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Abstract

Many countries, including Australia, regulate the price consumers pay for pharmaceuticals. In
this paper, the Australian Pharmaceutical Benefits Scheme (PBS) is modelled as a multi-stage
game played between the regulator and pharmaceutical firms. Conditions are derived under which
vertically differentiated firms are regulated and a number of issues are discussed. These include
efficiency, regulated firm profitability, leakage, and price discrimination. An extension examines
the introduction of new drugs and concludes that if all the benefits of a new drug are to be realised,
then existing agreements and transfers (per-unit subsidies) need to be renegotiated.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

To ensure consumers equity of access, many countries regulate the price consumers
pay for pharmaceuticals. The regulated price is normally well below the market price.
Therefore, to induce participation by pharmaceutical firms in the regulatory regime, trans-
fers are given by the government to the firms. These transfers are often implemented
through a negotiatedgreed price for producersWillison et al. (2001)document that
Australia, the Netherlands, New Zealand, and the United Kingdom set a fixed consumer
price with the difference between this price andabeeed price being the implied per-unit
subsidy. In France and Sweden consumers pay a fixed proportion obgteed
price.
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The literature on pharmaceutical regulation is mainly empirical with emphasis placed on
measuring international price differences and seeing if they can be explained by the regula-
tory environmentDanzon and Chao (2000&)d that countries with strict price regulation
(France, Italy, and Japan) have lower prices than the less regulated markets of the United
States and the United Kingdom. HowevBerndt (2000) provides a number of caveats
about their interpretation of the data. In a related papanzon and Chao (200Qk®xam-
ine whether the extent of price competition between producers of generic drugs is affected
by the regulatory environment in which they operate. They find that price competition is
significant in less regulated markets (United States, Canada), but not in more regulated
markets (France, Italy, and Japan).

Despite a substantial empirical literature, the theoretical literature on pharmaceutical
regulation is rather scantohnston and Zeckhauser (199i9del Australian regulation as
marginal cost pricing with a per-unit subsidy paid to monopolist pharmaceutical firms to
guarantee these firms monopoly profihis and Wen (1998)evelop a theoretical model of
pharmaceutical regulation in Canada where pharmaceutical firms are either multi-product
monopolists or sell in two international markets. Regulation is modelled as a constraint on
the ability of firms to set prices independently for each product or in each market. In both of
these papers, strategic interactions between firms are ignored as is any bargaining between
firms and the regulator over the per-unit subsidy or the form of the price constraint.

This paper endeavors to correct this situation by building a theoretical model of the
Australian Pharmaceutical Benefits Scheme (PBS) in which strategic interactions between
firms and bargaining between firms and the regulator play a central role. The goal is to
discover the implications of the PBS’s design and suggest possible improvements. Although
it is based on the Australian system, the model has wider appeal because similar schemes
are in place in many European countries as well as Canada and New Zealand. In fact, one
of the paper’s main contributions is to provide an analytical framework which can easily
be amended to examine pharmaceutical regulatory regimes other than that of Australia.

The PBS is modelled as a five stage game. In the first stage, pharmaceutical firms choose
whether to enter the regulation process. In the second, the quality of the drug is determined
and in the third, given the regulated price, the regulator chooses which firm/s to regulate.
In the fourth stage, the regulator and the regulated firm bargain over a transfer which can
be implemented via an agreed producer price and finally, in the fifth stage, pharmaceutical
firms, with different quality drugs, compete with each other in the drug market.

The main results are summarisedPiropositions 1 and.Zogether they state that as long
as the regulated price is less than the unregulated price of the high quality firm, then the high
quality firm always enters the regulation process and is regulated. The negetieted
price is less than the unregulated price of the high quality firm. In some circumstances
the low quality firm also enters the regulation process and is regulated. Since the regulated
price is the same for high and low quality firms, a regulated low quality firm makes no sales.
Essentially, the low quality firm is regulated to stop the low quality firm stealing consumers
away from the high quality firm.

Once the model is outlined, a number of implications are drawn. The first concerns
efficiency. It is shown that there is a range of regulated prices which achieve efficiency and
that this range varies between drugs. Therefore, having an identical regulated price for all
drugs, as the PBS scheme does, can lead to inefficiency if this regulated price falls outside
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the required range. By explicitly modelling the regulator as a surplus maximiser, efficiency
considerations, which are often ignored in the literature, are brought to the fore. A lower
regulated price for some drug classes might not only improve equity of access, but also
lead to efficiency if the lower regulated price moves into the efficient range. The policy of
having an identical regulated price for all drug classes needs to be re-examined.

The second concerns firm profitability. Although t#yeeed priceis below the unregulated
price of the high quality firm, this does not mean the regulated high quality firm is worse
off under regulation than without regulation. In fact, the bargaining process ensures it can
not be made worse off. The reason why the loagnmeed price is consistent with higher
firm profit is that firm sales depend not on the agreed price, but on the regulated price. The
agreed price does not affect any consumption or production decisions, it is just a device
used to make transfers to the firm in return for the firm being regulated. Although this point
is simple, itis not appreciated by the literature nor the regulator. In fact, the regulator seems
to completely miss the point by explicitly considering foreign prices when negotiating the
agreed price when all it should consider is the additional surplus regulation generates and
the quantity sold at the regulated price.

The third implication concerns what is known as leakage. The model suggests that in the
bargaining process all high quality uses of the drug should be specified and its subsidised use
restricted to these uses. Failure to do so results in the subsidised use of the drug leaking out
into low quality uses and non-negotiated high quality uses. Although this increases consumer
surplus, it can reduce the regulator’s payoff if the induced unnegotiated transfers are large
enough. This leakage problem is discussed in the informal literatah@nnesson (1992)
where it is realised that administering complex use restrictions is problematic. This paper
makes it clear that the source of the leakage problem is the method the regulator chooses
to make transfers to the pharmaceutical firms, namely, per-unit subsidies. If lump-sum
transfers or price-volume contracts were used leakage would not result and problematic use
restrictions would not be needed.

A feature of the Australian PBS is that there are two regulated prices. Concessional
patients face a lower regulated price than general patients. Amending the analysis to incor-
porate a high and a low regulated price leads to the fourth implication, namely, that having
two regulated prices can increase the regulator’s payoff if in the presence of one regulated
price (i) some consumers purchased the low quality drug or (ii) both high and low quality
firms are regulated. If a single regulated price was chosen efficiently by the government,
neither of these two cases would arise. Therefore, it is the arbitrariness of the setting of
the regulated price that introduces situations in which having two regulated prices leads to
greater regulator payoffs.

Finally, the model is amended to take exogenous innovation into account. This leads
to the fifth implication which concerns the renegotiation of agreements in the presence of
new drugs. First, a new lowest quality drug is introduced. It is shown that this can increase
the payoff of the regulator even if the firm producing the new drug makes no sales. This
follows because the presence of the new drug alters the disagreement payoffs in the absence
of regulation in such a way that a smaller transfer is paid to the high quality regulated
firm. It is also shown that no regulation might maximise the regulators payoff. In either of
these cases, for all the benefits of the new drug to be realised, it is necessary for existing
regulatory agreements to be renegotiated. This may entail drugs that were initially regulated
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being removed from regulation. Next, a new highest quality drug is introduced. The message

is similar, to realise all the benefits from a new drug requires existing regulatory agreements

to be renegotiated. Once again, this point seems to be missed by the literature and the
regulator.

2. Australian pharmaceutical regulation—institutional detail and procedures

Pharmaceutical patents provide their holders with monopoly power which allows them to
charge monopoly prices. These prices can be such that an individual whose health outcome
would be improved by taking the drug cannot afford to do so. To ensure equity of access
to drugs, the Australian government has implemented a system of regulated prices and
subsidies known as the Pharmaceutical Benefits Scheme {PB®).price a consumer
pays for a drug appearing on the PBS list is either A$23.10 for a general patient or A$3.70
for a concessional patient (aged, disabled, unemployed etc.).

To ensure pharmaceutical firms participate in the scheme, the Pharmaceutical Benefits
Pricing Authority (PBPA) determines a list of agreed prices which pharmacists (dispensers)
pay the pharmaceutical firms for their drugs. If #ugreed price is above the price paid
by consumers, then pharmacists claim the difference from the government, essentially,
consumption of the drug is subsidized.

To be listed, a drug must meet efficacy, safety, and quality standards. In addition, it
must undergo an economic evaluation. First, its quality relative to a comparator (the best
existing treatment) is determined. Next, an agreed price, which ensures cost-effectiveness,
is negotiated. To be cost-effective, an additional unit of health outcome must be attained
at less cost with the drug being evaluated than the comparator. Generally, drugs that are
cost-effective are listed at thegreed price. In determining theagreed price, the PBPA
takes into account a number of factor. These include comments on the clinical and cost
effectiveness aspects of the drug, prices of alternative brands, prices of drugs in the same
therapeutic group, cost information, prescription volumes, and the prices of the drug in
comparable overseas countries.

Two important characteristics of the pharmaceutical industry in Australia are (i) pharma-
ceutical firms are foreign owned and (ii) the pharmaceutical market is small relative to the
world market. The first characteristic implies that the profits of pharmaceutical firms are
not a component of Australian welfare and the second characteristic implies that the impact
of Australian pharmaceutical regulation on pharmaceutical firm R&D is so small that it can
be ignored.

3. Gamestructure

Pharmaceutical regulation in Australia can be modelled as a stage game. In the first stage,
a foreign owned pharmaceutical firm, at some cost, chooses whether or not to go through

1 In PBPA (2000)he objective of the PBS scheme is given as to secure a reliable supply of pharmaceutical
products at the most reasonable cost to Australian taxpayers and consuniers
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the drug evaluation, bargaining, and regulation process for a particular dftlge firm

decides to enter this process, then in the second stage the regulator evaluates the quality of
the drug submitted for evaluation. In the third stage, the regulator decides which firms to
regulate. The fourth stage involves bargaining (negotiation) between the regulator and the
regulated firms over the transfer (subsidy) the firms are to receive in return for selling their
drug at the regulated price to consumers. In the fifth stage, firms compete in the drug market.
Those firms that have successfully gone through the evaluation process are constrained to
charge the regulated price, other firms that have been unsuccessful in the evaluation process
or did not enter it in the first place are free to charge any price they wish. The regulated
price is set by the government and both the regulator and firms take it as given when making
their decisions. One regulated price is assume8idations 3 and #hile the case of two
regulated prices is examined@®ction 5As is usual, the game is solved backwards for the
sub-game perfect Nash Equilibrium.

3.1. Sage 5—drug market competition

The model used for drug market competition is a direct extension of the vertical differ-
entiation model outlined iftirole (1988, chpt 7)Mussa and Rosen (197B)eferences are
assumed, so an individual with preference parantetdatains surplus

V=6s—p (1)

when purchasing one unit of a drug of qualitat a price ofp, and zero otherwise. The
individual preference parametér,is assumed to be uniformly distributed with density one
across the population of consumers on the intesa][ whered = 6 + 1.

It is assumed that there are two firms, 1 and 2, selling drugs within the same therapeutic
class with qualities; < s», respectively. These firms have identical and constant marginal
production costs equal toand choose pricep; andp», to maximise profit. There are four
cases to consider.

3.1.1. Neither firmregulated

All the results in this sub-section can be foundirole (1988) Throughout the paper itis
assumed that > 2. This ensures that consumers are sufficiently heterogeneous that both
firms find it profitable to produce in the unregulated equilibrium. In addition, it is assumed,
that in the unregulated equilibrium, the market is covered, that is, all consumers buy one
unit of one of the drugs. This requires that < s1 in the unregulated equilibrium.

Let 6 denote the consumer who is indifferent between the two drugs. This consumer is
implicitly defined byfs, — p> = 651 — p1, 06 = (p2 — p1)/(s2 — s1). Individuals with
preference parametér> 6 purchase from the high quality firm, firm 2, while the remaining
individuals purchase from firm 1. The demands of each firm are, therefore, given by

p2—P1 - pP2—D1
2= n A 2)

D1 0 Dy =6 —

sp—s1 s2— 851

2 Unlike Shaked and Sutton (1982, 1988)e quality of this drug is given and not chosen by the firm. This
simplifies the analysis and can be justified for Australia by the fact that the quality of the drug if it was chosen
would be chosen for the US or European market, not for the small Australian market.
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The demand for the high quality drug falls with an increase in its price, because some
consumers switch to the low quality drug. Substitution of this type is consistent with the
findings ofPavcnik (2002)She found retail price falls of between 10-26% accompanied
Germany’s 1989 switch from a flat prescription fee to reference pritiRgesumably, to
reduce consumer substitution into competing drugs under reference pricing, pharmaceutical
firms lowered retail prices so that the out-of-pocket expense to consumers increased by less
than otherwise. Firm profits are

ITy = (p1 — ©)D1(p1, p2), 12 = (p2 — ) D2(p1, p2) 3

and the best response functions of each firm are

p2+c—(s2—s1)0 p1+c+ (s2 —s1)0
p1= p2= :

, 4
5 2 > (4)
Note that prices are strategic complements.
Solving (4) simultaneously for the Nash equilibrium prices yields
6—20

pi=c+ 3 (2—s)>c¢ (5)
and

Py =c+ %(Sz —s51) > pi. (6)

These price equations are consistent wittand Comanor (1998yho found, for the United
States, that the greater was the therapeutic difference (quality difference) between two drugs,
the greater was the price differential. Denote Nash equilibrium profitgpy- 11} > 0

and Nash equilibrium surpluses from each drug by

] ]
" / ©S1— plyds,  Sh = / (652 — ply) do, @
[ 0

whered = (9 + 0)/3. Equilibrium prices, consumer surpluses, and profits are shown in
Fig. 1

3.1.2. High quality firm regulated-low quality firm unregulated

Let the given regulated consumer price be denoteg.bhere this regulated price only
applies to the high quality firm, it is denoted py, where it only applies to the low quality
firm, it is denoted byp1, and where it applies to both firms it is denotedjy= p>.

The effect of a regulated consumer pricepaf depends on the size gb. A number of
cases are considered.

Casel.
c<pl<py,<p2

3 If the retail price exceeds the reference price, then the consumer pays the difference.
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Fig. 1. Nash equilibrium prices, consumer surpluses and profits.

In this case, the regulated price is greater than the unregulated price of the high quality
firm. Since (4) reveals that prices are strategic complements, the best response of firm 1
to regulation of firm 2 is to charge a pricg: > p’, where a hat signifies the value of a

variable when the high quality firm is regulated. In Appendix A, it is shown $hakt S5 is
a decreasing function gf,, therefore

§1+§2<S?+S'21. (8)

It is not surprising that the sum of consumer surpluses decreases with an increase in the
price of both drugs. Finally, note that

> m (9)

because, > p4, p1 > pj. The relationship betweefT, and/T; is ambiguous. Fop; a
little larger thanp, [T, > 174, while for p a lot larger tharp’, [T, < IT5.

Case 2a.
c<pi<a<pr<ph
In this case, the regulated price is below the high quality firm’s unregulated price, but above

the low quality firm's unregulated price. The variablés defined byx = ¢ + (s2 — s1)0.
Calculation reveals thaf] < « if 50 > 6. This condition is assumed throughout the paper.
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4 Examining (4) reveals that jf> > «, then the best response of firmji],,Ais such that
c < p1 < pj. At this price, firm 1 has positive sales. Using the fact thiat- Sz is a
decreasing function g, the following inequality holds

Sl—i-Sz zsg-i-S;. (10)

It is not surprising that the sum of consumers surpluses increases with a decrease in both
prices. Finally, note that

O0<Il <M}, 0<Ilp<I]. (11)
because> < p4, p1 < p}.
Case 2b.

c<pi<p2<a<ph

Examining (4) reveals that > < «, then the best response of firm 1jis = ¢ < pf]. At

this price, firm 1has zero sales. The conditign< «, can be rewritten a&s, — p2 > 6s1—c¢
which implies there is no price at which firm 1's sales are positive. Inequality (10) still holds,
but with §1 = 0. Profits are

0=Inh <M}, 0<Il<II}. (12)
Case3.
c<p2<pi<a<ph

In this case, the regulated price is below the unregulated prices of both the high and low
quality firms. As in Case 2b, the best response of firm fjis= c. At this price firm 1 has

zero sales. The relationships between consumer surpluses and profits are identical to Case
2b above.

3.1.3. Low quality firm regulated-high quality firm unregulated
As in the preceding sub-section, the effect of a regulated consumer prigediffers
depending on the size ¢f.

Cased.
c<pi<p
In this case, the regulated price is greater than the unregulated price of the low quality firm.

Since prices are strategic complements, the best response of firm 2 to regulation of firm
1 is to charge a pricgy2 > p4, where a check signifies the value of a variable when the

4 Although consumers are assumed to be heterogeneous enough to ensure that both firms can profitably produce
in the absence of regulation they are not so heterogenougthato.
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low quality firm is regulated. In thAppendix A it is shown thatS; + S, is a decreasing
function of p1, therefore,

Sp4 82 < SU+ 8. (13)
Finally, note that

T, > IT3 (14)
while the relationship betweeld; andIT} is ambiguous.
Case 5.

c<pL<p}

In this case, the regulated price is less than the unregulated price of the low quality firm.
The best response of firm 2 jg < p5. It follows that

Sl + 32 > S;_l + Sg (15)
and that
<My, Ih<I} (16)

3.1.4. Both firms regulated

The effect of regulating the consumer price of both firmpg &t for all consumers to buy
the high quality drug if they buy at all. For the case whgre- 0s> > ¢, the market is
not covered. For < p < 6s2 the market is covered. Denote profits of the two firms and
surpluses of the consumers where both firms are regulatét by 0, IT», S1 = 0, andS».

3.2. Sage 4—bargaining over the transfer

In this stage, the regulator and the regulated firms bargain over the trdngteat is paid
to the firm in return for it being constrained to charge the regulated price to consumers. A
cooperative approach to the bargaining problem is assumed and a Nash bargaining solution
is sought.

For expository reasons the case where only the high quality firm is regulated is developed.
Given transfelL, the regulator achieves paydff + S» — L. The payoff of the regulator
does not include the profits of firms 1 and 2, because they are foreign firms. The payoff
of the high quality firm is its regulated profit plus the transfer it receives, thalist L.
If no agreement between the regulator and the firm is reached the regulator’'s and the
firm’s payoffs areS] + S5 andI7;, respectively. That is, the disagreement payoffs are the
unregulated Nash equilibrium payoffs. The Nash bargaining solutioh ferthe solution
to the following maximisation problem

max NP = S1+ 8 —L -8 -85 x ([l + L —113). (17)

subject to
L>0 (18)
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and
S1+8—-L—-S—83>0, [L+L-15>0 (19)

Constraint (18) is included as there is no mechanism in practice for firms to make transfers
to the regulator. Constraints (19) are included otherwise an agreement would not be indi-
vidually rational as it would entail one or both of the firm or the regulator doing worse with
an agreement than without.

Rearranging the first order condition of this maximisation problem yields the interior
solution

o G148 -8 — 8 — (1 — 1)

* > : (20)

Note thatl.* is a function of(c, s1, 52, p1. p2, P}, p}). The size of the transfer depends on
marginal cost, the qualities of the two drugs, the regulated price and firm 1’s best response,
and the unregulated prices. These are variables listed as facRB&ik (2000) which are
considered by the PBPA when deciding the size of the transfer it gives to firms with drugs
listed on the PBS schedule. Constraint (18) is satisfied if

(814 82) — (S} + S3) = ([T — IT3). (21)
Assuming (21) holds, the regulator obtains a payoff of

(S1+ S2 4 [To) — (S} + S§ + 1)

§1+§2—i*: > + 57+ 55, (22)
and the firm obtains a payoff of

L Sy 4 8o+ o) — (S + S& + 12

1—[2+L* _ (S1 2 2) — ( 1 2 2) +H§. (23)

2

The differenceS1 + Sp + IT2) — (S% + S + I13) must be non-negative to satisfy (19) and
is represented by the shaded arekim 2 The regulator’s payoff is what it gets if there is
no agreement plus half the additional total surplus generated by the agreement. Similarly
the firm’s payoff is what it gets if there is no agreement plus half the additional total surplus
generated by the agreement.
In practice, the regulator and the firm do not explicitly bargain over a trarsfdaut
rather bargain over the size of a per-unit subsidydowever, a bargain overis identical
to the bargain ovet, so in this case
k
. (24)
q2
whereg, is the quantity the regulated firm sells at the regulated pjigeThe price the
regulated firm receives for each unit soltpis = p» + v* and in practice is known as the
agreed price. The greater the difference in quality between the high and low quality drug, the
greater is the transfer and the greater is the agreed price. The intuition is clear. An increase
in s2 holdings1 constant increases the total additional surplus available from regulating the
high quality firm and also increases the disagreement profit of the high quality firm because
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Fig. 2. Additional total surplus generated by the agreement.

the prices of both drugs rise. Both of these effects increase the size of the transfer and the
agreed pricé.

The case where only the low quality firm is regulated is identical to the above except
checks are used rather than hats @hdand e replaceﬁz and 75 in (17). The case
where both firms are regulated is similar in structure to that above except now the regulator
and the two firms bargain over transfdrs and L. This problem is just an extension of
Nash'’s bilateral bargaining problem to multilateral bargaining and is given formally in the
Appendix A8 In both cases, the disagreement payoffs are the unregulated Nash equilibrium
payoffs.

3.3. Sage 3—regulator choice of firmto regulate

Given the regulated prices, the regulator acts to maximise surplus net of the transfer
and so chooses the regulation regime that gives it the greatess, — L*. As the payoffs
from regulation vary according to the value$o will the choice of which firm to regulate.
Therefore, the cases considered in the previous sections will each be analysed in turn.

Case4.
n _
c<p1<p
5 Changes irij» are of second order and so are ignored.

6 An alternating offer game that implements the multilateral extension of the Nash bargaining solution can be
found inKrishna and Serrano (1996)



12 D.J. Wright/ Journal of Health Economics xxx (2004) »xx—Xxxx

In this case, the given regulation price is greater than the unregulated price of the low quality
firm. By result (13),

S14+8—L* < S + 58 (25)

forall L* > 0. Therefore, in this case, regulating neither firm dominates regulating the low
quality firm.

Casel.
c<pi<ph<p

In this case, the given regulation price is greater than the unregulated price of the high
quality firm. By result (8),

Si4+8—L* < S +58 (26)

forall L* > 0. Therefore, in this case, regulating neither firm dominates regulating the high
quality firm.
In addition, using revealed preference arguments, it is straightforward to show that

S1+S2—L* < S+ 5% (27)

for all L* > 0. Therefore, in this case, regulating neither firm dominates regulating both
firms. Combining the results of Cases 4 and 1, yields the result that neither firm is regulated
if the regulation price is greater than the unregulated price of the high quality firm. This has
intuitive appeal. The inequalities in (25)—(27) are illustrated in the first two rowalaoe 1

Case 2a.
c<pl<a<p=<ph

In this case, the given regulation price is greater than the unregulated price of the low
quality firm, greater thaw, but less than the unregulated price of the high quality firm.
Therefore, Case 4 above applies and the low quality firm is never regulated on its own. In
the Appendix A it is shown thats, + So + [ is a decreasing function gf,. Therefore,

using (22)

S14+8—L* > St + 55 (28)

As a result, regulating the high quality firm dominates regulating neither firm. However, it
is possible that regulating both firms dominates regulating just the high quality firm.

Table 1lillustrates, for a particular parameterisation of the model, that regulating both
firms dominates regulating just the high quality firm. This occurs at a regulated price of
p = 1. If only the high quality firm was regulated, then some consumers would purchase
the low quality drug because this price is greater than 0.75. Regulating both drugs at
a price of 1 ensures the market is covered and that only the high quality drug is purchased.
Although total consumer surplus is loweh + S» > S», the profits of the high quality
firm have increased to such an extent that it is given no transfer and the transfer to the low



Table 1

Parameterisation of the model= 0.25,6 = 0.5,6 = 1.5,51 = 1,50 = 2

D ST+ 53 S1+ 85 L* S1+4 8 — L* S14+ 8, L* S1+4 8 — L So L1 L So—L1—1Lo
1.2 0.9306 0.8253 0.525 .au 0.81

P =1.087 0.9306 0.9306 0.5833 .a184 0.9184

1 0.9306 1.0078 0.0577 0.9501 0.625 1 0.0486 0 0.9514
0.85 0.9306 1.1512 0.1726 0.9787 0.7 1.15 0.0602 0.1269 0.963
a=0.75 0.9306 1.25 0.2569 0.9931 0.75 1.25 0.0602 0.2269 0.963
0.6 0.9306 1.4 0.4069 0.9931 0.8278 1.4 0.0602 0.3769 0.963
p1 =041 0.9306 1.5833 0.5903 0.9931 0.9306 0 0.9306 1.6684 0.0602 0.5602 0.963
0.3 0.9306 1.7 0.7069 0.9931 1.0003 0.0431 0.9571 1.8225 0.0602 0.6769 0.963

A “u” superscript denotes a situation where the market is uncovered.

X0 (002) Y00X SIIUOU02T Y3 [esH Jo feuunor /B T°a
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quality firm is lower than what would be given to the high quality firm if it was the sole
firm regulated. It is this reduction in the transfer that makes regulating both firms dominate
regulating just the high quality firm. Essentially, the low quality firm is given a transfer so
it does not steal consumers away from the high quality firm.

Ata price ofp = 0.85, Table 1reveals that regulating just the high quality firm dominates
regulating both firms. Unfortunately, whether regulating both firms dominates regulating
just the high quality firm is not monotonic in the regulated price and so the analysis of this
case, in general, is tedious and not défiéne important point to take froffable 1is that in
the case under consideration it is possible that regulating both firms dominates regulating
just the high quality firm.

It should be noted, that where both firms are regulated, the low quality firm makes no
sales. Therefore, any transfer it receives cannot be given as a per-unit subsidy, it must be
given as a lump-sum. On the other hand, the transfer given to the high quality firm can be
given as a per-unit subsidy and is determined as in (24) above.

Case 2b.

c<pi<p=Z<a<ph

In this case, the regulation price is above the unregulated price of the low quality firm, less

thana, and less than the unregulated price of the high quality firm. Once again, Case 4 above
applies and the low quality firm is never regulated on its own. As in Case 2a, regulating just

the high quality firm dominates regulating neither. However, unlike Case 2a, regulating both

firms never dominates regulating just the high quality firm. This follows because consumer

surplus and the profits of each firm are identical regardless of whether just the high quality
firm is regulated or both firms are regulated. In particular,

1_71 = ﬁl =0, 1:[2 = ﬁz, 5'1 = 31 =0, 3'2 = 3'2. (29)

However, having to ensure the low quality firm a payoff of at Ig&ét where both firms are
regulated, increases the size of the transfer relative to where only the high quality firmis reg-
ulated. This bigger transfer ensures that regulating just the high quality firm dominates regu-
lating both firms. Thisisillustrated ifable latp = « = 0.75 and ata regulated price of 0.6.

Case3.

c<p<p]<a<ph

In this case, the regulation price is less than the unregulated price of the low quality firm.
Case 2b above applies, so regulating the high quality firm dominates regulating neither firm
and regulating both firms. In thppendix A it is shown thafS; + S, + [17 is a decreasing
function of p;. Therefore, using the equivalent condition to (22) for regulating the low
quality firm yields

S14+ 8 — L*> §"+ 8. 30
1 2

7 The lack of monotonicity can be deduced frdble 1 where at a regulated price less than, but very close to
P, regulating just the high quality firm dominates regulating both firms.
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Therefore, unlike Case 2b, in this case, regulating the low quality firm dominates regulating
neither firm. This is illustrated in the last row ®&ble 1 The choice the regulator faces is
between regulating the low quality firm or regulating the high quality firm.

The regulator’s payoffs from regulating the high and the low quality firmsateS, —
andS; + S, — L*, respectively. Subtracting these two payoffs and substituting from (22)
and its equivalent for regulating the low quality firm yields

(S14+ 82— L% — (S1+ 82— L*)
(14 So+ 1T2) — (57 + S5+ 113) — (S1+ S2 4 IT1) — (S} + S + IT))
- _ .

(1)

The regulator chooses to regulate the high quality firmif (31) is greater than zero and the low

quality firm if itis less than zero. For the case in quest(csm 4 S0+ 1) — (81 + 85 +115)

remains constant as the regulated price changes. However, as ShOWI’A[D‘pﬂ!TﬂIiIX A

(§1+§2+ﬁ1) — (81 + 85 +117) is adecreasing function gf and so reaches a maximum at

p1 = c. Therefore, (31) is greater than zero forall < pf ifitis greaterthan zero gy = c.
Tedious calculation reveals that the difference in (31) can be written as

(52— s1) (=302 + 20 + 1)
48

(32)

which is strictly greater than zero on the intergad (0, 1). The assumptions thét= 0 + 1
and6 > 269 ensure that falls in this interval and so regulating the high quality firm
dominates regulating the low quality firm. Once again this is illustrated in the last row of
Table 1 Therefore, in this case, the regulator chooses to regulate the high quality firm.
Infact, evenifp < ¢, then the regulator would choose to regulate the high quality firm. Its
payoffisidentical to the case considered in this section because although the lower regulated
price increases consumer surplus itincreases the transfer by an equivalent amount. The total
additional surplus generated by the agreement is unchanged and so the regulator’s payoff
is unchanged.
The analysis of this subsection is summarized in the following proposition.

Proposition 1. For p > p7, neither drug isregulated. For ¢ < p] < a < p < p5, the
high quality drug is regulated and for some parameterisations the low quality drug is also
regulated. Finally, for p < «, the high quality drug is regulated.

This proposition requires many assumptions and a deal of effort to prove and yet the intuition
is clear. If the regulated price is higher than the unregulated price of the high quality drug,
then regulation pushes prices closer to their joint profit maximising level and reduces the
regulator’s payoff. In this case, no regulation is optimal. If the regulated price is below the

unregulated price of the high quality drug, then regulating the high quality drug pushes
prices away from their joint profit maximising level and increases the regulators payoff. If

the regulated price is relatively high, then some consumers purchase the low quality drug.
In this case, by regulating both drugs the regulator ensures that only the high quality drug
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is purchased. In essence, the low quality firm is bribed not to steal consumers away from
the high quality firm.

3.4. Sage 2—quality evaluation

Drugs that are submitted for evaluation have their quality determined, either high or low,
at a fixed cost ok. It is assumed that there is no error in this process.

3.5. Sage 1—the evaluation decision

In this stage, the firms decide whether to enter the evaluation and negotiation stage of
the game. The high quality firm knows that the evaluation process will reveal it to be high
quality and that in Stage 3 the regulator will choose to regulate it as lopgag?. In the
bargaining stage, it is guaranteed a payoff including the transfer which is strictly greater
than its unregulated profit, therefore, for smalthe high quality firm chooses to enter the
evaluation and negotiation stages of the game. Zox p and any positive, the high
quality firm chooses not to enter the evaluation stage of the game as it will not be regulated,
and entering reduces its payoff by

The low quality firm knows that the evaluation process will reveal it to be low quality
and that in Stage 3 the regulator will choose to regulate it only for spraga, p%). For
these regulated prices, both firms are regulated and the bargaining process guarantees the
low quality firm a payoff which is strictly greater than its unregulated profit. Therefore,
for smallk, the low quality firm chooses to enter the evaluation and negotiation stages of
the game. For all othes and any positivé, the low quality firm chooses not to enter the
evaluation stage of the game as it will not be regulated and entering reduces its payoff by

The equilibrium of the stage game is summarised in the following proposition.

Proposition 2. The sub-game perfect Nash equilibriumof the PBSstage gameisfor neither
firmto enter the eval uation stage of the gameif theregulated priceisgreater than or equal to
the unregulated price of the high quality firm. If the regulated priceis below the unregul ated
price of the high quality firmand k issmall, then the high quality firm enters the evaluation
process and has its price regulated. It receives a transfer in the form of a per-unit subsidy.
If the regulated price is below the unregulated price of the high quality firm, but above
«a, then, for some regulated prices, the low quality firm also enters the evaluation process
and has its price regulated. The low quality firm sells no output and receives a lump-sum
transfer. For all other regulated prices the low quality firm does not enter the evaluation
stage of the game.

4. Discussion
4.1. Efficient priceregulation

Pharmaceutical firms are foreign owned, so a government solely concerned with effi-
ciency would choose the regulated price to maxinsise- S — L.
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Proposition 3. Aregulated priceisefficientifand only if p < o = ¢ + (s2 — 51)6.
Proof. In the Appendix A O

The intuition is clear. Any regulated price in this interval has an equilibrium in which
only the high quality firm is regulated and all consumers purchase the high quality drug.
Therefore, any price in this interval maximises the total surplus, net of disagreement payoffs,
which is available to be distributed between the regulator and the high quality firm.

The intervake = ¢ + (s2 — 51)6 differs for different drugs and so efficient pricing would
in general have different classes of drugs being regulated at different prices. However, in
Australia, all drugs are regulated at the same ptithis strongly suggests the government
sets the regulated price for equity of access not for efficiency as modelldzhimgton and
Zeckhauser (1991)or those drug classes for which the single regulated price is above the
«a of that drug class, a lowering of the regulated price increases the regulator’s payoff and
reinforces equity of access. This suggest further thought needs to be given to the policy of
having a single regulated price for all drug clases.

Finally, it should be noted that although a lowering of the single regulated price increases
the regulator’s payoff for some drug classes, for those drug classes, where the regulated
price is already below, a lowering of the regulated price leaves both the regulator’s and the
firm’s payoffs unchanged. This latter case highlights the distributional changes associated
with changes in the regulated price. The lower regulated price increases consumer surplus
and increases the size of the transfer needed to compensate the pharmaceutical firm for
lost profit. Income has been redistributed from taxpayers, who provide the revenue the
government needs to implement transfers, to the consumers of drugs.

4.2. Firm profitability

The assumed bargaining process ensures any regulated firm obtains a greater payoff under
regulation than it would if it was not regulated. For example, where «, only the high
quality firm is regulated. Its payoff ifl, + L* > IT5 which is the payoff it obtains in the
absence of an agreement;, plus half the additional surplus generated by the agreement.
Clearly, in this case, the high quality firm likes the PBS system.

This is true for any regulated high quality firm despite the fact thattneed price is
less than the unregulated price, thapis < pg.lo This inequality is shown to hold in the
Appendix A A lower price received by the regulated firm is no indication that it is worse
off. This follows because consumers only gayrather tharp5 for the high quality drug

8 Although the regulated price per prescription is identical for all drugs, the price of a course of treatment can
vary if different conditions and treatments require different numbers of prescriptions. Therefore, although the price
per prescription is fixed, the PBPA can get effective price differences by varying the number of doses in a script.
There is no evidence to suggest that the PBPA does this.

9 Perhaps, the information requirements of having different regulated prices for different drug classes are too
high.

10 This is a within country price inequality that cannot be verified empirically becalse not observable.
However,Danzon and Chao (2000&jund, across countries, that the agreed price in regulated markets was less
than the market price in unregulated markets.
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and so the regulated firm receivggon a larger quantity than it would sell in the absence of
regulation. It is this increase in quantity sold that makes the PBS system attractive to high
quality regulated firms. This increase in quantity sold also makes it clear that the regulator
is not exploiting any monopsony power. The price the pharmaceutical firm receives has not
fallen below the unregulated price because of a movement down an upward sloping supply
curve, but rather as the result of a bargaining process.

Regulated low quality firms have zero sales, but receive a lump-sum transfer to ensure
they are better off being regulated compared to being unregulated. On the other hand, the
payoff of an unregulated low quality firm decreases as a result of the regulation of the high
quality firm, in fact,/T; = 0.

In the light of this discussion, what explains the pharmaceutical industry’s hostility to the
PBS system? One can understand why low quality firms might be hostile, but not general
hostility.1* As the negotiation process ensures that any regulated firm gets a payoff at least
as large as if no regulation was in place, it would seem the industry postures hostility to
do even better than this. The industry benefits from regulation, but like all industries would
like to obtain an even greater payoff and so argues thaigieed priceis too low. In doing
this, it often compares thagreed price to prices in the US, which are hightrHowever,
this is not appropriate. Controlling for the size of the two markets, the quantity sold at
the agreed price in Australia under regulation would be far greater than what would be
sold in the US at this same price because consumers onlyppaypder regulation, not
p3 = p2 + v* Given this argument, it is surprising that in Australia, the PBPA encourages
pharmaceutical firms to make such comparisons by statiR@BPA (2000)hat one of the
factors it considers when determining tigreed price is “prices of the drug in reasonably
comparable overseas countries.” The analysis of this paper suggests that all that should be
looked at when determining tlagreed priceis the additional surplus regulation generates
and the quantity sold at the regulated price.

4.3. Leakage

So far it has been assumed that a drug has one use, but in reality drugs can have more
than one use. This does not cause a problem for the analysis above for it can be repeated for
each possible use. Let therebeses for drug:. Index these uses so thatin uses.1 , k
the drug is high quality and assume the regulated price is such that the high quality use is
always regulated. For uses= 1, . . . , k, let L* be the transfer determined in the bargaining
process, Iet}é be sales at the regulated price, andviétbe the implied per-unit subsidy.

By definition, v = L*/g}, with agreed price, p¥ = p, + v*. Note, each use has a
differentagreed price. Now aSpgi is just a device to make a transfer to the firm and effects

11 In fact, a pharmaceutical firm might be a low quality producer in one class of drug, but a high quality producer
in another class. Overall, a firm is better off with regulation than without if the extra payoff it achieves from being
the high quality regulated firm in one class of drug (clgss greater than the payoff it loses by being the low
quality unregulated firm in another class of drug (clgsshat is, if /T; + L* — 113 > [1;’. Under symmetric
demand and cost conditions this condition reduces to the requirement that industry profit with regulation is greater
than industry profit without regulation.

12 presumably, higher prices in the US are indicative of prices and profits being high in the absence of regulation,
that is, indicative of high disagreement payoffs.
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no production or consumption decisions, the transfer could be implemented by having one
per-unit subsidw* = Y% £*/ 3% 4}, with oneagreed price, p3 = p» + v*. Of course,
paying thisagreed price would be restricted to uses 1. , k.

In reality, the PBPA can place restrictions on subsidised use, butthey are not as widespread
as theory would suggest. As a result, a problem known as leakage ‘sriBeste are two
types of leakage.

(i) Assume there are no restrictions on the subsidised use ofxamregardless of use,

consumers pay and the producer receive8. Consider a usg € (k, n] for which there

is a competitor of high quality, but this competitor is not regulated as it has chosen not to

enter the costly evaluation process. Denote dringts low quality use g a 1 subscript

and the high quality competitolyta 2 subscript. Itis possible thai < p2(p1) < p5

and by enough to ensure that some consumers purchase drutg low quality use.

Regulation and the failure to enforce restrictions on subsidised use, has resulted in drug

x, which was regulated for high quality uses, leaking out into a low quality use.
Although leakage of this type increases the total transfer paid to the producer of drug

x above that determined in the bargaining process, (where only yses,k were

considered), it also increases consumer surplus because (i) the price of the high quality

drug falls below what it would be in the absence of leakage and (ii) those consumers

who purchase the drug in its low quality use only do so because they obtain more

surplus through this action. Therefore, leakage of this type does not necessarily reduce

the regulator’s payoff. For a big enough per-unit subsidy, leakage does reduce welfare,

but what is big enough depends on the parameters of the model.

(i) Assume there are many high quality uses for dedmt no restrictions on its subsidised

use. The high quality firm has an incentive not to submit its drug to the evaluation

and negotiation process for those high quality uses for whitks low or §» is large

because not submitting increases the per-unit subsidy aragteet price, p3, which

is paid for any high quality use as there are no use restriction. As a result, unnegotiated

transfers arise because drutgaks out into high quality uses that were not part of the

evaluation and negotiation process. Charging the regulated price for high quality uses

is optimal as this increases the total surplus, however, unnegotiated transfers reduce the

regulator’s payoff.

As Johannesson (199®)cognises, the administering of complex use restrictions is prob-
lematic and so leakage will arise. However, use restrictions are only needed because per-unit
subsidies are used to implement transfers from the regulator to the pharmaceutical firms.
Leakage and unnegotiated transfer will not arise if other methods of transfer are used. One
such transfer mechanism is a price-volume contarct. Consider the following price-volume
contract

k

k
piforg <Y gh.  paforg >y 4h. (33)
1 1

13 This problem is informally discussed Birkett et al. (2001)In Canada, this problem is known as prescription
creep,Laupacis (2002)
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that is, the firm is paid the agreed price for sales no greater than the aggregate quantity
associated with the regulated price in its restricted uses and the regulated price for any
additional sales. This contract avoids the problem of unnegotiated transfers and so ensures
that leakage increases the payoff of the regulator.

Another method of avoiding unnegotiated transfers is to make a lump-sum transfer,
Z’{ L*, which is transferred no matter what the drugs eventual uses. If a drug has many
uses, then those that are regulated are determined in the choice of use to regulate stage of
the game (Stage 3), taken into account in the bargaining process (Stage 4), and incorporated
in the transfe 5 L*.

5. Two regulated prices

The analysis to date has been based on there being one regulated price. However, the
Australian government sets two regulated prices, one significantly lower than the other.
Consumerswith a certain characteristic, e.g. awelfare recipient, are regarded as concessional
patients and can purchase at the low price, other consumers are regarded as general patients
and purchase at the high price. Resale is stopped by having consumers who are eligible for
the low price present documentation to this effect.

The analysis is how amended to allow for two regulated prices. This is achieved by
dividing the single market for a class of drugs into two separate markets. The consumers
with § < 8 < 6° can purchase at the lower regulated prigeand consumers with® <

6 < 6 purchase at the higher regulated pripg? The number of cases to consider is large
because in addition to the two regulated prices being exogenously given to the regulator, the
0 at which the market is separatéd, is also exogenously given to the regulator. Therefore,
only the two most interesting cases are considered.

Caseb.

p<p=<a<p;

In this case, the higher regulated price is betoso in the absence of the lower regulated
price only the high quality firm is regulated, the market is covered, and all consumers
purchase the high quality drug. The addition of the lower prigefor consumers with

6 < 6° does not alter the equilibrium payoffs of either the regulator or the firm from
those that occur with only the one price, This follows because the additional surplus
(81=0+ S+ 1o — S1 — 85 — IT3) generated by regulation is the same whether there is
one regulated price or two, so from (22) and (23) the payoffs are the same with one regulated
price or two. However, the transfer is not the samé&-amcreases andl, decreases with

the addition of the lower regulated price. Therefore, from (20) the transfeincreases.

As a result, the per-unit subsidy aadreed price also increase with the addition of the
lower regulated price. The intuition is clear. The addition of the lower regulated price has

14 Tirole, 1988provides an interpretation éfas the inverse of the marginal rate of substitution between income
and quality. Wealthier consumers have a lower “marginal utility of income” or, equivalently, a fighéth this
interpretation, wealthier consumers pay the high price.
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no effect on the number of consumers buying the high quality drug because all consumers
are buying the high quality drug in the absence of the lower regulated price. Therefore, the

lower regulated price increases the consumer surplus of those purchasing at the lower price
at the cost of reduced profit for the high quality firm.

Case 6.
pP=a<p<p;

In this case, the higher regulated price is abe® in the absence of the lower regulated
price either (i) only the high quality drug is regulated and some consumers purchase the
low quality drug (those with a relatively lo#), or (ii) both high and low quality drugs are
regulated and some consumer might not purchase either drug.

First, consider (i). The addition of the lower regulated price ensures all consumers with
0 < 0° purchase the high quality drug.gf is greater than or equal to thef the consumer
who is indifferent between purchasing the high or low quality drug with just the higher
regulated price, then the market is covered and all consumers purchase the high quality
drug. If not, then some consumers would continue to purchase the low quality drug. For
the market consisting of those consumers witk 6°, the regulated price is below. It
was shown above, in Case 2b, that for a market in which this is true, regulating just the
high quality firm dominates other regulatory regimes. Therefore, the addition of the lower
regulated price increases the payoff of the regulator. Once again, the intuition is clear. The
addition of the lower regulated price ensures that some consumers, who in its absence,
purchased the low quality drug now purchase the high quality drug. This increases the
additional surplus generated by regulation and so increases both the regulator’s and the
regulated firm's payoffs.

Secondly, consider (ii). Both firms are regulated to stop the low quality firm stealing
consumers, with a low, from the high quality firm. As the lower regulated price is below
a, all those consumers with < 4° purchase the high quality drug. Assuming th&ais
such that the market is covered and all consumers purchase the high quality drug, having
two regulated prices dispenses with the need to regulate both firms. This kaved,
unchanged, if the market was covered with just the higher regulated price, but increases
it to S» + [T, if the market was uncovered with just the higher regulated price. With two
regulated prices, there is no need to include the low quality firm in the bargaining process
(no consumers are stolen by the low quality firm), so the regulator’s payoff is greater with
two regulated prices and just the high quality firm being regulated, than with one regulated
price and both firms being regulated. It should be noted that the high quality firm’s payoff
is also greater with two regulated prices than one.

An implication of Cases 5 and 6 is that having two regulated prices only increases the
regulator’s payoff if the higher regulated price is abav@wo regulated prices would not
be needed if one regulated price was in place and set helowfact, this follows directly
from Proposition 3The arbitrariness of the regulated price and the fact that it is the same
for all drug classes is what introduces the possibility that two regulated prices might lead to
a greater payoff for the regulator. Once again, equity of access seems to be the main driving
force behind the setting of regulated prices rather than efficiency.
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Equity of access and efficiency can both be achieved if requlated prices are set below
the o of the relevant drug class. However, this may involve large transfers being paid to
the regulated firm/s. Although these transfers have been accounted for in the regulator’s
payoff, the revenue that has to be raised to implement these transfers may have political or
deadweight loss costs that need to be taken into account. For a particular drug class, having
one price belowr and another price above(that still leaves the market covered), reduces
the size of the transfer and so can make regulation with two prices more attractive to the
regulator than regulation with one price.

5.1. The Safety net

To ensure equity of access, the PBS system includes general patient and concessional
patient safety net threshold@When a general patient’s and/or their family’s expenditure
on drugs in a calendar year reaches the threshold, they become concessional patients and
pay the concessional regulated price. When a concessional patient’s and/or their family’s
expenditure on drugs in a calendar year reaches the threshold they receive drugs free of
charge.

Incorporating the safety net into the analysis is straightforward. For Cases 5 and 6 an
additional regulated price of zero increasesand decreasefl, by an equal amount.
Therefore,S, + [T, is unchanged as are the regulator's and firm's paydffsincreases
so the zero price leads to a pure transfer from the taxpayer to those who consume at the
zero price. For the case where<Ox < p < p, the introduction of a zero price for some
consumers is qualitatively identical to Case 6 above and so increases the regulator’s and the
high quality firm’s payoffs.

6. Exogenousinnovation and regulation

To date it has been implicitly assumed that the stage game outligeattion 3s repeated
every period. If nothing in the environment changes, then the equilibrium of the game does
not change either. In this section, it is assumed that a new drug exogenously becomes
available. This changes the environment of the stage game and so a new equilibrium arises
with disagreement payoffs given by the new unregulated Nash equilibrium payoffs. In this
new equilibrium, both the drug that is regulated and the size of any transfer might differ
from the equilibrium in which there were only two firms.

6.1. A new low quality (generic) drug

Assume firm 0 can produce a new drug of low quality, whegre: s1. This firm will be
called the generic firm and the drug it produces the generic trlige question to address
is how the presence of this firm effects the equilibrium of the PBS stage game?

15 Currently the general patient threshold is A$686-40 and the concessional patient threshold is A$187-20.
16 The physical properties of the generic drug may be identical to those of the low quality drug, but might be
perceived by consumers as of lower quality.
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6.1.1. Sage5

6.1.1.1. Nofirmregulated. The demands of each firm are given by

Py — P P,— P, P —P _ Pp— P
Do=—=—"-9, Di=—— -1 Dp=fj-2—2 (34
S1— S0 §2 — 81 §1 — S0 §2 =81

The case of most interest is where it is profitable for the generic firm to produce. This
requires thad < (s» — s1)/3(s2 — so) and is assumet{The best response functions are

_ Pit+c—(s1—s0)0 Py — p1+c+ (s2—s51)0

P ,
0 2 2 2

(39)

and

¢ Po(s1—so) + Po(s2 — s1)
P =— . 36
1=+ 253 — 50) (36)

The expressions for the Nash equilibrium prices are messy and are not given, however, they
are denotedPy;, P7, andP;. Not surprisingly, it can be shown that the introduction of the
generic drug reduces the equilibrium prices of drugs 1 and 2 below what they would be in
the absence of the generic, that is,

P} < pi Py <ph (37)

The intuition is clear. The generic competes directly with the low quality firm, so in equi-

librium the low quality firm’s price is lower than in the absence of the generic. As the low

quality firm’s price is lower and prices are strategic complements, the equilibrium price of
the high quality firm is also lower than in the absence of the generic.

6.1.1.2. High quality firmregulated—other firmsunregulated. Let¢g = ¢+ 26(s2 — s0),

and the regulated price b&. Note thatpy > a. At P, = ¢, calculation reveals that in
equilibrium P1(P2) = ¢+ (s1 — s0)0 = g andPo(P,) = c. The equilibrium price of firm 1

is such that the generic firm prices at marginal cost and makes no sales. Note the similarity
of ag to o. The following apply, (i) if P> > ¢o, then all three firms can profitably produce;

(i) if ¢po > P2 > «, then firms 1 and 2 can profitably produce; and finally, (i} < o,

then only firm 2 can profitably produce.

6.1.2. The other stages

To keep the effects of the introduction of a generic drug as transparent as possible only
the more interesting cases are considered and the analysis is made less formal.

P<¢o< P}

17 If this condition is satisfied, then the unregulated Nash equilibrium price of the generic firm is at least as large
as marginal cost.
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In this case, in the absence of regulation, it is profitable for all three firms to produce.
However, in the presence of regulation, the regulated price is below the level necessary
for all three firms to profitably produce. The analysis of the various stages of the game is
identical to that in the previous sections except that the disagreement payoffs of firms 1 and
2 are lower. Therefore, the negotiated transfer/s to firm 2, if only the high quality firm is
regulated, or firms 1 and 2, if both firms are regulated, is/are smaller and the regulator’s
payoff is larger than in the absence of the generic firm.

The mere presence of the generic firm has increased the payoff of the regulator even
though the generic firm makes no sales. However, to realise this larger payoff requires the
regulator to renegotiate the size of the transfer and the impliesbd price that is paid to
the regulated firm/s. Failure to do so results in a failure to extract all the benefits that the
presence of a generic drug can bring.

Case8.

c< Py <p=P<pl

In this case, the regulated price is below the unregulated price of the high quality firm in
the absence of the generic firm, but above the unregulated price of the high quality firm in
the presence of the generic firm. The notatipn= P, means that the regulated price is

set independently of the number of firms. In the absence of the generic firm, it was shown
in the preceding sections, that either the high quality firm is regulated or both the high and
low quality firms are regulated. However, in the presence of the generic firm, the regulator
chooses not to regulate any firm in stage three. In this case, any regulated drug should be
removed from the PBS list and have its per-unit subsidy removed. The extra competition
generated by the generic firm results in equilibrium prices that are below the regulated level
and so no regulation is necessary.

Failure to remove any regulated drug from the PBS list commits regulated firms to
prices greater than the unregulated prices and so induces higher equilibrium prices from the
unregulated firm/$8 This reduces the regulator’s payoff below the case where regulated
drugs are removed from the PBS lists, because (i) consumer surplus is lower and (ii) the
per-unit subsidy results in the high quality firm receiving a transfer.

6.2. A new higher quality drug

Assume firm 3 can produce a new drug of extra high quagty s». This firm will be
called the best firm and the drug it produces the best drug.

6.2.1. Stage5

With an appropriate relabelling, the analysis is identical to that in the previous subsection.
Firm 0 is now firm 1, firm 1 is now firm 2, and firm 2 is now firm 3. Lgf = ¢+ 20(s3 — s1)
andagz = ¢ + (s3 — 52)0.

18 The failure to remove regulation in the presence of generic drugs provides another explanation for the finding
of Danzon and Chao (2000i)at there is little price competition between generic drug producers in regulated
markets.
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6.2.2. The other stages
Once again only a few cases are considered.

Case7a.

P=p<aandas < ¢3 < P3 < pj

In the absence of firm 3, firm 2 is regulated and firm 1 is not. In the presence of firm 3, this
caseis similar in structure @ase @bove and the regulator chooses to regulate the best firm,
firm 3. Firms 1 and 2 price equal to marginal cost and make no sales. The regulator’s payoff
has increased with the addition of the best firm because it produces the highest quality drug
and yields the largest additional surplus from a regulation agreement. Forisrfiath 3

enters the evaluation stage as the bargaining process ensures it obtains a payoff larger than
its disagreement payoff. In this case, it does not matter whether firm 2 is removed from
the regulation list or not because under either scenario its makes no sales and receives no
transfert®

Case 8a.

c<Pj<p=P<a<d¢z<ph

In the absence of firm 3, firm 2 is regulated and firm 1 is not. However, in the presence of
firm 3, s3 is such thatPy is less than the regulated pri€&Therefore, in the presence of
firm 3, the regulator chooses not to regulate any firm. Competition between firms 2 and 3
is so fierce that it is better to not regulate than regulate at the given regulation price. This
case is identical in structure @ase 8bove and failure to remove firm 2 from the PBS list
reduces the regulator’s payoff.

7. Conclusion

Although the model of pharmaceutical regulation developed in this paper is relatively
simple it captures the essence of the Australian system and allows current policy debates
to be analysed in a coherent framework that till now does not appear in the literature. The
model has many implications some of which extend beyond the Australian setting. The
first is that although the regulated price is chosen to ensure equity of access, it also has
efficiency implications that should be considered when its level is set. These efficiency
considerations suggest the policy of having a single identical price for all drug classes
needs to be re-examined. If the regulated price is the same for all drug classes, then having a
different regulated price for different groups of consumers using a drug of a particular class,
can increase the regulator’s payoff. However, it should be noted that using two regulated
prices within a drug class would not be needed if the regulated price differed between drug
classes and was chosen with efficiency and equity in mind.

19 Firm 2 receives no transfer if the transfer is made via a per-unit subsidy, but if it is made as a lump-sum firm
2 would have to be removed from the regulation list and its transfer reduced to zero.
20 This can arise when the differenege— s is small, in fact, ifs3 = s2, thenPs = c.
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Secondly, although the negotiatagteed priceis below the unregulated price of the high
quality drug, high quality pharmaceutical firms that are regulated achieve greater payoffs
than they do in the absence of regulation. In this light, the hostility of the pharmaceutical
industry to regulation and the claim that it reduces profit can be viewed as an attempt
to extract more of the total additional surplus, generated by regulation, in the bargaining
process:!

Thirdly, leakage does not necessarily reduce the regulator’s payoff, because although it in-
creases transfers above what are negotiated it also increases consumer surplus. Unnegotiated
transfers arise because restrictions on subsidised use are not enforced. However, problem-
atic use restrictions would not be required if transfers were implemented via price-volume
contracts or lump-sum transfers rather than per-unit subsidies. Finally, the introduction of
new drugs, of low or high quality, necessitates the renegotiation of existing regulatory ar-
rangements including the removal of drugs from regulation if all the benefits from new
drugs are to be realised.

In this paper, pharmaceutical regulation was modelled from the perspective of a small
country so that regulatory decisions did not effect R&D. In addition, complete information
has been assumed, namely, the regulator and all firms know the structure of preferences and
their distribution, the quality of drugs, and all firms’ costs. Future research will be aimed
at relaxing both of these assumptions.
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Appendix A

Proof thatSy + S», 81+ S» + fI», andS1 + S, + [1; are decreasing functions pp and
p1, respectively.
. R 0(p1.p2) 6
Siafo= [ @n-m @+ [ @5 palpr) b (38)
2] 0(p1.p2)

Differentiating (38) with respect tp» and using the fact thatsy — p1 = 6s> — p» até
yields
IS+ 8 - _ 9 N
YRt Gy g+ Pre—bey <0 (39)
ap2 ap2
because prices are strategic complementand < 6.
I = (p2 — )6 — b(p1, p2)) (40)

21 The same argument applies to the view that pharmaceutical regulation, along the lines of the Australian PBS,
inhibits R&D by reducing firm payoffs.
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Differentiating (40) with respect tp, yields

817 _ 9
2 _5-00) - (pr— 0= (41)
Bp ap2

Combining (39) and (41) yields

(81 + So + IT 9 90
$=ﬂ<9 9())—(p2—c>—<o (42)

because)d/dp, > 0. For po < «, 6 = 6 and (42) equals zero while fgr, > « (42) is
strictly less than zero.

The proof thatS; + S, + IT1 is a decreasing function ¢# is identical to that above after
relabelling.

A.l. The Bargaining problem where both firms are regulated

The bargaining solution fof1 and L is assumed to be the solution to the following
problem

maxNP—(Sl—l—Sz—Ll—Lz—S — 88) x (ITy + L1 — I1})

Li.Lp
x ([T + Lz — IT3) (43)
subject to
L1>0; L2>0 (44)
and

§1+32—L1—L2—Sf —Sg 20;[71—{-[4—175_1 20;1_72+L2—17§ > 0. (45)
Assuming an interior solution, solving the first order conditions, and substituting into the
regulator’s payoff yields
_ 1+ 82+ M+ M) — (S] + S5 + 1T} + 1T3)

S S—L* *
1+ 52 3

+ 57 + S5.
(46)
The regulator’s payoff is the payoff it gets in the absence of an agreement plus one third of

the additional surplus generated by the agreement. The same logic applies to the payoffs of
the two firms.

Proof of Proposition 3. It suffices to show that any regulated price in the intesval p <
P has a smaller payoff than any prige< «, and that all prices below have the same
payoff. O

For a regulated pric@ < «, the high quality firm enters, is regulated, and receives payoff

($1+4 S+ [1p) — (I + S5 + 113)

S1+ S —L*=
1+ 52 >

+ U4 88, (47)
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Now :?1 + Sz + s independent gp» over this interval, therefore all regulated prices in
this interval have the same payoff. It was shown aboveShat Sz +Ihisa decreasing
function of p2 over the intervak < p < p/. Therefore S1 + S5 + 1> reaches a maximum
at p, = o, and any regulated price in the interval< p < p’ has a smaller payoff than
any pricep < «, for the case where the high quality firm is regulated.

What about where both firms are regulated? The regulator’s payoff is

(824 S1+ Mi(= 0) + [Tp) — (S§ + Sy + I} + I15)
3
+ 87 + 5. (48)

So+8S1—L1—La=

At p2 = p1 = a, (48) is less than (47), because of the inclusiongfand the division by
3. Now (48) is independent @i, = p1 over the interval, s2] and decreasing over the
interval Bs2, p5]. Therefore S, + S1 — L1 — Lo reaches a maximum @b = p1 = «, and
any regulated price in the interval < p, = p1 < pj has a smaller payoff, for the case
where both firms are regulated, than any pfiee= p; < «, for the case where the high
quality firm is regulated.

Proof that. p§ < p5. O

Consider the case whefe< «, that is, only the high quality firm is regulated and it covers
the marketSuppose p5 > pj.

6 6 6
Sy — Sg + S1(=0) — Si’ :/ (Bs2 — p2)do + ﬁ (p'é — p2)do — / (Os1 — pﬁ)d@
0 0 2]
6 7 0
- /9 (652 — )b + fe (P — pa)do + /9 (P — P20
e o
- [ @ ppop
0

] ]
= (b — po) + /e (62— pl) do — fe (51— ) d6
<(p5—Dp2) (49)

The last inequality follows because, in the absence of regulation, consumers in the interval
[0, 6] purchase the low quality drug. Rearranging (49) yields

S1+ 85— (3~ P2) < ST + S3. (50)
Now p3 — p2 is the implied transfer under the agreed price and its size contradicts (28) of

the text. Therefore, the supposition is incorrect. A similar proof can be constructed for the
case wherg > a.
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