for a newly reimbursed service is limited.
This is particularly relevant if there is a financial incentive to prevent this displacement (a patent for example). Additionally,
a program for which there is no evidence of cost and effect can be displaced more easily than one for which there is evidence
of “cost effectiveness”.

Therefore, to the extent that increased probability of being displaced is correlated with less available evidence rather than
the underlying cost effectiveness of the program, it is feasible that there are situations where d<f and hence the net effect of
reimbursement on a population is negative.

52 See Figure 15 (Appendix 3 page 225) and Figure 16 (Appendix 3 page 225)
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budget is not unconstrained though. If the health budgets were unconstrained, the US could have had
both higher prices to the producer today and subsidised the price of drugs to consumers (improved
access), both of which would have represented an additional cost to the US health budgets. Essentially,
the idea of the trade-off between savings (or improved access) today and health tomorrow, which is a
central theme of the US policy narrative, would not be relevant in a society that had an unconstrained
health budget.”

5.1 The conditions under which less future NMEs and more future health is
possible

The following condition in a constrained budget would lead to the possibility that at lower prices and
less new NMEs in the past, the population’s health could be better off today, despite less additional
health effects from new pharmaceuticals:

The availability of an alternative option to the investment of wAR in new drug R&D, for example
the extension of an existing program or a unpatented medical innovation, where the resultant
health effects have a lower cost compared to those of the new drugs.

Consider the case of a constrained budget; it can be expanded to accommodate the additional
financial costs of the new drug but as a consequence of this expansion, the benefits of other services
that could also have been adopted are foregone. In this situation the net impact on the health of the
population is the same as the effect on the target patients. Furthermore, it is reasonable to assume that
the expected net effect of adopting a new drug for a patient group is positive because the drug
regulation process is intended to minimise the risk of a net negative effect on patients health from new
drugs, even though some authors argue that this regulation in fact unnecessarily delays new drug
approvals (Philipson, Berndt et al. 2008; Vernon, Golec et al. 2009).

However, if the counterfactual to purchasing new drugs with additional funds were a more cost
effective strategy, then there is a net economic loss from the strategy of more NMEs, even if there is a
net increase in population health. Furthermore, alternative investments in R&D in technologies apart
from new drugs could have resulted in more cost effective new technologies. In short, it is possible
that a country such as the US could be better off today had it had lower drug prices in the past, if it had
a constrained budget and/or options other than additional expenditure on new drugs to improve health.

This result (lower prices, less drugs and more health) is possible, even if the estimate that there is a
28 to 1 return from investment in pharmaceutical R&D via higher prices is accurate, for at least two
reasons. First, the return in terms of additional possible health effects from alternative investments
could be the same, but the return to consumers could be higher, simply because the price of the future
health effect is lower. Second, the costs of achieving given innovative health effect could be much
lower, simply because the associated investment is lower.

This result simply reinforces the fundamental principle of economics; opportunity cost. If we are
selecting the strategy that maximises health, then this is also the selection that minimises the
opportunity cost. If the opportunity cost of the action is greater than the benefit of the action then the
population would have been better off by funding that alternative action instead.

But the point remains that the US has had a dramatic ten year increase in longevity since 1960 and
retrospective analyses seem to suggest that much of this health gain can be explained by new drugs.

% The US pharma-economic literature is not consistent in this position. Much of the US pharma-economic analysis
implicitly assumes that the budget is unconstrained.
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Given this evidence, is it plausible that the US, with its focus on rapid uptake of new technologies,
could have done better with lower drug prices and less new drugs?**

5.2 Isitplausible that the counterfactual world could have been healthier?

If the evidence of the alCER of the counterfactual could be compared to the Incremental Price
Effectiveness (IPER) of new drugs, then it would be possible to test empirically this question of
whether the US could have done better with lower prices. Unfortunately, as is the case with much of
the rest of the OECD, there is comparatively less evidence on the counterfactual to increased
expenditure on patented technologies; for example, unpatented respite care programs. The reasons for
this include the failure of the market to provide evidence of unpatented programs and the failure of
institutions to address this market failure. This point is a major theme throughout this thesis.

In the absence of evidence of the counterfactual to current drug prices in the US, there is an
alternative option available to assess this question. When we look at the evidence beyond the US, the
possibility that its population could have done better becomes apparent, and the absence of evidence of
the counterfactual in the US is no longer a barrier to determining whether it is reasonable to exclude
the possibility that the US could have done better with lower drug prices and less NMEs. This
evidence is discussed in detail in Appendix 3. In summary, the increase in longevity experienced by
the US over the period 1960 to 2008 could be significant at 10 years (PhRMA 2011) however, this
literature does not refer to the increase in average longevity of the US population relative to the rest of
the OECD. For any two points in time over the period 1960 to 2008, the US population’s longevity
increased less than that of countries such as Australia, Canada and the UK. In 2009, the life
expectancy of a male at birth was estimated at 80 for an Australian male and 76 for a US male.
(Section 4, p. 226, Appendix 3) This represented an improvement of 6 and 4 years in life expectancy
since 1990 for an Australian and a US male, respectively. Hence the gain in average life expectancy at
birth for a US citizen was two thirds of that of the gains for an Australian citizen.

This evidence is not sufficient to prove that the US could have done better had they lowered prices
and instead invested in other health programs, in workforce and improved access to health care for the
uninsured. It simply raises the evidence missing from the current US policy narrative that could
convince decision makers that while new drugs could have contributed to 60% of the ten years of
growth in life expectancy in the US, this does not mean even more drugs are essential for continuing
improvements in life expectancy. Perhaps looking beyond the backyard of the US to consider the
options taken by other countries should be part of the policy choice set.

From the perspective of this thesis and its focus on the political economy of new drugs, the
omission of the evidence of the US life expectancy gains relative to the rest of the OECD from the US
policy narrative is significant. It excludes consideration of the possibility the US could have achieved
more with lower drug prices and more expenditure on other areas, including improved access to new
drugs. Had US Pharma introduced this issue into the policy narrative, they would have had to consider
the possibility that the health of the US could have been better than it was today, despite the
significant increases over the previous 50 years.

6 Discussion and conclusions
6.1 The Reimburser’s questions

The Reimburser reviews her question.

% A number of studies have shown that the US has shorter delay times for new drug adoption.(Danzon, Wang et al. 2005)
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Does the US estimate of a 28 fold health return on pharmaceutical R&D financed by higher
drug prices exclude the possibility that at lower prices and less NMEs the US’s population’s
longevity would now be even higher?

The gain in average life expectancy at birth in the US since 1960 and the contribution of new drugs
is an important theme in the US policy narrative. The evidence that there is a 28 to 1 return could have
some influence in the US as part of the strategy to lobby to maintain higher prices. This evidence is
not sufficient to persuade the rest of the OECD that increased prices will lead to better outcomes for
these countries. One reason is that this result does not exclude the possibility that had US health
budget holders made other investments in the past, health today would have been better. Furthermore,
it is not just the estimate of return on pharmaceutical R&D derived using Equation 1 that excludes the
possibility that the US was worse off with higher prices: the prevailing political economy of new drugs
excludes the possibility of increased prices today and worse health tomorrow. The omission of the
evidence of the US life expectancy gains relative to the rest of the OECD from the US policy narrative
is a significant advantage to the US policy narrative. It means that pharma-economists do not need to
explain whether the US could have achieved more with lower drug prices and more expenditure on
other areas, including improved access to new drugs. In simple terms, the prevailing political economy
of new drugs can accommodate variation in the size of the costs compared to the benefits of lower
drug prices (0<r<200), but it cannot accommodate the possibility that lower prices leads to more
health, that is, r<0.

6.2 Conclusion

The Reimburser reflects on the situation. Twenty years of application of economic evaluation and a
decision threshold to new drug reimbursement decisions has improved the information available to the
new drug reimbursement process. This long term use means that her country does not need to rely on
the results of retrospective studies to justify the uptake of new drugs such as those the US regulators
are apparently informed by, if the following is correct:

Benjamin Franklin once remarked, “In this world nothing can be said to be certain, except death
and taxes.” Spokespersons for the pharmaceutical industry might be inclined to argue that the
benefit-generating capability of prescription drugs also belongs in this exclusive category. They
could make a compelling case: recent studies suggest that pharmaceutical products increase
longevity, improve quality of life, and often result in medical cost savings. (Giaccotto, Santerre et
al. 2005)

The use of economic evaluation also improved the confidence with which a government can defend
a decision to finance a new high cost drug; it might have a significant additional financial cost to the
drug budget, but at least it is “value for money”.> But did the strategy of a threshold price for new
drugs result in reimbursement decisions that increased the population’s health? Or were the programs
displaced to finance new drugs more cost effective that the new drugs? Did this strategy of using
HTA/CEA ensure that the best use was made of the entire health budget? Or did it create a system that
programs that were unpatented or unpatentable could not access or compete against because there was
a failure in the market to provide evidence of their cost and effect? Did the attempts to correct the
failure of the free market to generate evidence of the incremental cost and effect of new drugs generate
other problems? In the words of Arrow (1963):

The social adjustment towards optimality thus puts obstacles in its own path. (p. 947)

% The Health Minister said this to the Reimburser after she approved a very high cost drug with a significant additional cost
to the health budget. The Health Minister expressed his relief at being able to provide Treasury with a “solid economic
rationale” for this unexpected increase in the drug budget, namely that it was “cost effective” and “value for money”.
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The Reimburser is concerned that she has a long journey ahead to answer the Ministers’ question:
How should she respond to the claim that a decision threshold that is below the FPP is worse for the
population? She is clear of the next step; an understanding of exactly what Pharma is claiming there
will be less of, if new drug prices are lower. The value of the desired outcome of R&D - clinical

innovation - is the subject of the next chapter.
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Chapter 4: The clinical value of innovation

The term "innovation" is used in a number of different ways in pharmaceutical regulation

processes. This chapter addresses the question of what is meant by the term “innovation”
in the context of the debate on new drug prices. First, this chapter draws the distinction
between some of the lay and medical uses of the terms “innovation” and “innovative”: i)
innovation (the process); ii) an innovative drug (a new drug); iii) a clinically innovative new
drug; and iv) the value of clinical innovation. Second, the three types of pharmaceutical
innovation in the economic sense (the potential to generate a social surplus) are identified.

1)

2)

3)

Clinical innovation: The definition of the clinical value of innovation used in Health
Technology Assessment/Cost Effectiveness Analysis (HTA/CEA) is proposed as the
most appropriate: The estimated present value of the long term gain in health effects
compared to best existing therapy for a well specified group of patients and clinical
protocols. This definition is the "incremental effect”, AE, used in CEA. A new drug with
no clinical benefit compared to the best alternative therapy has no clinical value of its
innovation (AE = 0), even if such a drug is sufficiently different from other drugs to be
defined as “innovative”.

Resource innovation: An example is innovation in the resources involved in supplying
a given clinical benefit by developing an oral version of an intravenous (IV) drug.
Resource innovation is captured in HTA/CEA via a negative AC (where the additional
financial costs of the new drug are excluded).

Developing and manufacturing innovation An example is innovation in the methods
of manufacturing drugs by for example, refining the processes used to develop large
molecules such as trastuzumab.>®

An analogy between clinical and economic concepts of value is noted. Clinical value of

innovation, like economic value, is constrained by the best alternative strategy. The clinical
value of a new drug's innovation is its gross clinical effect (compared to no care)
constrained by the opportunity cost (foregone health benefit) to the patient of not using the
best existing therapy.

% For a discussion of the technicalities of developing such a drug and the opportunities for innovation and change in this

process refer to a discussion on its production prepared for the European Medicines Agency as part of their approval
process.http://www.ema.europa.eu/docs/en_GB/document library/EPAR__Scientific_Discussion/human/000278/\WC500049

816.pdf Accessed: 21-02-12
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1 The Reimburser's problem

The US International Trade Delegate is arguing that pharmaceutical regulation needs to “reward
innovation” and that the pricing system in the country of interest does not achieve this. The
Reimburser is aware that a recent decision about a new drug was controversial because the Reimburser
refused to pay more for that drug (on cost per course basis) compared to a drug that had been off
patent for at least five years; a generic. The reason for her decision was that the new drug was shown
in clinical trials to be no more effective than the existing generic drug. The new drug was innovative
in that it had a different molecular structure from any existing drug, and it was even the lead drug in a
new therapeutic sub-class,”” however the new drug did not provide a clinical advantage over the
standard therapy for this condition. The International Trade Delegate argued that a significant
investment had been made into researching and developing this innovative drug and hence the price
needed to reward this investment in innovation. The International Trade Delegate points out that the
firm that took this risk and invested would have been better off if it had simply produced the generic.
Where is the incentive for innovative firms to take risks if they are rewarded no more than generic
firms that take no risks? He argues that it does not make economic sense for this investment in the
innovation process to remain unrewarded.

The Reimburser is concerned about the concepts of innovation revealed by the discussion with the
US International Trade Delegate. From a clinical perspective, the value of innovation is about the
clinical benefit of the new drug, not about the characteristics of the molecule or the type of risks taken
by the firm. However, the Health Economic Adviser points out that a new drug could be no more
effective than an existing drug but delivered in a way that does not require a hospital admission, hence
reducing the cost associated with administering the drug. Hence the innovation in this case is not about
clinical benefit; it is about resource benefit.

Is there a fundamental difference between how economists and clinicians understand the value of
pharmaceutical innovation? The Reimburser asks her Health Economic Adviser:

"Is there a way of defining the value of pharmaceutical innovation that makes sense from both
an economic and clinical perspective?"
2 Innovation: lay, regulatory and medical concepts

2.1 Innovation and the regulatory process

The term “innovative” is used to distinguish between generic firms (that do not invest in
pharmaceutical R&D and only produce generic drugs) and innovative firms (that do invest in
pharmaceutical R&D).*® If an innovative firm develops a new molecule, it only needs to establish a
sufficient degree of physical difference from an existing technology to be defined as an: "innovation"

57 An example of a new therapeutic subclass is the introduction of the selective serotonin reuptake inhibitors (SSRIs) in the
early 1990’s. SSRIs are anti-depressants that were considered a separate therapeutic subclass from the existing tricyclic anti-
depressants (TCAs). Fluoxetine was the first SSRI (innovative) and then others (“me-toos”) followed (e.g. sertraline). The
introduction of venlafaxine in the late 1990’s was considered to be a new therapeutic subclass, the serotonin—norepinephrine
reuptake inhibitors (SNRIs). (DeVane 1994; Pekarsky 2010)

%8 This characteristic of a firm, investment in pharmaceutical R&D, is a necessary condition for membership in the PARMA:
"The Pharmaceutical Manufacturers Association was founded in 1958. Its name was changed to the Pharmaceutical
Research and Manufacturers of America in 1994 to underscore the extraordinary commitment of member companies to
research. Headquartered in Washington, D.C., PARMA represents the country’s leading pharmaceutical research and
biotechnology companies, which are devoted to inventing medicines that allow patients to live longer, healthier and more
productive lives." www.phrma.org /about/phrma Accessed: 21-02-12
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or "invention". For example, a New Molecular Entity (NME) can be awarded a patent provided it is a
different molecule to any existing molecule. Whether it is more or less effective or equivalent to
placebo is not relevant to the decision to define it as "innovative" or an "invention" for the purpose of
a patent. Consequently, each year there are many more molecules patented and tested in Phase 1 trials
than there are NMEs registered (approved for therapeutic use).**®

For a firm to be provided with a licence to market that drug, it requires evidence of the clinical
value of this innovative molecule, typically evidence of its safety and efficacy.®* In most jurisdictions,
the minimum evidence of clinical value of innovation is obtained by controlling (constraining) the
effect of the new drug by some alternative therapy. For the firm to obtain a licence to market a new
drug in the US it requires evidence of its performance against placebo, preferably derived from a
double blind randomised control trial (RCT). The evidentiary and performance demands on a licenced
drug (one that is approved by an agency such as the US Food and Drug Administration (FDA) in
addition to being patented) are therefore much higher than those of an innovative molecule (one that is
awarded a patent). Some new drugs that are approved by the FDA are referred to as “innovative” to
distinguish between first in class (innovative or lead) and follow on (or me-too) drugs (Pekarsky
2010). But not all drugs that are approved for use or described as “innovative” necessarily have a
clinical value in the underlying innovation. So what is clinical innovation?

2.2 C(Clinical innovation

Health Technology Assessment/Cost Effectiveness Analysis (HTA/CEA) informs the so called
"fourth hurdle” of regulation where the quantification of the new drug's clinical innovation is the
primary objective of the analysis.®> The regulatory imperative of reimbursement decisions is to assess
the appropriateness of changed, additional or substituted therapy. Therefore, reimbursing institutions
are interested in the clinical value of innovation for a group of patients for whom a subsidy for the cost
of the drug is being proposed. A common definition of the clinical value of innovation of a new
technology is the best estimate of the additional clinical effect (or effects) of the new technology

% For example, in the Pfizer 28 February 2011 Pipeline Report, the company reported 93 NMEs in the pipeline of which 4
were in the Registration phase and 13, 28 and 49 of which were in Phase 3, 2, and 1 respectively. It is not possible to
determine the number of NMEs with Pfizer patents on this date, but not yet in Phase 1, from this report.

http://www.pfizer.com/files/research/pipeline/2011 0228/pipeline 2011 0228.pdf Accessed: 21-02-12

80 A search of the Australian patent data base on February 28 2011 of patents where the applicant's name contains the word
Pfizer contains 2,513 results, not all of which are NMEs. http://pericles.ipaustralia.gov.au/ols/auspat/

@ The US Food and Drug Administration details the requirements for  approval  on
http://www.fda.gov/Drugs/DevelopmentApprovalProcess/default.htm Accessed: 21-02-12

82 A paper by Cohen et al. (2007) describes the fourth hurdle and also describes some of the limitations of not considering the
opportunity costs of decisions.
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compared to the best existing therapy for the group of patients for whom its use is being assessed.®*%*

This definition requires specificity in the assessment of the “clinical value of innovation" of a new
technology. For example, an HTA/CEA assessor is unlikely to ask the question: “Is this new drug
clinically innovative?” Instead he might ask: “If current best therapy is replaced by this new drug for
this patient group, using this clinical protocol (tests, dose and duration of therapy) what is the expected
incremental effect as measured by this set of clinical endpoints?”

HTAJ/CEA typically involves meta-analyses of the evidence of effect from RCTs and the
extrapolation of this evidence to longer time periods, additional patient groups and clinical end points
by way of pharmaco-economic models. Uncertainty is characterised and analysed using deterministic
and probabilistic sensitivity analyses. The net financial implication to the health budget of adoption,
AC is also estimated. (See the discussion about resource innovation in the following section.) The
incremental financial cost, AC, and incremental effect, AE, of the new drug compared to the best
alternative therapy are summarised as either an incremental cost effectiveness ratio:

ICER = ac
T AE

Or a net benefit metric:
NB; = iAE — AC
where i is some monetary value of the clinical effect.”® (See Appendix 4 for a discussion of this

terminology.)

This information is then used in conjunction with a range of other evidence to inform the decision
to reimburse that drug.®® While HTA/CEA methods vary across jurisdictions, there is a key common
element; the focus on the estimate of AE for a specific clinical context (comparator, patient group and

8% |n 1993, the Australian Pharmaceutical Benefits Advisory Committee (PBAC) published the first Guidelines for the use of
HTA/CEA to inform a drug reimbursement process. The most recent version of these can be found at
http://www.pbs.gov.au/info/industry/listing/elements/pbac-guidelines. Accessed: 210212 These Guidelines illustrate the
rigour and specificity HTA/CEA requires for Industry submissions to PBAC for reimbursement of new drugs.

8 The US has only recently started to consider the idea of comparative effectiveness as a way of understanding the benefits
of a new drug. In recent years the US has focused on evidence of performance against placebo rather than an alternative
active therapy as an indicator of the value of a new drug. In the words of the FDA: “FDA’s experience with comparative
effectiveness claims is relatively limited. Our enabling law (FDC Act, as amended in 1962) does not require assessment of
comparative assessment and the legislative history made it very clear that there is no relative effectiveness requirement. A
new drug does not have to be better than or even as good as existing treatment.“ Source: Comparative Effectiveness
Research a PPT by R. J. Temple. Available as a download at www.FDA.gov Accessed 12-12-2011 This statement suggests
that the US decision makers conflate the idea of having to be proven to be more effective than existing therapies in order to
be approved by the FDA and having to provide evidence of comparative effectiveness as part of the new drug approval for
uptake on the formularies. Comparative effectiveness analysis also concerns the review of data bases such as cancer registries
and longitudinal data bases held by Medicare and Medicaid to develop evidence of comparative effectiveness. For an
example of some of the infrastructure investments by the US in relation to comparative effectiveness see the Fact Sheet:
“American Recovery and Reinvestment Act Investments in Comparative Effectiveness Research for Data Infrastructure”
Available at www.FDA.gov Accessed 12-12-2011.

% The ICER does not appropriately accommodate the situation where either or both of the incremental cost and effect are
negative. Hence the NB; is considered preferable. However, in this thesis the situation of interest is where there is both an
additional cost and an additional effect.

% The references and guides for pharmacoeconomics and HTA/CEA are extensive. The following three articles are examples
of the contributions made by economists to the HTA/CEA process. (O'Brien 1996 ; Briggs and O'Brien 2001; Briggs, O'Brien
et al. 2002)
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clinical protocol). A drug might be described generally as clinically innovative, but the estimate of
value of clinical innovation is specific to a clinical context.

3 Non-clinical pharmaceutical innovation

The focus on clinical innovation (AE) as the main tangible outcome of pharmaceutical innovation
is consistent with the narrative around medical research more generally: it is about developing cures
and treatment for diseases and improving life expectancy and quality of life for patients.” However,
pharmaceutical innovation (the product of pharmaceutical R&D) can take at least two other forms and
still potentially impact on population health, without having any clinical innovation content in the new
drug. The first is in relation to the implications for health resource use generally and the second is
innovation in the drug manufacturing process.

3.1 Resource innovation

The incremental impact of a new drug on resource use is:

o the conventional AC (the net financial impact of adopting the new drug compared to
existing therapy);

e |ess the share of that additional financial cost that is attributed to either:

o the difference in the financial cost of the new drug compared to the drug that it
substitutes for; or

o the financial cost of the new drug if it is added to existing therapy (no
substitution).

We start with an example of pure resource innovation: a new formulation of a drug that allows the
drug to be taken orally at home rather than intravenously as part of a hospital admission. There is an
R&D cost associated with this development. This innovation could result in a reduction in the non-
drug costs of $250 per course of the drug. In this case, the difference in resource use is captured in the
ICER or NBi via AC. From an economic perspective, this innovation can be valued in terms of
increased population health, for example if the additional financial savings are allocated to other
health services. However, if the firm prices so as the additional savings are entirely offset by the
additional cost of the drug, then the entire value of the resource innovation is appropriated by the
firm.%® For this reason, AC only captures “resource innovation” if the net additional cost of the new
drug relative to the existing substituted drug are excluded.®® ™

87 The American Pharmaceutical Research and Manufacturer’s Association website www.phrma.org is rich in examples of
this narrative, for example the statement that: “2011’s New Medicines Fought Wide Range of Diseases, Conditions”
Accessed: 21-02-12

% The endogeneity of new drug price is discussed further in Chapter 6.

8 Why should the resource innovation be considered in terms of the incremental cost net the effect of the incremental cost of
the drug itself? The incremental cost includes a term relating to the net financial effect of adoption on other resources, as well
as the additional cost of the new drug compared to the existing drug (if it is a direct substitution.) However, as first discussed
in Chapter 6, while differences in resource use and the associated costs can be estimated empirically in a clinical trial, the
price of the drug and its associated cost is determined endogenously to the Reimbursement process. What this means is that a
new drug could be innovative in terms of preventing the need for an admission to deliver the drug IV, however, the
incremental cost will not reflect this if the firm prices the drug so as to appropriate the full value of that surplus or resource
innovation. That the price of the new drug is the mechanism by which clinical and resource innovation are appropriated by
the firm, a point well understood by pharma-economists, for example Vernon et al (2009).

™ Technically we could consider an incremental cost as resource innovation (albeit undesirable) — for example, two
additional consultations with a GP are required.
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3.2 Manufacturing innovation

Another form of non-clinical innovation is in the manufacturing process. Typically the variable
costs of producing drugs is argued to be low relative to the cost of R&D, however, there remains scope
to reduce the manufacturing costs.”*"* Reduced cost of manufacturing is the source of innovation used
by Tirole (1988) to illustrate the “pure value of innovation.” Tirole shows how if the firm is a
monopolist in its output market it can maintain a price per unit of the good following innovation in
manufacturing and the entire surplus is appropriated by the firm. In more competitive situations
financial savings will be shared with purchasers. This example of innovation in manufacturing is
expanded in Chapter 10 in terms of its implications for pricing of drugs today in order to gain
innovation in the future.

4 Discussion and conclusion
4.1 What did the AUSFTA conclude?

The confusion in the US between innovative drugs and clinically innovative drugs could be a
consequence of the US imperative to distinguish between the generic and the innovative sectors of the
pharmaceutical industry; the latter does need to invest in pharmaceutical R&D whereas the former
does not. However, the prevailing political economy of new drug price (PEND) is unequivocal: the
primary value of pharmaceutical R&D is in its impact on a population's health; the ability to cure and
treat disease and improve or extend quality of life (Chapter 1 and Appendix 2).

Despite the confusion in the US Congress and Senate about the distinction between innovative
drugs (non-generic drugs) and clinically innovative drugs, the AUSFTA ultimately made this
distinction. From Annex-2-C-Pharmaceuticals comes the following statement:

(d) the need to recognize the value of innovative pharmaceuticals through the operation of
competitive markets or by adopting or maintaining procedures that appropriately value the
objectively demonstrated therapeutic significance of a pharmaceutical.”?

In other words, according to the AUSFTA, the value of innovative drugs is derived from their
therapeutic significance, not simply that they are a molecularly distinct drug that is the result of
investment in pharmaceutical R&D. Given the significance of clinical innovation in the PEND, this
outcome might come as no surprise.

4.2 Other results of pharmaceutical innovation

The identification of three aspects of pharmaceutical innovation, all of which are products of
pharmaceutical R&D, is a reminder that the economic concept of pharmaceutical innovation is broader
than the pure clinical concept. The clinical and resource innovation are consistent with the policy

™ DiMasi’s study (2002) highlighted a range of factors that could be addressed to improve productivity of drug development
processes, including both regulatory and business decision making. He concluded: “Whether faster development times,
quicker termination decisions or higher success rates derive from public policy initiatives, better management, or new
technologies, the impact on R&D costs can be substantial. Ultimately, the increased efficiency could result-in more
innovation and new therapies reaching patients sooner.

72 There are numerous businesses offering innovative solutions to pharmaceutical manufacturers to improve their efficiency.
A quick look at an industry journal such as the Pharmaceutical Manufacturing magazine highlights that pharmaceutical
manufacturers are like every other industry — they welcome innovation in the manufacturing process.
http://www.pharmamanufacturing.com/ Accessed: 21-02-12

78 http://www.dfat.gov.au/fta/ausfta/final-text/chapter _2.html Accessed: 21-02-12
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narrative about the benefits of investing in more drugs; the advantages are not just more health but
also more medical savings (Giaccotto, Santerre et al. 2005). The idea that new drugs generate savings
is an increasingly important part of the global policy narrative. Personalised medicine is a current
example of the imperative for resource innovation. Advocates of targeting by pharmacogenomic
markers highlight the promise of innovation leading to improved sustainability of the health care
sector (Davis, Furstenthal et al. 2009; Personalized Medicine Coalition 2010). Innovation in
manufacturing is a source of improved profitability for firms. One of the limitations of HTA/CEA is
that while it isolates clinical innovation, AE, it does not isolate the resource innovation (this is
integrated with the price of the new drug in AC) and completely ignores manufacturing innovation.
Pharmacogenomics is also argued to contribute to manufacturing innovation (Cook, Hunter et al.
2009).

4.3 Opportunity cost and clinical value of innovation

The methods developed in HTA/CEA have important implications for how we understand the
process of quantifying the "objectively demonstrated therapeutic significance of a pharmaceutical”.
These methods highlight that if the Reimburser wants to assess the decision whether or not to replace
an existing technology with a new innovative technology, she needs to define the clinical value of
innovation of an NME in terms of specific clinical context. Characteristics that define this context
include: patient groups (e.g. a positive result on a particular test); conditions of use (e.g. dose and
duration of therapy) and a specific therapeutic context (e.g. first or second line). Furthermore, in order
to define the clinical value of innovation, the estimate of effect of the new drug for the specific clinical
context needs to be constrained by the opportunity cost to the patient of using the new therapy; the
foregone benefits of the best alternative therapy.

4.4 Conclusion

Achieving agreement on the clinical value of innovation is only the starting point in the issue of
pricing new drugs. The excerpt above from the AUSFTA refers to the need to "appropriately value
the objectively demonstrated therapeutic significance of a pharmaceutical”. HTA/CEA can provide an
objective value of therapeutic significance for a clinical context (AE). It can also provide an objective
value of the financial significance of that new drug for a health budget AC, at a particular price (the
offer price) of that drug. However, the appropriate value of that new drug in the context of a market
transaction, the economic value or shadow price, cannot be derived from the methods developed for
HTA/CEA. The concept of shadow price is the subject of the next chapter.
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Chapter 5: The shadow price, 4

For some non-economists, the idea of a monetary value and an economic value of a
good are synonymous. However, the difference between an economic and a maximum
willingness to pay (maxWTP) valuation of a good is a critical concept in economics: the
former necessarily captures information about the forgone benefit of a purchase whereas
the latter might or might not. If a decision maker had only one piece of information about
the value of any good to compare to its offer price, and had limited resources, she would
prefer its economic to its maxWTP value. The shadow price is one way that economists
capture economic value, but the definition of the shadow price and its derivation varies
across disciplines.

Three examples of shadow price are reviewed. The shadow price of the budget
constraint A is an important concept in economics and operations research; it values the
action of relaxing (or tightening) a resource constraint by one unit as the maximum possible
gain (or minimum possible loss) from this action. In the context of Cost Benefit Analysis
(CBA), the shadow price of an input (or output) is derived from available information and
is intended to correct for the failure of the market to provide market prices. The average
shadow price is a term used to define a decision threshold for the adoption of inputs in the
case of inputs that are not infinitely divisible.

These terms all relate to the same concept: valuation of an action with reference to its
minimum possible loss or maximum possible gain. The advantages of valuing an input with
no market price with reference to its incremental effect or benefit valued at any shadow
price rather than the maxWTP are demonstrated. These benefits exist because unlike the
maxWTP, the shadow price is sensitive to alternative methods of achieving these
incremental effects. Hence, the situation where an input with market power can appropriate
the full surplus associated with its incremental effect can be avoided.

These advantages over the maxWTP apply to all types of a shadow price. However,
there are situations when it is preferable to use the CBA style shadow price to value an
input (via the shadow price of its incremental effect) rather than the shadow price of the
budget constraint. Models from which A is derived typically assume that the budget is
(resources are) currently economically efficient and that the prices of inputs are set in
perfectly competitive markets. In contrast, a health budget holder faces a health budget that
is not economically efficient. Furthermore, the inputs for which this valuation is being
sought will typically have market power, for example a patented drug. In such contexts the
derivation of a shadow price for an input from existing information about the economic
context (CBA style) is a more appropriate approach than using the shadow price of a
budget constraint, 1. A general method of deriving a CBA style shadow price for an input is
illustrated.
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"In fact the real cost of any programme is not the number of dollars appearing on the programme
budget, but rather the value of the benefits achievable in some other programme that has been
foregone by committing the resources in question to the first programme. It is this opportunity cost
that the economic evaluation seeks to estimate and to compare with the programme benefits."

(Drummond, Sculpher et al. 2005 p. 9) ™

“Everyone knows umbrellas cost more when it rains.” Tom Waits from “Talking at the same time”
20117

1 The Reimburser's problem

How should the objectively determined therapeutic significance of a new drug, its clinical
innovation, be valued for the purpose of a market transaction?

The Reimburser recently read a paper by US pharma-economists that said that the economic value
of new drug innovation was indicated by the Payer's maxWTP as revealed by the alCER of the least
cost effective of funded programs, for example, dialysis (Vernon, Goldberg et al. 2009). Back of the
envelope calculations suggest to the Reimburser that if all new drugs were paid the alCER of
programs such as dialysis, there would be a significant expansion of the current drug budget and
health services that are more cost effective than the new drugs would need to be displaced to finance
these additional costs from a fixed health budget.”

Then the Reimburser reviews a series of papers that refer to the use of the maxWTP as an
appropriate value of the health effect, in the absence of evidence of the shadow price of the budget
constraint (Johannesson and Weinstein 1993; Stinnett and Mullahy 1998). She also reads a paper by
Weinstein (2008) that describes multiple ways to understand the value of a QALY in the context of the
US. Weinstein clearly links the imperative to find a value for a QALY to the recognition by the US
population that resources are limited.

Until Americans come to terms with the fact that they are not willing or able to pay the costs of
providing all citizens with all effective health care services there will be no explicit need for a
benchmark dollar value of a QALY.” (Weinstein 2008 p. 345)

Five years ago the Reimburser was involved in the decision to award a significant grant to a group
of academics who surveyed over 1000 people to estimate the maxWTP for a QALY.”” At the time she
was convinced by the argument that because there was no perfectly competitive market for health
effects, health tended to be undervalued by the market and therefore it was necessary to survey society
to find a value. The Reimburser provides the result of this study (maxWTP per QALY = $75,000) to
her Health Economist as a guide to the economic value of the health effects of a new drug. The
Reimburser is confused when the Health Economist states that this information is not what he needs.
The Health Economist uses this example to illustrate the issue:

A Consumer asks her Agent to purchase a particular new bicycle on her behalf. Which of the two
following pieces of information should she give her Agent? The maximum price she is willing to

™ The text from which this quotation is sourced does not provide a method whereby this opportunity cost can be estimated,
however, it does detail how the maxWTP for a QALY can be estimated.

™ Just a reminder - the maxWTP can also change as the context changes.
"8 Section 4, Appendix 7, starting from p. 258 discusses the issue of choice of the alCER and full value price in more detail.

" The inspiration for the study was one very similar to that described in Donaldson et al. (2011).
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pay for the bicycle (55,000) or the lowest price that bicycle is available for, according to the results
of an online search (51,250)? The latter is the shadow price of the bike, the former is the maxWTP.

The Reimburser is inclined to say the shadow price is the price the Consumer should give her
Agent. In fact, if the market for this type of bike were perfectly competitive, then it would not matter
which of these two prices the Consumer gave her Agent. In this case the price at every shop would be
$1,250 and hence the price the Agent pays for a new bike would be $1,250, regardless of the
information the Agent is provided with and regardless of the Consumer’s maxWTP. However, if the
local market were a monopoly and the online price were from a competitive market, then it would
matter which price she gave her Agent; the monopolist could be pricing at average rather than
marginal benefit and hence the purchase price could be higher that the online price from a competitive
market. The potential loss resulting from providing the wrong piece of information to her Agent would
be maximised under the following scenario.

The local monopolist bike shop owner does not provide price tags for her new bikes. Instead she
asks the Agent, what is the maximum you are willing to pay for a bike? Then, after receiving this
information she writes a price tag for that bike and offers it to the Agent. In this case the Agent
would pay S5,000 for the bike if the only information that was provided to the Agent was the
maxWTP. The loss of surplus to the Consumer would be 53,750 (=55,000-51,250). If the Agent
were provided with the information about the shadow price, and the local monopolist bike shop
owner knew the Agent could take her business elsewhere (not such a monopoly after all), she
would have reduced this price.

This example makes the intended point, but it just does not seem "technical enough" to the
Reimburser. There is no “online price” from a competitive market for a new drug that she can
benchmark the new drug price against. The Reimburser asks her Health Economist:

1) Why is it that the maxWTP is not an economic value?

2) Which shadow price should she use?
2 Why is the shadow price preferable to the maxWTP?

The key difference between the shadow price and the maxWTP is that the former acts as a
conventional price by capturing the information about the economic context whereas the maxWTP
captures only one aspect of the economic context, the consumer’s preferences. If there is increased
competition in the market for a good and the price is reduced, the maxWTP for the item does not
change, whereas the shadow price will reduce.

A hypothetical application of shadow prices to a real world problem (the non-excludability and
non-rivalry of the outputs of dung beetles) illustrates this issue. The method is an adaption of those
described by Mishan and Quah (2007) and McKean (1972).

2.1 Dung beetles, flies and outdoor dining in Canberra

When the number of flies in Australia were reduced by the introduction of dung beetles by the
Australian Commonwealth Scientific and Industrial Research Organisation (CSIRO) in the 1980's,
outdoor dining in places in Australia such as Canberra became possible, apparently for the first time.
There is no dung beetle market in Australia, despite their tangible and significant value to the
Australian economy (Commonwealth Scientific and Industrial Research Organisation 2006). The
output of a program to introduce dung beetles is both non-rival in consumption and non-excludable;
such a program is a public good. So how can we derive a price for the main input into this program;
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the dung beetle? (While the role of dung beetles in reducing flies in Canberra is true, the following
story about the bidding process and competition is completely fictional.)

Assume for simplicity that the only output of the dung beetle program is: fly free outdoor dining in
Canberra (FFODC). Assume that there are three inputs in this program, two of which are priced at
their marginal cost of production (transport and labour) and one of which does not have a price (the
dung beetle). Now assume also that there is an alternative method for achieving FFODC and there is a
functioning market for this good (outdoor fly screens). The evidence of the value in exchange of
FFODC is revealed in the functioning market of outdoor fly screens.

This story is set out in Table 6. The Canberra Council, who will finance this Dung Beetle Program,
wants to know about its costs. CSIRO is the only group in Australia to have a licence to import dung
beetles and there is no other way for the Canberra Council to obtain them.

Part 1: From the first column we see that the labour and transport costs for the Dung Beetle
Program are $100K and $10K respectively. CSIRO has not told Canberra Council how much it costs
for the 1,000 dung beetles. CSIRO has also financed a rigorous study that estimated the maxWTP by
the Canberra population for the goal of FFODC and found this was an amount of $20M. The Council
asks CSIRO the costs of the dung beetles. They reply that it is $19,890 per beetle or $20M for the
overall cost of the program. This is exactly the maxWTP for FFODC. The owners of the Outdoor Fly
Screen Company make an urgent submission to Canberra Council. They say they can achieve the same
result (FFODC) with a different program for $1.15M. Clearly, even though the costs of the Dung
Beetle Program are the same as the benefits, there is a more cost effective option. The Canberra
Council decides to use the Outdoor Fly Screen Program.

Part 2: CSIRO comes back to the Council and says they have revised their costs. They can now
provide Dung Beetles for $1,040 each. The costs of the Dung Beetle Program are now the same as the
Outdoor Fly Screen Program: $1.15M.

This simple example illustrates the following point. If there is only one situation in which dung
beetles are an input, and there is a failure of a dung beetle market to function, then provided that there
are multiple inputs and methods of production that can be used to achieve the same output, FFODC,
then a shadow price of dung beetles that takes into account this competition can be calculated. The
dung beetle is valued at $19,890 but its shadow price is $1040.
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Table 6 What is a dung beetle worth? What is its market price?

Part 1 Part 2 Scenario
Max WTP output
Max WTP Shadow price (higher costs of
output input manufacture)
Dung Beetle Program
Labour $100,000 $100,000 $2,000,000
Transport $10,000 $10,000 $30,000
Subtotal $110,000 $110,000 $2,030,000
Dung beetles
- patented so no market price
1000 beetles $19,890,000 $1,040,000 $17,970,000
per beetle $19,890 $1,040 $17,970
Program total cost $20,000,000 $1,150,000 $20,000,000
Outdoor fly screens program
Labour $100,000 $100,000 $100,000
Transport $50,000 $50,000 $50,000
Fly screens $1,000,000 $1,000,000 $1,000,000
Program total cost $1,150,000 $1,150,000 $1,150,000
Output
Outdoor dining in Canberra is possible
Max WTP $20,000,000 $20,000,000 $20,000,000
Select dung beetle program
Cost of dung beetle program $20,000,000 $1,150,000 $20,000,000
Surplus (MaxWTP less cost) $19,890,000 $19,890,000 $17,970,000
Dung beetle patent holder $19,890,000 $1,040,000 $17,970,000
Consumer surplus SO $18,850,000 SO
Deadweight loss SO SO $880,000
Select outdoor fly screen program
Cost of outdoor fly screen program $1,150,000 $1,150,000 $1,150,000
Surplus (MaxWTP less cost) $18,850,000 $18,850,000 $18,850,000
Consumer surplus $18,850,000 $18,850,000 $18,850,000

So why is it that there is an advantage to the Canberra Council in using the shadow price? The first
advantage is that if outdoor fly screens are a more cost effective way to achieve the intended output of
outdoor dining, Canberra’s Council will recognise that they can achieve the same result at a much
lower cost. The maxWTP considers only the preferences for outdoor dining and not alternative method
of achieving this; it values the output not the specific input.

The second advantage of this approach is that it maximises consumer welfare. CSIRO knows the
maxWTP for the benefits of the program; it did the study to estimate it. If the CSIRO knew that the
competition (fly screens) was not recognised, then it would be possible for the CSIRO to appropriate
the entire surplus associated with the reduction in flies in Canberra by pricing its input such that the
total cost of the program is the same as the maxWTP. At the shadow price, the surplus is appropriated
by the consumers. The point is that not only does the shadow price capture information about the
economic context — the competition in the outdoor dining market — it also has the potential to reduce
the risks associated with other distortions that could arise as a consequence of, for example, market
power due to patents.
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The third problem this method overcomes is the deadweight loss™ that can arise when the
maxWTP for the output is used to derive the price of an input with market power and the competition
of the alternative input is neglected. The Scenario column from Table 6 is an example where the actual
costs of labour and transport for the dung beetle program are higher than the total costs of the Outdoor
Fly Screen Program. Even if the benefits outweigh the costs of the Dung Beetle Program, for example
it could be priced at $15M, there could still be a deadweight loss of $880,000 compared to the best
alternative strategy, the Outdoor Fly Screen Program.

The observable difference between a value for the dung beetle calculated using the maxWTP for
FFODC rather than a shadow price for that effect is as follows. The maxWTP for output derived value
of the dung beetle as an input remains constant, regardless of how much competition there is to
produce that output. The method can tell us what the dung beetle is worth from a lay perspective, but
not its economic value. In contrast, the shadow price for that dung beetle (derived from the shadow
price for the output, which is in turn derived from a functioning market) is defined by the economic
environment, and will change as competition in the input markets change. It tells us what the Canberra
Council should pay for a dung beetle given the competition in the market. It also maximises consumer
surplus and prevents deadweight losses in social welfare.

The shadow price for the dung beetle is endogenous to the economic context (the market for
reduction in number of flies in outdoor dining areas). The value of the dung beetle derived using the
maxWTP is exogenous to the economic context; it only reveals the consumer's preferences which are
not subjected to the constraints of alternative methods of producing the outcome of reduced flies. The
shadow price of that input, unlike its maxWTP,” internalises the economic conditions, albeit with
varying degrees of consistency between the specified economic context and the real world economic
context.

We can conclude that shadow prices are preferable to maxWTP to value an input, particularly when
there is competition in the market for inputs and the input being valued has market power. However,
there is more than one type of shadow price. So which shadow price should be used in the context of
the economic value of pharmaceutical innovation?

3 Shadow prices

The key concept of a shadow price is that the value of a resource allocation action is defined
objectively by reference to its minimum possible loss or maximum possible gain. In the case of the
dung beetles, the shadow price is defined with reference to the best alternative fly reduction strategy
and will increase and decrease as the costs of the alternative change. However, there is more than one
type of shadow price referred to in the economic literature. In the most recent edition of the 1971
classic text on Cost Benefit Analysis (CBA) (Mishan 1971), Mishan and Quah (2007) identified two
usages of the term shadow price in the context of general economics and these are discussed below.
Other authors have discussed the issue of finite divisibility of programs and the implications for
shadow price and decision rules and hence a third usage of the term "shadow price” by Kim and Cho
(1988) is also discussed.

™ There is a reduction in social surplus, not just a redistribution of surplus; even if one subgroup is better off, the entire group
is worse off.

™ The maxWTP is not immune to changes in context. “Everyone knows that umbrellas cost more when it rains” Tom Waits,
from “Talking at the same time.” An instructive ditty appearing on Bad as Me, 2011.
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3.1 Three shadow prices

The first usage of "shadow price" identified by Mishan and Quah (2007) is in the context of
optimisation technigques and it differs slightly in its definition in economics compared to operations
research. In operations research, the shadow price is the minimum loss in effect that occurs when one
unit of a continuous resource (or constraint) is withdrawn (Takayama 1994). In economics, it is the
maximum additional units of maximand or effect gained as a consequence of relaxing a constraint by
one unit at the margin. The value of the Lagrange multiplier, A, at optimisation is an example of this
type of shadow price (Mas-Colell, Whinston et al. 1995).2%' The shadow price, 4, in this context is
also referred to as the shadow price of the budget constraint and is the sense in which the term is used
by a number of health economists.®

The second usage identified by Mishan and Quah is in the context of a cost benefit analysis (CBA).
The definition proposed by Mishan and Quah is the appropriate price for an input or output in the
context of CBA when the market price does not reflect the true social cost or benefit. One example is
when the market price is systematically failing to include some aspect of the cost or benefit of the
production or consumption of a good or service, for example the externality of pollution. Shadow
prices are also used when there is no apparent market for a particular input or output. An example of
the use of shadow price in this sense is the valuation of volunteer or carer time in a HTA/CEA %%

In addition to the two uses identified by Mishan and Quah, shadow price has particular meaning in
operations research and decision analysis in cases where the inputs are integer or discrete rather than
continuous (Kim and Cho 1988). In the words of Mukherjee and Chatterjee: “A shadow price for
integer programming with valid economic interpretation eluded researchers, until Kim and Cho
(1988) introduced the concept of average shadow price.” (Mukherjee and Chatterjee 2006 p. 13).

The concept of an average shadow price as a critical price above which there is no incentive to
purchase a discrete input is of relevance to health economics; in a universal health care system,
decisions regarding new technologies tend to be in relation to financing the technology for no-one or
all patients in a particular target group. Kim and Cho's definition of a shadow price is in the same units
as the CBA shadow price (cost per unit output rather than units of output as in the optimisation
context), however its application to decision making is different. In this case it is applied as a
threshold or critical price in the context of a decision by a firm to acquire a discrete input rather than

8 The shadow price can also be defined in an examination of the first order conditions required for Pareto optimality. It can
be defined as the multiplier derived from the Kuhn-Tucker theory at optimality — it is the additional utility to a consumer as a
consequence of relaxing an endowment constraint. See for example (Mas-Colell, Whinston et al. 1995) page 563

81 |f there were decreasing marginal returns to additional inputs or resources we would expect that a shadow price that was
derived using the operations research definition would be greater than that derived using the economic definition.

82 See for example Stinnett and Mullahy (1998) and Sendi et al. (2002).
8 See for example Drummond et al. (2005) pages 58 to 59.

8 Sculpher et al. (2005) appear to characterise shadow pricing as exclusively defined within and applying to a first best world
and hence the limits on using shadow pricing can be inferred as equivalent to the limits of assuming a first best world. The
authors argue that neoclassical welfare economic theory is an “application to a presumed nirvana of a first-best neoclassical
world, where market prices represent the social value of alternative activities (and, when they do not, they can be shadow-
priced assuming a first-best world)” and “only fits with a narrow and rarefied view of the world.” The authors use this
argument as a justification for their preference for a social decision making rather than neoclassical welfare economic theory
as a foundation to economic evaluation of health care technologies. The capacity to develop a shadow price for a good within
welfare economic theory and attempt to take into account market failure is not explored by these authors. It is likely (but not
certain) that the authors’ argument is an extension (or characterisation or application) of the debate between Mishan and
Williams, one side of which is expounded in Mishan (1982). It would be useful to reduce the uncertainty surrounding the
rationale of their decision to use this as a justification.
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as a shadow price of a given input or output to be used in a CBA and an associated metric such as a
Cost Benefit ratio. In this way it has the potential to become a signal to the owner of that input, instead
of the more passive® approach to costing inherent a CBA.

It would appear that when CBA methods use the concept of a shadow price of an input, it is being
used to refer to an average shadow price rather than a marginal shadow price; projects valued by CBA
and therefore their inputs are often discrete rather than continuous. But the use of the term “average
shadow price” rather than a marginal shadow price can lead to some discomfort for economists. Why?
And does it matter?

3.1.1 Why should we be as comfortable to use an average as a marginal shadow price?

In the context of new drug reimbursement policies, which are discrete, the concept of an average
shadow price is more appropriate than a marginal shadow price.?® However, the concept of a marginal
shadow price dominates the literature, and the term shadow price tends to be interpreted by economists
as a marginal concept. Is it because marginal is the “correct” concept and average is “incorrect™?®’ Is it
the case of an expanding margin? Or is it because the marginal shadow price is derived from a model
that has good properties for theory but not for applied economics? Is it legitimate to rely on an average
rather than marginal shadow price in the context of the reimbursement decision?

The key role of a shadow price is to put a price on any constraint by referencing this to the potential
gain or loss from changing this constraint. The simplest models from which a shadow price can be
derived as part of the optimisation problem are those that are continuously differentiable and hence all
inputs and outputs are continuous (infinitely divisible). In this way, first order conditions and a unique
solution (if there is one) to the optimisation problem can be identified. The theoretical advantages of a
continuously differentiable function are well appreciated.®® However, one only needs to look at the
extraordinarily strict conditions that need to be met in order to have well behaved utility functions to
be reminded of the key trade-off in a theoretical model: the better behaved the model, the less relevant
to the real world.*

The linear programing problem with continuously differentiable functions is the operations
research equivalent of a well behaved utility function with neat solutions. One real world adaptation of
the simple linear programming problem is the introduction of discrete inputs. When the inputs are
discrete, the function(s) is no longer continuously differentiable. The relevance of integer or mixed

8 In the health economic literature, the cost in a CBA is generally accepted as a given or an attempt is made to adjust it to
reflect a social opportunity cost, but it is not seen as a signal to the producer of the value in exchange of that input. For
example, see Chapter 7 in Drummond, Sculpher et al (2005)

% \Weinstein and Stason (1976) seems to be the earliest reference used in the health economic literature to reefer to the
discrete properties of health programs and the implications for optimal allocation of health resources. Birch and Gafni (1992)
is probably a better known reference and discussed the implications for shadow prices and budget constraints.

8 My first attempt to present these results to a mainstream Economics Department resulted in the following message: shadow
prices are marginal not average so go back to square one. The message was very loud and very clear: there is no such thing as
an average shadow price. With hindsight, the audience’s response was possibly a consequence of a lack of exposure to
applied economics rather than an error on my part.

8 For example, many neoclassical macroeconomic problems start with the Inada conditions about a production function of a
firm. These conditions are necessary to ensure that in a neoclassical growth model, the growth path is stable. There are six
conditions, one of which is that the function is continuously differential, which in turn implies that the inputs are continuous
and not “lumpy” (Hahn 2008). Cobb Douglas production functions also meet the condition of being continuously
differentiable (Brown 2008).

8 Most advanced microeconomic text books will detail these conditions. See for example Jehle and Reny (2001) Section 1.3,
the Consumers Problem in particular, Theorem 1.4 on the sufficiency of the consumer’s first order conditions.
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programming in health economics was identified in Birch and Gafni (1992).*° As Kim and Cho (1988)
demonstrate, the process of finding the optimal allocation of resources becomes much more complex
when discrete inputs are introduced (but the leap in complexity is probably less of an issue given the
improvements in computational tools since 1988). With developments in software and processing
power, the complexity of solving problems is reduced, but the information requirements for using
integer programming to solve resource allocation problems for entire budgets remain significant.
However, the constraint placed on the set of optimal solutions by removing the condition of a
continuous function is a necessary characteristic of a model that captures this significant real world
characteristic.

The dung beetle example adds one additional layer of complexity to this mixed programming
problem: prices are not available for one input and there is the potential for market power. If the
problem were to allocate all of Canberra Local Government’s resources across every opportunity to
improve the welfare of its citizens, then the task would be prohibitively complex, regardless of
whether linear or integer programing were used. However, by partialising the problem to the objective
of reduction of flies in Canberra, the constraint that provides the shadow price is the best alternative
use of resources to achieve this outcome. However, the shadow price in this case is an average shadow
price because even though we can choose to use outdoor fly screens at one or 100 outdoor restaurants,
the dung beetle program has discrete properties; it is either implemented or not and if implemented
requires a minimum number to become a self-sustaining program. The decision is not how big the
program should be; it is how much the Council should pay for it.

In conclusion, whether an average or marginal shadow price is the most appropriate solution
concept for a problem is a characteristic of the structure of the problem. The average shadow price is
the best way to price a constraint in problems such as those described by Kim and Cho and the fly
reduction problem. It is possible that the marginal shadow price is the dominant concept in the
economic literature as a consequence of theoreticians’ and teachers’ rational preference for a
continuously differential function in order to demonstrate a key economic principle; the necessity of
defining an opportunity cost in order to achieve optimisation. When discrete inputs are introduced, the
overall optimisation problem becomes more complex, but the fact that the shadow price is average not
marginal is the inevitable result of the structure of the problem, not a methodological choice.

3.2 How does the value of a given shadow price respond to economic
contexts?

One difference between shadow prices is their relevance in a context of economic inefficiency,
market power and the resultant price distortions. If the budget is not economically efficient then the
shadow price of the budget constraint is not necessarily representative of the (full or potential)
economic value of an expanded or contracted budget. Consider the example of a budget for public
transport. Assume that the least cost-effective currently funded mode of transport (e.g. diesel buses
costing $100 per 100km) is less cost effective than the most cost-effective unfunded mode of transport
(e.g. electric buses at $50 per 100km). There is an opportunity to improve the output for a given
budget by reallocating funds from the funded to the unfunded program. In this case, if the shadow
price of contracting the existing budget were calculated before achieving economic efficiency, it
would yield a lower economic value of the budget (1km lost per reduction in budget of $1) than if
calculated after achieving economic efficiency (2km lost per reduction in budget of $1). This situation
is analogous to the bias that would occur if the clinical value of innovation were defined by using the

% \ithout this paper | am not sure where | would be. It opened my eyes. It was the first step in the line of thinking that led
me to the health shadow price.
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opportunity cost of forgoing the least effective available alternative therapy instead of the foregone
benefits of the most effective alternative existing therapy.

Significantly, in CBA, the use of the concept of "shadow price" as a price for an input is intended
to be a solution to the problem of valuing inputs and outputs in a way that reflects economic
constraints in a situation where there is market failure that leads to inefficiency. In many cases this
market failure is the motivation for using CBA.** The use of the shadow price in this context requires
that the analyst understands the many sources of market failure in the current situation. In contrast, the
shadow price as the marginal unit lost or gained when the budget is tightened or relaxed in a linear
programing problem is only relevant when the budget is economically efficient and the markets are
perfectly competitive.* It does not require that the analyst explore sources of market failure because it
assumes there are none.

3.2.1 Derive the input price from the maxWTP or the shadow price for the output

There are two ways a price for an input without a market price can be derived and applied. First,
we could derive the input’s value from a maxWTP for that output. Second, we could derive the input’s
price from the shadow price of the output. These options correspond to Parts 1 and 2 from the Dung
Beetle Program example. They also correspond to a choice by the Reimburser: should the price for the
new drug be derived from the maxWTP for the output or the shadow price for that output? Hence we
ask: which of these two methods achieves an “appropriate” economic value of the clinical innovation
of a new drug? Clearly, if a new drug had a competitive market price then we would not need to have
an annex to the AUSFTA to set the parameters for such a price. Also, market power is an important
feature of the market for new drugs. Furthermore, budgets are fixed or constrained and there is
significant competition in the health input market. Hence the derivation of an appropriate price for the
new drug in the context of the market transaction called “reimbursement” is most appropriately
generated from a shadow price for the least cost way of achieving health gains with alternative health
inputs. And finally, as demonstrated in the Dung Beetle example, the appropriately derived shadow
price of the output can be used as a signal to firms supplying inputs, hence the shadow price for that
input can be derived by the supplier and the average shadow price of the output becomes a decision
threshold for the purchaser.

Do health economists use shadow price in this way to value a new drug? No, not at this stage, but
they do use shadow price, in a number of ways.

4 Shadow price and health economics

The majority of the health economic literature on the topic of the shadow price and the associated
areas of CBA and decision thresholds appears to have its origins in Sugden and Williams (1978) and
the seminal paper from Weinstein and Zeckhauser (1973). The reliance on this stream of literature is
logical given the significant roles that Williams and Weinstein played in the development of health
economics in the UK and the US respectively. However, these authors have very little overlap with the
stream of literature that applies shadow price in the CBA context using methods described by Mishan

% S0 why is there a preference for maximum willingness to pay as a way of valuing the benefits in a CBA? (For example see
Sugden and Williams (1978) and Drummond et al. (2005).) The dung beetle example presented in this Chapter shows how if
the maxWTP is used to value the output of the dung beetle and then to price the dung beetle, particularly when there is
market power, and there is competition in means of producing the output. Essentially we can separate out the valuation of the
surplus from the question of the allocation of that surplus across producer and consumer by introducing the competing use of
resources, the outdoor flyscreens. This issue seems to me to be one of the sources of tension between Williams and Mishan as
described by Mishan (1982).

%2 This situation is explored in detail in Chapter 5.
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and Quah (2007) and McKean (1972).* Possibly as a consequence of these origins, and its close
association in operations research methods,* the health economic literature generally uses the term
“shadow price” to refer to the shadow price of the budget constraint (Stinnett and Mullahy 1998) or to
refer to the valuation of an input such as voluntary carer time, for which there is a supply but no
market price (Coupé, Veenhof et al. 2007). There is some discussion about the shadow price of capital
and its relationship to the discount rate (Drummond, Sculpher et al. 2005). There is also a significant
literature on the question of the valuation of health gains for the purpose of a CBA. This valuation
tends to be based on consumer or social preferences for health, and does not take into consideration
competing means of producing these.”

Most authors recognise that the practical limitations of using the shadow price of the budget
constraint as a decision threshold for new drugs or any other program. The challenge has become to
find a reasonable substitute. For example, in a paper that argues for the routine use of a second best
rule to opportunity cost in assessing decisions about programs, Sendi et al. (2002) identify the shadow
price as having a relationship with the decision threshold and as an indicator of value in the absence of
a market: The threshold value A reflects the shadow price per unit effectiveness (e.g. dollars per life-
years saved) in the absence of a market. The authors then go on to discuss a number of factors that
could constrain the use of this shadow price as the threshold in program adoption, including: if the
budget constraint is not defined from a societal perspective, then A cannot be quantified; the finite
divisibility of health resources and programs; and the stochastic nature of the evidence of the marginal
program and hence the shadow price. The authors then go on to advocate the use of the average
ICER® of displaced services as a second best alternative to the shadow price of the budget constraint,
with a particular emphasis on the point that the average ICER of the service displaced is a function of
program size.

Some authors have developed shadow prices, in the sense of valuing a good or service for which
there is no market. Van den Berg used multiple methods to value informal care, including contingent
valuation and willingness to pay and accept. He also explored the psychological effects of
monetisation of informal care (Van den Berg 2005).

The idea that charges for services do not necessarily represent their “cost” has a long history.”’ This
debate is typically made with reference to internal prices set by organisations and there is an extensive
discussion in Drummond et al. (2005) in relation to the question of costing non-market inputs in the
absence of a market price.

% A paper by O’Brien and Gafni (1996) does apply Mishan’s methods of contingent valuation to the health outputs of a
health program, however it does not address the issue of valuing inputs with market power. It does address the issue of
analysing the relationship between price and demand in a private market for health services as a way of valuing health.

% Pharmaco-economic models are often developed by operations researchers (applied mathematicians) in conjunction with
economists. See for example the Sheffield decision analysis group http://www.shef.ac.uk/scharr/sections/heds/modelling .
Accessed: 21-02-12

% For example, see Chapter 7 in Drummond, Sculper et al (2005)

% The concept of an average ICER for displaced services takes into account the fact that if the amount of services that are
displaced changes, then the alCER could change if there are increasing or decreasing marginal costs.

% McNeil et al. (1975) is an example of this history. While there were some earlier discussions about this issue in the
literature, this discussion of the issue is particularly eloquent. The paper makes no reference to the question of market power
of the patent holders of the new technology; an omission typical of most cost effectiveness analyses. The paper does refers to
the idea that even if the new technology is cost effective that this is not sufficient information to justify its adoption because
budgetary implications also need to be considered. That particular edition of the New England Journal of Medicine was a
microcosm of the critical issues in health economics and Bayesian statistics at that time.
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However, there appears to be a reluctance to consider the implications of using a price that is set in
a market where there is significant market power, for example specialists and medical technologies.
Drummond et al. (2005) indicates that the issue of the difference between market prices of inputs and
their opportunity cost is well known amongst health economists. In a discussion of the question of
whether or not the price of an input should be accepted even though in cases such as a new drug it is
unlikely to be indicative of its social opportunity cost, the authors conclude that:

".. health economists recognize that market imperfections exist in health care, unless they are
undertaking an economic evaluation! In order for analysts to attempt to adjust market prices they
should be convinced that:

1) to leave price unadjusted would introduce substantial bias into the study

2) thereis a clear and objective way of making the adjustment." (Drummond et al 2005 p. 58)

The authors do not go on to propose a rigorous method whereby this adjusted price could be derived.

In conclusion, most health economists are familiar with the idea of a shadow price, however, it
seems that they are less likely to be familiar with its application in CBA as described by Mishan and
Quah (2007) and McKean (1972) than they are with the applications by Sugden and Williams (1978)
and the seminal paper from Weinstein and Zeckhauser (1973). This asymmetry in understanding limits
the historic application of shadow pricing in health economics, but it also highlights an opportunity for
further development.

5 Discussion and conclusion

Health economists always recognised the significance of a shadow price of a budget constraint as
the ideal decision threshold against which the results of economic evaluations (the ICER) can be
benchmarked and the decision to allocate resources to a program informed. The impracticalities of
using the shadow price of the budget constraint are also widely recognised. Health economists have
been quick to point out situations where the market price fails to accommaodate the full value of health
benefits and there is a long tradition of valuing health outcomes using the maxWTP. However, as
shown in the example of the Dung Beetle Program, the use of maxWTP for an output to derive a value
for an input, when that input has market power, can have significant implications for consumer surplus
and for a potential deadweight loss.

Health economic textbooks indicate a need for methods to value inputs appropriately but do not
propose "clear and objective ways of making the adjustment” to a market price where this market price
is likely to reflect market power. The welfare economic literature does provide a suitable starting
point. Examples of general methods to derive the shadow price of an input are set out in Mishan and
Quah (2007) and McKean (1968). The key issue is to recognise that the constraint to the adoption of
this input (for example the dung beetle) is the best alternative input (the outdoor fly screens) and that
the shadow price represents this constraint.

In summary, the health economic focus on the shadow price of the budget constraint as THE
shadow price relevant to health care decisions can lead to the following Catch 22: we can't find this
shadow price until economic efficiency is achieved and we can't improve economic efficiency until
this price is found. Chapter 6 introduces a method, Price Effectiveness Analysis (PEA), whereby such
a shadow price can be developed in the context of a reimbursement process. The imperative of PEA is
to find a shadow price for health effects that will improve economic efficiency rather than one that is

% In pages 135 to 139, McKean sets out three method to derive the shadow price of an input by using information available
from other decisions and other "price relationships observed in other markets for similar items." (McKean 1972)
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conditional on economic efficiency, for example A. This is consistent with the role of a shadow price
in the welfare economic literature in the tradition of Mishan and McKean.
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Part 2: The new drug decision threshold

Part 1 introduced the rationale for an alternative PEND and clarified two concepts:

1) the clinical value of innovation - the objectively demonstrated therapeutic significance of
a pharmaceutical; and

2) the economic value or shadow price — and how this differs from the maxWTP.

In Part 2 we develop the case for a new drug decision threshold, the health shadow price
Be.

The health shadow price is the Incremental Price Effectiveness Ratio (IPER) of the new
drug such that the Reimburser is indifferent between the decision to adopt the new drug
and the best alternative strategy (Chapter 6). The health shadow price is shown to be
sensitive to the economic context of the health care budget (Chapter 7). The framework
used to develop B. and the associated concepts is Price Effectiveness Analysis. This
framework is then expanded to incorporate strategic behaviour by firms (Chapter 8).




Chapter 6: The health shadow price, £ ¢

In this chapter, five concepts central to this thesis are introduced: opportunity cost in the

context of an institutional decision; price effectiveness analysis (PEA); reimbursement as
adoption and financing; the health shadow price B.; and the economic value of clinical
innovation, EVCI.

1)

2)

3)
4)

5)

Opportunity cost of a strategy in an institutional setting does not necessarily imply
that the decision maker is physically choosing between these two strategies and their
corresponding end state alternatives. Instead, it means that the decision maker is
valuing all states of the world that could emerge under different allocations of resources
(Buchanan 2008).

Price effectiveness analysis is a method of assessing the decision to reimburse a
new drug by testing the relationship between the IPER of the new drug and the
population's health.

The strategy of reimbursement comprises the actions of adoption and financing.

The health shadow price, B, is the IPER of the health effects gained by the target
patients as a consequence of the strategy of reimbursing (adopting and financing) the

new drug with clinical innovation AE” and additional financial cost AC” such that the
funder is indifferent between the strategy of reimbursement and the best alternative

strategy available to the funder also using the resources AC”.

The economic value of clinical innovation, EVCI, is the gross clinical benefit of the
new drug, constrained twice: by the clinical opportunity cost (the best alternative

therapy to the new drug) to obtain AE” and the economic opportunity cost (the best
alternative use of resources AC’) to obtain EVCI (=B AE").

The derivation of the parameters . and EVCI is illustrated using the special case of the

decision to reimburse (adopt and finance) a new drug where the additional financial cost

aC

P'is financed by the expansion of an economically efficient health budget and there is no

strategic play by the firm. The terminology for the associated decision rules and summary
metrics for the decision to reimburse are identified.
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1 The Reimburser's problem

The Reimburser understands that the choice of the decision threshold for a new drug is a complex
one; both technically and politically. She also understands it is related to the idea of the appropriate
valuation in a market context of the objectively determined therapeutic significance of a new drug.
After discussions with her Health Economic Adviser about clinical innovation and the shadow price
she decides that what she needs is an (average) shadow price for the health effects from the new drug,
which is expressed as a decision threshold and is calculated with reference to the best alternative use
of the incremental financial cost of the new drug, AC (Chapter 5). A firm can then use this information
as a signal of the maximum acceptable Incremental Price Effectiveness Ratio (/IPER)%° of the new
drug. But how should she arrive at such a measure? The Reimburser asks her Health Economic
Adviser:

Is there a shadow price for the health effects of a new drug that:
1) is based on the opportunity cost of the best alternative way to produce health effects; and

2) can be used as a decision threshold IPER for a new drug?
2 The path to the health shadow price

The Health Economic Adviser provides the Reimburser with the path that he used to develop the
idea of the objective value of the health effects of a new drug, the health shadow price. This path is
illustrated in Figure 2. The Reimburser works her way along this path. Her starting point is the
question of the appropriate value of “the objectively demonstrated therapeutic significance of a
pharmaceutical”. (See p. 65). The Reimburser recognises that this is about the value of the clinical
innovation in the context of an economic transaction, where the patent holder, the firm, has market
power. However, as the large monopsonist purchaser, she also has some market power. In this
situation she can chose to value the new drug using either an economic concept, opportunity cost, or a
lay concept of value for money that does not recognise the economic context. The former is preferable
to the latter in this context.

The opportunity cost is not what is physically displaced to finance the new drug; that is an
operational issue. The opportunity cost is the best alternative strategy. Furthermore, as a member of an
institution, she does not need to focus only on alternative strategies physically available to her.
According to Buchannan (2008), in an institutional setting, the use of the term "opportunity cost to the
decision" does not necessarily imply that the decision maker is physically choosing between these two
strategies and their corresponding end state alternatives. Instead, it means that the decision maker is
valuing all states of the world that could emerge under different allocations of resources, in this case,
AC. This definition overcomes, at some level at least, the possible failure of the institution to include
these alternatives in the physical choice set; in particular, unpatented services such as workforce
strategies, respite care and training health workers.*®

% See the Glossary Table 3 page 11

100 From the New Palgrave Dictionary of Economics is Buchanan's definition of opportunity cost in the institutional setting:
"Results may emerge from the operation of some institutional process without any person or group of persons ‘choosing’
among end-state alternatives, and, hence, without any subjectively-experienced opportunity cost. Despite the absence of this
important bridge between cost and choice in the ordinary sense, however, values may be placed on the ‘might have beens’
that would have emerged under differing allocations. The patterns of these estimated value losses, over a sequence of
institution-determined allocations, may enter, importantly, in a rational choice calculus involving the higher-level choice
amongst alternative institutional procedures for allocation. In this higher-level choice, opportunity cost again appears as the
negative side of choice even if ‘choice’ in the standard usage of the term is not involved in the making of allocations, taken
singly."(Buchanan 2008)
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The Reimburser does not need to know the shadow price of the budget constraint in order to
understand the opportunity cost of reimbursement. In fact it is very likely that it cannot be defined
given the current levels of inefficiency in the health budget. This shadow price should reference the
average shadow price of the best alternative input (Kim and Cho 1988). In the context of the
reimbursement process, the common reference point across alternative inputs is the amount AC, the
incremental cost of the new drug at the offer price, the IPER. The opportunity cost of reimbursement
is the maximum health effects foregone by allocating AC to the reimbursement of the new drug rather
than alternative strategies.

The firm, and in some cases the purchaser, have market power; they are price makers not price
takers. The patent owning firm can and must select a price for the new drug, unlike the case of a
perfectly competitive market for a given drug, where the firm must take the market price. the
Reimburser, she can use the decision threshold to provide signals to firms, and change this signal if
she chooses, as the competitiveness of the market for health inputs changes. The issue of interest is the
Reimburser’s choice of the decision threshold. The principal suggested by Drummond et al. (2005) is
to adjust the input price in a HTA/CEA to reflect its social opportunity cost.*® This method is not
applicable in this situation; the new drug price problem is about the Reimburser providing a signal
about the market for health inputs and the firm uses this signal to select an offer price. New drug
reimbursement is not an extension of the problem of correcting a charge for an input in a CBA.

And finally, the Reimburser recognises that the initial choice is about the qualitative value (an
equation) of the threshold, not the quantitative value.'® She notes that there appears to be more
certainty regarding the quantitative value of NICE’s threshold than its qualitative value.'®® She
recognises that only a qualitative value can be assessed in a theoretical context. Furthermore, a given
the qualitative value could provide a unique quantitative value for each decision at a given point in
time, however, it is also important to accommodate the possibility that this threshold will be a function
of a range of factors including competition in the market and hence vary over time and across
decisions.

191 Drummond et al. (2005) provide guidance on how to deal with a non-market price. The authors argue that while there is a
theoretical imperative to adjust the “market price” of an input in certain situations, in order to make such an adjustment it was
also necessary for health economists to establish a likely benefit to decision making and to use a clear and objective method
of making this adjustment. Using the approach suggested by Drummond et al., if there were an acceptable method of
adjusting the drug price, the Reimburser could perform a CEA using this adjusted price instead of the firm offer price and
then make a decision as to whether the drug was cost effective. The Reimburser needs to signal the value of the health effects
of the new drug to the firm rather than decide of a price of the drug that reflects social opportunity cost.

102 The qualitative value of a decision threshold is its value referenced to an economic, financial or administrative concept
such as the shadow price of the budget constraint, the maximum willingness to pay or the alCER of displacement. It is
preferable to express it algebraically and with reference to economic theory, for example, the shadow price of the budget
constraint. The quantitative value of a decision threshold is its numeric value, for example $75,000 per QALY.

192 The uncertainty in the qualitative value is suggested by Culyer et al. (2007) “The threshold could represent the shadow
price of the NHS budget constraint or a societal willingness to pay for health improvements; we cannot say what NICE thinks
the threshold represents, since it denies that it has one and therefore does not discuss its origins.” The relative certainty in its
quantitative value (and debate as to whether it should be increased) is indicated by Raftery (2009) and also Towse (2009).
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What is the appropriate value of the objectively determined
therapeutic significance of a new drug?

Opportunity cost MaxWTP

Physically displaced Strategy that leads to best
program alternative end state

NOT NEED

A the shadow price of
the budget constraint

NEED

A the shadow price of the
budget constraint

Marginal shadow price

Average shadow

price

Firms and purchasers
have market power.

Prices and charges can be adjusted in
an analysis but prices cannot be
changed in the market.

The shadow price of the new drug's incremental
health effects becomes a decision threshold and a
signal to firms

The shadow price becomes the input price

of the new drug in a CEA

An equation for the shadow price
(Qualitative value)

A number for the shadow price
(Quantitative value)

* Health shadow price 8,
¢+ conditional on (endogenous to) economic context (c)
¢ developed within PEA framework

Figure 2 The path to PEA and the health shadow price

3 PEA, fcand the economic value of clinical innovation

In a discussion on the significance of alternative methods to determine the unit cost that should be

used in an economic evaluation, when both charges and costs are available, Drummond et al (2005)

conclude that:

If the results of studies are relatively insensitive to the method used to approximate costs, should
we be concerned about this issue? Only to the extent that when costs or cost-effectiveness ratios
are compared across studies, the differences observed may be partly dependent upon the precise

type of cost to charge adjustments. (p. 59)
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Price effectiveness analysis (PEA) reframes how health economists understand the problem of a
price for an input, where that input is patented. In PEA it is understood that even if the decision
resulting from a HTA/CEA is not sensitive to the way that the unit costs are derived from, for
example, charges, if the patent holder of this input has market power then the price used in a
HTAJ/CEA in this way is providing a signal to the firm of a potential maximum acceptable price. If the
decision that results from a HTA/CEA is not sensitive to the method of costing, and hence price, of
one of the inputs, then this could be a signal to the owner of this input that the price can be increased.
Furthermore, the maximum acceptable price for the input can be inferred from the value assigned by
the Reimburser to health effects via the decision threshold, (as discussed in Part 1 of the Dung Beetle
story). It matters what price is assigned to an input either directly (via a unit cost in a HTA/CEA) or
indirectly via a decision threshold because the patent holding firm can respond to this signal in ways
that impact on both consumer welfare and social welfare. The implications of this strategic context are
discussed in detail in Chapters 8 to 10. In this chapter, a method for determining a reference price, the
health shadow price, is presented.

The starting point is that the problem of adjusting the price of an input in a HTA/CEA to reflect the
input’s social opportunity cost'™ is reframed in PEA as a problem of:

1) developing a clear, objective and theoretically defensible method;

2) identifying a qualitative value (equation) for the shadow price for the additional health effects of
the new drug;

3) referencing the best alternative strategy; and
4) applying this as a signal (decision threshold) in the Reimbursement decision.

In this chapter | show that, used together, the following five concepts provide a clear and objective
method of introducing the shadow price into the reimbursement process.

1) Opportunity cost as the strategy that leads to the best end state alternative. This strategy is not the
physically displaced strategy (an operational issue) and not necessarily a physical option available
to the Reimburser.

2) Reimbursement is a strategy comprising two actions: adoption of the new drug and financing of its
additional costs.

3) PEA is a method whereby the relationship between the price of a new drug and the population's
health can be analysed.

4) The health shadow price, 8., is the IPER'® of a new drug such that the Reimburser:
a. Isindifferent between:
i. the strategy of reimbursing the new drug (adoption and financing); and
ii. the best alternative strategy for improving the population's health.

b. given:

10% This approach is nominated by Drummond et al (2005). It appears to have its origins in Sugden and Williams (1978) and
has two problems. The first is that the social opportunity cost appears to be calculated with reference to the maxWTP for the
output. The second is that it does not recognise that if the producer has market power, then the price of the input is
endogenous to the decision regarding the adoption or otherwise of a program. (See example of the Dung Beetle)

1% 1n PEA, the price of a new drug is referred to as an incremental price per additional effect (IPER=f). Arithmetically, it is
identical to the additional cost per unit effect of the new drug. The term “price” is used instead of the term “cost” to recognise
that, unlike the ICER of a QUIT smoking counselling session (for example), the ICER of a new drug is endogenous to the
decision to reimburse it.- it is a price that is up for negotiation.
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i. the economic context of the health budget (is it allocatively and technically
efficient?); and

ii. the optimality with which adoption is financed from the health care budget.

5) The economic value of clinical innovation is the clinical value of innovation valued at S.. This is
the appropriate value of objectively determined therapeutic significance of a new drug, in the
context of a market transaction.

3.1 The problem

To illustrate the concepts and define the terminology we initially assume an economically efficient
budget and perfectly competitive input markets (no market power). These assumptions are relaxed in
Chapters 7 and 8. The nominated strategy (reimbursement) is adoption financed by expansion of the
budget (not by displacing existing services). Five parameters need to be defined to derive . and hence
the shadow price of the new drug in this situation:

1) amaximand (the measure of effect);
2) anominated strategy and its corresponding effect(s);

3) the constraints that define the set of strategies from which the best alternative strategy will be
selected;

4) the set of alternative strategies; and
5) the best alternative strategy from this set.

A simple example of the decision to purchase a new drug and to finance its purchase with the
expansion of a budget is used to illustrate these five elements.

1) The effect or maximand is health, measured in QALYS.

2) The nominated strategy (R) is reimbursement, which comprises the actions of adoption and
financing:

a. Adoption
i. The adoption of a new Drug P is achieved by completely replacing Drug Q with
Drug P for target patients.
ii. The effect associated with adopting Drug P is AEP = 20 QALYs, the increase in
health gains possible for the target patients following the adoption of the new
Drug P compared to the best care they would otherwise receive (Drug Q).
b. Financing:

i. The new drug has an additional financial cost of AC"=$1000, which consists
entirely of the additional cost of the drug (there are no other financial
implications);

ii. The additional cost of this new drug is financed by the expansion of the existing
health budget by $1000.

iii. The firm's offer price f of the new drug is expressed in terms of the /PER106:

1% The JPER (the incremental price effectiveness ratio) is used instead of the ICER (the incremental cost effectiveness ratio)
because the additional cost of the new drug to the health system is a function of the price of the new drug, which is in turn the
subject of negotiation not the empirical result of a clinical trial.
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f

3)

4)

5)

= IPER

B ACP _ 1000 $50 ALY

=apP = 0 »o0per?

The constraints that define the set of alternative strategies (comprising adoption and financing
actions) are:

a. the additional financial cost of Drug P ($1000) (that is, the alternative adoption action must
have an additional financial cost of $1000 and the financing action, in this case budget
expansion, must raise this amount) ; and

b. the programs and technologies currently available to expand or adopt, or to displace to finance
any additional cost of the new drug.

The set of alternative strategies defined by these constraints comprises adoption (or expansion)
actions and corresponding financing actions (displacement or budget expansion). The action of
adoption (or expansion) of these programs and technologies must be financed by an amount of
$1000. This set of alternative strategies excludes the mutually exclusive therapies for the group of
target patients identified by the nominated strategy, reimbursement of Drug P. The best of the
mutually exclusive actions relative to Drug P (Drug Q) is already included in the estimate of the
incremental effect of Drug P. The incremental effect of each of the actions and pairs of actions
(financing plus adoption is a strategy), given the strategies in the constraint set in Step 3) are
assumed, in this example, to be known with certainty.

The best alternative strategy (T) is the strategy from this set of alternative strategies that has the
greatest effect. This strategy comprises the adoption action with the greatest effect and the
financing option with the minimum reduction in health. In this example there is only one financing
option; budget expansion, which never results in displaced health effects. In this example, the best
alternative strategy is expansion of Program S with an associated effect, AES = 25 QALY's and an
additional cost of $1000 that is financed by expansion of the budget.

The reason that Steps 3) and 4) are separated is to allow the economic problem to be changed by

either:

1)

2)

changing the constraints that defined the set of alternative strategies (for example, there is
technological change that expands the number of new programs that could potentially be included,
or the methods for financing change); or

changes in the alternative strategies (combination of actions) within this set for given constraints
(for example, changes in the relative price of inputs).

Both of these types of changes will impact on the incremental cost and effect of alternative

strategies, which would be recalculated in Step 4).

3.2 Summary measures

The following summary measures represent the concepts related to S. and the associated economic

value of innovation in the context of a perfectly competitive market and economically efficient health
budget. The terminology is expanded for non-optimal initial conditions in Chapter 7.

The net health benefit of Drug P:

AEP = 20 QALYs
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is the incremental gain in health for the target patients from using Drug P instead of the best
alternative therapy for these patients, Drug Q. In the case of a new drug, it is the effect size, preferably
derived from an RCT of the new drug against the best available therapy, multiplied by the number of
target patients in the population. It is also referred to as the clinical value of innovation (CVI) which
emphasises the link between pharmaco-economics (derived from HTA/CEA and the incremental
effect) and pharma-economics (which is motivated largely by the economics of pharmaceutical
innovation). (See Chapter 4)

The net financial cost of adopting Drug P:

AC? = $1000

is the additional financial cost of the nominated strategy compared to the best alternative therapy
(assessed in clinical terms) for that group of patients. These are the additional financial resources that
need to be sourced to finance the additional costs of the new drug from the health budget, at the offer
IPER. In this example, the financing action is the expansion of the budget.

The net health benefit for the population of the strategy of reimbursement:

AER is the net effect on a population’s health of reimbursement (adoption and financing). (In
contrast, the net effect of the drug AET is the net effect of adoption for the patient group). In the case
of financing by an expanded budget, no existing program needs to be displaced hence the net health
benefit of Strategy R for the population is the same as that of the health effect for target patients from
adoption of the new drug.

AER = AEP = 20 QALYs

If a program had to be displaced to finance adoption, then the net health effect of reimbursement
would be the incremental effect of the new drug less the loss of health effects from displaced services.
This issue is explored in Chapter 7.

The net health benefit for the population of the best alternative strategy T:

Similarly, the net health effect of the best alternative strategy T is the same as that of action S
(expansion of Program S) because the additional costs are financed by the same action for both
reimbursement and the best alternative strategy, namely budget expansion. If T comprised action S
financed by the displacement of a second program rather than by budget expansion, the last term
would not be “+0” but include the loss to the patients whose program was displaced.

AET = AES + 0 = 25 QALYs
The net financial cost of the strategy of reimbursement:
ACR = ACP = AC

where AC is the expansion of the budget. If the strategy is financed within a fixed budget the net
financial impact of reimbursement on the total budget is 0 even though there is a reallocation of AC?
within the health budget. This issue is explored further in Chapter 7.

The opportunity cost expressed as benefit foregone of the nominated strategy, Strategy R
(reimbursement, the substitution of Drug Q by Drug P financed by expansion of the budget) is the
effect of the best alternative strategy, T (expansion of Program S financed by expansion of the
budget); 25 QALYSs.
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Note: As stated before, these strategies, R (reimbursement) and T (best alternative), are not
mutually exclusive for the group of target patients for the new drug.® However, they are mutually
exclusive options for the population, where the budget is only expanded to finance one strategy.

This opportunity cost is a consequence of the definition of the set of alternative strategies, which in
turn defines the opportunity cost in terms of the best alternative use of the fixed budget increment AC”.

The net economic benefit (health) of the nominated strategy (VEBRF) is the strategy R’s impact
on the population net the effect of the best alternative strategy (T):

NEBhR = AER — AET =20 — 25 = =5 QALYs
Hence there is a net economic loss of 5 QALYSs as a consequence of reimbursing the new drug at the

offer price of f.

The health shadow price, S. is the IPER () of the new drug in a specific economic context (c) at
which the Reimburser is indifferent between the two strategies of reimbursing the new drug and the
best alternative strategy, T.

0 = NEBhAR
= AER — AET

~$1000
25

> f per QALY

= B. = $40 per QALY

The (average) shadow price of the budget constraint is the maximum gain in health effects as a
consequence of budget expansion, without the new drug.

$1000
AB = AET = —r = $40 perQALY

The average shadow price of the budget constraint could also be expressed in terms of units of output
(in this case QALYSs). This approach is more common in operations research models than health
economic models. In this case it would be 25 QALYS.

And finally, the economic value of clinical innovation is simply:

EVCI = B.AEP = 40 x 20 = $800

This is the economic value of the objectively estimated therapeutic value of the new drug, as estimated
for a market where there is competition for alternative ways to produce the health effect.

7 The mutually exclusive alternative strategy to R for this group of patients is already accommodated in the definition of
clinical innovation which is estimated against the best alternative mutually exclusive strategy for this patient group.
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4 Discussion

A number of concepts were introduced in this chapter. Some of these concepts are intended to
allow distinctions to be drawn between concepts that are currently used interchangeably. Others relate
to concepts that are unique to PEA. Pairs of concepts are summarised in the following table.

Table 7 Summary of PEA concepts

Concept 1 Concept 2 Distinction

Adoption Reimbursement Conventionally, the terms adoption and reimbursement are used
interchangeably. The characterisation of Reimbursement as two

The clinical The decision to actions, adoption and financing, allows the decision of

decision to Adopt a new drug

substitute therapy
A with therapy B or

and Finance its
additional cost

reimbursement to be related to the net effect on the population
(rather than patients) and also allows the optimality of both the
adoption and financing actions to be considered separately when

add therapy B to from the health defining the health shadow price.
therapy A. budget.
ICER IPER Arithmetically identical terms. The term IPER is used to

Incremental cost
effectiveness ratio

Incremental price
effectiveness ratio

distinguish inputs such as new drugs where the price is the subject
of negotiation, strategy and market power. The price of the drug
is selected by the firm, is not a given and it is not the result of a
clinical trial.

ICER alCER Typically economists estimate the average ICER for a program and
refer to it as the ICER. The term “average ICER” is used to allow for
As above (weighted) the possibility that if a service is expanded or contracted its alCER
Average ICER will be a function of the direction and the size of the budget
change as a consequence of increasing or decreasing marginal
costs.
AEP AER The incremental effect of the new drug is its clinical innovation

The net health
effect of adopting
the new drug.

The net effect of
reimbursement on
the health of the

compared to the best existing therapy. The health effect of
reimbursement is the net effect of reimbursement on the
population. It is a function of the clinical innovation of the drug
(adoption) and the method of financing the new drug (displaced

population. services or expanded budget).
NBh. NEBhR The conventional net benefit is sometimes referred to as the net
¢ AC economic benefit. It can be valued by a range of values of i
— AEP — E = AEP — E (monetary valuations of health effects see Appendix 4) including

l

The conventional
net benefit. (See
Appendix 4 for a
discussion of this
terminology.)

The net economic
benefit of
reimbursement

k, n and d. However, strictly speaking, it is only the net economic
benefit if it accommodates the economic context, for example,
the competition in the market for health inputs and existing
inefficiencies. Hence the net economic benefit is the conventional
net benefit with S as the value of i.

AB

Shadow price of
the budget
constraint

Be

Shadow price of
the health effects
of the new drug

In this case, the shadow price of the budget constraint is defined
as the maximum additional effect or the additional cost per
additional effect, of the expansion of the budget constraint. It is
calculated without the new technology.

Bcis IPER of the new drug such that, in the specific economic
context c, the Reimburser is indifferent between the strategy of
reimbursement and the best alternative strategy in terms of their
impacts on the population’s health.

4.1 Key concepts expanded

4.1.1 The net economic benefit (health) for the population

The parameter NEBA® is the net economic benefit measured in health effects of the strategy of
reimbursement. It is an economic value, quantified in health effects, of the precisely defined net health
benefit (for the population) of the strategy of reimbursement (adoption and financing). There are a

Chapter 6: The health shadow price, ¢

Page 90




number of ways to express this parameter in the example presented in this chapter, where the
economic context is economic efficiency and financing occurs by expanding a budget constraint. In all
cases, it is the last term in this equation that gives the NEBhF its distinctly economic flavour, not
monetisation. This term, —AET, is the foregone benefit to the populati