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Abstract

Health policy in the EU is characterized by two underlying conflicts: First, government in-
terventions or pharmaceutical parallel trade, i.e. trade outside the manufacturer’s authorized
distribution channel, may induce a conflict between different health policy objectives such as
expenditure reduction and distributive objectives. Second, health policy is in the competence
of member states, but the EU internal market may generate externalities of national decisions.

This thesis addresses these conflicts of pharmaceutical regulation within the EU.

Initially, I compare a maximum price system (price cap regulation) and a reference price
system (reimbursement limit) with respect to their performance in different health policy objec-
tives. The reference price system reduces public pharmaceutical expenditure to a larger extent,
but results in higher financial exposure of patients and lower access to pharmaceuticals.

The subsequent chapters investigate the link between pharmaceutical parallel trade and
pharmaceutical regulation.

Chapter 4 illustrates that national decisions on health policy, in particular, changes in coin-
surance rates, result in externalities under parallel trade. Parallel trade generates a price-
decreasing competition effect in the destination country and a price-increasing double marginal-
ization effect in the source country. An increase of the coinsurance rates in the destination
country mitigates the double marginalization effect in the source country. An increase of the
coinsurance rate in the source country reinforces the competition effect in the destination coun-
try.

A subsequent chapter compares a coinsurance scheme (consumers pay a percentage of the
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drug price out-of-pocket) and an indemnity insurance scheme (reimbursement is independent
of the drug price) with respect to the consequences of parallel trade on health care systems,
especially on changes of co-payments and changes of public pharmaceutical expenditure. In
the destination country, co-payments for patients decrease to a larger extent under indemnity
insurance, reductions of public pharmaceutical expenditure occur only under coinsurance. In
the source country, co-payments increase less under coinsurance, health expenditure is reduced
more under indemnity insurance.

The last chapter studies the effect of pharmaceutical regulation at the wholesale level, in par-
ticular, maximum wholesale margins (restriction of pricing by the intermediary) and mandatory
rebates (restriction of the pricing by the manufacturer) on drug prices, quantities, and public
pharmaceutical expenditure. Maximum wholesale margins enhance the manufacturer’s ability
to reduce competition from parallel trade in the destination country by increasing wholesale
prices. In a symmetric equilibrium, maximum wholesale margins of both countries party offset

each other, mandatory rebates reinforce each other.
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Chapter 1

Introduction

1.1 Motivation

Basically all European countries are confronted with rising health care spending, even outpacing
GDP growth (Maynard & Bloor, 2003). Expenditure for pharmaceuticals represents a substan-
tial and increasing proportion of it, varying roughly between 11.8 % in the United Kingdom and
20.5 % in Spain (OECD Health Data, 2010). Important factors contributing to high spending
include an aging population, increasing incidence and duration of chronic diseases as well as
technological improvements in health care (Ess, Schneeweiss & Szucs, 2003). In addition, phar-
maceutical market imperfections such as agency imperfections, informational asymmetries and
moral hazard, which create reduced price sensitivity on the demand side and a certain degree of
market power on the supply side, intensify this cost trend (Mossialos & Le Grand, 1999; Hurley,
2001).

The continuous increase in public health expenditure has induced a considerable number of
government interventions and most European countries have introduced regulatory instruments
to contain public spending (Maynard & Bloor, 2003). On the supply side, maximum prices or
price negotiations are intended to restrict monopoly pricing and reduce the prices of covered

services. Demand side instruments such as co-payments and reference prices are intended to



increase price sensitivity on the demand side.

This thesis focuses on two recurring conflicts of pharmaceutical market regulation at the
European level.

First, government interventions or pharmaceutical parallel trade, i.e. trade outside the man-
ufacturer’s authorized distribution channel, may induce a conflict between different health policy
objectives. The main objective of pharmaceutical regulation is the reduction of public expen-
diture, as public insurance schemes bear the majority of these expenses (Danzon, 1997). But
at the same time, distributional objectives are also a major concern (Hurley, 2003). This in-
cludes limiting the financial exposure of patients and ensuring broad access to pharmaceuticals.
Furthermore, pharmaceutical regulation may also aim at stimulating competition on pharma-
ceutical markets to restrict monopoly pricing. These health policy objectives may conflict with
each another. A government intervention working towards one health policy objective may harm
another objective at the same time, e.g. reducing insurance coverage reduces public health ex-
penditure, but increases financial exposure of patients and restricts access to pharmaceuticals.
This dissertation addresses the conflict between different health policy objectives in chapters 2,
4,5, and 6 . Chapter 2 examines two regulatory instruments with respect to their performance
in the above mentioned health policy objectives. Chapter 4 illustrates that co-payment changes
may generate a conflict between changes in financial exposure of patients and changes in public
pharmaceutical expenditure, chapter 5 studies the effect of parallel trade on health care systems,
with emphasizing the conflict between savings for patients and health insurances. Chapter 6
shows that the restriction of pricing of intermediaries may reduce drug prices, but also restricts
competition at the same time.

Second, in the European Union, there may be a conflict between the national competence
of member states in health policy and the internal market. In the European Economic Areal,
regional exhaustion of property rights and the free movement of goods allows intermediaries

or parallel traders to import pharmaceuticals from other countries without the authorization

!The European Economic Area includes the European Union plus Norway, Iceland, and Switzerland.



of the manufacturer, i.e. to engage in parallel trade. Tremendous price differences of up to
300 % percent between member states give rise to this kind of arbitrage (Glynn, 2009). These
price differences may emerge from pharmaceutical manufacturers price-discriminating between
different countries, different national pharmaceutical regulations in the individual member states
and/or divergent wholesale prices (NERA, 1999; EU Commission, 2003; Enemark et al., 2006).
Destination countries are high-price countries, such as Denmark, Germany, the Netherlands,
Norway, Sweden, and the United Kingdom, where pricing is relatively free; source countries are
characterized by strict price regulation, e.g. France, Greece, Italy, Portugal, and Spain (Kanavos
& Costa-Font, 2005). Pharmaceutical parallel trade, the exploitation of these price differences,
had a volume of € 4.8 bn. in the European Union in 2007 (Glynn, 2009). In 2009, the share of
parallel imports in pharmacy market sales ranged between 20 % in Denmark and 1.3 % in Finland
(EFPIA, 2011). At the same time, health policy, including pharmaceutical price regulation and
cost-sharing instruments, falls in the member states’ competence. So far, harmonization of
different European rules has primarily concerned drug authorization procedures (Kyle, 2009).
With respect to pharmaceutical price regulation and reimbursement, the Directive 89/195/EC
(so called Price Transparency Directive) is the only existing measure (Hancher, 2004). Originally,
it was intended as a first, but retrospectively is (so far) the last measure with the objective of
harmonizing national price regulation and reimbursement rules (Hancher, 2004). It includes rules
for the control of pharmaceutical prices (respective measures have to be efficient, transparent
and fair) (Desogus, 2011; Hancher, 2004). Among the member states, agreements on further
harmonization could not be reached (Desogus, 2011; Hancher, 2004). Consequently, drug pricing
— pharmaceutical price regulation and reimbursement rules — remain under exclusive national
competence (Desogus, 2011). This conflict inherent in the institutional setting implies that
not only the manufacturer’s pricing decisions but also national decisions on health policy are
interdependent.

Externalities may emerge, whereby decisions about pharmaceutical price regulation and

cost-sharing instruments in one country have an effect on other countries as well. At the same



time, the national competence in health policy allows member states to take their own specific
characteristics, their health care system and distributive preferences into account. Chapter 4,
5, and 6 cover the issue of national competence in health policy and the externalities emerging
under market integration. Chapter 4 studies externalities of national decisions on health policy,
in particular changes of coinsurance rates. Chapter 5 shows that national competence in health
policy allows member states to design their cost-sharing systems according to their status as
a source or destination country of parallel trade and thereby maximize benefits from parallel

trade. Chapter 6 analyzes the externalities of pricing restrictions at the wholesale level.

1.2 Outline

This introduction is completed by a short overview of the related literature.

Chapter 2 studies two instruments of pharmaceutical regulation in a vertical differentiation
model with a brand-name drug and a generic. It compares a maximum price system (price cap
regulation) and a reference price system (reimbursement limit) with respect to their performance
in achieving certain health policy objectives, namely the reduction of public expenditure, the
limitation of financial exposure of patients, the improvement of access to pharmaceuticals, and
the stimulation of competition. Results show that for identical price reductions of the brand-
name drug, the lower reimbursement amount under the reference price system results in lower
health expenditure, but higher financial exposure of patients.

Chapter 3 presents the two country model following Maskus & Chen (2002), Chen & Maskus
(2005), based on which the link between parallel trade and health policy is investigated.

Chapter 4 examines externalities of national decisions on health policy, in particular, changes
in coinsurance rates under market integration by parallel trade. Results show that parallel trade
generates a price-decreasing competition effect in the destination country and a price-increasing
double marginalization effect in the source country. Changes in the coinsurance rate in one
country affect the magnitude of these effects caused by parallel trade in the respective other

country.



Chapter 5 analyzes the consequences of parallel trade on health care systems. It compares
two cost-sharing systems — coinsurance (patients pay a percentage of the price) and indemnity
insurance (reimbursement is price-independent) — with respect to price effects and performance in
reducing public pharmaceutical expenditure. Results show that the price effects of parallel trade
are independent of the cost-sharing system. In the destination country, savings for patients from
lower priced parallel imports are higher under indemnity insurance, whereas reductions of public
pharmaceutical expenditure occur only under coinsurance. In the source country, patients co-
payments increase less under coinsurance, while reductions in public pharmaceutical expenditure
are higher under indemnity insurance.

Chapter 6 explores the effects of maximum wholesale margins (restriction of pricing by in-
termediaries) on drug prices and quantities under parallel trade. Results show that maximum
wholesale margins enhance the manufacturer’s ability to reduce competition from parallel trade
in the destination country by increasing wholesale prices. In the symmetric equilibrium with
both countries applying maximum wholesale margins, regulatory instruments exhibit an offset-
ting effect. Mandatory rebates are a policy alternative that restricts pricing of the manufacturer.
In the symmetric equilibrium with both countries applying mandatory rebates, regulatory in-
struments exhibit a reinforcing effect with respect to prices.

Finally, Chapter 7 summarizes the results of the preceding chapters, discusses policy impli-

cations and presents approaches for future research.

1.3 Related Literature

The analysis in this thesis relates to two strands of literature, the literature on pharmaceutical
(price) regulation and the literature on pharmaceutical parallel trade.

The literature on pharmaceutical regulation has mainly focused on the reference price system.
Empirically, the reference price system has been analyzed extensively (see Puig-Junoy, 2010 for
a survey). The few theoretical models arrive at very different results. Miraldo (2007) analyzes

the impact of the reference price system on drug prices. Her results suggest that if drugs are



of equal quality, reference pricing may lead to higher prices. Mestre-Ferrdndiz (2003) identifies
a certain interval, in which the reference price has to be set to stimulate price competition and
lead to lower pharmaceutical expenditure. Merino-Castello (2003) shows that the reference price
system induces significantly lower brand-name prices, while generic prices "remain more or less
constant". She also finds that the generic market share "remains constant or even decreases"
under the reference price system. Cabrales (2003) compares the reference price system with
a binding price ceiling. His results suggest that the price of the high quality drug may be
higher under duopoly than under monopoly. Also, he finds that the a lower binding price ceiling
results in a higher market share of the high quality drug. Brekke, Koénigbauer & Straume
(2006) contrast a generic reference price system, in which the reference price is set for a group
of chemically equivalent drugs (a brand-name drug and the corresponding generic version),
with a therapeutic reference price system, in which the reference price applies to a group of
therapeutically equivalent drugs. They find that the therapeutic reference price system induces
stronger competition, thus causing lower drug prices and pharmaceutical expenditures than the
generic reference price system, which distorts drug choices more. Brekke, Holmas & Straume
(2010) compare price cap regulation with reference pricing. Their model suggests — and is
confirmed by empirical evidence — that reference pricing results in price reductions, which are
higher for brand-name drugs — and correspondingly induces stronger generic competition and
lower brand-name market shares.

The analysis of this thesis is linked to three aspects of the literature on pharmaceutical
parallel trade. First, several studies examine, whether the exploitation of arbitrage opportunities
through parallel trade is able to contain (public) pharmaceutical expenditure in the destination
countries of parallel imports. Empirical evidence on this is ambiguous. Three recent studies
have presented contradictory results with respect to the ability of parallel trade to generate
savings for health insurance funds and patients. On the one hand, a study by Kanavos et al.
(2004) carried out at the LSE Health and Social Care Research Centre at the London School of

Economics (commonly referred to as the LSE-study) finds only modest direct savings accruing



to health insurances (a total of € 45 m. for Denmark, Germany, the Netherlands, Norway,
Sweden, and the UK) and no (measurable) patient benefits. They suggest that parallel traders
are the main beneficiaries of parallel trade. On the other hand, a study by West & Mahon
(2003) conducted at the York Health Consortium at the University of York (commonly referred
to as the York-study) concludes that parallel trade generates considerable savings. It estimates
total direct savings from parallel trade accruing to both health insurances and patients at €
635 m. for Denmark, Germany, the Netherlands, and the UK. A third study, conducted at the
University of Southern Denmark by Enemark et al. (2006) also concludes that parallel trade
gives rise to significant savings, both direct to patients and health insurances, amounting to €
466 m. in Denmark, Germany, Sweden, and the UK.? The different results reflect differences
in methodology and in the range of products covered, but they agree on one thing: The effects
of parallel trade, that is, the level of savings and cross-countries differences in savings and the
split of savings between health insurances and patients depend to a large extent on the co-
payment structure (Kanavos et al., 2004; Enemark et al., 2006). However, the importance of
cost-sharing systems for the consequences of parallel trade has not attracted much attention in
the theoretical literature on parallel trade. Bordoy & Jelovac (2005) and Koksal (2009) examine
the effect of cost-sharing structures on parallel trade. Bordoy & Jelovac (2005) investigate the
implications of cross-country differences in coinsurance rates for the welfare effects of parallel
trade in a vertical differentiation model with horizontal arbitrage. If parallel trade is driven by
differences in coinsurance rates, it reduces welfare, as it reallocates drugs from patients with
a higher valuation of drug consumption to patients with a lower valuation. On the contrary,
parallel trade increases welfare, if it is based on differences in health needs. Based on the
Bordoy & Jelovac (2005)-model, Koksal (2009) compares price effects caused by parallel trade

under coinsurance and reference pricing. Under reference pricing, price reductions from parallel

2Qther empirical investigations of the effects of parallel trade are limited to Sweden and Finland in coverage.
Based on a sample of 6 drugs in Sweden, Persson et al. 2001 estimate savings of parallel trade to € 13 m (quoted
in Enemark et al. 2006). Linoosma et al. 2003 document savings of € 4.9 m for 169 drugs in Finland. Ganslandt
& Maskus 2004 find for 50 top-selling drugs in Sweden that parallel trade gives rise to price reductions of up to
19%.



trade in the destination country are higher than under coinsurance. Furthermore, reference
pricing does not affect the drug price in the exporting country.

Second, several papers study whether market integration through parallel trade results in the
erosion of price differences. Several theoretical models predict price convergence, e.g. Rey (2003)
or Jelovac & Bordoy (2005). Other theoretical models even assume uniform prices under parallel
trade, e.g. Pecorino (2002), Valetti (2006). Empirical evidence on price convergence, however, is
mixed. Kanavos et al. (2004) find no evidence for price competition or price convergence. On the
contrary, West & Mahon (2003) observe indirect competitive effects in the parallel importing
countries. A more recent study by Granlund & Koksal analyzes Swedish drug prices for the
period 2003 to 2007. They find that on average, drugs facing competition from parallel imports
are priced at 17 % to 21 % less as compared to what their prices would be if they had never faced
such competition (Granlund & Koksal, 2011). Examining 1994-2003 data on prices of molecules
that treat cardiovascular disease in France, Germany, Italy, Spain, and the United Kingdom,
Timur, Picone & DeSimone (2010) suggest that cross-country differences between Germany and
three of four other sample countries (France, Italy, Spain) have declined. They conclude that the
Furopean Union has come closer to achieving a single pharmaceutical market. Kyle, Allsbrook
& Schulman (2008) who study the prices of over 1000 pharmaceutical products in 30 countries
over a 12-year period (1993-2004) also find that price differences have decreased in the European
Union. But they also find that price differences have decreased less in countries of the European
Union than in non-European Union countries, where parallel trade is not allowed.

Third, the influence of parallel trade on pharmaceutical price regulation has been examined in
the literature. On the one hand, parallel trade may restrict policy choices, as Rey (2003) suggests.
By leading to a price convergence towards lower prices, parallel imports thwart a government’s
efforts to contribute more to R&D by granting higher prices. On the other, parallel trade may
strengthen the manufacturer’s position in price negotiations. Pecorino (2002) shows that if
parallel trade to an unregulated market is possible, a manufacturer will make less concessions in

drug price bargaining in a potential source country of parallel imports. Kénigbauer (2004) and



Grossman & Lai (2006) find that the possibility of parallel trade limits the scope for international
free riding on R&D contributions by providing weaker patent protection and imposing price
caps. Parallel trade may even mitigate the negative impact of price controls on pharmaceutical

innovation and result in more highly innovative and less me-too drugs (Schlaepfer, 2008).



Chapter 2

Pharmaceutical Regulation and

Health Policy Objectives

Abstract

This chapter analyzes a maximum price system (price cap regulation) and a reference price
system (limitation of reimbursement) in a vertical differentiation model with a brand-name drug
and a generic. In particular, both instruments are compared with respect to their performance
in reducing public expenditure, limiting financial exposure of patients, improving access to
pharmaceuticals, and stimulating competition. For identical regulatory prices, free pricing under
the reference system tends to result in a higher price for the brand-name drug. For identical
price reductions of the brand-name drug, the lower reimbursement amount under the reference

price system results in lower health expenditure, but higher financial exposure of patients.

2.1 Introduction

This chapter compares a maximum price system and a reference price system with respect
to their performance in reducing public expenditure, limiting financial exposure of patients,

improving access to pharmaceuticals, and stimulating competition.
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This analysis is motivated by the following observations: The two regulatory instruments —
the maximum price system and the reference price system — examined in this chapter are applied
in almost all Western European countries. Pharmaceutical markets are characterized by patients
not paying the full price of pharmaceuticals out-of-pocket, but only a co-payment, while the
health insurance reimburses the remaining part. In a system of public insurance, reimbursement
brings about public expenditure. An increase of co-payments would relieve the public purse,
but contradict distributive objectives in the supply of pharmaceuticals. Consequently, regulatory
instruments such as the maximum price system or the reference price system are introduced to
reduce public health expenditure.

Maximum price systems, in which the regulatory body sets a price cap that can be charged
for a drug, are applied in Austria, Belgium, Finland, France, Greece, Ireland, Italy, Norway,
Portugal, and Spain (Espin & Rovira, 2007). The reference price system, in which the regula-
tor sets a ceiling for the amount reimbursable (reference price) for a group of pharmaceuticals
(cluster), has first been introduced in Germany in 1989, other states followed. Nowadays, most
Western European countries apply reference pricing: Belgium, Denmark, Finland, France, Ger-
many, Greece, Italy, the Netherlands, Portugal, Spain, and the United Kingdom!(Puig-Junoy,
2010; Espin & Rovira , 2007). Sweden and Norway have implemented reference price systems,
but have eliminated them again (Espin & Rovira, 2007). In reference price systems, the group
of pharmaceuticals, for which the reference price is the maximum reimbursement, is defined in
terms of interchangeability (Lépez-Casasnova & Puig-Junoy, 2000). This can be understood in a
chemical (drugs contain the same active ingredient), pharmacological (drugs belong to the same
therapeutic category), or therapeutic (drugs have the same therapeutic function) way? (Lépez-

Casasnova & Puig-Junoy, 2000). Firms remain free to charge prices (Danzon, 2001). If the

'Some states, e.g. Finland, apply both the maximum price and the reference price system. In Finland, price
control applies to wholesale prices, which are calculated on basis of wholesale prices in several other European
countries (Espin & Rovira, 2007). Reference pricing then limits reimbursement of the retail price. That is, in
this case, both instruments are applied at different levels, the maximum price system at the wholesale level and
reference pricing at the retail level. Note that both instruments cannot be applied at the same level for the same
class of pharmaceuticals, as they are mutually exclusive.

?See Lopez-Casasnova & Puig-Junoy (2000) for a survey of limitations with respect to the interchangeability
of drugs within the same reference group.
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manufacturer’s price exceeds the reference price, the patient has to pay the difference between
the market price and the reference price him/herself (Danzon, 2001). That is, the reference price
system involves an additional co-payment, which can be considered avoidable in the sense that
purchasing a drug which is priced at or below the reference price does not involve the additional
co-payment (Lépez-Casasnova & Puig-Junoy, 2000).

Besides potential differences in performance with respect to health policy objectives, the
choice between both regulatory instruments is determined by different economic rationales.
Supply side measures are commonly thought to limit the market power of pharmaceutical firms
stemming from patients’ and physicians’ price insensitivity (Scherer, 1996). Reference pricing
aims at increasing market transparency and allowing consumers to compare a drug’s price in
relation to prices of suitable substitutes (Danzon, 2001; Lépez-Casasnova & Puig-Junoy, 2000).
Thereby reference pricing introduces an element of price-sensitivity and producers may only
maintain prices above the reference price, if additional quality or value is associated with the
respective drug (Espin & Rovira, 2007). By making demand more price elastic, reference pricing
creates incentives to substitute less expensive generics for higher priced brand-name drugs.

As discussed in the introduction, health policy objectives may include reducing public ex-
penditure, limiting financial exposure of patients, ensuring broad access to pharmaceuticals, and
stimulating competition on pharmaceutical markets.

An aging population with growing health needs, technological progress, and pharmaceutical
market imperfections result in high expenditure for pharmaceuticals. Public insurance schemes
bear the majority of these expenses (Danzon, 1997). Pharmaceutical markets are characterized
by agency imperfections, informational asymmetries and moral hazard, that create reduced
price sensitivity on the demand side and a certain degree of market power on the supply side
(Mossialos & Le Grand, 1999; Hurley, 2001). As stability of contribution rates is a sociopolitical
aim, regulatory instruments have been introduced to contain spending for pharmaceuticals.

In an effort to reduce moral hazard in health care utilization, co-payments have been intro-

duced in basically all Western European countries, mostly in the form of coinsurance rates, where
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patients pay a percentage of the price (Mossialos & Le Grand, 1999). In the European Union,
various forms of coinsurance (with coinsurance rates fixed or depending on drug classes or price
levels) are applied in Belgium, Cyprus, Denmark, Estonia, Finland, France, Germany, Greece,
Latvia, Lithuania, Poland, Portugal, Slovakia, Slovenia, Spain, and Sweden (Espin & Rovira,
2007)3. Co-payments are intended to make patients more aware of the prices of pharmaceuticals
or health care services and to reduce the use of pharmaceuticals or services that are not really
necessary? (Robinson, 2002). Usually, co-payments are set too low to affect the use of pharma-
ceuticals or health services. In general, it is considered not equitable to increase co-payments
to a level high enough to discourage the unnecessary use of drugs or services (Mossialos & Le
Grand, 1999). The price elasticity of demand for health care is higher for those, who spend a
larger share of their income on pharmaceuticals, i.e. the chronically ill and poor (Grootendorst,
2006). Evidence from the RAND Health Experiment suggests that utilization of pharmaceuti-
cals or health care services is more responsive to co-payments for low-income groups (see Zweifel
& Breyer, 2006 for a survey). Price elasticity of demand increases with the coinsurance rate, but
as guaranteeing broad access to services is a policy objective, the coinsurance rate cannot con-
stitute an instrument of cost containment. Several EU member states such as Belgium, Finland,
France, Germany, and the Netherlands have introduced a ceiling for all co-payments (Mossialos
& Le Grand, 1999). Also, empirically, co-payments have never been a preferred instrument of
cost containment, nor has the extent, that is the percentage of the price to be paid by patients,
increased significantly (Mossialos & Le Grand, 1999). Instead, co-payments tend to become
more complex. The model used in this chapter features coinsurance rates, whereby co-payments
result in out-of-pocket expenditure for patients and reimbursement in publicly funded health
expenditure. This allows me to analyze also the effect of regulation on public pharmaceutical

expenditure and financial exposure of patients.

30f the remaining countries, the Netherlands and Malta have no co-payment, Austria, Italy, and the UK apply
a flat rate (with a charge per service), and Ireland and Sweden apply a deductible (consumers have to pay the
first x Euros, until insurance coverage begins) (Espin & Rovira, 2007).

4In addition, co-payments are also supposed to raise revenue, which is in partial conflict with the aim of
reducing moral hazard (Mossialos & Le Grand, 1999).
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Competition between off-patent brand-name drugs and generics is mainly characterized by
first-mover advantages and consumer perception. Generics tend to enter the market at sub-
stantial discounts to the price prevailing before patent expiry of the brand-name drug (Scherer,
2001). Additional generic competitors then result in further price reductions, whereas the price
of the brand-name drug remains stable or even increases (Scherer, 2001). The observation of in-
creasing brand-name prices in response to generic entry has been labelled the generic competition
paradox. For instance, Frank and Salkever (1997) describe a positive relationship between the
price of an off-patent brand-name drug and the number of generic competitors in their analysis
of price trends of 83 drugs between 1984 and 1987. They observe an increase of the brand-name
drug price by 0.7 % for every additional market entrant. Grabowski & Vernon (1992) discover
price increases with growth rates above the inflation rate for a sample of 18-off patent drugs
between 1983 and 1987. Frank & Salkever (1992) explain the diverging price trends of brand-
name drugs and generics with a segmented demand side of price-sensitive consumers willing to
switch to generic and brand-loyal consumers willing to pay a higher price for the brand-name
drug. As the remaining brand loyal demand is less elastic than the demand from both segments,
the optimization behavior of the brand-name drug supplier causes the brand-name drug price
to rise, as it is more profitable to serve the brand-loyal segment at a high price than to compete
with generic producers at a low price for both segments. Indeed, empirical observations confirm
different price elasticities for the demand for brand-name drugs and generics (Ellison et al.,
1997). The existence of a brand-loyal segment implies that brand-name drugs and generics are
not considered to be homogenous products by consumers, but rather differentiated products. In
addition to objective differences between brand-name drugs with respect to additives, consumers
sometimes associate a lower quality with generic versions (see Gaither et al., 2001 for a survey
of consumers’ perception of generics). Also, the inability to assess the quality of drugs before
consumption and the risk of bad choices such as adverse side effects contributes to first-mover
advantages for brand-name producers, allowing them to maintain market shares at substantial

higher prices (Scherer, 1996). The model in this chapter therefore explicitly assumes a heteroge-
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neous demand side, where consumers differ in their valuation of the drug, and a certain degree
of product differentiation between the brand-name drug and the generic versions - either due
to consumer perceptions or firms’ investment decisions. An explanation of the generic paradox
without the explicit assumption of brand-loyalty can be found in Appendix A.1.

The paper most closely related to this chapter is Brekke, Holmas & Straume (2010), who
compare price cap regulation with reference pricing. Their model suggests that reference pric-
ing results in price reductions, which are higher for brand-name drugs, and correspondingly it
induces stronger generic competition and lower brand-name market shares (Brekke, Holmas &
Straume, 2010). This is in line with empirical evidence from Pavcnik (2002), who studies prices
for oral antidiabetics and antiulcers in Germany between 1986 and 1996. She finds major price
reductions for both brand-name and generic drugs, with larger reductions for brand-name prices.
With respect to price cap regulation, Brekke, Holmas & Straume (2010) find that a reduction
of the maximum price reduces the generic market share, that is, stricter direct price regulation
weakens generic competition. A study by the European Commission, which analyzes the prices
of 122 active ingredients in 17 EU countries between 2000 and 2007, confirms that price cap
regulation affects price competition negatively (European Commission, 2009).

Whereas the existing literature mainly analyzes firms’ pricing behavior and the potential of
reference pricing in reducing drug prices, this analysis takes a broader perspective and focuses
more on the overall implications of these regulatory instruments in more than one dimension.
In other words, as pharmaceutical regulation may exhibit a trend of inhibiting competition
due to less generic entry, not only price reductions but also high generic market shares and a
sufficient degree of competition are essential (Danzon, Wang & Wang, 2005). Moreover, price
reductions may not be politically intended if they result in higher financial exposure of patients.
Consequently, the purpose of this chapter is to analyze the performance of price caps and
reference pricing with respect to several policy objectives. Furthermore, the explicit comparison
of both instruments takes into account that both instruments constitute policy alternatives and

that the relative importance of health policy objectives determines what instrument is chosen.
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The vertical product differentiation with a heterogenous demand side takes into account that
both objective and subjective differences between brand-name drugs and generics exist and that
consumers choose which version to buy based on their valuation of the drug. The result is an
endogenous segmentation of the demand side, with a segment of consumers with high valuation of
pharmaceuticals buying the brand-name drug and a segment of consumers with an intermediate
valuation purchasing the generic. Consumers with a very low valuation will buy neither version
of the drug, this allows me to analyze the effect of regulation on the access to pharmaceuticals,
if it results in a change of market coverage. The maximum price system is modelled as a price
cap amounting to the generic price in the benchmark case of no regulation plus a mark-up, the
reference price system assumes a reference price as the weighted average of brand-name and
generic price. Both constructions allow me to analyze different degrees of regulation explicitly.

For identical regulatory degrees, the endogenous specification of the reference price system
captures the firms’ strategic response to the introduction of a reimbursement limit and generates
higher price reductions for the brand-name drug under the reference price system. For identical
regulatory prices, the reference price system tends to result in higher drug prices, as free pricing
associated with the reference price system enables the brand-name producer to skim off addi-
tional willingness to pay by setting a price above the reference price. The additional co-payment
element (patients have to pay the difference between the market price of the brand-name drug
and the reference price) results in higher financial exposure of patients, but also lower public
expenditure. In addition, the effects of both regulatory instruments on prices and market shares
are similar to the results of Brekke, Holmas & Straume (2010). Whereas the maximum price
system does not change the brand-name price premium and results in a lower generic market
share, the reference price system reduces the brand-name price premium and brings about a
higher generic quantity, but unchanged generic market share®.

The rest of the chapter is organized as follows. The next section presents the vertical dif-

’Brekke, Holmas & Straume (2010) identify a higher market share of generics under reference pricing. They
find that the market share of generics is increasing in the weight of the generic in the reference price, i.e. in the
degree of regulation.
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ferentiation model with a brand-name drug producer and a generic drug producer. Section 2.3
analyzes the benchmark case of no pharmaceutical regulation, the case of regulation through a
price cap (maximum price system), and the case of regulation through a reimbursement limit
(reference price system). Section 2.4 compares the regulatory scenarios with respect to the health
policy objectives of the reduction of public expenditure, the limitation of financial exposure of
patients, the improvement of access to pharmaceuticals, and the stimulation of competition.

Section 2.5 analyzes welfare and section 2.6 concludes.

2.2 The Model

Consider a therapeutic market with two competing drugs, an off-patent brand-name drug b and
the corresponding generic version g. This corresponds to the duopolistic transition period after
patent expiry, with the first generic having already entered the market.

Both drugs contain the same active ingredient, but differ in both objective and subjective
terms. On the one hand, generics and brand-name drugs show considerable differences with
respect to binders, fillers, preservatives and density of packing (bioequivalence®), which may
affect therapeutic efficacy (Scherer, 1996). On the other hand, generics may be perceived as of
lower quality (see Gaither et al. (2001) for a survey on the lower quality perception of generics).
In addition, there is evidence that the price of a drug may serve as quality indicator (Waber
et al., 2008). Also uncertainty with respect to whether the generic version is really equivalent
to the brand-name version may contribute to a lower willingness to pay for the generic. The
property of pharmaceuticals as experience goods, i.e. the difficulty of evaluating quality ex ante,
and the risk of bad choices such as adverse side effects add to the uncertainty (Scherer, 1996).

Consumers differ with respect to their gross valuation of drug consumption 6, which is
uniformly distributed on the interval normalized to unity. A consumer with a positive net

utility of drug consumption will choose the most preferred drug version by trading off (objective

SDifferences in bioequivalence may imply also differences in bioavailability, which refers to the rate and extent,
at which the active ingredient is absorbed.
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and perceived) drug quality against drug co-payment. The higher the gross valuation of drug
treatment 6, the more the consumer is willing to pay in order to purchase the (high-quality)
brand-name drug. The consumer heterogeneity can be interpreted as differences in willingness
to pay for a brand-name, differences in risk aversion regarding the trial of substitutes, differences
in the severity of the condition or the level of suffering or differences in prescription practices
(see e.g. Brekke, Holmas & Straume, 2010). This results in an endogenous segmentation of the
demand side.

The quality difference between the brand-name and the generic version may be considered as
either an exogenous difference stemming from the different perception of brand-name drugs and
generics or as an endogenous one emerging from the pharmaceutical firms’ investment decision.
Appendix A.2 shows the equivalence of exogenous and endogenous quality difference between
both drugs with respect to mechanics of the model.

A consumer who buys a drug ¢ obtains a net utility of

Os—ci ifi=b

U(0,7,s,c) = { (2.1)
Ors —¢; ifi=g,

where s denotes the quality of the brand-name drug, the parameter 7 captures subjective and/or
objective differences between the brand-name drug and the generic version and ¢; is the patient
co-payment for drug ¢. The utility derived from no drug purchase is zero.

The marginal consumer who is indifferent between buying the brand-name drug b or the
generic version g has a gross valuation 6%, given by

Cp — Cqg

0%s — cp = 0"sT — ¢4, yielding 0" = S0=n

while a consumer who is indifferent between buying the generic and not buying at all has a gross
valuation 6, given by
c
0sT — ¢y = 0, yielding 0 = 4.

ST
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Hence, demand for brand-name drug b and for the generic g is given by

c c c
qbzl——gandqg:—g——g.
ST ST ST

Production technologies exhibit constant marginal costs, which are normalized to zero for

simplicity, such that profits are given as

Hi = Piq;. (22)

2.3 Regulatory Scenarios

2.3.1 No Regulation

Consider a system with no regulation as a benchmark. Consumers are partially insured, a co-
payment in the form of a proportion of the price (coinsurance) applies. The remaining amount
is reimbursed by the health insurance.

Coinsurance rates and cost-sharing in general are intended to make patients aware of the
costs of services and deter them from using services that are not needed and thus reduce moral
hazard (Robinson, 2002). Price elasticity of demand increases with the coinsurance rate, but
as guaranteeing broad access to services is a policy objective, the coinsurance rate does not
constitute an instrument of cost containment.

Co-payment for the brand-name drug and the generic is given as

¢ = KD, (2.3)
where & is the coinsurance rate.
Thus, demand functions are given as
K(pp — K(pp — K
ap=1-— Klpo = Pg) and ¢ = (P = py) _ Py (2.4)
ST ST s(1—1)
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The firms’ profits are given as

I, = p, <1 - W) and I, = p, (H(Pbs; py) _ s(ffigT)> , (2.5)

First-order conditions for profit-maximizing drug prices yield the best-response functions

1 1
= o (sT+ Kkpg) and p, = ipb(l —T).

Best-response functions are increasing, prices are strategic complements.

Resulting equilibrium prices are

2sT st (1—17)
dp, = 2.6
P k(34 )an Py Kk(3+T) (26)
Thus, indifferent consumers are located at
1
=" andg=__
3+ T 3+ T
and equilibrium quantities are
2 1
= dg,=— 2.7
LAEN (2.7)
Profits are given by
4 1—
M= anam, =TT (2.8)
k(3+T) k(3+T)

2.3.2 Maximum Price System

The main form of supply-side regulation is direct price control, in which a maximum price (price
ceiling) limits the capacity of firms to set prices. In the European Union, all countries except
for Denmark, Germany, the Netherlands, Malta, Sweden, and the UK control pharmaceutical

prices directly (Espin & Rovira, 2007).
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In this model, it is assumed that the regulator sets a maximum price equal to the price of
the generic plus a markup. Health policy makers often compare prices for brand-name drugs
and generics, as both versions of the drug are considered to be equivalent.

A maximum price of

s_std—=7) 4 ysTA+T)
b= K(3+T) +(1 M>I€(3+T)7 (2.9)
=Py—Pyg

sT(1—7)
k(34T)

corresponds to the generic price in the no regulation case (py = ) plus a fraction 1 — p,

sT(147)

<(317) )7. The case of . = 0 corresponds to no regulation (the

with p € (0, 1), of a markup m =
brand-name drug producer is able to charge the optimal py), while the case of y = 1 corresponds
to the strictest regulation possible (the price of the brand-name drug is set to the price of the
generic version). The regulatory parameter u is a measure for the strictness of regulation.
Patient co-payments are not affected by the maximum price system and are still given as
Ci = Kpi.
For a given price cap, the generic producer’s best-response function is pj = %pg (1—1).
Equilibrium prices are

p_sT2—p(+7))

Pl = andp“—ST@_M(l—i_T))(l_T).

k(34 T) g 2k (34 7) (2.10)

Compared to the benchmark case of no regulation, both drug prices are lower under the maxi-

mum price system:

op _ STH (1+71) 0
Po =Py K(3+T) -
s st (l+7)(1—71)
Pg — Py 2k (3+71) > 0.

The brand-name price is set to a lower amount by the regulator. The generic producer has

to lower his price in response to the lower brand-name price as well, as he has to compensate

"This structure allows to analyze different degrees of regulation explicitly.
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consumers for the lower (perceived) quality by pricing at a certain discount from a given brand-
name price. This relationship is given by the generic producer’s best-response function.

Equilibrium quantities are

4 14 7)? 2— pu(l
T ) U k) P AT 1 G k)

2(347) 9 2(3+7) (2.11)

q

The quantity of the brand-name drug is higher under the maximum price system, the quantity
of the generic is lower:
p(1+7)? p(l+7)

gt =\ 7 P R S
v — qp, 2(3+7) <0, g9 — gy 2(3+7_)>0.

The brand-name drug is sold to more consumers under regulation, as the lower price makes it
attractive also for consumers with an intermediate valuation 8 who purchased the generic before.
For the generic producer, this sales volume lost to the brand-name drug is larger than the volume
gained from consumers who have not purchased before and now purchase the generic due to its
lower price. That is, the consumer indifferent between the brand-name drug and the generic
moves away from one by a larger distance than the consumer indifferent between the generic
and not buying moves towards zero. The locations of indifferent consumers under the maximum

price system are

2—pl+71)(1+7) and 01 — 2—pu(l+7)T

oh =
2(3+7) - 23+7)

of which 6" is closer to its counterpart under no regulation than 6** is:

1+T)2

R 11 _pr(l+T)
O = G 203+71)

_ ok —
>0- 6% 2(3+71) "
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Profits are given as

st@=p(+7) (44 pir+1))

2 sTL-7)(2—p(1+7))°
26(3+171)

4k (3 +7)°

) = and I1}) = (2.12)

Compared to the benchmark case of no regulation, both firms’ profits are lower. For the
brand-name producer, the profit-decreasing effect of a lower price exceeds the profit-increasing

effect of a higher sales volume. The generic producer sells a lower quantity at a lower price.

2.3.3 Reference Price System

A common form of demand side or reimbursement regulation is the reference price system, in
which the regulatory body sets a reimbursement ceiling ("reference price") for a group of drugs
("cluster"). These drugs, which are considered interchangeable, are not reimbursed based on
their market price, but the reference price. Firms remain free to charge higher prices. If a
consumers wishes to purchase a drug, which is priced above the reference price, he/she has to
pay the difference between the market price of the drug and the reference price in addition
to the usual co-payment. In Western Europe, Belgium, Denmark, Estonia, Germany, Greece,
Hungary, Italy, the Netherlands, Poland, Portugal, and Spain use reference price systems (Espin
& Rovira, 2007). Norway and Sweden have adopted reference price systems, but have abolished
them again (Espin & Rovira, 2007).

The reference price is a linear function of both drug prices:

pe = opS+ (1 - 0)py, (2.13)

where ¢ (0 € (0,1)) is an exogenous weight®. For o = 1, the reference price and consequently
the reimbursement amount corresponds to the price of the generic, for ¢ = 0, the reference price

and reimbursement amount coincide with the price of the brand-name drug, which amounts to

¥Note that a specification of the reference price as a convex combination of both drug prices (p2 = ops + (1 —
0)pY) is equivalent to a specification of the reference price as the generic price plus a fraction (1 — p) of the markup
of the brand-name over the generic price (pf = pg + (1 — o) (pﬁ - pg)).
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the benchmark case of no regulation.

Note two important characteristics of this reference price: First, being a convex combination
of the two drugs’ market prices, this reference price implies that the generic drug is available
without any additional co-payment, whereas for the brand-name drug an additional co-payment
applies. Thus, the reference price system can be considered to impose an additional, but avoid-
able co-payment (Lépez-Casasnova & Puig-Junoy, 2000). In this model, consumers will have to
trade off the additional co-payment against the (perceived) loss in quality, as the generic drug
is associated with lower quality.

Second, in this model, the reference price is determined endogenously”, which involves a
reaction of the reference price to the firms’ strategic response to the introduction of a reference

10 This is also in line with the design of the reference price system in Germany,

price system
where the reference price is set in such a manner that one third of the drugs is available at the
reference price (§ 35 German Social Security Code V).

Patient co-payments are given as

c; = wpf + (py — p?) and cf = kp. (2.14)

An increase of the reference price has two effects on the total co-payment for the brand-name
drug: On the one hand, the co-payment determined by the coinsurance rate and the reference
price (kpr) increases, on the other the difference between the sales price and the reference price
(pfp — pr) decreases for given market prices, as the reference price can be considered a subsidy
(Mestre-Ferrandiz, 2003).

Demand functions are given as

(1 - o)k + 0) (pf — P

(1—o)k+o) (pp—p5)  rp
ST s(1—1)

and g] =

@g=1- (2.15)

9See Brekke, Holmas & Straume 2008 for the different implications of exogenously and endogenously determined
reference prices.

108¢rictly speaking, the introduction of a reference price system causes firms to lower their prices, which in turn
then decreases the reference price. This reaction then results in firms lowering their prices again.
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First-order conditions for profit-maximizing drug prices yield the best-response functions

o LsT+pg((1—o)r+o0)

. o _P(1-7)(1—0k+o)
"2 (1-ok+o)

M e el - ()

Resulting equilibrium prices are

25t (k+0(1—7) (1 —K))
(k+o0(1=k)(KB+T7)+30(1l—=7)(1 —k))

st(1—171)
kB+7)+30(1—7)(1—k)’

pp =

and p? (2.16)

which are both lower than in the no regulation case:

2570 (1 — k) (/4; (3—1—7’2) +30(1—1) (1—/4;))
EKB+7)(k+o0(1—kr)(KB+7)+30(1—7)(1—k))
3s7o(1—k) (1 —1)°

PP T BB 30—

b — DY >0

The brand-name producer has to lower his price in order to counterbalance the effect of the
increased co-payment. The generic producer then lowers his price in response to the lower

brand-name price as well. Price elasticity of demand increases for both drugs:

o _ (Q-ortop,  wpy_
o= > ——"b =,
ST q; ST qp
g = _mte-nl-mp s »_,
9 sT(1—71) s sT(1—7)¢8 9

Indifferent consumers are located at

(kt+o(l—kK)+7(k—0(1—kK))
(k(B+71)+30(1—7)(1—k))
(k(B+7)+30(1—7)(1—r))’

0 =

and §¢ =
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and equilibrium quantities are given as

2(kt+o(d—-7)(1-r)) o (ite(l=7)(1=r)
FBE 30— YT iGN tsed-na-n =7

a4

Both firms’ quantities are higher than under no regulation:

, - 270(1 - k) (1 —1)

DG S BN RBL) 1 3ed-N (1)
. To(1-r)(1-7)

Q_(] Qg -

BB +3e(-nd—r) "

The brand-name drug producer lowers his price by more than what would be needed to sell

the same quantity as under no regulation. The generic producer attracts more consumers from

lowering his price than he loses to the brand-name producer:

0* — g*¢ 2re(1 —x) (1 —7)
B+7)(kB+7)+30(1—7)(1—kr))

e 3r0(1—k)(1—7)

R (P B ey gy g &

The reference price is given as

pP = opj+(1—o)p;
(2= 0) (5 + 0 (1= ) = (2= (+0(1— ) 70) 019
(k+0(1—k)(KB+7)+30(1—-7)1—kr)) '

Firms’ profits are

me - st (h+o(1—7) (1= k)’ 2 (2.10)
(k+0(1—k)(KB+T7)+30(1l—7)(1—k))
and T1¢ stT(l=7)(k+0(1—7)(1—K))
g

(B+7)+30(1—7)(1—r)*

Both firms’ profits are lower under the reference price system, as the profit-decreasing effect of

lower prices dominates the profit-increasing effect of higher quantities.
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2.4 Policy Objectives in Regulation

The two regulatory instruments analyzed in this paper, direct price control and reimbursement
regulation, are policy alternatives that are mutually exclusive!!. The choice of a regulatory in-
strument is determined by the objectives of regulators (Maynard & Bloor, 2003). For example,
the intention to reduce public expenditure, to improve access to pharmaceuticals, and to stim-
ulate competition are commonly articulated by policymakers. Whether an instrument is able
to achieve these objectives and to outperform the alternatives, determines which instrument is
chosen from a set of alternatives.

Two main factors drive the performance of the two regulatory systems with respect to the
health policy objectives: Price reductions and the reimbursement amount. For a given reim-
bursement amount, higher price reductions result in lower public pharmaceutical expenditure,
lower financial exposure of patients and accordingly better access to pharmaceuticals. A lower
reimbursement amount at given price reductions leads to lower health expenditure, but higher

financial exposure of patients and worse access to pharmaceuticals.

2.4.1 Price Reductions

When comparing price reductions under both regulatory systems, two concepts have to be
distinguished: The regulatory degree determines what percentage of the markup of the brand-
name over the generic is included in the price cap and/or in the reimbursement limit under the
reference price system respectively. The requlatory price specifies the price cap or reimbursement
limit that is realized eventually. Under the maximum price system, these two concepts are
equivalent: If e.g. the regulatory body allows the brand-name producer to charge 50 % of the
markup over the generic, then this corresponds to setting a price cap including 50 % of this
markup. Under the reference price system, the endogenous specification of the reference price
(the reference price is not defined in terms of unregulated prices, but is instead a function of

(current) market prices) results in a mismatch between the two concepts: If e.g. the regulatory

1By definition, the reference price which allows free pricing, is not compatible with a price cap.
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body sets a reimbursement limit covering 50 % of the markup of brand-name over the generic'?,

then an exogenous specification would result in a reference price including 50 % of this markup,
but the endogenous specification yields a lower reference price, as it captures the strategic price
decrease of both firms following the introduction of a reimbursement limit. The introduction
of a reference price system causes firms to lower their prices, which in turn then decreases the
reference price and consequently, the realized reference price is lower than what is specified by the
degree of regulation. The endogenous specification of the reference price is an important factor
driving price reductions under the reference price system: Starting from a certain regulatory
degree it increases the strictness of regulation by generating a lower regulatory price.

In addition, two other factors determine relative price reductions under the two regulatory
systems: First, the reference price generates a higher price elasticity of demand for the brand-
name drug and thus a higher incentive for the brand-name producer to lower the price. Second,
opposed to this, the regulatory price corresponds to the price of the brand-name drug under
the maximum price system per definition, whereas under the reference price system, free pricing
enables the brand-name producer to set a price above the regulatory price to skim off additional
willingness to pay'®. Based on an identical regulatory degree, the higher price elasticity and the
dynamics of the endogenous specification of the reference price result in higher price reductions
for the brand-name under reference pricing, whereas, for a given regulatory price, price reduc-
tions are higher under the maximum price system due to free pricing under the reference price
system.

Figure 2.1 illustrates the comparison of brand-name prices under both regulatory systems
for a low degree of product differentiation (7 = 0.1) and x = 0.1.

Let v (m) denote the regulatory degree-equivalence line, all combinations of g and p that

12Note that a specification of the reference price as a function of the brand-name and generic price weighted
by (1 — o ) and p respectively is equivalent to a specification as the generic price plus a fraction (1 — ¢ ) of the
markup of the brand-name over the generic: p2 = opg + (1 — o)py =p2 + (1 — o) (pﬁ7 — pg).

I3Note that also the endogenous specification of the reference price prevents the brand-name producer from
setting a price equal or below the reference price. But also for an exogenously determined reference price the
brand-name price above the reference price is profit maximizing, as it allows the brand-name producer to skim
off additional willingness to pay.
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Figure 2.1: Brand-name Price, 7 = 0.1

result in identical percentages of the markup of the brand-name over the generic included in the
price cap under the maximum price system and in the reimbursement limit under the reference
price system respectively. This holds for ¢ = p. Let 9 (r) denote the regulatory price-equivalence
line, all combinations of ¢ and p that result in the same price set by the regulatory authority,
see Appendix A.4 for the specification of ¥ (r). That is, along this line, the price cap under the
maximum price system is identical to the reimbursement limit under the reference price system,
the market intervention is based on the same regulatory price. The slope of ¢ () is greater than
1 due to the endogenous specification of the reference price, which captures the firms’ reaction
to the reference price, i.e. the price decrease. This increases the strictness of regulation beyond
the measure specified by the regulatory degree. For a higher p, the slope of ¥ () becomes
smaller. Th(z price for the brand-name drug decreases by more then the price of the generic for a
»
higher o (% < 0), but is included in the reference price to a lower extent (a higher p gives less
weight to the brand-name relative to the generic). Compared to the endogenous specification of
the reference price, the higher weight of the lower-priced generic in the reference price becomes

a relatively more important factor in decreasing the reference price (but has a weaker impact
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than the aforementioned). Note that the regulatory degree-equivalence line v (m) depicts both
factors determining price reductions under the reference price system — the increase of strictness
due to the endogenous specification of the reference price and free price setting, whereas the
regulatory price-equivalence line ¢ (1) — by ignoring the effect from the endogenous specification
of the reference price — focuses on the effect of free price setting.

Let 9 (p) denote the price-equivalence line, which represents all combinations of regulatory
parameters that result in identical prices for the brand-name drug, see Appendix A.4 for spec-
ification of ¢ (p). To the left of v (p), price reductions are higher under the maximum price
system, to the right of 1 (p), price reductions are higher under the reference price system. The
regulatory degree-equivalence line 1 (m) runs to the right of the price-equivalence line ¥ (p), i.e.
for identical percentages of the markup of the brand-name over the generic permitted under
the two regulatory systems, due to the endogenous specification of the reference price, price
reductions are higher under the reference price system. As the effect of endogenous specification
of the reference price is weaker for a high pand accordingly the price of brand-name drug de-
creases less, the difference between 1 (m) and 1 (p) becomes smaller for a high p. The regulatory
price-equivalence line 9 (r) runs to the left of the price-equivalence line v (p), i.e. for identical
regulatory prices, price reductions are higher under the maximum price system, as under the
maximum price system, the regulatory price corresponds to the price for the brand-name drug,
whereas under the reference price system, the brand-name producer sets a price above the ref-
erence price. For a high p, the difference becomes larger. Under the maximum price system, a
decrease in the regulatory price is equivalent to a (commensurate) decrease in the price for the
brand-name drug. Under the reference price system, a decrease of the regulatory price results
in a less than proportional price reduction for the brand-name drug.

If the brand-name drug and the generic are more remote substitutes, i.e. the degree of
product differentiation is higher, also the willingness to pay for the brand-name drug is higher.
Consequently, the brand-name producer sets the price further above the reference price. This

additional incentive also weakens the effect from the endogenous specification of the reference
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Figure 2.2: Brand-name Price, 7 = 0.5

price. Consider Figure 2.2 for a visualization of the comparison of brand-name prices for an
intermediate degree of product differentiation (7 = 0.5) and £ = 0.1. Due to the aforementioned
incentive to increase the price the distance between v (m) and 1 (p) is smaller, while the distance
between v (r) and 1 (p) increases.

Further increases in the degree of product differentiation increase this effect, see Appendix
A 4 for a comparison of brand-name prices for 7 = 0.9.

In the following, the comparison of the two regulatory systems with respect to the health

policy objectives will be based on regulatory prices only, the regulatory degree will be ignored.

2.4.2 Expenditure Reduction

Following from the government’s role in funding health expenditure the primary objective in
regulation is controlling public spending on pharmaceuticals (Danzon, 1997).

If the pharmaceutical market remains unregulated, public pharmaceutical expenditure is
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given as the reimbursed fraction (1 — k) of total expenditure (unregulated price x quantity):

E=(1-k)(psa» +ngQ) . (2.20)

Under the maximum price system, the lower prices of both drugs reduce expenditure to
Bt =(1-k)(Pyay +0hd)), E—E" >0, (2.21)

and under the reference price system, both lower prices and a lower basis for reimbursement
(not the market price, but the reference price is the basis for reimbursement) contribute to lower
expenditure of:

E¢ = (1—-k) (pq; +1p2qs), E—E®>0. (2.22)

Thus, both regulatory instruments succeed in reducing pharmaceutical expenditure, see Appen-
dix A.4 for details.

For a direct comparison of the two regulatory instruments with respect to their perfor-
mance in expenditure reduction, two factors are crucial: Price reductions and the reimbursement
amount. Whether price reductions are higher under the maximum price system or the reference

14 The reimbursement amount is lower

price system, depends on the standard of comparison
under the reference price system (the brand-name drug is reimbursed based on reference price
instead of the higher market price). The latter effect dominates and independent of the standard
of comparison, expenditure is lower under the reference price system. This also implies that for
given prices, expenditure is lower under the reference price system!®.

Consider Figure 2.3 for a visualization of the comparison of expenditure under both systems

for a low degree of product differentiation (7 = 0.1) and x = 0.1. Let E* denote the expenditure-

!4Based on the regulatory degree, price reductions are higher under the reference price system; whereas based
on the regulatory price, price reductions are higher under the maximum price system.

5 Two other factors point in the opposite direction: the reference price system exhibits a larger generic share
and a lower brand-name premium, that is, a larger generic volume at a higher relative price is included in the
expenditure under the reference price system. But these latter effects are dominated by the expenditure-reducing
effect from a lower reimbursement amount.
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Figure 2.3: Expenditure, 7 = 0.1

equivalence line, i.e. all combinations of the regulatory parameters ¢ and p that result in
identical expenditure under the maximum price and the reference price system, see Appendix
A.4 for the specification of E*. To the right of this line, expenditure is higher under the
maximum price system, to its left, expenditure is higher under the reference price system. The
slope of the expenditure-equivalence line is greater than 1. This implies that a given reduction
in expenditure, i.e. an upwards move on the expenditure-equivalence line, requires a greater
increase in g under the maximum price system than the increase in p it requires under the
reference price system. In other words, based on the same point of initial expenditure, an
identical decrease of expenditure under the maximum price system and the reference price
system is associated with a higher decrease of the price ceiling under the maximum price system
than with the decrease of the reimbursement amount under the reference price system. On the
contrary, a small decrease of g, i.e. a small raise of the reimbursement limit, already causes
the same increase in expenditure than a higher increase in ¢ under the maximum price system
would yield.

Let v (r) denote the regulatory price-equivalence line, and 1 (p) the price-equivalence line.
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Comparing expenditures under both systems for identical regulatory prices, i.e. an identical
price cap under the maximum price system and reimbursement limit under the reference price
system, the reference price system reduces expenditure to a greater extent because of a lower
reimbursement amount despite higher price reductions under the maximum price system. This
is illustrated by 1 (r) running to the right of E*.

For identical price reductions, expenditure is lower under the reference price system, as the
reimbursement amount is lower. Put differently, for identical expenditure under the maximum
price system and the reference price system, the reference price system exhibits higher market
prices of brand-name drugs.

Note that the regulatory degree-equivalence line ¢ (m) and the regulatory price-equivalence
line v (r) depict both factors determining expenditure, the reimbursement amount and price
reductions, whereas the price reduction-equivalence line 1 (p) — by ignoring the effect from
different price reductions under the two systems — focuses on the effect of a lower reimbursement
amount.

Also with an increasing degree of product differentiation, the reference price system reduces
expenditure to a larger extent than the maximum price system, see Figure 2.4 for an illustration.
For identical price reductions, the relative advantage of the reference price system in reducing
expenditure is higher (the distance between ¢ (p) and E* is higher). That is, for higher degrees
of product differentiation the relative importance of price reductions decreases, whereas the
effect from a lower reimbursement amount increases.

Further increases of the degree of product differentiation increase this effect, see Appendix
A .4 for a comparison of expenditure for 7 = 0.9.

Proposition 2.1 summarizes the performance of both regulatory instruments with respect to

the reduction of expenditure:

Proposition 2.1. Suppose that price reductions for the brand-name drug are identical under the
mazimum price system and the reference price system. Then public pharmaceutical expenditure

is lower under the reference price system.
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Figure 2.4: Expenditure, 7 = 0.5

2.4.3 Equity and Access

Equity, the concept of fairness and justice, is one of the major concerns in health policy (Hurley,
2003). Two dimensions of equity are relevant when comparing the two regulatory instruments:
financial exposure and access. First, the analysis of out-of-pocket expenditure under the dif-
ferent scenarios illustrates financial exposure of patients. Under the maximum price system,
co-payments rules do not change; consequently, consumers benefit fully from lower prices. The
reference price system, however, introduces an additional co-payment element, patients also have
to pay the difference between the market price and reference price. Therefore, out-of-pocket ex-
penditure under the reference price system needs to be compared carefully with payments under
no regulation. Second, the analysis of quantities and the uncovered part of the market (con-
sumers with a low valuation ) gives an idea of access to pharmaceuticals. In general, lower
drug prices improve access, as also consumers with lower valuation can now afford the generic.
Third, the concept of consumer surplus as a measure for well-being in the aggregate combines

the aspects of financial exposure and access.
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Co-payments

If the market is unregulated, co-payments for the brand-name drug and the generic, respectively,

are:
2sT sT(1—1)
cp = Kpp = = and ¢y = kpg = 31, (2.23)
Under the maximum price system, lower drug prices reduce co-payments to
v sT(2—p(1+71)) _s7’(2—,u(1—|—7’))(1—7’)
q = G+ and cj = 2B E1) ) (2.24)

¢ — ¢, >0and ¢, —cff >0,

Co-payments for the brand-name drug and the generic, respectively, under the reference

price system are given as:

sT26+0(1—7) (1 —kK))

B+7)+30(1—7)(1—r))
0 ksT (1 —17)

M = LGN +sed-n(1-r) (2.26)

cb—c§>0andcg—c§>0.

¢ = f<~'10$+p§—p$=(,_ﬁ (2.25)

which are both lower than under no regulation. The co-payment-decreasing effect of a lower
brand-name price dominates the co-payment-increasing effect of a lower reimbursement amount
(the reference price instead of the market price is the basis for reimbursement). The co-payment
for the generic is unambiguously lower under the reference price system, as the drug price is
lower and co-payment rules do not change.

When comparing co-payments for the brand-name drug directly, two factors determine,
whether out-of-pocket expenditure is higher under the maximum price or the reference price
system: First, for identical regulatory prices, price reduction are higher under the maximum
price system. The application of coinsurance rates implies that lower drug prices translate to

lower co-payments. Second, in the reference price system health insurance reimburses the brand-
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Figure 2.5: Brand-name Co-payment, 7 = 0.1

name drug based on the reference price. This involves an additional co-payment element — the
difference between the market price of the brand-name drug and the reference price. Both fac-
tors result in a higher co-payment for the brand-name drug under the reference price system, as
illustrated by Figure 2.5 for 7 = 0.1. Let O* denote the out-of-pocket expenditure-equivalence
line, i.e. all combinations of the regulatory parameters ¢ and u that give identical co-payments
for the brand-name drug under the maximum price and the reference price system, see Appen-
dix A.4 for a specification. To the right of this line, out-of-pocket expenditure is higher under
the maximum price system, to its left, out-of-pocket expenditure is higher under the reference
price system. The regulatory price-equivalence line 1 (r) runs to the left of the out-of-pocket
expenditure-equivalence line O*.

That is, the both higher price reductions under the maximum price system and a lower
reimbursement amount under the reference price system result in higher co-payments under the
reference price system. The price reduction-equivalence line v (p) visualizes the isolated effect
from a changed reimbursement amount. A lower reimbursement amount makes the co-payment

for the brand-name drug always higher under the reference price system. This is illustrated by

37



1.0 -
T S T
—
_—
0.8 -~
—
1 7
7
0.6 T v
il e
v
0.4 + v ¥
|
7
I
O /
1/
0.0 —F } : : | £
0.0 0.1 0.2 0.3 0.4

Figure 2.6: Brand-name Co-payment, 7 = 0.5

the price reduction-equivalence line v (p) running to the left of the out-of-pocket expenditure-
equivalence line O*.

Also for an intermediate degrees of product differentiation, the co-payment for the brand-
name drug is higher under the reference price system, see Figure 2.6. Similar to the comparison
of relative performance in decreasing expenditure, the effect of a lower reimbursement amount
becomes more important (the distance between 1 (p) and O* is higher) and the effect of price
reductions is relatively less important for a higher degree of product differentiation.

Further increases of the degree of product differentiation increase this effect, see Appendix
A.4 for a comparison of co-payments for 7 = 0.9.

With respect to the generic, only the magnitude of price reductions determines, whether
co-payments are higher under the maximum price or the reference price system. Under both the
maximum price system and the reference price system, the generic is reimbursed based on its
market price. Accordingly, the co-payments for the generic under both regulatory systems are
directly proportional to the market price.

Consider Figure 2.7 for a visualization of the comparison of co-payments for the generic under
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Figure 2.7: Generic Co-payment, 7 = 0.1

both systems for a low degree of product differentiation (7 = 0.1) and k = 0.1. Let O* denote the
out-of-pocket expenditure-equivalence line, i.e. all combinations of the regulatory parameters o
and p that give identical co-payments for the generic under the maximum price and the reference
price system, see Appendix A.4 for specification of O*. To the right of this line, co-payments
for the generic are higher under the maximum price system, to its left, co-payments for the
generic are higher under the reference price system. Since co-payments are directly proportional
to market prices, O* also represents all combinations of regulatory parameters that result in
identical prices for the generic under both systems.

For identical regulatory prices, free pricing causes the price for the brand-name drug to
be higher under the reference price system. Under the maximum price system, the generic
producer prices at a higher discount from a given brand-name price than under the reference price

system!'. Conversely, this implies that the brand-name premium is lower under the reference

Note that under the maximum price system, the best response function of the generic producer is given as
Py = %pg(l — 7), whereas under the reference price system, the best response function of the generic producer is

((1—0)sto) ((1—0)sto) >1
(r+e(1-7)(1=r)) * (rt+e(1-T)(1—r)) :

given as pjj = 3pf(1— 1)
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Figure 2.8: Generic Co-payment, 7 = 0.5

price system. That is, for identical regulatory prices, the difference between prices under the
maximum price system and the reference price system is higher for generic prices as compared to
brand-name prices. This is illustrated by O* running to the right of ¢ (p). This implies that for
identical regulatory prices and for identical prices of the brand-name drug, prices for the generic
and, consequently, co-payments for the generic are lower under the maximum price system.

For a higher degree of product differentiation, the discount of the generic price from the
brand-name price increases more under the maximum price system than under the reference
price system. This is illustrated by the difference between 1 (p) and O* becoming larger, as
visualized in Figure 2.8. This implies that the relative advantage of the maximum price system
in reducing out-of-pocket expenditure for generic users is higher for a higher degree of product
differentiation.

That is, co-payments for both drugs are lower under the maximum price system. In other
words, the financial exposure of patients to costs of pharmaceuticals is lower under the maximum

price system.
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Total Quantity (Access)

If the market is unregulated, the total quantity of both versions of the drug is

Q= . (2.27)

Under the maximum price system, the effect from a higher brand-name sales volume exceeds

the effect of a lower generic quantity so that the quantity of the drug increases to

6+ Tu(l471)
234 1)

Tp(l+7)

Q* Q- Q"= G < (2.28)

Under the reference price system, the total sales volume of both versions of the drug is

3(k+o0(1—7)(1—k))
k(B+7)+30(1—7)(1—k)’
3ro(l—7)(1— k)

Q=9 = TIH GG sl N -m) " (2.29)

Q' -

Compared to the unregulated market, more is sold of both the brand-name drug and the generic.
Correspondingly, the total quantity is higher under the reference price system. Thus, as the
quantity increases under both the maximum price and the reference price system, both regulatory
instruments can be considered to improve access to pharmaceuticals.

When compared directly, three factors determine whether total quantity is higher under
the maximum price or the reference price system. First, for identical regulatory prices, price
reductions are higher under the maximum price system. Lower prices imply that more consumers
are able and willing to buy the drug, hence higher price reductions translate to a higher quantity.
Second, for identical price reductions, the quantity of the brand-name drug is higher under the
maximum price system, since from a consumer perspective, less has to be paid for the drug
under the maximum price system. Third, the generic quantity is higher under the reference
price system. The first two effects exceed the latter and total quantity is higher under the

maximum system.
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Figure 2.9: Total Quantity, 7 = 0.1

Consider Figure 2.9 for a visualization for 7 = 0.1. Let Q* denote the quantity-equivalence
line, i.e. all combinations of the regulatory parameters o and p that give identical total sales
volumes of both versions of the drug under the maximum price and the reference price system,
see Appendix A.4 for specification of Q*. To the right of this line, the total quantity of the drug
is higher under the reference price system, to its left, the total sales volume is higher under the
maximum price system. Q* runs to the right of both ¢ (r) and 9 (p), i.e. for identical regulatory
prices and for identical prices of the brand-name, total quantity is higher under the maximum
price system.

This also holds for a higher degree of product differentiation, see Appendix A.4.

Consumer Surplus

Consider consumer surplus as a measure for the well-being of consumers in the aggregate. If the

market is not regulated, consumer surplus for the brand-name users is given as

1 25(2—71
CSy zof*(ﬁs — Kpp)dh = (7_(_~_?))2) (2.30)
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and for generic users as

or S — T
€Sy = (001 = 7)s = rpy)ao = 2(<71+3)>2 (2.31)

Note that consumer surplus is higher for users of the brand-name drug. Both consumer surpluses
increase in s, are independent of s, and decrease in 7.
Under the maximum price system, consumer surplus for brand-name users is higher than in

the benchmark case, as a larger quantity is consumed at a lower price:

1
CSl' = [(0s — kp})do,CS, — CSY' < 0. (2.32)
9*

Consumer surplus for generic users is lower than in the case of no regulation, as the effect of a

lower quantity dominates the effect of a lower price on consumer surplus:
cst = 0f(0(1 —7)s — kpy)dd, CS; —CSh > 0. (2.33)

Thus, brand-name users benefit from the maximum price system, generic users lose from it.
Under the reference price system, consumer surplus for both brand-name users and generic
users is higher than under no regulation, since drug prices are lower and higher quantities are

consumed:

1
CSZ? = f(gs — /{p% — (pg — p%))d(g, CSy — C‘S’If <0,
9*
9*
cse = 0](9(1 —7)s — kpy)df, CSy — CSE < 0. (2.34)

Both groups of consumers benefit from the reference price system.
Consumer surplus for brand-name users is higher under the maximum price, as the co-
payment for the brand-name drug is lower and the quantity is higher. For generic users, consumer

surplus is higher under the reference price system, the co-payment for the generic is lower under
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the maximum price system, but the quantity is higher under the reference price system.
Proposition 2.2 summarizes the performance of both regulatory instruments with respect to

distributive objectives:

Proposition 2.2. Suppose that price reductions of the brand-name drug are identical under
the mazximum price system and the reference price system. Then financial exposure of patients
18 lower and access to pharmaceuticals is higher under the maximum price system. Consumer
surplus for brand-name users is higher under the mazximum price system, consumer surplus for

generic users is higher under the reference price system.

2.4.4 Competition in Pharmaceutical Markets

The degree of competition between the brand-name producer and the generic producer is de-
termined by the degree of product differentiation to a large extent, as it allows the brand-name
producer to charge a higher price while maintaining a significant market share. The more remote
substitutes the two versions of the drug are, the higher 7 is, the more will prices diverge. In
other words, decreasing the degree of product differentiation will stimulate competition between
the two firms. For a given 7, regulation can also have an effect on competition. Against the
background of the benchmark case of perfect competition, when 7 = 0 and both firms price at
marginal cost, the analysis of competition between the two firms has several dimensions: First,
the existence and extent of a brand-name price premium indicates whether both versions are
considered and treated as close or remote substitutes. Note that both regulatory instruments
assume equivalence of the brand-name and generic version. Second, the generic market share
illustrates the extent to which the generic producer can prevail against the brand-name pro-
ducer and generic competition occurs. Third, the relationship between profits and the degree of
product differentiation gives an idea of incentives for firms to differentiate their products and to
gain a competitive advantage. As higher product differentiation amounts to a lower degree of

competition, this could be viewed as an anticompetitive behavior.
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Brand-name Premium

If the market is not regulated, the brand-name price premium amounts to

Pb 2

— = . 2.35
b -7 (2.35)

Under the maximum price system it is given as
"

pb 2 (

Lt . 2.36
A )

That is, under the maximum price system, price reductions for the brand-name drug are as high
as for the generic drug.

Under the reference price system, the brand-name price premium amounts to

pp 2 (kte(l-7)(1—kK)
B0 red-m) (237

(rto(1=7)(1—k)

which is lower than under no regulation, as U-Fo(T—r)) ) < 1. Reference pricing reduces the

brand-name price to a larger extent than the generic price. This is due to higher price elasticity
of demand for the brand-name price.

Generic Market Share

In the benchmark case of no regulation, the generic market share is given as

4g 1
== = 2.38
o =3 (239)
Under the maximum price, the generic market share amounts to
iz 1— p(1+7)
LA T (2.39)

" - pr(147) 7
which is lower than under no regulation for p > 0. That is, by increasing the brand-name
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quantity and decreasing the generic quantity, the maximum price system decreases the generic
market share and accordingly, it weakens generic competition.

Under the reference price system, the generic market share is given as
0c = 3 (2.40)

which is as high as under no regulation. Thus, under the reference price system, brand-name
and generic quantity increase by the same amount. Generic competition is not intensified under

the reference price system.

Incentive for Product Differentiation

If the market is unregulated, brand-name and generic profit are given as

4sT st(1—17)

Il =— and II, = .
’ k(T +3)° Y k(r+3)?

(2.41)

Brand-name profit increases with the degree of product differentiation

oI,  4s(3—1)
or k(T +3)3
Hence, there is an incentive for the brand-name producer to raise its profit by raising the degree

of product differentiation. Generic profit increases in 7, if 7 < % and decreases otherwise:

My _sG=TT) S gifr <2,
or k(T +3) 7

This is, to some extent there is also incentive for the generic producer to raise 7. For a low
degree of product differentiation, the positive strategic effect exceeds the negative direct effect.
A certain degree of product differentiation allows the generic producer to attract additional

consumers with a low valuation, but also forces it to lower its price.
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Under the maximum price system, brand-name and generic profit are given as

st@=p(+7) (44 pir+1))

2 sTL—7)(2—p(1+7))°
2k (14 3)

4k (T + 3)°

) = and I1}) = (2.42)

Both profits increase in 7 for a low degree of regulation and decrease in 7 for a high degree of
regulation:
oty
or
o1ty
or

< 0,if p > pg.
<0,if > pg.

That is, for sufficiently strict regulation, there is no incentive to raise 7 for both the brand-name
producer and generic producer.

Under the reference price system, brand-name and generic profit are given as

dst(k+o0(1—7)(1—k))?
(k4+0(1—k)(KB+7)+30(1—7)(1—k))?
and [1¢ — stT(l=7)(k+0(1—7)(1—K)) (2.43)
7 (k(B+7)+30(1—7)(1—r)* '

m =

The relationship between profits and the degree of product differentiation is determined by the
degree of regulation and the degree of product differentiation. The brand-name profit decreases
in 7 for a high degree of regulation and a high degree of product differentiation:

o117 ‘ .
W <0, 1fQ> Op-

The generic profit decreases in 7 for a high degree of regulation:

oIZ

< 0,if o > oF.
or e~ 0

The reference price system can only reduce the incentive to raise T for the brand-name producer,

if 7is already very high and if regulation is sufficiently strict. In this case, there is also no
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incentive to raise 7 for the generic producer.
Proposition 2.3 summarizes the performance of both regulatory instruments with respect to

stimulation competition:

Proposition 2.3. The maximum price system does not change the brand-name price premium
and results in a lower generic market share. The reference price system reduces the brand-name
price premium and increases the generic quantity, but does not change the generic market share.

Both regqulatory instruments reduce the incentive for firms to increase product differentiation.

2.5 Welfare Analysis

This section examines the welfare effects of the two regulatory instruments. Welfare is given as
the sum of consumer surplus for the brand-name and generic users, respectively, and profits for

the two firms net of public pharmaceutical expenditure:

W = CSy+ CS, + 10, + 11, — E. (2.44)

Both regulatory instruments increase welfare:

W—-WH<0, W—-W?<NO. (2.45)

When comparing welfare effects for the two regulatory instruments directly, the performance
with respect to the above-mentioned health policy objectives determines, whether welfare is
higher under the maximum price or the reference price system: Consumer surplus for brand-
name users is higher under the maximum price system, while consumer surplus for generic users
is higher under the reference price system. Total profits are higher under the maximum price
system, see Appendix A.5. Public pharmaceutical expenditure is lower under the reference pice
system. The effect of the maximum price system with respect to increasing consumer surplus

for brand-name users and minimizing losses for firms exceeds the effect of the reference price
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Figure 2.10: Welfare, 7 = 0.1

system with respect to increasing consumer surplus for generic users and decreasing public
pharmaceutical expenditure. Total welfare is higher under the maximum price system.

Consider Figure 2.10 for a visualization of the comparison of welfare under both systems
for a low degree of product differentiation (7 = 0.1) and x = 0.1. Let W* denote the welfare-
equivalence line, i.e. all combinations of the regulatory parameters u and p that result in identical
total welfare under the maximum price and the reference price system, see Appendix A.5 for the
specification of W*. To the right of this line, welfare is higher under the reference price system,
to its left, welfare is higher under the maximum price system. W* runs to the right of both
¥ (r) and 1 (p), i.e. for identical regulatory prices and for identical prices of the brand-name,
total welfare is higher under the maximum price system. This also holds for a higher degree of
product differentiation, see Appendix A.5.

Taking marginal cost of raising public funds into account corresponds to giving a higher
weight to public pharmaceutical expenditure. This shifts the result of the welfare comparison in
favor of the reference price system, since the reference price system reduces public pharmaceutical

expenditure to a larger extent. Proposition 2.4 summarizes the performance of both regulatory
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instruments with respect to welfare:

Proposition 2.4. Suppose that price reductions of the brand-name drug are identical under
the maximum price system and the reference price system. Then welfare is higher under the

mazximum price system.

2.6 Conclusion

In this model, both the maximum price and the reference price system result in a reduction
of drug prices and pharmaceutical expenditure, as intended by regulators. Both instruments
reduce financial exposure of patients and improve access to pharmaceuticals.

Under the reference price system, price reductions for the brand-name drug are driven by
the endogenous specification of the reference price, which generates further price decreases by
capturing the firms’ strategic response to a reimbursement limit, and the pricing setting which
enables the brand-name producer to skim off additional willingness to pay by setting a price
above the reference price. The first factor generates higher price reductions under the reference
price system for identical regulatory degrees, while the latter factor gives rise to lower price
reductions as compared to the maximum price system for identical regulatory prices.

For identical price reductions of the brand-name drug, the lower reimbursement amount un-
der the reference price system results in lower health expenditure, but higher financial exposure
of patients. Access to pharmaceuticals is better under the maximum price system, although the
generic quantity is higher under the reference price system. In the aggregate, consumer surplus
for brand-name users is higher under the maximum price system, whereas consumer surplus for
generic users is higher under the reference price system.

Whereas the maximum price system does not change the brand-name price premium and
results in a lower generic market share, the reference price system reduces the brand-name
price premium and brings about a higher generic quantity, but unchanged generic market share.

Both regulatory instruments reduce the incentive for firms to gain a competitive advantage by
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increasing product differentiation.

Consequently, there is a trade-off between important health policy objectives: The reference
price system may be more appropriate to reduce public pharmaceutical expenditure or stimulate
competition, but the maximum price system performs better for distributive objectives, such as
limiting financial exposure of patients and guaranteeing access to pharmaceuticals.

In general, if both versions of the drug were considered equivalent and, accordingly, per-
fect substitutes, all health policy objectives could easily be achieved. Perfect competition would
reduce public expenditure, minimize financial exposure of patients and maximize access to phar-
maceuticals. Consequently, the main health policy challenge is to reduce the degree of product
differentiation. With respect to objective product differentiation, this corresponds to reducing
permitted bandwidths of equivalence of additives and the degree of bioavailability. In addition,
information of the public and mandatory substitution as means for patients to gather experi-
ence with generics could help to reduce subjective product differentiation. However, it has to be
considered that substitution is problematic in some classes of drugs, such as antiepileptics, as
the optimal dose has to be determined at the individual patient level and divergent permitted
degrees of bioavailability harm therapeutic success (Hopf, 2002). Adjustment costs or health
costs may emerge, when regulation reduces compliance.

The long-term effects of pharmaceutical regulation are subject to further research. In Ger-
many, the introduction of the reference price system in 1989 has reduced public pharmaceutical
expenditure only in the following years. As a consequence, further regulatory instruments were
added.

Furthermore, the impact of lower profits on the incentive to invest (in quality) or on market
entry has to be studied further. If regulation reduces investments or inhibits entry, there is a
trade-off between the static gains from cost containment on the one hand and potential dynamic

losses from lower quality or reduced competition on the other hand.
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Chapter 3

The Model

This chapter presents the model following Maskus & Chen (2002), Chen & Maskus (2005), which
is used in the following chapters. In chapters 4 and 5, the link between cost-sharing and parallel
trade is studied using this model. In chapter 6, a modification of the model is employed to study

the effect of pharmaceutical regulation at the wholesale level under parallel trade.

3.1 Vertical Control Structure — Supply Side

Consider a domestic manufacturer M selling a brand-name drug b in two countries, in his home
country D and a foreign country S.

In chapters 4 and 5, I assume that the manufacturer sells directly in his home country, but in
the foreign country, it sells through an independent intermediary I. In chapter 6, I assume that
in both countries, the manufacturer sells through an independent intermediary I; (j = D, S ).
With respect to the intermediaries, the manufacturer adopts a two-part pricing strategy, it
charges each intermediary a wholesale price w; per unit and a fixed fee ¢,.

Due to lack of complete vertical control, in a regime of international exhaustion of intellectual

property rights, an intermediary may engage in parallel trade and resell the drug in the respective

! This setup differs from Maskus & Chen (2002), (2005), who assume that the manufacturer sells directly in
its home country and through an intermediary in the foreign country.
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other country. In chapters 4 and 5, the foreign intermediary takes advantage of this opportunity
and resells the drug also in country D. In chapter 6, I assume that only the foreign intermediary
Is engages in parallel trade, but the domestic intermediary in country D, Ip does not (one-way
parallel trade). Accordingly, the intermediary Ig exports the drug from country S and sells it
in country D as a parallel import.

That is, the foreign country is the source country of the parallel import and the home country
is the destination country. Therefore, the home country will be denoted as country D and the
foreign country as country .S. The sales of the drug as a parallel import are denoted by .

Production technologies exhibit constant marginal costs, which are normalized to zero for

simplicity. It is assumed that parallel trade is costless.

3.2 Vertical Product Differentiation — Demand Side

In the source country, only the locally sourced version of the drug, supplied by the (foreign)
intermediary is available. Consumers in the destination country D have the choice between the
locally sourced version b and the parallel import 8 when buying from the (foreign) intermediary.

Consumers associate a lower quality with the parallel import, which is captured by a discount
factor 7 in consumer valuation. The perception of parallel imports as qualitatively inferior
results from differences in appearance and packaging (Maskus, 2000b). In addition, following
Schmalensee (1982), uncertainty regarding product characteristics can be translated into quality
differentials. If consumers are not sure whether the parallel import is identical with the locally
sourced version of the drug, their willingness to pay for the parallel import will be lower and the
intermediary must offer a price reduction in order to convince consumers to try and learn about
the parallel import. Moreover, there is evidence that the price of a drug may serve as a quality
indicator (Waber et al., 2008). Accordingly, due to a lower price, the parallel import may be
associated with lower quality.

Consumers in both countries are heterogeneous with respect to their gross valuation of drug

treatment, represented by a parameter 6 which is uniformly distributed on the interval [0, 1].
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Thus, the total mass of consumers is given by 1 in both countries.
Each consumer demands either one or zero units of the most preferred drug. The utility
derived from no drug consumption is zero, while a consumer who buys one unit of drug i

obtains a net utility

0—ci; ifi=0b

U,7,¢)= { (3.1)

O0r —c;; ifi=p
where 7 € [0,1] reflects the perceived quality difference between both versions b and /3 of the
drug and ¢; ; is the patient (price-dependent) co-payment for drug ¢ in country j (j = D, S5).
For 7 = 1, consumers associate no value at all with the parallel import, for 7 = 0, both products
are homogenous and are thus considered perfect substitutes.

A consumer with a positive net utility of drug consumption will choose the most preferred
drug version by trading off perceived drug quality against drug co-payment. The higher the gross
valuation of drug treatment 6, the more the consumer is willing to pay in order to purchase the
(high-quality) locally sourced drug. The consumer heterogeneity with respect to valuation 6 can
be interpreted as differences in willingness to pay for a locally sourced version, differences in risk
aversion regarding the trial of substitutes, differences in the severity of the condition or the level
of suffering or differences in prescription practices (see e.g. Brekke, Holmas & Straume, 2010).

If parallel trade is not allowed (regime of national exhaustion of intellectual property rights),
only the locally sourced version is available in country D. The marginal consumer who is
indifferent between buying the locally sourced version (b) or not purchasing at all (0), has a

gross valuation 0%0, given by
b,0 b,0
(9[’) _Cb,D:O = 9D = Cp,D- (3.2)
Hence, in country D, if the parallel import is not available, demand for b is given by

®wp=1—cpp. (3.3)
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If parallel trade is legal (international exhaustion of intellectual property rights), consumers
in country D have the choice between the locally sourced version (b) or the parallel import (3).
The marginal consumer who is indifferent between buying the locally sourced version b and the

parallel import §has a gross valuation 9%)5 , given by

0 —cop=031-7)—csp & 0 = LL %D (3.4)
T

while a consumer who is indifferent between buying the parallel import (/) and not buying at
all (0) has a gross valuation 9%0, given by

C/B7D

70 — B?O_
9% (1-=7)—csp=0 & 05 = a-n

(3.5)

Consequently, in country D, if the parallel import is available, demand for the locally sourced

version b and for the parallel import (5 is given by

Cp,D — C8,D * Cp,D — C8,D CB,D
——— and = — - . 3.6
n QB,D = (1 _ 7_) ( )

QZ,D =1-

An asterisk is used to denote variables associated with parallel trade.
In country S, the brand-name drug is only sold by the intermediary. A consumer who is

indifferent between buying the drug and not buying has a gross valuation Hb’o, given by
91;30 —s=0 <<= 9%’0 =0p5. (3.7)
Accordingly, in country S demand for b is given by
ql’:’s =1—-cpg. (3.8)

In chapters 4 and 6, I assume co-payments in the form of coinsurance. In chapter 5, I compare

two cost-sharing systems, coinsurance and indemnity insurance.
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Coinsurance In the case of coinsurance, health insurance reimburses a fraction 0 < kK < 1
of the drug price, the remaining fraction 1 — kK = = is paid by the patient. Thus, the effective
price of the drug to the patient amounts to the proportion v of the market price set by the

manufacturer or intermediary (Zweifel et al., 2009). Consequently, co-payments are given as

¢ip =ppip and ¢;.5 = YgPi.s- (3.9)

If parallel trade is not allowed (regime of national exhaustion of intellectual property rights),
the location of the consumer indifferent between the locally sourced version of the drug and not
purchasing is given by

03 () = ¥ ppe.o- (3.10)

If parallel trade is legal (international exhaustion of intellectual property rights), the location
of the consumer indifferent between the locally sourced version of the drug and the parallel

import is given by

YD <pZ,D - pE7D)

b7
o (1) = -

(3.11)

That is, for the choice between the two versions of the drug, the patient trades off the fraction
~vp of the price difference pZ, D~ pE p against then perceived quality difference 7.
In country S, the location of the consumer indifferent between the locally sourced version of

the drug and not purchasing is given by

b,0 b,0 %
05 () = vsPu,s, resp. 05 (v) = VsDh s (3.12)

Indemnity Insurance Indemnity insurance describes a form of lump-sum reimbursement in
the event of drug purchase. Reimbursement is not tied to the effectively accrued cost of the drug

(Zweifel et al., 2009). Patients are reimbursed a fixed amount J, independent of their choice of
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drug. Accordingly, co-payments are given as
Ci,D (5) =piD — 0p and ¢; 5 (5) =pis— dg. (3.13)

If parallel trade is not allowed (regime of national exhaustion of intellectual property rights),
the location of the consumer indifferent between the locally sourced version of the drug and not
purchasing is given by

0% (6) = po.p — Op- (3.14)

If parallel trade is legal (international exhaustion of intellectual property rights), the location
of the consumer indifferent between the locally sourced version of the drug and the parallel
import is given by

o (5) = 215D (3.15)
T

that is, for the choice between the two versions of the drug, consumers take the full price
difference p;  — pfé p into account.
In country S, the location of the consumer indifferent between the locally sourced version of

the drug and not purchasing is given by
05" (8) = po.s — 05, resp. 037 (8) = pjy5 — ds. (3.16)

Compared to the original demand curve with no reimbursement by the health insurance,
coinsurance rotates the demand curve, while indemnity insurance shifts the demand curve.
Figure 3.1 illustrates this. The bold line is the original demand curve p = 1 — ¢, the thin dashed
line is the demand curve with a coinsurance rate of v = 0.5 and the solid line is the demand curve
with a reimbursement amount of § = 0.5. Point A denotes the point with identical out-of-pocket
expenditure for a price of p = 1.

I assume that the dispersion of coinsurance rates, i.e. price elasticities, across both markets
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Figure 3.1: Coinsurance Rates vs. Indemnity Insurance

is sufficiently low:

(3.17)

This ensures that the manufacturer finds it profitable to serve both markets in equilibrium.

3.3 Timing of the Game

The structure of the model can be summarized by the following two-stage game: In the first
stage, the manufacturer specifies a wholesale price w; and fixed fee ¢;. In the second and
final stage, the manufacturer and the foreign intermediary (chapters 4 and 5), respectively the
domestic intermediary Ip and the foreign intermediary Ig (chapter 6) compete in prices in

country D, the (foreign) intermediary sets the price in country S.
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Chapter 4

Externalities of national
pharmaceutical policy when markets

are integrated through parallel trade

Abstract

This chapter studies externalities of national decisions on health policy under pharmaceutical
parallel trade. In particular, it analyzes changes in coinsurance rates (patients pay a percentage
of the price) with respect to the effect on drug prices, quantities, and public pharmaceutical
expenditure in the destination and source country of parallel imports. Parallel trade generates
a price-decreasing competition effect in the destination country and a price-increasing double
marginalization effect in the source country. An increase of the coinsurance rates in the desti-
nation country of the parallel import mitigates the double marginalization effect in the source
country. An increase of the coinsurance rate in the source country reinforces the competition

effect in the destination country.
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4.1 Introduction

This chapter studies externalities of national decisions on health policy, in particular, changes
in coinsurance rates, under pharmaceutical parallel trade.

This analysis is motivated by the conflict between the consequences of parallel trade, namely
market integration, and the national competence in price regulation and reimbursement rules in
the European Union.

On the one hand, the prevalence of pharmaceutical parallel trade, i.e. wholesalers or parallel
traders being allowed to import pharmaceuticals from other countries without the permission
of the manufacturer, is the result of the internal market. The European Union has adopted
regional exhaustion of intellectual property rights, which implies that parallel imports are legal
within the European Union', but excluded if coming from non-member states. The European
Court of Justice "has upheld the right to resell legitimately procured goods within the Com-
munity as a required safeguard for completing the internal market" (Maskus, 2000a). Market
integration, further steps towards the completion of the internal market, requires non-prohibitive
trade costs. Engaging in pharmaceutical parallel trade, i.e. importing a drug of identical chem-
ical composition, dosage form, and strength from another country requires obtaining a license
(approximately € 1500 in most countries) (Kyle, 2009). In addition, the parallel trader incurs
repackaging costs to provide a package label and an insert in the language of the destination
country (Kyle, 2009). This is offset in many destination countries by providing incentives for
patients to purchase parallel imports (via the cost-sharing mechanism) or legal requirements to
dispense parallel imported drugs, which ensure the sale of parallel imports for parallel traders.
Also, market integration not only requires access of parallel traders to pharmaceutical distrib-
ution chains in other countries, but also improves access to pharmaceuticals in the destination
countries by providing a lower-priced alternative to a brand-name drug, especially if cost-sharing

systems sensitize patients for pharmaceutical prices.

'More precisely, parallel trade is allowed within the European Economic Area, which includes the European
Union plus Norway, Iceland, and Switzerland.

60



On the other hand, pharmaceutical parallel trade is also a driving force for market integration
and completing the internal market for pharmaceuticals. If parallel trade is legal and wholesalers
perform parallel trade, pricing decisions of the pharmaceutical manufacturer in different markets
become interdependent, as a low price in one market may induce parallel imports to a market
with a higher price. Pharmaceutical parallel trade is the exploitation of these price differences,
which may emerge e.g. from the monopolistic power of pharmaceutical manufacturers, allowing
them to price-discriminate between different countries and /or divergent wholesale prices (NERA,
1999; EU Commission, 2003; Enemark et al., 2006). Consequently, a simple response to parallel
trade by a pharmaceutical manufacturer would be the attempt to limit these price differences.
Then, market integration may result in the reduction of cross-country pharmaceutical price
differences, either by manufacturer’s responses to parallel trade (raising the price in the source
country and/or lowering the price in the destination country) or by competition from parallel
trade in the destination country.

Several theoretical models predict price convergence?, e.g. Rey (2003) or Jelovac & Bordoy
(2005). Empirical evidence on this is, however, mixed. Irrespective of whether parallel trade
results in price convergence or not, price differences are a precondition for parallel trade. The
profitability of performing cross-country arbitrage depends on substantial price differences. As
mentioned above, these price differences may stem from a pharmaceutical manufacturer’s price
discrimination between different countries and/or differences in wholesale prices. In addition,
different national pharmaceutical regulations in the individual member states may give rise to
pharmaceutical price differences (Kanavos et al., 2004; Enemark et al., 2006). The Treaty on
the Functioning of the European Union (TFEU), Art. 168, provides for national competence of
member states in determining health policy, which includes the general organization of health
care systems as well as pharmaceutical price regulation and cost-sharing systems.

Regional exhaustion of property rights and the free movement of goods allows wholesalers or

parallel traders to import pharmaceuticals from other countries without the authorization of the

2Other theoretical models even assume uniform prices under parallel trade, e.g. Pecorino (2002), Valetti (2006).
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manufacturer, while health policy, including pharmaceutical price regulation and cost-sharing
instruments, is in the national competence of member states. This implies that not only the
manufacturer’s pricing decisions but also national decisions on health policy may be interdepen-
dent. Externalities may emerge, whereby decisions about pharmaceutical price regulation and
cost-sharing instruments in one country have an effect on drug prices and public pharmaceutical
expenditure in other countries as well.

The implications of policy choices at the national level in a setting of markets being integrated
by parallel trade have been analyzed by Raimondos-Mgller & Schmitt (2010) for tax systems.
They examine the interaction between commodity taxes and parallel imports when governments
decide non-cooperatively on tax rates. They show that for an increasing volume of parallel
imports origin taxes converge, while destination taxes diverge.

This chapter studies externalities of national decisions in pharmaceutical policy, when mar-
kets are integrated by parallel trade. In particular, it shows that changes in coinsurance rates
(patients pay a proportion of the drug price, health insurance reimburses the remainder) in one
country have an impact on patients and health insurances in another country. Coinsurance rates
are a cost-sharing instrument, which intends to restrict moral hazard in utilization of health ser-
vices. At the same time, their design takes several health policy objectives (as mentioned in
the introduction) into account: public pharmaceutical expenditure should be limited, but access
to pharmaceuticals should be granted and there should be no excessive financial exposure of
patients. When regulatory bodies set coinsurance rates in a setting of markets being integrated
by parallel trade, they do not only have to balance these objectives for the respective country,
but should also consider the impact on patients and health expenditure in other countries.

I analyze these externalities of coinsurance changes in a two-country model inspired by
Maskus & Chen (2002) and Chen & Maskus (2005), presented in the preceding chapter.

Parallel trade generates a competition effect in the destination country, resulting in lower
drug prices and a higher quantity sold. The higher wholesale price (as compared to segmented

markets) creates a double-marginalization effect with a higher drug price and a lower quantity
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sold in the source country. These results are also in line with Ganslandt & Maskus (2007).
Parallel trade results in market integration, as it makes pricing decisions with respect to the
different markets interdependent. In this setting, national decisions on coinsurance rates affect
the trade-off between the double marginalization effect and the competition effect. By changes
in the wholesale price, externalities occur. An increase of the coinsurance rate in the destination
country mitigates the double marginalization effect in the source country; an increase of the
coinsurance rate in the source country reinforces the competition effect from parallel trade in
the destination country.

The rest of the chapter is organized as follows. The next two sections analyze the equilibrium
without parallel trade and the equilibrium with parallel trade. In Section 4.4, the effects of
parallel trade with respect to drug prices and price convergence are studied. Section 4.5 examines
the externalities of changes in the coinsurance rate, section 4.6 discusses implications for health

policy. Section 4.7 concludes.

4.2 Equilibrium without Parallel Trade

First consider the case where parallel trade is not allowed and markets are segmented. Both
pricing decisions by the manufacturer — the drug price in country D and the wholesale price wg
that determines the drug price in country S — are independent.

The manufacturers profit is given as

7 = py,p (1 —vppy,p) + ws (1 — vspp,5) + 9s, (4.1)

~
Tb,D Ty,

where 7, p denotes the monopoly profit from direct sales in country D, 7, the wholesale profit
from the intermediary’s sales in market S, and ¢g the fixed fee that is used to extract the

intermediary’s profit.
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The wholesaler’s total profit is given as

71 = (po,5 — ws) (1 — vspu,5) — ds, (4.2)

~~

Ty, S

where 73, g denotes the profit from sales in country S.
In market D, the manufacturer M sets the monopoly drug price p, p = 7y

In market S, the intermediary I charges the monopoly drug price p; g = (I+ws7s) The drug

2vg
price p, g increases in the wholesale price wg.

Turning to the second stage of the game, the manufacturer M sets

(1 — wgyg)®

e (4.3)

pg = Tps =

in order to extract the intermediary’s profit. In the absence of parallel trade and for segmented
markets, the manufacturer’s optimal strategy is to set the wholesale price equal to the marginal
cost of production, i.e. wg = 03. This pricing decision avoids the double marginalization problem
and results in the same drug price and sales volume as if the manufacturer sold directly to the
consumers.

Equilibrium drug prices are

1 1
Pop = 5— and pp g = —. 4.4
27p 2vs (44

Prices decrease in coinsurance rates. Effective prices for consumers (yppsp = %, YsPb,s = %)

are equivalent to prices without insurance coverage (pyp = %, Db,s = ;) That is, the effect

from reimbursement by health insurance is completely appropriated by the manufacturer. Price

differences across countries result from differences in health care systems, i.e. coinsurance rates,

3This result can also be obtained by substituting (4.3) and equilibrium prices into (4.1) and maximizing with
respect to w.
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only:
7s — b

. 4.5
29p7s ( )

Pb,D — Pb,S =

That is, if vg > vp, country D is the high price-country and country S is the low price-country.
Equilibrium quantities are

(4.6)

Quantities are independent of coinsurance rates, as the effect from reimbursement completely
accrues to the manufacturer. Health insurance refunds the fraction (1 —+p) of the monopoly
drug price p, p per drug. Accordingly, in country D, public pharmaceutical expenditure amounts

to

Ep (v) = (1 —7p)ps,0%,D- (4.7)

Similarly, in country S, the fraction (1 —vg) of the drug price p, g is reimbursed per drug and

public pharmaceutical expenditure is given as

Es (v) = (1 =75) pb,sq,s- (4.8)

4.3 Equilibrium with Parallel Trade

If parallel trade is allowed, the manufacturer’s pricing decisions — the drug price in country D
and the wholesale price charged in country .S — are no longer independent. A low wholesale price
induces parallel imports sold by the intermediary in country D (the wholesale price constitutes
the lower price bound for the intermediary). Increasing the wholesale price in response creates
and aggravates a double marginalization problem in country S. Consequently, if parallel trade
is allowed, the choice of the wholesale price reflects the trade-off between an aggravated double

marginalization problem in country S and intensified competition from parallel trade in country

D.
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The manufacturer’s profit is given as

wg

where 7T; p denotes the profit from direct sales in D, 7, the wholesale profit from the inter-
mediary’s sales in market S, 7} 5 the wholesale profit from the intermediary’s sales as parallel
imports in market D, and ¢g the fixed fee. An asterisk is used to denote variables associated
with parallel trade.

Parallel trade affects the manufacturer’s profit in three ways: First, he faces competition
by the intermediary in market D. Second, for a given wholesale price, the fixed fee extracted
from the intermediary is higher, as it now also contains the intermediary’s profit from parallel
trade. Third, the intermediary’s sales as reimports result in additional wholesale profit for the
manufacturer.

The intermediary’s profit is given by

7D (p;’D - pfw) YpP.p

. o] ek @)

77 = (phs —ws) (1 —7spis) + (php — ws)

*

Tb,S

n'g

B
m8,D

where 7} o denotes the profit from sales in S and 7 , the profit from sales as parallel imports
in market D.

In country D, the manufacturer M maximizes (4.9) with respect to pj . The first order
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condition of this problem is

* YD « (D
1- (—7> (7> —0, 411
- +pb7D - +'UJS - ( )
II II7
I

which yields the best response function p}'; D= ﬁ + % <p;§? p+ wg) Compared to the first
order condition for segmented markets, part I and consequently p;; p are higher (lower) under
parallel trade, if p; p < % (p;’ D > (‘?_7”2)). Part II of the first order condition differs by
the factor % from the first order condition without parallel trade. For 0 < 7 < 1, part II
and consequently p;; p are lower under parallel trade. Part III illustrates the indirect effect of
competition from parallel trade: A larger volume of parallel imports results in a higher wholesale
profit. A higher wholesale price results in a higher price for the locally sourced version, as it
leads to less competition from parallel trade.

The intermediary maximizes (4.10) with respect to ph p and py . The first order condition

with respect to pg p is

7D (p??,D - pfw) YpPh.p

* * gl g _
- 1—7) + (ph,p — ws) <—f - 1_DT> =0 (4.12)

and the best response function is pj , = % (wg +Dhp (1-— 7')) Solving for equilibrium prices

27+3wgYp
vp(3+7)

T(1—=7)+w§yp(3—7)

in country D results in pj, , = S5 E3)

and pj p =
In country S, the intermediary maximizes (4.10) with respect to pj ¢. The first order condi-

tion to this maximization problem is

(1 —vsphs) + (Phs — ws) (—vs) =0, (4.13)
——
9qp 5
9y g
1+wgys

resulting in the price pj ¢ = . The first order condition under parallel trade is identical

2vg
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to the first order condition under no parallel trade. Note that as p; g increases in the wholesale

price wg, p;; g will be higher under parallel trade, if wg > 0.

With
sy = 0 wins)? | 70— 2wy =)’ "
Avs Tp(1—=7)(3+7)
s 5D

the manufacturer extracts the intermediary’s total profit. Substituting (4.14) and equilibrium

prices into (4.9) and maximizing with respect to w§ gives the wholesale price:

2(1—17)(9—57)

dyp (9—57) +75(1—7) 3+ 1)" (4.15)

wg =

For segmented markets, the manufacturer’s optimal strategy to avoid the double marginal-
ization problem resulting from vertical separation in imperfectly competitive markets is to set
the wholesale price equal to marginal cost, i.e. wg = 0. However, if parallel trade is allowed and
results in market integration, a low wholesale price induces more parallel trade. Consequently,
the manufacturer will set a higher wholesale price to limit competition from parallel trade in
country D. The optimal wholesale price w§ reflects the trade-off between an aggravated double
marginalization problem in country S and intensified competition in country D.

Equilibrium drug prices are

. 2yp(9-57)+2myg(B+T)(1—7) )
Py D ’YD[4')’D (9—57‘) +vg (1 _7-) (3+7_)2] ’ ( .16)

* _ (I=7)[2vp(9=57)+ 7y (3+7) (1 —7)] \
o Ypldyp (9=57) +95 (L —1)B+7)°] (4.17)

and
. 4yp (9—57) +v5 (1 —7) (27 — 47 + 72)
Py,s = .
2yg[dvp (9= 57) +v5 (1 —7) (3 +7)7]

(4.18)
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Equilibrium quantities are

. 2lypO-57)+y5(B+T)(1—7)]
B = dyp (9—57) +7vg(1—7)(3+7) (4.19)
qZ,D _ Ys(B+7)(1—7) (120)

Ayp (9=57) +v5(1—7) (B3 +71)*

and
. Ayp(9-57)—v5(1—71)(9— 167 — %) (4.21)
qp,5 = .
M 2p (9-5T) 45 (1-7) B+ 7))
In the destination country, public drug expenditure is given as
Ep = ~p) ®hp%,0 +P5,045D)
and in the source country, public drug expenditure is given as
Ey=(1—7g)Phs,s- (4.22)

4.4 The Effect of Parallel Trade

This section investigates the effect of parallel trade on drug prices and quantities in the desti-
nation country and the source country. In addition, it explores whether cross-country arbitrage

results in the erosion of price differences, i.e. price convergence.

4.4.1 Competition Effect in the Destination Country

In country D, parallel trade induces a competition effect with lower drug prices and a higher
quantity sold, see Appendix B.1 for details.

Compared to segmented markets, competition from parallel trade reduces the price of the
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drug sold directly by the manufacturer:

*
Y 2%5)

<1, 4.23
Pv,D ( )

with the price of the parallel import being lower than the price of the locally sourced version:

Ps.D
—— < L (4.24)
Dy D
The difference between the prices of the two versions of the drug stems from perceived vertical
product differentiation: The intermediary has to compensate consumers for the lower perceived
quality by pricing at a certain discount from a given price of the locally sourced drug version®.
Accordingly, under parallel trade, the prices of both versions of the drug are lower than the
monopoly drug price under segmented markets.
The quantity of the locally sourced version is higher under parallel trade:
G

- > 1. (4.25)

Consequently, the total quantity of the drug available, that is, the quantity of the locally sourced

version plus the parallel import, is higher than the monopoly quantity under segmented markets.

4.4.2 Double Marginalization Effect in the Source Country

In country S, parallel trade generates a double marginalization effect with a higher drug price

and a lower quantity due to an increase of the wholesale price, see Appendix B.1 for details.
Compared to segmented markets, the wholesale price wy is higher under parallel trade. As

a low wholesale price induces more parallel trade and consequently enhances the competition

from parallel trade in the destination country D, the manufacturer raises the wholesale price in

4Note that the intermediary’s best response function is Do = % (w + i (11— 7')) .
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order to deter parallel trade partially:

wg > wg = 0. (4.26)

The increase of the wholesale price induced by parallel trade translates to an increase of the

drug price:
p*
551 (4.27)
by,s

and the higher price reduces the quantity sold:
q*
25 . (4.28)
ab,S

4.4.3 Price Convergence vs. Divergence

Parallel trade results in price convergence if it goes from the ex-ante low price country to the
ex-ante high price country (i.e. if the pre-parallel trade drug price in the source country S is
lower than the pre-parallel trade price in the destination country D), see Appendix B.1 for

details:
* *

m <0ifvg >vp (4.29)
The intuition is quite simple: If parallel trade goes from the low-price to the high price country,
the double marginalization effect results in a higher price in the low price country and the
competition effect lowers the price in the destination country, both reducing the price spread.
On the contrary, if parallel trade goes from a high price to a low price country, it results in
price divergence, as the double marginalization effect contributes to an even higher price in the
high price country and the competition effect lowers the low price in the destination country.

Although there is also evidence for parallel trade from high-price to low-price countries, the bulk

of parallel trade goes from low-price to high-price countries.

Note that under segmented markets, py z > ps.r, i.e. country H is the high price country and country F is
the low price country, if vz > v4.
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4.5 Policy Interdependence under Parallel Trade

This section investigates externalities of national health policy decisions on prices and quantities
in the respective other country. In other words, this section analyzes pharmaceutical policy
interdependence under parallel trade. Under segmented markets, there are no externalities
of changes in coinsurance rates, as the manufacturer’s pricing decisions in both markets are
independent, see Appendix B.2 for details.

As the reduction of rising health expenditure is one of the main objectives of pharmaceutical
policy in many European countries, I analyze changes of cost-sharing instruments with the
aim to reduce public expenditure. This corresponds to the reduction of reimbursed amounts
and increases of co-payments, more specifically increases of coinsurance rates. In the case of
reductions of co-payments, i.e. reductions of coinsurance rates, price and quantity changes go

in the opposite direction.

4.5.1 Change of the Coinsurance Rate in the Destination Country

Consider first a change of the cost-sharing instrument in the destination country and its impli-
cations for the source country.

An increase in the coinsurance rate in the destination country D raises effective consumer
prices, lowers the quantity consumed, and reduces health expenditure in the destination country
D and lowers effective consumer prices, increases the quantity consumed, and raises health ex-
penditure in the source country S. For explicit expressions of changes in prices and quantities,
see Appendix B.3.

In the destination country, the increase in co-payments, i.e. the increase in the coinsurance
rate results in lower drug prices and lower quantities sold.

An increase in the coinsurance rate in country D increases the price elasticity of demand.

As willingness to pay decreases, demand for the locally sourced version of the drug decreases
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c.p.:
oq;
—D . (4.30)
op
Consequently, the manufacturer lowers the price for the locally sourced version of the drug, as
illustrated by the best response function: pj , = : (% +p5p + wj‘g) For the parallel import,
demand increases, if the price difference between the locally sourced version and the parallel
import exceeds the quality difference:
945,p

. > 0, ipr,D <(1- T)p?;D. (4.31)
YD

The direct effect of the price for the locally sourced version on the price for the parallel import,
however, leads to a decrease of the price for the parallel import as well®. This is demonstrated
by the best response function: Php = % (wg +Dh.p (1-— T))

Accordingly, in country D both drug prices decrease in the coinsurance rate:

op;. op%
bD 0, B.D
op op

0. (4.32)

Competition from parallel trade of demand limits the ability to decrease prices sufficiently
to compensate the increase in the coinsurance rate and consequently, effective consumer prices

increase:

Ovppy, 0V pp;
b,D S0 8,D S

, 0. 4.33
op ovp ( )

As price decreases cannot compensate the effect of lower demand, quantities of both versions

of the drug decrease in vp:
aq;; 0q%
5D <0, B.D <
9 p M p

0. (4.34)
Lower prices and lower quantities consumed reduce the public pharmaceutical expenditure:
0E7,

op

Tn addition, 4.31 implies that the intermediary has to lower Ps,p in order to prevent a decrease of demand.

< 0. (4.35)
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Spillovers of co-payment changes in country D to the source country S occur via the wholesale
price, as the manufacturer’s pricing decisions are interdependent under parallel trade. Repre-
senting the intermediary’s marginal cost, the wholesale price is the lower bound for the drug
price in country S and the price of the parallel import in country D. With respect to country .S,
a lower wholesale price is preferable for the manufacturer (limiting the double marginalization
effect), with respect to country D, a higher wholesale price is in the interest of the manufacturer
(limiting competition from parallel trade). The resulting wholesale price represents a trade-off
between competition in D and double marginalization effect in .S, with competition in D in-
ducing an upward influence on the wholesale price and the successive monopoly position of the
manufacturer and the intermediary in country S exerting downward pressure on the wholesale
price. Although decreasing drug prices in country D could be considered as intensifying competi-
tion, the decrease of total demand reduces the effect of competition. The double marginalization

effect gains relative importance and, accordingly, the wholesale price is lowered:

*
owg

<0. 4.36
o (4.36)

The drug price in country S is a mark-up over the intermediary’s marginal cost, which is the

1+wgvg

5 ). A decrease
Vs

wholesale price wg. (The intermediary’s best response function is pj ¢ =

of the wholesale price then results in drug price decreases:

8pas
8VD

< 0. (4.37)

As the coinsurance rate in the source country S is unchanged, the effective drug price de-

creases:
VsPp s

<0, 4.38
ovp ( )
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which increases the quantity consumed:

aqu,s

> 0. 4.39
op ( )

Thus, for increasing co-payments in country D, the decrease of total demand reduces the
relative importance of competition by parallel trade and the wholesale price is lowered, trans-
lating to a lower drug price and higher quantity sold in the source country S. In other words,
the reduction of the competition by parallel trade enables the manufacturer to more follow the
optimal strategy of setting a low wholesale price to avoid excessive mark-ups in the successive
monopoly of manufacturer and intermediary. That is, a co-payment increase in the destination
country D mitigates the double marginalization effect in the source country S.

Health expenditure increases, as the effect from a higher quantity consumed exceeds the

effect of a lower drug price (see Appendix B.4):

OE:,

> 0. 4.40
. (4.40)

Consequently, an increase in the coinsurance rate in the destination country D decreases
demand and accordingly the importance of the competition from parallel imports, which results
in a decrease of the wholesale price. This reduces marginal cost for the intermediary, which
translates to a price reduction for the drug in the source country S and increase in the quantity
consumed. By reducing drug prices and increasing the quantities sold, a co-payment increase in
the source country mitigates the double marginalization effect in the source country S.

Proposition 4.1 summarizes the effect of an increase in the coinsurance rate in the destination

country D:

Proposition 4.1. An increase in the coinsurance rate in the destination country D i) raises
effective consumer prices, lowers the quantity consumed, and reduces health expenditure in coun-
try D, ii) lowers effective consumer prices, increases the quantity consumed, and raises health

expenditure in country S.
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4.5.2 Change of the Coinsurance Rate in the Source Country

Consider now a change of the cost-sharing instrument in the source country and its implications
for the destination country.

An increase in the coinsurance rate in the source country S raises effective consumer prices,
lowers the quantity consumed and reduces health expenditure in the source country S and lowers
effective consumer prices, increases the quantity consumed and lowers health expenditure in the
destination country country D. For explicit expressions of changes in prices and quantities see
Appendix B.3.

In the source country, the increase in co-payments, i.e. an increase in the coinsurance
rate results, similarly to the effects in the destination country, in lower drug prices and lower
quantities sold.

As willingness to pay decreases, demand for the drug decreases c.p.:

0 (1 - 7517;,5)

<0. 4.41
97s (4.41)

The intermediary then reduces the drug price in response, as illustrated by the best response

1+wgyg

function pj, ¢ = s

Accordingly, the drug price decreases in vg:

apas
Ovs

<0. (4.42)

The effective drug price increases, as marginal cost is no longer zero”:

IV sPh.s

>0 4.43
Ovg (4.43)

The price decrease does not offset the effect of an increase in the co-payment and thus, under

o(vr )

2vp . . . . . .

"Note that —— s, = %w*. That is, if w = 0, the effective consumer price is independent of the
coinsurance rate; if w > 0, an increase of the coinsurance rate implies an increase of the effective consumer price.

76



coinsurance rates, the quantity consumed also decreases:

aqu,s

< 0. 4.44
Ovg (4.44)

Figure 4.1 illustrates the effect of an increase in the coinsurance rate for marginal cost
greater than zero. Let D (v = 0.2) denote the demand curve for a coinsurance rate of v =
0.2 and MR (v = 0.2) the corresponding marginal revenue curve. Similarly, let D (y = 0.25)
and MR (v = 0.25) denote the demand curve and marginal revenue curve respectively for a
coinsurance rate of v = 0.25. An increase in the coinsurance rate from v = 0.2 to v = 0.25
increases price elasticity of demand for all positive prices and quantities (inward turn of the
demand curve) and makes the manufacturer lower the price from p to p’. As marginal cost
is not zero, the price decrease cannot compensate the effect from higher price elasticity and
the quantity sold decreases. The intersection of marginal cost and marginal revenue does not
coincide with the x-axis, as marginal cost is greater than zero. Thus, the dimension of the
intersection of marginal cost and marginal revenue depends on the coinsurance rate, i.e. the
price elasticity of demand, as Figure 4.1 shows. In other words, as the effective consumer price
increases with the coinsurance rate, the quantity consumed decreases.

Thus, similar to the effect of an increase in the co-payment in country D on drug prices and
quantities in country D, the increase in the co-payment in country S results in a lower drug

price and a lower quantity sold, which decreases health expenditure:

R
—= < 0. 4.45
s (4.45)

Spillovers of co-payment changes in country S to the destination country D again occur via the
wholesale price. Since the effective drug price increases in the wholesale price and accordingly,

the quantity sold decreases in the wholesale price, a higher wholesale price aggravates the double
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Figure 4.1: Increase of Coinsurance Rate, ¢ > 0.
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marginalization effect. Consequently, the manufacturer reduces the wholesale price:

*
owyg

< 0. 4.46
Ovg (4.46)

In country D, the price of the parallel import is a mark-up over the intermediary’s marginal cost,
which is the wholesale price w§: pj p = % (wg +Dhp (1-— 7')) Consequently, a decrease of the
wholesale price results in a lower price for the parallel import. This induces the manufacturer
to reduce also the price for the locally sourced version of the drug in order not to lose too
many consumers to the parallel import, as illustrated by the best response function: p;; D=
% (7‘ + p;g’ p+ wg) Accordingly, in country D, both drug prices decrease in the coinsurance

rate in the source country:
aPZ,D apZ’,D
<0, <
s s

0. (4.47)
Effective drug prices decrease, as the coinsurance rate in destination country D is unchanged

9VpPi p

é )l)pB D
: <
)S

g

<0, 0. (4.48)

A drug price decrease and an unchanged coinsurance rate increase the quantity sold:

aqr oq5
bD S, B0 S
dvs Ovs

0. (4.49)

As the effect of lower prices more than offsets the effect of a higher quantity, public pharma-
ceutical expenditure decreases (see Appendix B.4):

O,

<0. 4.50
s (4.50)

Thus, an increase in the co-payment in the source country S increases the extent and ac-
cordingly the importance of the double marginalization effect, which results in a decrease of the

wholesale price. This reduces marginal cost for the intermediary, which translates to a price
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reduction for the parallel import and then, as prices are strategic complements, also to a price
reduction for the locally sourced version of the drug. By reducing drug prices and increasing the
quantities sold, a co-payment increase in the source country reinforces the effect of competition
by parallel trade in country D.

Proposition 4.2 summarizes the effect of an increase in the coinsurance rate in the source

country S:

Proposition 4.2. An increase in the coinsurance rate in the source country S i) raises effective
consumer prices, lowers the quantity consumed and reduces health expenditure in country S, ii)
lowers effective consumer prices, increases the quantity consumed and lowers health expenditure

i country D.

4.6 Implications for Health Policy

When markets are integrated through parallel trade and pricing decisions are interdependent,
national decisions on coinsurance rates result in spillovers to the respective other country.

A change of the coinsurance rate in the destination country D results in a mitigation of
the double marginalization effect in the source country S. By lowering the drug price and
increasing the quantity consumed, this effect increases consumer surplus and increases public
pharmaceutical expenditure in the source country. If the coinsurance rate in the source country
is the result of a political optimization, taking into account different health policy objectives®, a
change of the coinsurance rate in the destination country induces a change of the coinsurance rate
in the source country. At the same time, a change of the coinsurance rate in the source country
S reinforces the effect of competition by parallel trade in the destination country D, where drug
prices are reduced and the quantity consumed is increased. In the destination country, consumer

surplus is increased and public pharmaceutical expenditure is reduced. Thus, a change of the

8 As mentioned in the introduction, the reduction of public expenditure or distributive objectives, e.g. min-
imization of financial exposure of patients and guaranteeing broad access to pharmaceuticals, may enter the
objective function.
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coinsurance rate in the source country might trigger a change of the coinsurance rate in the
destination country. Consequently, there might be an incentive for one government to modify
the coinsurance rate, following a change of the coinsurance rate by the other government.

If governments set coinsurance rates without taking the externalities for the respective other
country into account, the country D-regulatory body sets a coinsurance rate not sufficiently high
with respect to consumer surplus in the source country and it chooses a rate not sufficiently low
with respect to public pharmaceutical expenditure in the source country. If the country S-
regulatory body sets the coinsurance rate without considering the externality to the destination
country D, it chooses a rate not sufficiently high. From a consumer surplus perspective, a
coordination of pharmaceutical policy would imply higher coinsurance rates as compared to
national pharmaceutical policy. From a public pharmaceutical expenditure perspective, the
coordination of pharmaceutical policy would imply a lower coinsurance rate in the destination
country D and a higher coinsurance rate in the source country S as compared to national
pharmaceutical policy.

Assume that governments in both countries set coinsurance rates to maximize total wel-
fare. In the destination country D, welfare is given as the sum of consumer surplus and the

manufacturer’s profit’ net of public pharmaceutical expenditure:

Wph=CSH+ny — Ep, (4.51)

in the source country S, welfare is consumer surplus net of public pharmaceutical expenditure:

Wi = CSY — B (4.52)

Total welfare, i.e. W* = W}, + W, strictly increases in v and decreases in g, see Appendix

9Note that the intermediary’s profit is extracted via the fixed fee. That is, it is included in the manufacturer’s
profit.
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B.5. Thus, total welfare is maximized for

1o =1 15=¢'? (4.53)

This implies that there is no reimbursement in the destination country and patients pay the full
drug price out-of-pocket. This reduces public pharmaceutical expenditure, but also consumer
surplus by increasing financial exposure and reducing access to pharmaceuticals. In the source
country, patients pay only a very small fraction of the market price, which increases consumer
surplus, but also public pharmaceutical expenditure. This also illustrates that the coordination
of pharmaceutical policy does not imply identical coinsurance rates in both countries. Also,
this implies that the conflict between different health policy objectives — reduction of public
health expenditure and distributive objectives — remains and cannot be resolved through the

coordination of pharmaceutical policy.

4.7 Conclusion

In this chapter, I have studied the externalities of national decisions on health policy, more
precisely, changes in coinsurance rates.

Parallel trade generates a competition effect in the destination country, resulting in lower
drug prices and a higher quantity sold. The higher wholesale price (as compared to segmented
markets) creates a double-marginalization effect with a higher drug price and a lower quantity
sold in the source country. Parallel trade results in market integration, as it makes pricing deci-
sions with respect to the different markets interdependent. In this setting, national decisions on
coinsurance rates affect the trade-off between the double marginalization effect and the competi-
tion effect. By changes in the wholesale price, externalities occur. An increase in the coinsurance
rate in the destination country mitigates the double marginalization effect in the source country;

an increase in the coinsurance rate in the source country reinforces the competition effect from

"Note that v € (0,1).
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parallel trade in the destination country.

The interdependence of pharmaceutical policy under parallel trade may pose a number of
problems and questions which need to be addressed.

First, these externalities may generate a frequent and ongoing adjustment of coinsurance
rates. For instance, if the destination country increases the coinsurance rate, this increases
public pharmaceutical expenditure in the source country, which then may trigger a coinsurance
rate increase by the respective regulator in the source country as well. Second, coinsurance
rate decreases may have adverse effects: Coinsurance rate decreases in the destination country
aggravate the double marginalization effect in the source country. Coinsurance rate decreases in
the source country weaken the competition effect in the destination country. Third, the change
of the coinsurance rate in the destination country induces a conflict between the health policy
objectives of reduction of public pharmaceutical expenditure and distributive objectives in the
source country: A decrease of the coinsurance rate in the destination country reduces public
pharmaceutical expenditure in the source country, but increases financial exposure of patients
and worsens access to pharmaceuticals at the same time.

Consequently, this may present a case for policy harmonization in the European Union. In
this model, there might be an incentive for one government to modify the coinsurance rate,
following a change of the coinsurance rate by the other government. Thus, a multilateral agree-
ment on pharmaceutical policy may be desirable. However, it must be taken into account that
this may aggravate the conflict between the reduction of public pharmaceutical expenditure and
distributive objectives in health policy. In addition, given that EU countries differ in income

per capita, financing of health insurance, culture etc. this may pose additional problems.
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Chapter 5

Pharmaceutical Cost-sharing
Systems and Savings for Health Care

Systems from Parallel Trade

Abstract

This chapter analyzes the consequences of parallel trade on health care systems. In particular,
a coinsurance scheme (consumers pay a percentage of the drug price out-of-pocket) and an
indemnity insurance scheme (reimbursement is independent of the drug price) are compared
with respect to changes of co-payments, i.e. out-of-pocket expenditure for patients, and public
pharmaceutical expenditure. Independent of the cost-sharing system, parallel trade generates
a price-decreasing competition effect in the destination country and a price-increasing double
marginalization effect in the source country. In the destination country, co-payments for patients
decrease to a larger extent under indemnity insurance, reductions of public pharmaceutical
expenditure occur only under coinsurance. In the source country, co-payments increase less under
coinsurance, health expenditure is reduced more under indemnity insurance (the expenditure-

decreasing effect of a lower quantity dominates the effect of the drug price increase).
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5.1 Introduction

This chapter studies the consequences of parallel trade on health care systems, especially changes
of co-payments and changes of public pharmaceutical expenditure, under a coinsurance scheme
and an indemnity insurance scheme.

This analysis is motivated by the observation that the institutional setting, in which parallel
trade takes place, is relevant for the consequences of parallel trade. More precisely, the design of
the cost-sharing system, i.e. rules of co-payment and reimbursement, are an important factor in
determining consequences of price changes. Although the price effects induced by parallel trade
are independent of the cost-sharing system, the cost-sharing system determines the magnitude
of price changes and whether savings accrue and for whom.

Due to the high level of public health expenditure, savings for health care systems are a major
concern in health policy. In addition to influencing pharmaceutical prices directly, e.g. via direct
price regulation or regulation of wholesale margins, promoting the substitution of higher-priced
brand-name drugs by less expensive equivalents is an instrument to contain pharmaceutical
expenditure. This might include generic versions of brand-name drugs, which may differ in
terms of binders, fillers, preservatives and density of packing. Alternatively, parallel imported
drugs are de facto identical, lower-priced versions of (locally sourced) brand-name drugs, which
are imported from other countries without the permission of the manufacturer. In the European
FEconomic Area, where parallel trade is legal, price differences between countries are substantial.
For instance, a package of the drug Capecitabine (Xeloda, Roche), a chemotherapeutic agent
costs € 424.20 in Germany, but is available for only € 295.60 in the United Kingdom (Kanavos
et al., 2011).

Whereas the exploitation of these arbitrage opportunities is intended to contain (public)
pharmaceutical expenditure in the destination countries of parallel imports, empirical evidence
on this is ambiguous. Three recent studies, Kanavos et al. (2004), West & Mahon (2003), and
Enemark et al. (2006), have presented contradictory results with respect to the ability of parallel

trade to generate savings for health insurance funds and patients.
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For patients, the cost-sharing system and co-payment rules constitute the direct channel
through which they may benefit from purchasing parallel imports (Kanavos et al., 2004). Pa-
tients will only chose parallel imports over locally sourced drugs if they benefit financially, i.e.
save on out-of-pocket expenditure from doing so. Consequently, the cost-sharing system provides
incentives for patients to buy parallel imports (Enemark et al., 2006). For example, a flat fee
co-payment, a charge per service, fails to sensitize patients for price differences between locally
sourced and parallel imported drugs and there is no incentive to buy lower priced parallel im-
ports. A co-payment in the form of a coinsurance (patients pay a percentage of the total price)
however, makes patients benefit from choosing a cheaper drug. Patients are encouraged to buy
parallel imports. Similarly, this applies to cost-sharing systems including deductibles (patients
pay the first x Euros before insurance coverage begins) or indemnity insurance (a fixed amount
independent of the price is reimbursed) (Robinson, 2002). The extent of the co-payment and
the price elasticity of demand are important in determining incentives to choose lower-priced
drugs. In other words, patients are more likely to purchase parallel imports, the more they are
exposed to the price difference between locally sourced drugs and parallel imports.

For health insurances, the cost-sharing design determines the level of savings. In particular,
the link between reimbursement and drug prices is relevant, as it allows health insurances to
benefit from lower drug prices. If patients pay a percentage of the total price (coinsurance)
and the remaining fraction of total expenditure is reimbursed by health insurances, lower drug
prices - both lower prices for parallel imports and lower prices of locally sourced versions due to
competitive effects - then translate to lower public pharmaceutical expenditure. Furthermore, as
co-payment rules provide incentives for patients to buy parallel imports, cost-sharing determines
the competitive pressure by parallel trade. Accordingly, also public pharmaceutical expenditure
is reduced by more, if competition from parallel trade is strong and the market share of parallel
imports is high. Consequently, the cost-sharing system is both a driver of parallel trade, as
it determines cross-country price differences, and, more importantly, an important factor in

determining savings from parallel trade.

86



In the European Union, all 27 member states apply some form of cost-sharing in relation
to pharmaceuticals, mostly in the form of coinsurance, where patients pay a percentage of the
price (Mossialos & Le Grand, 1999). In the United Kingdom a flat rate co-payment per pack-
age applies. Denmark, Sweden and Norway' use a combination of deductibles and coinsurance
(Robinson, 2002; Kanavos et al., 2004). In addition, the reference price system, in which the
regulator sets a ceiling for the amount reimbursable (reference price) for a group of pharmaceu-
ticals (cluster), can be found in Belgium, Denmark, Finland, France, Germany, Greece, Italy,
the Netherlands, Portugal, Spain, and the United Kingdom (Puig-Junoy, 2010). By making
reimbursement independent of drug choice, reference pricing is similar to indemnity insurance,
where patients are reimbursed a price-independent amount and pay the difference between the
drug price and the reimbursement amount out-of-pocket. But whereas reference pricing can be
considered to impose an avoidable co-payment (avoidable if a drug priced at the reference price
is chosen), indemnity insurance is a form of mandatory cost-sharing, as reimbursement amounts
are lower than drug prices. That is, in the European Union, member states apply different cost-
sharing systems, which differ in their impact on savings generated by parallel trade. However,
not all textbook examples of co-payments can also be found in reality due to inherent structural
weaknesses, as this analysis shows.

The importance of cost-sharing systems for the consequences of parallel trade has been
emphasized in the empirical literature, but it has not attracted much attention in the theoretical
literature on parallel trade. Only Bordoy & Jelovac (2005) and Koksal (2009) examine the effect
of cost-sharing structure on parallel trade. Bordoy & Jelovac (2005) argue that if parallel
trade is driven by differences in coinsurance rates, it reduces welfare. Based on the Bordoy
& Jelovac (2005)-model, Koksal (2009) compares price effects caused by parallel trade under
coinsurance and reference pricing. Under reference pricing, price reductions from parallel trade
in the destination country are higher than under coinsurance. Furthermore, reference pricing

does not affect the drug price in the exporting country.

!'Norway is not part of the European Union, but of the European Economic Area, for which the principle of
free movement of goods applies.
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This analysis differs from Koksal (2009) in the object of study. Koksal compares coinsur-
ance as an instrument of cost-sharing to reference pricing, which can rather be characterized
as an instrument of pharmaceutical price regulation. Apart from the Netherlands, all Euro-
pean countries applying reference pricing also use coinsurance as a cost-sharing system. That
is, reference pricing rather constitutes a supplementary instrument to contain drug prices than
to reduce moral hazard. Consequently, the two instruments studied by Koksal (2009) are not
policy substitutes, but rather complements. On the contrary, this chapter compares coinsurance
and indemnity insurance, which are both (pure) cost-sharing instruments. Coinsurance and in-
demnity insurance can be considered policy alternatives, among which policymakers may choose
from. Indemnity insurance is a textbook example of a cost-sharing instrument, but cannot be
found in its pure form in any member state of the European Union. This chapter considers
indemnity insurance as a policy alternative to commonly applied coinsurance and may provide
an explanation for coinsurance being preferred to indemnity insurance, if minimizing health
expenditure is the prevailing health policy objective.

In addition, whereas Bordoy & Jelovac (2005) (and Koksal, 2009) consider parallel trade
as retail-level horizontal arbitrage, where parallel traders buy the drugs at market prices in the
source country, this chapter explains parallel trade as a by-product of vertical control structures:
Indirect sales through an intermediary are the trigger for parallel trade, as an intermediary may
resell a drug in other ways than intended by the manufacturer. Accordingly, parallel trade
amounts to vertical arbitrage and is mainly determined by the wholesale price set by the manu-
facturer. Commonly, pharmaceutical manufacturers sell not directly, but through independent
wholesalers (Taylor, Mrazek & Mossialos, 2004). In addition, this approach separates the cause
for from the consequences of parallel trade. Horizontal arbitrage is triggered by retail price dif-
ferences and accordingly, differences in the cost-sharing system or the extent of the co-payment,
which contributes to retail price differences. That is, in Bordoy & Jelovac (2005) and Koksal
(2009) the design of the cost-sharing system is the determining factor for whether parallel trade

occurs (cost-sharing as a trigger), but also for what consequences parallel trade has (impact of
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cost-sharing). Vertical arbitrage however, assumes vertical restraints as the driver of parallel
trade. Even for identical cost-sharing systems and/or identical co-payments, arbitrage would be
profitable and parallel trade would occur. Accordingly, under vertical arbitrage, parallel trade
flows are not contingent on assumptions of differences in cost-sharing systems or instruments.
Thus, taking vertical arbitrage as a starting point, the design of the cost-sharing system is
only the determining factor for the consequences of parallel trade. This allows me to analyze
the interaction between cost-sharing systems and parallel trade also for identical cost-sharing
systems.

Against this background, this chapter explores the role of cost-sharing for the effects of
parallel trade in a two-country model following Maskus & Chen (2002) and Chen & Maskus
(2005).

Independent of the cost-sharing scheme, parallel trade generates a competition effect in the
destination country, resulting in lower drug prices and a higher quantity sold. Due to the higher
wholesale price, as compared to segmented markets, a double-marginalization effect occurs in
the source country. In the destination country, savings for patients occur under both systems,
with savings being relatively higher under indemnity insurance. However, savings for health
insurance occur only under coinsurance. Indemnity insurance fails to link reimbursement to
drug prices, and via the increase in the quantity demanded, lower drug prices result in higher
expenditure. In the source country, the drug price increase following from the increase of the
wholesale price results in additional expenses for consumers under both cost-sharing systems.
Under coinsurance, additional expenses are relatively lower. Parallel trade results in lower health
expenditure under both cost-sharing systems, as the effect from a lower quantity consumed
dominates the effect of a higher drug price on expenditure. Under indemnity insurance, the
relative reduction of health expenditure is higher.

The rest of this chapter is organized as follows. The next two sections analyze the equilibrium
without parallel trade and the equilibrium with parallel trade. In Section 5.4, the effects of

parallel trade with respect to price changes, changes in co-payments, and public pharmaceutical
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expenditure are studied. Section 5.5 concludes.

5.2 Equilibrium without Parallel Trade

First consider the case of no parallel trade, when parallel trade is not allowed and markets are
segmented. Both pricing decisions by the manufacturer — the drug price in country D and the
wholesale price wg, which determines the drug price in country S — are independent.

The manufacturers profit is given as

v = pup (1 —cpp) +ws (1 —cps5) + dg, (5.1)
oD Ty

where 7, p denotes the monopoly profit from direct sales in country D, 7, the wholesale profit
from the intermediary’s sales in market S, and ¢g the fixed fee, which is used to extract the
intermediary’s profit.

The wholesaler’s total profit is given as

w1 = (pr,s —ws) (1 —eb.5) — 9g, (5.2)

g
where 7, g denotes the profit from sales in country S.
In market D, the manufacturer M maximizes (5.1) with respect to p, p. The first order

condition to this problem is

Ocy.p
(1 —-cpp)+pu,0 <_8 : ) =0, (5.3)
—_—— 'Pv,D
I _/_/
7

yielding the monopoly drug price py p (¢p.D)-

In market S, the intermediary I maximizes (5.2) with respect to py g The first order condi-
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tion to this problem is

0
(1 —cp,5) + (Po,s — ws) <—80b’s) =0, (5.4)
Db, S

resulting in the monopoly drug price py g (cp,5). The first order condition shows that py ¢ in-
creases in the wholesale price wg.

Turning to the second stage of the game, the manufacturer M sets ¢g to

bg =15 = (Pr,s —ws) (1 — cp.5) (5.5)

in order to extract the intermediary’s profit. In the absence of parallel trade and for segmented
markets, the manufacturer’s optimal strategy is to set the wholesale price equal to the marginal
cost of production, i.e. wg = 0. This pricing decision avoids the double marginalization problem
and results in the same drug price and sales volume as if the manufacturer sold directly to the
consumers.

Drug prices in both countries are given as:

Coinsurance Indemnity
D|,S—
insurance
Comsurance | po(1) = 5 | oo (1) = 7, .
s (V) = 572 pos (0) = H52
Indemnity Pb,D (5) = %, Pb,D (5) %,
insurance o5 (7) = ﬁ D5 (0) = 12‘55

Note that drug prices only depend on the cost-sharing system in the respective country.
Under coinsurance, drug prices decrease in coinsurance rates. Effective prices for consumers
(Yoo, (V) = YsPb,5 (V) = %) are equivalent to prices without insurance coverage (ppp = pp.5 =

%) That is, the effect from reimbursement by health insurance is completely appropriated by

2This result can also be obtained by substituting (5.5) and equilibrium prices into (5.1) and maximizing with
respect to ws.
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the manufacturer. Price differences result from differences in health care systems (= coinsurance
rates) only. Quantities are independent of coinsurance rates, as the effect from reimbursement
completely accrues to the manufacturer.

Under indemnity insurance, drug prices increase in the reimbursement amount. Effective

prices (pp,p (0) —6p = 1725’3 and pp g (0) — 05 = 1355) are lower than prices without insurance

(po,p = pr,s = 3). The effect from reimbursement benefits both the manufacturer (higher market
prices than without insurance) and patients (lower effective prices than without insurance).
Price differences occur, when reimbursement differs across countries. Quantities increase in
the reimbursement amount, as effective prices decrease in the reimbursement amount and more
consumers buy. Differences in quantities sold in country D and S stem from differences in health

care system (reimbursement amounts).

5.3 Equilibrium with Parallel Trade

If parallel trade is allowed, the manufacturer’s pricing decisions — the drug price in country D and
the wholesale price charged the intermediary — are no longer independent. A low wholesale price
induces parallel imports sold by the intermediary in country D (the wholesale price constitutes
the lower price bound for the intermediary). Increasing the wholesale price in response creates
and aggravates a double marginalization problem in country S. Consequently, if parallel trade
is allowed, the choice of the wholesale price reflects the trade-off between an aggravated double
marginalization problem in country S and intensified competition from parallel trade in country

D.

The manufacturer’s profit is given as

. .0~ 3D \ ) . (%0~ %D D )
™ = DPbD (1 B — > +wh (1—cg) +ws < - — )T #s,  (5.7)
—_————

T* ~"~
* Wy
Ty ™

*
wp

where 7; denotes the profit from direct sale in D, 7, the wholesale profit from the intermediary’s
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sales in market S, 7}, 5 the wholesale profit from the intermediary’s sales as parallel imports in
market D, and ¢§ the fixed fee. An asterisk is used to denote variables associated with parallel
trade.

The manufacturer’s profit differs from the profit under no parallel trade in three respects:
First, it faces competition by the intermediary in market D. Second, for a given wholesale price,
the fixed fee extracted from the intermediary is higher, as it now also contains the intermediary’s
profit from parallel importing. Third, the intermediary’s sales as reimports result in additional
wholesale profit for the manufacturer.

The intermediary’s profit is given as

w1 = (Phs —ws) (1= c9) + (php — W) < = pn & - a B_’DT)> - 95, (5.8)

* ~~

s
b,S *
T5,D

where 7} o denotes the profit from sales in S and 7 , the profit from sales as parallel imports
in market D.

In country D, the manufacturer M maximizes (5.7) with respect to Py, p- The first order
condition of this problem is

.o~ 5D N dcpp 1 L [9%p1
(1 — B) —I—pb,D _a v + Wg o — = 0, (59)
T Pop T Pop T

-~ -~

1 I 1T

which yields the best response function pz’ D (CZ’ D>WGs pE D). Compared to the first order con-
dition for Segmented markets, part I and consequently pg p are higher (lower) under parallel
trade, if ¢; , < (1 T) ( C.p > ( )) For coinsurance, ¢; p, < (1 T) if py p < (1 ) that is, if the

parallel import weighted by the quality discount is priced higher than the locally sourced version.

>k * _5
For indemnity insurance, ¢} , < (01117,);) if pj p < pﬁ’é’f#. Part II of the first order condition

differs by the factor % from the first order condition without parallel trade. For 0 < 7 < 1, part

IT and consequently p;‘;’ p are lower under parallel trade. Part III illustrates the indirect effect of
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competition from parallel trade: A larger volume of parallel imports results in a higher wholesale
profit. A higher wholesale price results in a higher price for the locally sourced version, as it
leads to less competition from parallel trade.

The intermediary maximizes (5.8) with respect to Pj p» which yields the first order condition

CZchED CZ}D . . achl 8CED 1
) o ’ _ _ L 2 = 1
< T (1—T)>+(pﬁ’D wS)( T T ) 10

and the best response function pg’ D (c}; D,wj‘q,pa D>. Solving for equilibrium prices results in

p;';D (cZ’D,w§> and p;;’D <CE7D,w§>.
In country S, the intermediary maximizes (5.8) with respect to p; . The first order condition

to this maximization problem is

ocr
(1—-¢s) + (phs — w) <_a Z’S> =0, (5.11)
Dy s

resulting in the price pj ¢ <cZ S5 w§> Note that as pj ¢ increases in the wholesale price wg, pj ¢
will be higher under parallel trade, if wg > 0.
With

¢s = mps+Tsp
« « « « o\ (.0 ~ 5D 3,0
= \(pb,S - wS) (1 — Cb,S)J-l- (pg,D - ws) < pn - - T)> (5.12)
T‘-;,S *

78,D

the manufacturer extracts the intermediary’s total profit. Substituting (5.12) and equilibrium
prices into (5.7) and maximizing with respect to w§ gives the wholesale price wg (c; j)'

For segmented markets, the manufacturer’s optimal strategy to avoid the double marginal-
ization problem resulting from vertical separation in imperfectly competitive markets is to set

the wholesale price equal to marginal cost, i.e. wg = 0. However, if parallel trade is allowed and

results in market integration, a low wholesale price induces more parallel trade. Consequently,
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the manufacturer will set a higher wholesale price to limit competition from parallel trade in
country D. The optimal wholesale price wg reflects the trade-off between an aggravated double
marginalization problem in country S and intensified competition in country D. Note that as
markets are integrated by parallel trade and the wholesale price incorporates the effects in both
the destination country D and the source country S, the wholesale price depends on cost-sharing
systems in both countries. Similarly, prices and quantities also depend on cost-sharing systems
in both countries. To account for the interdependence of pricing decisions under parallel trade,
variables such as prices, quantities, will be characterized contingent on cost-sharing systems in
both countries. The cost-sharing system’s parameters in parentheses denote the cost-sharing in
country D and S, respectively, e.g. pa g (7,0) denotes the drug price in the source country, if
country D applies coinsurance and country S indemnity insurance. The specification of drug
prices and quantities for the different combinations of cost-sharing systems in the destination

and source country can be found in Appendix C.2.

5.4 The Effect of Parallel Trade on Health Care Systems

If parallel trade is allowed, the manufacturer raises the wholesale price to limit competition
from parallel trade. This creates a double marginalization effect with a higher drug price and
a lower quantity in the source country S. As the manufacturer cannot block parallel trade
entirely, parallel trade generates a competition effect with lower drug prices and a higher quantity
consumed in the destination country D.

The direct link between these price changes (resulting from parallel trade) in both countries
and the consequences for public health care systems is the cost-sharing system: It drives the
changes in co-payments for consumers and public pharmaceutical expenditure funded by health
insurance.

The co-payment mechanism determines, whether and to what extent consumers in the des-
tination country benefit from price decreases through savings and whether and to what extent

consumers in the source country are exposed to price increases by higher co-payments. In addi-
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tion, the reimbursement mechanism determines also the consequences of parallel trade for public
pharmaceutical expenditure. Ex ante, price and quantity changes generated by parallel trade
have an ambiguous impact on public pharmaceutical expenditure: In the destination country,
lower prices may contribute to lower health expenditure, but a higher quantity consumed may
work towards higher spending. In the source country, a higher price may have an expenditure-

increasing effect, but a lower quantity consumed may reduce health expenditure.

5.4.1 Changes in Co-payments and Public Pharmaceutical Expenditure in

the Destination Country

This subsection investigates the consequences of parallel trade for public health care systems in
the destination country. Proposition 5.1 summarizes the effects of parallel trade on consumer

co-payments and public pharmaceutical expenditure in the destination country D.

Proposition 5.1. In the destination country D, lower drug prices under parallel trade decrease
co-payments under both cost-sharing systems. Suppose that drug prices under segmented markets
are identical under coinsurance and indemnity insurance. Then savings for consumers are higher
under indemnity insurance, independent of the cost-sharing system in the source country S.
Parallel trade generates savings for health insurance only under coinsurance; under indemnity

insurance, health expenditure is higher than without parallel trade.

Proof. See Appendix C.3. O

Under both cost-sharing systems, co-payments strictly increase in drug prices. Consequently,

under both coinsurance and indemnity insurance, price decreases translate to lower co-payments:

Acyp(v,.) = &p()—cp () =7p (Php () —pep (7)) <O,

Acyp (6,.) = c,p(0) —cupp () =pyp(6,.) —pup (0) <O, (5.13)

since pj p (7,-) < pb,p () and Pip (0,.) < pb,p (0), respectively. That is, consumers benefit from

parallel trade independently of the cost-sharing system.
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Which cost-sharing system creates higher savings, is determined by two factors: First, there
is a direct impact of the cost-sharing system for a given wholesale price: Under indemnity in-
surance, reimbursement is price-independent and consumers benefit from the full price decrease.
Under coinsurance, only fraction vp of the price decrease is passed on to consumers. Second,
the wholesale price drives the intensity of competition, as it is the lower bound for the price of
the parallel import and thus limits the intermediary undercutting the manufacturer’s price.

These two factors are interdependent, as the wholesale price also depends on the degree of
competition in the destination country. That is, the first factor would result in a higher wholesale
price under indemnity insurance c.p. At the same time, the increase of the wholesale price is
limited by the double marginalization effect in the source country. The (relative) magnitude
of this effect also depends on the cost-sharing system. Under indemnity insurance, the double
marginalization effect is higher c.p.: Consumers bear the full price increase under indemnity
insurance and the higher price elasticity turns a given price increase into a higher reduction of
quantity:.

Accordingly, for a comparison of co-payment changes under coinsurance and indemnity in-
surance, cost-sharing systems in both countries are important: In the destination country, the
total effect of the cost-sharing system and the effect of the cost-sharing system itself on the
wholesale price is important. In the source country, the cost-sharing system determines by how
much the manufacturer can increase the wholesale price in response to the competition effect in
the destination country.

Comparing (relative) co-payments under coinsurance and indemnity insurance, I assume
identical drug prices for both cost-sharing systems under segmented markets. Taking into ac-
count that reimbursement may not exceed the drug price and consumers co-pay a positive
amount, identical drug prices under coinsurance and indemnity insurance imply high coinsur-
ance rates of vp > 0.6, see Appendix C.3 for details. Identical drug prices as standard of

comparison imply that the reimbursement amount under indemnity insurance can be written in
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terms of the coinsurance rate as follows:

1 14dp 1
= — = =ppp(0) &= dp=——1. 5.14
o 5 (6) - (5.14)

Pv,D (7)

Note that identical drug prices under both cost-sharing instruments do not imply identical
co-payments under coinsurance and indemnity insurance due to the different insurance effects.
Suppose, vp = 0.75. For 6p = % drug prices are identical under both coinsurance and indemnity

3and

insurance (pyp (v) = 2 = pp,p (6)). Then, under coinsurance, consumers pay ¢, p () = 3
under indemnity insurance ¢, p () = % Assuming identical co-payments for both cost-sharing
systems under segmented markets would involve no reimbursement under indemnity insurance
due to the insurance absorbing effect of coinsurance under segmented markets. See Appendix
C.4. for a detailed explanation of this limitation associated with identical co-payments under
both cost-sharing systems as a basis of comparison.

The change in co-payments is lower under indemnity insurance than under coinsurance in-

dependent of the cost-sharing system in the source country:

¢.p (7:7) - ¢.p (6,7)

CZ,D (77 5) > CaD (57 5)
Cb,D (’Y) Cv,D (5)

Cb,D (’7) Cv,D (5)

et a- (519)

|6D:%_17

As a lower ratio of relative co-payments corresponds to a higher reduction of co-payments, this
is equivalent to co-payments being reduced to a larger extent under indemnity insurance. No
matter whether coinsurance or indemnity insurance is applied in the source country, the whole-
sale price is higher under indemnity insurance (wg (6,7) > w§ (7,7), wg (6,6) > w§ (7, 9) resp.).
That is, the higher intensity of competition under indemnity insurance induces the manufac-
turer to raise the wholesale price more under indemnity insurance as compared to coinsurance.
The cost-sharing system in the source country restricts the increase of the wholesale price with

respect to the double marginalization effect, but does not inhibit the higher increase of the

3Note that the co-payment under coinsurance is independent of the coinsurance rate, as the insurance effect
is absorbed by the manufacturer completely.
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wholesale price under indemnity insurance. In total, the impact of the full price difference ac-
cruing to consumers exceeds the effect of the higher wholesale price and consumer co-payments
are reduced more under indemnity insurance.

The competition effect generated by parallel trade has an ambiguous impact on total ex-
penditure. Lower prices decrease expenditure, higher quantities increase expenditure. Whether
parallel trade results in reductions of public pharmaceutical expenditure, i.e. the part of total
expenditure which is reimbursed by health insurance, depends on the cost-sharing system. Only
if reimbursement is linked to drug prices, health insurance benefits from lower prices under
parallel trade.

Under coinsurance, the change in public pharmaceutical expenditure associated parallel trade

is given as:

AEp(v)=Ep(v) — Ep(7)

= (=7p)ip ()G () +050 () @50 () —Pep (Vap (7)), (5.16)

of which the term in parentheses denotes the change in total expenditure. This can be decom-
posed into the expenditure-decreasing effect of lower drug prices and the expenditure-increasing

effect of a higher quantity being reimbursed:

(os0 (v ) @p () + 050 (1) @50 (V) — o0 (V) @0 (7))

= - (pb,D (7) —P;,D (7, )) qb,D +PZ,D (v,-) (QZ,D (7,.) — db,D (’Y))
T s
+PZ’,D (7,-) QZ’,D (7, -)- (5.17)
IIT

The negative part I of the decomposition exhibits the expenditure-decreasing effect from a lower
price, while ignoring changes in quantity. The monopoly quantity ¢, p sold and reimbursed
under segmented markets is reimbursed based on a lower price, when parallel trade is possible.

The positive parts II and III of the decomposition indicate the expenditure-increasing effect of
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a higher quantity being sold and hence reimbursed under parallel trade. Due to lower prices,
more is sold of the locally sourced version (part II) and in addition, also the parallel import
(part III) is sold and reimbursed.

The effect of lower prices dominates the effect of a higher quantity and independent of the
cost-sharing system in the source country S, parallel trade results in lower public pharmaceutical

expenditure under coinsurance:

EL (v:7)
Ep ()

E} (7,9)
Ep (7)

<1, <1. (5.18)

Under indemnity insurance, reimbursement is independent of the drug price and the decrease
of drug prices under from parallel trade has no expenditure-decreasing effect. The higher quan-
tity sold results in an increase in public pharmaceutical expenditure associated with parallel

trade:

AEp (6) =Ep (6,.) —Ep (8) = dp (a5.p (6,.) +a5.p (0,.) — au,p (6)) > 0, (5.19)

since ¢ , (9,.) + 45D (0,.) > agp.p (6). As reimbursement is not linked to drug prices, health

insurance do not benefit from lower prices under parallel trade.

5.4.2 Changes in Co-payments and Public Pharmaceutical Expenditure in

the Source Country

Comparing the consequences of parallel trade for consumer co-payments and public pharmaceu-

tical expenditure in the source country yields the following proposition:

Proposition 5.2. In the source country S, parallel trade increases co-payments under both
cost-sharing systems. Suppose that drug prices under segmented markets are identical under
cotnsurance and indemnity insurance. Then additional expenses for consumers are lower under
coinsurance, independent of the cost-sharing system in the destination country D. Savings for

health insurance from parallel trade are higher under indemnity insurance, regardless of the
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cost-sharing system in the destination country.
Proof. See Appendix C.3. O

Under both coinsurance and indemnity insurance, co-payments strictly increase in drug prices

and consequently, price increases give rise to higher co-payments:

Acys (v,.) = cs() —cns () =75 (55 (1) —pos (7)) >0,

Acys(0,.) = ¢ch5(0) —cns(6) =pyg(0,.) —pps(6) >0. (5.20)

since py g (7,-) > po,s (7) and Phs (0,.) > pb,s (6), resp. Thus, consumers lose from parallel trade
independent of the cost-sharing system.

Under which cost-sharing system the additional expense is higher is determined by two
factors, similar to the link between competition effect and consumer savings in the destination
country: First, the direct impact of the cost-sharing system for a given drug price now works
in the opposite direction as compared to impact on savings in the destination country: Under
indemnity insurance, consumers have to bear the full price increase. Under coinsurance, only
the fraction yg of the price increase is incurred by consumers, the remaining is is borne by health
insurance. Second, price changes resulting from the increase of the wholesale price contribute to
changes in co-payments. Here, the higher reduction in quantity due to the higher price elasticity
under indemnity insurance tends to bring about a lower increase of the wholesale price.

As the change in the wholesale price is determined by both the competition effect and
the double marginalization effect, thus by cost-sharing systems in both countries, relative co-
payment changes are compared for a given cost-sharing system in the other country.

Again, I assume identical drug prices for both cost-sharing systems under segmented markets.
This implies the following relationship between the coinsurance rate and the reimbursement
amount under indemnity insurance:

1 14 4dg 1
=-—= = ))<= ds=——1<=yg= )
e~ 2 s ST 0 75T g+ 1

po,s (7) (5.21)
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Note that, similar to assuming identical drug prices in the destination country D implying
high coinsurance rates, this standard of comparison for the source country requires rather high
coinsurance rates due to the positive co-payment condition under indemnity insurance, see
Appendix C.3 for details.

The change in co-payments is lower under coinsurance than under indemnity insurance,

independent of the cost-sharing system in the destination country:

CZ,S (v,7) CZ,S (7,9) CZ,S (0,7) Cz,s (0,0) |
_ 1 , 1.
cb,s (7) cns(6) 5T as(v) cp,s (6) 09TAg

(5.22)

As a higher ratio of relative co-payments implies higher price increases, this corresponds to
co-payments being increased less under coinsurance. Although the wholesale price is higher
under coinsurance regardless of the cost-sharing system in the destination country (w§ (v,v) >
w§ (7,9), w§ (6,7) > w§(0,0)), the direct effect of the cost-sharing system of consumers being
insulated from part of the price increases dominates and co-payments are less increased.

The double marginalization effect induced by parallel trade has an ambiguous impact on total
expenditure and public pharmaceutical expenditure. The higher drug price tends to increase
expenditure, the lower quantity contributes to a reduction of quantity.

Under coinsurance, the change in public pharmaceutical expenditure associated parallel trade

is given as:

AEs(7)=E5(»7) —Es(v) = (1 =7s) s N s (57) —oos (M s (7)), (5:23)

of which the part in parentheses denotes the change in total expenditure. This can be decom-

posed into the expenditure-increasing effect of a higher drug price and the expenditure-decreasing
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effect from a lower quantity:

(P55 () a5 (1) — Pos (V) ab,s (7))

= (P55 (%) —pos (1) @5 (v) — pis (v, (V) — a5 (7)) (5.24)
I I

The positive part I of the decomposition exhibits the expenditure-increasing effect of a higher
drug price being the basis for reimbursement under parallel trade, while neglecting changes in
quantity. The negative part II reflects the reduction of expenditure due to the lower quantity
sold and reimbursed under parallel trade.

The effect of a lower quantity exceeds the effect of a higher drug price and independent
of the cost-sharing system in the destination country D, parallel trade results in lower public

pharmaceutical expenditure under coinsurance:

E%(7,7) E%(6,7)
Es() " Es()

<1. (5.25)

Under indemnity insurance, the change in public pharmaceutical expenditure associated

parallel trade is given as:
AEg (8) = E5(.,0) — Es (0) = 65 (g5.5 — a,5) <0, (5.26)

since q;f, g < @,s- Since reimbursement is not linked to drug prices, the drug price increase does
not give rise to an expenditure-increasing effect. Instead, the decrease in quantity unambiguously
decreases public pharmaceutical expenditure.

Comparing relative expenditure reductions under coinsurance and indemnity insurance for
identical drug prices for both cost-sharing systems under segmented markets, public pharmaceu-

tical expenditure is more reduced under indemnity insurance, independent of the cost-sharing
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system in the destination country:

E; (% '7) E; (’7, 5) E; (5’ 7) EE‘ (5, 5)
B - 2
Eo()  Ep@®) =" Eg()  Es@) mam 0 60

Under indemnity insurance, the drug-price increase under parallel trade has no expenditure-
increasing effect, as reimbursement is independent of the drug price. Accordingly, expenditure

is decreased more, if reimbursement is price-independent.

5.5 Conclusion

In this chapter, I have studied the consequences of parallel trade for health care systems. In par-
ticular, I have compared a coinsurance scheme and an indemnity insurance scheme with respect
to changes of co-payments, i.e. out-of-pocket expenditure for patients, and public pharmaceuti-
cal expenditure.

The model suggests a strong link between the consequences of parallel trade and cost-sharing
systems. Although, under both cost-sharing schemes, parallel trade results in price decreases
in the destination country and a price increase in the source country, the cost-sharing scheme
determines whether savings from parallel trade accrue and for whom. The extent to which price
decreases (in the destination country) and price increases (in the source country) are passed on to
consumers and health insurance and translate to co-payment and health expenditure reductions
or increases depends on the reimbursement mechanism.

In the destination country, savings for patients from parallel trade occur under both systems,
but are relatively higher under indemnity insurance. However, savings for health insurance from
parallel trade occur only under coinsurance. Indemnity insurance fails to establish a link be-
tween the reimbursement and drug prices. The procompetitive effect of parallel trade does not
benefit health insurance, but rather results in a growth of expenditure, as consumption increases
due to lower drug prices. Consequently, maximizing savings for patients by adopting indemnity

insurance occurs at the expense of public pharmaceutical expenditure. The higher incentive for
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patients to buy the less expensive parallel import under indemnity insurance rather hurts health
insurance than benefiting it. Applying coinsurance instead partially shifts savings from patients
to health insurance: Savings for patients are relatively lower than under indemnity insurance,
but also health insurance benefits from lower prices. This makes coinsurance a more attractive
cost-sharing mechanism for health insurance; the failure to link prices to expenditure and full
responsiveness to changes in quantity may constitute a reason why indemnity insurance is con-
sidered to be inappropriate as a cost-sharing instrument by regulatory bodies. Pure indemnity
insurance is not observed in any member state of the European Union.

In the source country, the drug price increase following from the increase of the wholesale
price results in additional expenses for consumers under parallel trade, but the associated re-
duction in quantity consumed benefits health insurance, as it dominates the effect of higher
prices on public pharmaceutical expenditure. Again a conflict between minimizing negative
consequences from parallel trade for patients and maximizing positive consequences for health
insurance emerges. Under coinsurance, additional expenses for patients are relatively lower;
under indemnity insurance, the reduction of health expenditure is relatively higher. Conse-
quently, the distributive effects of parallel trade in the source country, too, are determined by
the cost-sharing scheme. Considering that regulatory bodies in source countries should prefer
indemnity insurance to minimize public pharmaceutical expenditure, it remains unexplained,
why indemnity insurance is not applied in the respective source countries of parallel imports.

Accordingly, if minimizing public pharmaceutical expenditure is the dominant health policy
objective, coinsurance should be the cost-sharing instrument of choice in the destination country
and indemnity insurance in the source country. If minimizing financial exposure of patients
and maximizing access to pharmaceuticals is the prevailing health policy objective, indemnity
insurance is the appropriate cost-sharing scheme in the destination country and coinsurance in
the source country. Thus, these health policy objectives should be carefully balanced.

In the European Union, health policy, including the general organization of health care sys-

tems as well as cost-sharing systems, is in the national competence of member states. However, a
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harmonization of health care systems with respect to cost-sharing systems would not make sense,
as this chapter illustrates. Under parallel trade reimbursement systems have different effects in
source and destination countries of parallel imports. Thus, a harmonization of reimbursement
systems would result in welfare losses in source and/or destination countries.

Moreover, the degree of product differentiation between the locally sourced version of the
drug and the parallel import in the destination country is a source of conflict between the welfare
consequences in the two countries: If both versions of the drug were considered equivalent,
the competition effect in the destination country would be maximized. Perfect competition
would reduce public expenditure, minimize financial exposure of patients and maximize access
to pharmaceuticals. Consequently, the main health policy challenge in the destination country
would be to reduce the degree of product differentiation. In addition, information of the public
and mandatory substitution as an instrument for patients to gather experience with parallel
imports could be an appropriate way of reducing the degree of subjective product differentiation.
On the contrary, in the origin country, the perceived equivalence of the locally sourced version
and the parallel import would at the same time also maximize the wholesale price and with it
the double marginalization effect. Although this would reduce public expenditure, it would also
maximize financial exposure of patients and minimize access to pharmaceuticals. Thus, from the
perspective of the origin country, there is also some interest in maintaining a certain degree of
product differentiation. This could be achieved by imposing country-specific requirements with
respect to the packaging, which would result in an increased difference in appearance between
the two versions of the drug in the destination country. This corresponds to the manufacturer’s
incentive: Both the competition effect and the double marginalization effect reduce profit and
as raising the degree of product differentiation weakens both effects, it raises profit.

Generally, this model considers stylized, i.e. simplified versions of cost-sharing systems. In
the Scandinavian countries, e.g. combinations of different cost-sharing systems (deductibles and
coinsurance) are applied. In addition, there is a tendency for cost-sharing systems to become

more complex. For instance, coinsurance rates may depend on drug classes, exemptions may be
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added etc. The stylized versions of cost-sharing systems in this chapter allow me to compare
different systems on a basic level. A specific and precise comparison of cost-sharing systems

of different member states would have to take the detailed design of cost-sharing systems into

account.
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Chapter 6

Pharmaceutical Regulation at the

Wholesale Level and Parallel Trade

Abstract

This chapter studies the effect of pharmaceutical regulation at the wholesale level, if markets are
integrated by parallel trade. In particular, maximum wholesale margins, a restriction of pricing
by the intermediary, and mandatory rebates, a restriction of the pricing by the manufacturer,
are analyzed with respect to their effect on drug prices, quantities, and public pharmaceuti-
cal expenditure. Maximum wholesale margins enhance the manufacturer’s ability to reduce
competition from parallel trade in the destination country by increasing wholesale prices. In a
symmetric equilibrium, maximum wholesale margins of both countries partly offset each other.
Mandatory rebates may be a policy alternative, as they exhibit a reinforcing effect with respect

to drug prices.

6.1 Introduction

This chapter studies the effect of maximum wholesale margins and mandatory rebates on drug

prices, quantities, and public pharmaceutical expenditure.
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This analysis is motivated by the observation that pharmaceutical regulation and parallel
trade are interdependent. Pharmaceutical parallel trade occurs in highly regulated markets. The
continuous increase in public health expenditure in many countries over the last decades has
induced a considerable number of government interventions (Maynard & Bloor, 2003). Conse-
quently, pharmaceuticals markets are characterized by a variety of regulatory instruments that
are partly overlapping and impede each other (see Espin & Rovira 2007 for an overview of
regulatory interventions in the European Union).

Cross-country differences in regulation result in price differences, which are a precondition
for engaging in parallel trade. The profitability of parallel trade depends on substantial price dif-
ferences. In the European Economic Area, where parallel trade is legal, price differences of up to
300 % percent between countries can be observed (Maskus, 2000b; Glynn, 2009). They may stem
from pharmaceutical manufacturer’s price discrimination between different countries and/or dif-
ferences in national pharmaceutical regulations in the individual member states (Kanavos et al.,
2004; Enemark et al., 2006; EU Commission, 2003). Consequently, by creating price differences,
pharmaceutical regulation may trigger parallel trade or determine the extent of parallel trade.

Parallel trade itself may induce regulation. That is, there is a direct response of regula-
tion to parallel trade: Many destination countries provide incentives for patients to purchase
lower-priced parallel imports (via the cost-sharing mechanism) or legal requirements to dispense
parallel imported drugs, which ensures the sale of parallel imports for parallel traders (Kanavos
et al., 2004). In addition, the regulatory authority in source countries of parallel imports may
change its behavior, if parallel trade takes place: Under segmented markets, a price cap only
affects the regulating country, but via the channel of parallel imports, a sufficiently low max-
imum price may reduce prices in other countries as well, amplifying the negative impact of a
price cap on the manufacturer’s profit. Taking this link into account, regulatory bodies refrain
from setting prices too low, if the manufacturer can credibly threaten to refuse to supply the
respective market. Konigbauer (2004) and Grossman & Lai (2008) suggest this argument. In

destination countries of parallel imports, the lower prices of parallel imports may reveal the
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information which price level is still profitable for manufacturers and regulatory authorities may
adjust maximum prices downwards. At last, in countries with a strong pharmaceutical industry,
where pharmaceutical regulation also takes industrial policy goals into account, regulation may
respond to parallel trade, as it reduces manufacturers’ profits.

In this chapter, pharmaceutical regulation directly addresses price changes induced by par-
allel trade: Price interdependencies limit the manufacturer’s ability to address the double mar-
ginalization problem created by vertical separation in imperfectly competitive markets by a
two-part tariff. Pharmaceutical manufacturers do not sell directly, but through independent
wholesalers (Taylor, Mrazek & Mossialos, 2004). The manufacturer and the wholesaler both
add a markup to their marginal cost, without considering the impact of their pricing decision
on the respective other actor (Rey & Verge, 2008). For separated markets, the manufacturer’s
optimal strategy to avoid the double marginalization problem is to specify a two-part tariff with
a low wholesale price and a fixed fee that extracts the intermediary’s profit. However, in the
presence of parallel trade, the manufacturer raises both wholesale prices in response to parallel
trade, creating a double marginalization effect with higher prices than in the absence of parallel
trade. The first best solution to the double marginalization effect would be to stimulate compe-
tition or to enforce vertical integration. The first is impossible at the manufacturer level due to
patent protection, large fixed cost of entry and economies of scale and scope inhibit entry at the
retail level. The latter is prohibited by national regulation (Taylor; Mrazek & Mossialos, 2004).
Therefore, the regulatory instrument analyzed here, maximum wholesale margins, attempts to
address the double marginalization effect by restricting the markup surcharged by the interme-
diary. Maximum wholesale margins are applied in virtually all European countries. As a policy
alternative, mandatory rebates are suggested. Mandatory rebates are a fictitious alternative,
based on the Herstellerzwangsrabatt (compulsory manufacturer discounts) according to § 130a
Social Security Code V in Germany, which force the manufacturer to grant a discount on the
wholesale price.

The effects on drug prices and quantities in destination and source countries of parallel
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imports are studied in a two-country model following Maskus & Chen (2002) and Chen &
Maskus (2005).

Parallel trade provides the manufacturer with the possibility to exploit the strategic effect
of exclusive territories in the destination country. It generates a competition effect in the desti-
nation country and double marginalization effects in both countries, resulting in a higher price
than from direct sales.

Maximum wholesale margins try to mitigate this effect by limiting markups of intermediaries.
They also result in an adjustment of wholesale prices by the manufacturer. Maximum wholesale
margins enhance the manufacturer’s ability to reduce competition from parallel trade in the
destination country by increasing wholesale prices. In the symmetric equilibrium with both
countries applying maximum wholesale margins, regulatory instruments exhibit an offsetting
effect. This is, a restriction of pricing by intermediaries in the destination country reduces
drug prices in the destination country, but raises the price in the source country. Similarly, a
restriction of pricing by the intermediary in the source country results in higher prices in the
destination country.

Mandatory rebates are a policy alternative that also addresses the double marginalization
effect by restricting pricing. It also reduces drug prices in both countries. In the symmetric
equilibrium with both countries applying mandatory rebates, regulatory instruments exhibit
a reinforcing effect with respect to prices. This is, a restriction of the wholesale price in the
destination country reduces drug prices in both countries.

The rest of the chapter is organized as follows. Section 6.2 studies the equilibrium without
regulation, section 6.3 examines the equilibrium with maximum wholesale margins. Section 6.4

analyzes mandatory rebates as policy alternative, section 6.5 concludes.

6.2 Equilibrium without Regulation

As a benchmark consider the case of unregulated markets, when the manufacturer and both

intermediaries can set prices freely. If parallel trade is allowed, the manufacturer’s pricing
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decisions — the wholesale price w, charged the intermediary Ip and the wholesale price wg
charged the intermediary Ig — are interdependent.

The manufacturer’s profit is given as

N " ’YD(pZ,D *p*,D) " " " 'YD(pZ,D *p*p) ’VDP*J) N N
Ty = Wp (1 - - g +w§ (1 — vsphs) Twh - e.Dc fl _'BT) +opt+os,
~—— —

*
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wy,D wg

™

wp,,S
™

(6.1)
where 77, , denotes the wholesale profit from the intermediary Ip’s sales in country D, 7, ¢
the wholesale profit from the intermediary Ig’s sales in country S, 7}, 5 the wholesale profit from
the intermediary Ig’s sales as parallel imports in country D, and ¢}, and ¢g the fixed fees paid
by the intermediaries.

The intermediaries’ profits are given as

. YoPsp — Ps.p)
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where 7r§’ p and w;, g denotes the profit from sales in country D and S, resp. and 7[‘2’ p the profit
from sales as parallel imports in country D.
In country D, the domestic intermediary Ip maximizes (6.2) with respect to pj , which

yields the first order condition
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and the best response function

1 * *
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The foreign intermediary Is maximizes (6.3) with respect to p;; p Which yields the first order

condition
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Equilibrium prices are py , = ) and pj p = o (r13) . Note that

both drug prices in country D, p; , and pg p increase in both intermediaries’ marginal costs,

i.e. both wholesale prices w}, and wg, with the effect of the intermediary’s own marginal cost

. . . opy, Opy p 0P} op;
) b.D v.0  9Ps.D 8.D
being stronger than the effect of the competitor’s marginal cost ( ous, s 0 ows T )

In country S, the intermediary maximizes (6.3) with respect to p; . The first order condition

to this maximization problem is

(1 =sph5) + (Phs — ws) (—75) =0, (6.8)
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resulting in the price p; ¢ = . Note that the drug price p; ¢ increases in the wholesale

: *
price wg.

With fixed fees of
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the manufacturer extracts the intermediaries’ total profits.

Substituting (6.9), (6.10), and equilibrium prices into (6.1) and maximizing with respect to

M 2(1—7)(5T—7’2+27Dw*D(1—T))
1p(37+1) 4y p (Br+1)+ryg(1—7)(743)%

wp, and wg gives the wholesale prices w}, = and wg =
Wholesale prices mutually reinforce one another; a higher wholesale price in the destination
country, w}, induces a higher wholesale price in the source country, wg and vice versa.
Equilibrium wholesale prices are given as:
2(1—1)
dyp+vsBr+1)(1—7)

2(1— 1-—
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Yp vp +7vs BT +1)(1—1))

(6.11)

For segmented markets, the manufacturer sets the wholesale prices equal to marginal cost, i.e.
wp = wg = 0. This avoids the double marginalization problem resulting from vertical separation
in imperfectly competitive markets. However, if parallel trade is allowed and results in market
integration, the manufacturer raises both wholesale prices. This allows him to induce higher
retail prices and reduce competition from parallel trade in the destination country.

As a result of price competition between the two intermediaries, both drug prices in country
D, p?;? p and p}‘i p increase in both wholesale prices w}, and wg. The choice of the wholesale
price wy, therefore includes a strategic effect: An increase of wj, raises not only the price for
the locally sourced version but also the price for the parallel import. The same effect holds for
the wholesale price wg, an increase of wyg raises both the price for the parallel import and the
locally sourced version. This allows the manufacturer to exploit a strategic effect: By raising
both w}, and wj, he can enforce a coordinated price increase in the destination country, i.e.
induce higher retail prices for both versions of the drug.

Consider Figure 6.1 for a visualization of this effect. Dashed lines are best response functions
for w}, = wg = 0, yielding retail price equilibrium A. Solid lines are best response functions

for w}, > 0, w§ > 0, yielding retail price equilibrium B. The increase of wholesale prices (from
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Figure 6.1: Best Response Functions for w}, = wg = 0 and wp > 0,wg > 0.

wp = wg = 0 to wp > 0, wg > 0) shifts the retail price equilibrium from A to B, inducing
higher retail prices. Note that also the increase of only one wholesale price would result in higher
retail prices.

This strategic incentive for the manufacturer to raise wholesale price is described by Rey &
Stiglitz (1995), who show that two competing manufacturers can use exclusive territories also
to reduce interbrand competition.

In my model, parallel trade results in competition between two intermediaries with exclusive
territories in the destination country, but they are supplied by the same manufacturer. The
manufacturer cannot suppress this form of intrabrand competition due to lack of vertical control
and international, respectively regional exhaustion of intellectual property rights. But parallel
trade provides the manufacturer with the option to exploit the strategic effect of exclusive
territories, namely inducing higher retail prices and reducing competition by increasing wholesale
prices. This effect is stronger, when products are close substitutes and prices increase more in
response to wholesale price increases, i.e. the degree of product differentiation is small.

At the same time, an increase of w§ also increases the drug price and decreases the quantity
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sold in the source country. If price elasticity in the source country is high, a given price increase
results in a higher reduction of quantity. A wholesale price of zero would be profit-maximizing
for the manufacturer with respect to the source country. Thus, the impact of an increase of
wg on the profit from the source country restricts the manufacturer in exploiting this strategic
effect.

The first order conditions illustrate the effects of the choice of the wholesale price on the
manufacturer’s profit, see Appendix D.1 for details.

Equilibrium drug prices are

. _ 2(yp + 715 (1 —=17)) . _ (=-7n)@pt+ms=-7)
Po,p = Yo Ayp +v5 BT+ 1) (1 —1))’ Pg.p = Y (v +vs Br+ 1) (1= 1)) d (6.12)
* dvp + 3vg (1—7‘2)

Pb,s (6.13)

C 295 (yp +rs BT +1) (1 —7))
As compared to segmented markets, parallel trade reduces the price for the locally sourced
version in country D, p; p, but raises the drug price in country S, p; .

Equilibrium quantities are

. 2(yp+T1y5(1—1)) . (1-7)7s
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* 4’VD_IYS (1_37—) (1_7—) (615)
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In country D, the quantity of the locally sourced version of the drug ql’; p is lower under parallel
trade, but the total quantity of both versions of the drug, q;f, pT qa p is higher under parallel
trade than under segmented markets. In country S, the quantity sold, q;; g is lower under parallel
trade than under segmented markets.
Under parallel trade, the manufacturer may increase the profit allocated to the destination

country. Competition from parallel trade has a profit-decreasing effect, but the strategic effect of
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reducing competition by increasing the wholesale prices and inducing higher retail prices works
in the opposite direction. If the effect of a higher wholesale profit from sales as parallel imports
and a higher fixed fee extracted from intermediary Ig exceeds the effect of competition in the
destination country®, the profit allocated to the destination country is higher under parallel
trade. The strategic effect of reducing competition by increasing wholesale prices is crucial;
the manufacturer’s profit is always lower under direct sales in the destination country. The
profit earned in the source country is always lower due to the double marginalization effect
with a higher drug price and a lower quantity sold. The total effect of parallel trade on the
manufacturer’s profit depends on the relative size of these two effects and with it on the price
elasticities in both countries (i.e. coinsurance rates) and the substitutability of both products

(i.e. the degree of vertical product differentiation).

6.3 Equilibrium with Maximum Wholesale Margins

In this model, both the manufacturer and each intermediary have a monopoly position, al-
lowing them to set prices freely. The vertical separation in an imperfectly competitive market
results in inefficient successive markups by both the manufacturer and each intermediary. Under
segmented markets, the manufacturer solves this problem by setting wholesale prices equal to
marginal cost (and extracting the profits of the intermediaries via the fixed fee). Under parallel
trade, the manufacturer exploits the strategic effect of exclusive territories in the destination
country and raises wholesale prices to induce higher retail prices and reduce competition. This
results in a double marginalization effect in the source country. Consequently, in both countries,
drug prices are higher than they would be if the manufacturer sold directly?. In addition, in the

source country, the drug price is higher than in the absence of parallel trade.

!That is a lower wholesale profit from sales as locally sourced and a higher fixed fee extracted from intermediary
Ip.

2Note that although the price of the locally sourced version of the drug in country D is lower under parallel
trade, direct sales would bring about an even lower price, avoiding the impact of double marginalization. The
price change associated with the switch from segmented markets to parallel trade is the net of a competition and
a double marginalization effect.
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This sections studies maximum wholesale margins as a possible regulatory intervention ad-
dressing the problem of double marginalization by restricting the markups charged by intermedi-
aries. This instrument is applied in virtually all European countries. Commonly, intermediaries
are granted a certain (percentage) markup on the wholesale price®. In a strict specification, this
cannot be described in this model*. Therefore, I model maximum wholesale margins instead as
a restriction of the markup charged under free pricing. In country j, intermediaries may charge

a fraction (1 — ,uj) of the markup under free pricing:

pp = wp + (1 —pp)mjp, with mj p = pj p — wp,
p,g/fD = w¢' + (1 - pp)mpj p, with mj p = pj p — w§,
and ppfs = wi' + (1 - pg) my g, with my g = pj 5 — w. (6.16)

The case of p; = 0 corresponds to no restrictions on pricing, i.e. no regulation (the intermediaries
may set prices freely), while the case of pj = 1 corresponds to the strictest regulation possible
(the intermediaries are forced to price at marginal cost). This construction allows me to analyze
different degrees of regulation explicitly.

To illustrate the way markup restrictions affect the equilibrium, I start with the extreme
case of one country enforcing marginal cost pricing. Then I describe the general effects for any
degree of regulation in the symmetric equilibrium of both countries applying maximum wholesale

margins.

6.3.1 Maximum Wholesale Margin Regulation in the Destination Country

Consider first the case of the destination country prohibiting markups by intermediaries, i.e.

up = 1, whereas in the source country, pricing is free.

3In all European countries except for Italy maximum wholesale markups are defined in terms of wholesale
prices.

4Note that in the symmetric equilibrium regulatory instruments of both countries mutually offset one another.
This implies that a binding restriction on markups depends on the restriction in the respective other countries.
Therefore, a symmetric equilibrium with both countries effectively restricting markups can only exist, if restriction
on markups are scaled in terms of the markup under free pricing.
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In the destination country, both intermediaries are forced to price at marginal cost, pib =
wp' and pz;“ s = wg'. This implies that intermediaries make zero profits in the destination
country, the corresponding fixed fees (gzﬁg” and the part of (z)*S“ associated with parallel trade)
are also zero. In the source country, intermediary I may set the drug price freely.

The enforcement of marginal cost pricing results in the manufacturer not being able to exploit
the strategic effect of exclusive territories anymore. With free pricing of intermediaries, the
manufacturer raises both wholesale prices to induce higher retail prices and to reduce competition
from parallel trade. Under maximum wholesale margins, the regulation of pricing cuts the link
between w7}’ and p;“ "> and the link between w¢ and p;"D. Accordingly, an increase of wy)' does
not raise the price for the parallel import, an increase of w;“ does not raise the price for the
locally sourced version.

Consequently, not being able to restrict competition via (inducing higher) retail prices, the

manufacturer raises the wholesale prices to reduce competition by parallel trade:
wph —wh >0, wg' —wg > 0. (6.17)

An increase of the wholesale price w;” aggravates the double marginalization effect in the source
country by increasing the drug price and reducing the quantity sold. But the effect of an increase
of wg” on increasing the price of the parallel import (and thus reducing competition) is stronger
than on increasing the price of the drug in the source country (and thus aggravating the double
marginalization effect). Consequently, the manufacturer can reduce competition to larger extent
by increasing wholesale prices under maximum wholesale margins than by increasing wholesale
prices to induce higher retail prices under free pricing. The increase of the wholesale price under
maximum wholesale margins translates directly to an increase in the retail prices by the same
amount, while under free pricing, intermediaries increase their prices less than proportionally.
Thus, under maximum wholesale margins, the price difference between the two versions of the

drug is lower.
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However, the double marginalization effect prevents the manufacturer from raising wg‘ suf-

ficiently to induce the same retail price for locally sourced version as under free pricing:
py'p —Php < 0. (6.18)

Note that an increase of wg‘ requires also equivalent raise of wg" to restrict competition.
Depending on the price elasticity in the source country, the relative importance of the double

marginalization effect may be low enough to result in an increase of price of parallel import:

pﬁ!fD —pgp >0, ifyg < m?’n (6.19)

That is, under maximum wholesale margins, the manufacturer is able to reduce competition to
a larger extent, but he fails to maintain the same price level for the locally sourced version. He
increases the price for the parallel import in relative (or even absolute terms). This results in
a shift of demand from the parallel import to the locally sourced version, the quantity of the

locally sourced version increases, the quantity of parallel import decreases:

@'p — dp >0, a5'p —afp < 0. (6.20)

In the source country, the increase of the wholesale price w;" increases the drug price and

decreases quantity sold:

Pos —Phs > 0, dy's — dhs < 0. (6.21)

Thus, if the destination country implements marginal cost pricing, the manufacturer cannot
exploit the strategic effect of exclusive territories. Instead he increases wholesale prices to reduce
competition directly. Under maximum wholesale margins, competition from parallel trade is
weaker, but takes place on a lower price level. In the source country, the increase of the wholesale

price aggravates the double marginalization effect.
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6.3.2 Maximum Wholesale Margin Regulation in the Source Country

Consider now the case of the source country prohibiting markups by intermediaries, i.e. g =1,
whereas the destination country is not regulated.

In the source country, the intermediary Ig is forced to price at marginal cost, pifg = wgu . This
implies that the intermediary makes only profits from parallel importing, the profit from sales
in the source country is zero. In the destination country, this intermediary is not constrained
in setting a price for the parallel import. Intermediary Ip may also set the price for the locally
sourced version freely.

In the source country, the enforcement of marginal cost pricing results resolves the double
marginalization effect. The drug price includes only the manufacturer’s markup.

This allows the manufacturer to increases both wholesale prices to exploit the strategic effect
of exclusive territories to a greater degree and to further reduce competition from parallel trade
in the destination country:

wp —wh >0, wd" —wg > 0. (6.22)

1

The profit from selling to the sourced country is maximized for a retail price of pj ¢ = e

Under segmented markets, the manufacturer induces this retail price by setting the wholesale
price wg to zero, since the intermediary surcharges a monopoly markup. Thus, if the interme-
diary’s monopoly markup disappears and the intermediary sets the price to marginal cost, a
wholesale price of wg“ = i would maximize profits from selling in the source country. How-

ever, when setting wholesale prices, the manufacturer also considers the strategic effect of higher

wholesale prices for the destination country. Consequently, it may be profitable to raise w;”
above this profit-maximizing level of wg“ = i and reduce competition from parallel trade,

increasing profits from selling in the destination country,while reducing profits from selling in

the source country by decreasing the quantity sold®. Thus, the manufacturer increases wholesale

®Note that an increase of the wholesale price above the profit maximizing wg' = ﬁ induces a higher reduction

of quantity and thus a higher reduction of profits than an increase of the wholesale price above zero under free
pricing.
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prices balancing the increase in profits from limiting competition destination country and the

decrease in profits from reducing the quantity in the source country.

In the source country, the reduction in quantity prevents the manufacturer from raising w;”

sufficiently to induce the same retail price for locally sourced version as under free pricing:
s — pis < 0. (6.23)
Due to the lower drug price, the quantity is higher under maximum wholesale margins:
4 — 45 > 0. (6.24)

By increasing the wholesale prices the manufacturer induces even higher retail prices in the

destination country:

py'p = Pbp > 0, pi'p — P p > 0. (6.25)

The effect of higher prices dominates the effect of reducing competition from parallel trade and

the quantity of the locally sourced version is lower:
qZ’“D —qpp < 0. (6.26)

Depending on the price elasticity, i.e. the coinsurance rate the manufacturer may limit

competition from parallel trade or even block parallel entirely:

* * . 1
95p — 45,0 <0, qp > 0if 75> a—n'r (6.27)

Thus, if the source country implements marginal cost pricing and thereby avoids the double
marginalization effect, the manufacturer is able to exploit the strategic effect of wholesale price
increases in the destination country to a greater extent. This increases drug prices in the desti-

nation country and reduces competition from parallel trade. In the source country, the double
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marginalization effect is mitigated, the drug price is lower.

6.3.3 Symmetric Equilibrium under Maximum Wholesale Margins

Consider now the symmetric equilibrium with both countries restricting markups of intermedi-
aries.

If the destination country restricts markups, the manufacturer cannot exploit the strate-
gic effect of exclusive territories and increases wholesale prices to reduce competition directly.
This effect is limited by the double marginalization effect in the source country. If the source
country also restricts markups, the double marginalization effect is mitigated. This increases
the incentive to raise wholesale prices to reduce competition. The total effect on drug prices
in the destination country is ambiguous, as the further increase of wholesale prices due to the
restriction of markups is not offset by stricter markup limits in the destination country. Also in
the source country, the total effect on the drug price is ambiguous. The increase of the wholesale
price emerging from the restriction of markups in the destination country is not compensated
by a tougher restriction of markups in the source country.

Similarly, if the source country restricts markups and mitigates the double marginalization
effect, the manufacturer raises wholesale prices to exploit the strategic effect of wholesale price
increases in the destination country to a greater extent. If the destination country restricts
markups as well, the impact of wholesale price increases on reducing competition is even higher.
Intermediaries do not absorb wholesale price increases partly, but pass them on to retail prices
completely. Accordingly, the manufacturer increases wholesale prices more, with the total effect
on drug prices in both countries being ambiguous.

Thus, in a symmetric equilibrium, regulatory instruments of both countries mutually offset
one another, with the total effect being ambiguous.

Proposition 6.1 summarizes the effect of maximum wholesale margins on drug prices and

quantities:

Proposition 6.1. A restriction of markups in the destination country i) reduces competition
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from parallel trade by reducing the relative price difference between both versions in the des-
tination country, but reduces the price for the locally sourced version and ii) aggravates the
double marginalization effect by increasing the drug price in the source country. A restriction
of markups in the source country i) mitigates the double marginalization effect by decreasing the
drug price in the source country and ii) increases the drug prices and reduces competition from
parallel trade in the destination country. Regulatory instruments of both countries partly offset

each other.

6.4 Policy Alternative: Mandatory Rebates

As an alternative to the restriction of pricing for intermediaries, pricing of the manufacturer can
also be restricted to mitigate the double marginalization effect and reduce drug prices.

Under mandatory rebates, the manufacturer is forced to grant a discount on the wholesale
price. This reduces or even avoids the monopolistic markups on the first market stage.

When being forced to grant discounts and subject to free pricing at the same time, man-
ufacturers may simply avoid discounts by increasing prices. Therefore, mandatory rebates are
applied in combination with price freezes, which prevent strategic price increases in response to
discounts. Here, price freezes apply to wholesale prices only, as the regulatory intervention is
intended to be limited with respect to one level only®.

Under mandatory rebates, wholesale prices are discounted by the factor ¢; in country j. In

country D, the wholesale price amounts to:

wp = (1= 4p)wp (6.28)
and in country S to:
wi = (1 —1g) wh. (6.29)

In Germany, the increase of mandatory rebates from 6 to 16% in the SHI-Amending Law (GKV-AndG) of
2010 was combined with a price freeze at the retail level. As a price freeze at the retail level would leave drug
prices and quantities sold unchanged and only affect marginal cost, this analysis restricts the price freeze to the
wholesale level only.

124



The case of 9; = 0 corresponds to no restrictions on pricing, i.e. no regulation (the manufacturer
may set wholesale prices freely), while the case of pj = 1 corresponds to the strictest regulation
possible (the manufacturer is forced to price at marginal cost). Similarly as for maximum
wholesale margins, I first consider the extreme case of one country enforcing marginal cost
pricing.

To illustrate the way mandatory rebates affect the equilibrium, I start with the extreme
case of one country enforcing marginal cost pricing. Then I describe the general effects for any
degree of regulation in the symmetric equilibrium of both countries applying maximum wholesale

margins.

6.4.1 Mandatory Rebates in the Destination Country

Consider first the case of the destination country implementing marginal cost pricing and forcing
the manufacturer to set the wholesale price to zero, i.e. ¥p = 1 and w})w = 0. In the source
country, pricing is free. This implies that the wholesale profit from intermediary Ip’s sales in
the destination country is zero.

In the destination country, the manufacturer can no longer exploit the strategic effect of
inducing higher retail prices by increasing both wholesale prices. However, this is no longer
necessary, the manufacturer can control drug prices with the wholesale wgw effectively: As the

effect of a change in wg is stronger for the price for the parallel import than for the price of

the locally sourced version, setting wgw slightly higher than w*Dw is sufficient to induce a shift in

demand from the parallel import to the locally sourced version. With w% being set to zero, the

manufacturer can decrease w}w and reduce competition from parallel trade more effectively:
*1) *
wg" —wg > 0. (6.30)

Both wholesale prices are lower than under free pricing and accordingly, also drug prices are
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lower in the destination country:

' —php <0, Py —plp < 0. (6.31)

The price difference decreases and induces a shift of demand from the parallel import to the

locally sourced version. The quantity of locally sourced version is higher:

qz’% —qpp > 0. (6.32)

Depending on the price elasticity, i.e. the coinsurance rate the manufacturer may limit
competition from parallel trade or even block parallel entirely:

In the source country, the decrease of the wholesale price wgzﬁ mitigates the double marginal-

ization problem. The drug price is lower, the quantity sold is higher:
Phs —Phs <0, gy's — i > 0. (6.34)

Thus, if the destination country implements marginal cost pricing, the manufacturer can
reduce competition from parallel trade more effectively. This decreases drug prices in the des-
tination country, but also reduces competition from parallel trade. In the source country, the

double marginalization effect is mitigated.

6.4.2 Mandatory Rebates in the Source Country

Consider now the case of the source country implementing marginal cost pricing and forcing the
manufacturer to set the wholesale price to zero, i.e. g = 1 and wgw = 0. In the destination
country, pricing is free.

In the source country, a wholesale price of zero avoids the double marginalization effect.
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The drug price is lower than under free pricing and corresponds to the drug price under
segmented markets. Similarly, the quantity is higher than under free pricing and corresponds to

the quantity under segmented markets:

Phs —Phs <0, qy's — s > 0. (6.35)

In the destination country, a wholesale price w;d) of zero induces the maximum competition

from parallel trade. To cope with competition and to also sell the locally sourced version, the

manufacturer decreases the wholesale price wEw as well:

Wi —wh < 0. (6.36)

This reduces both drug prices:
P —Pip < 0,5 —php <0 (6.37)
A change in the wholesale price w*Dw still exhibits the strategic effect, both drug prices increase

in wgp. Consequently, the manufacturer does not set w;ﬂ to zero. This implies that the relative
prices decreases. There is a shift in demand from the locally sourced version to the parallel

import. The quantity of the locally sourced version is lower than under free pricing, the quantity

of the parallel import is higher:
G —ahp <0, ¢5'p—ahp > 0. (6.38)

If the source country implements marginal cost pricing, the double marginalization effect is
mitigated, the drug price is lower. In the destination country, competition from parallel trade

is intensified, resulting in lower drug prices.
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6.4.3 Symmetric Equilibrium under Mandatory Rebates

Consider now the symmetric equilibrium with both countries adopting mandatory rebates and
restricting the wholesale prices.

If the destination country restricts the wholesale price, reducing competition from parallel
trade requires a lower wholesale price for the intermediary in the source country. Reducing the
wholesale price in the source country mitigates the double marginalization effect and reduces
the drug price in the source country. If the source country restricts the wholesale price, compe-
tition from parallel trade is intensified and the manufacturer reduces the wholesale price in the
destination country. This reduces drug prices in the destination country.

Thus, in a symmetric equilibrium, regulatory instruments of both countries mutually rein-
force one another with respect to drug prices in both countries. The total effect on competition
from parallel trade is ambiguous, mandatory rebates in the destination country tend to limit
competition from parallel trade, whereas mandatory rebates in the source country work towards
intensified competition from parallel trade.

Proposition 6.2 summarizes the effect of mandatory rebates:

Proposition 6.2. A mandatory rebate on the wholesale price in the destination country i)
reduces competition from parallel trade by reducing the relative price difference between both
versions in the destination country, but reduces drug prices and ii) mitigates the double mar-
ginalization effect by decreasing the drug price in the source country. A mandatory rebate on the
wholesale price in the source country i) mitigates the double marginalization effect by decreasing
the drug price in the source country and ii) decreases the drug prices and intensifies competition
from parallel trade in the destination country. Regulatory instruments of both countries mutually

reinforce each other with respect to drug prices.
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6.5 Conclusion

In this chapter, I have studied the effect of pharmaceutical regulation at the wholesale level,
if markets are integrated by parallel trade. In particular, I have analyzed maximum wholesale
margins and mandatory rebates as a policy alternative with respect to effects on drug prices,
quantities, and public pharmaceutical expenditure.

In the model used in this chapter, parallel trade provides the manufacturer with the possi-
bility to exploit the strategic effect of exclusive territories in the destination country. He raises
wholesale prices in both countries to induce higher retail prices in the destination country and to
reduce competition from parallel trade. This results in a double marginalization effect in both
the destination country and the source country of parallel imports, increasing drug prices and
reducing quantities sold. In the absence of the possibility to stimulate downstream competition
or to enforce vertical integration, regulatory authorities may implement regulatory instruments
such as maximum wholesale margins or mandatory rebates to limit pricing at one of the two
market stages. At the same time, the respective other market stage is also affected by these
instruments. Under maximum wholesale margins, pricing by intermediaries is restricted, but
the manufacturer incorporates this effect in his price setting and adjusts wholesale prices in
response. Under segmented markets, the manufacturer may neutralize the effect of maximum
wholesale margins by increasing wholesale prices, but parallel trade prevents the manufacturer
from offsetting this effect completely. Under mandatory rebates, wholesale prices set by the
manufacturer are restricted; intermediaries, however, do not pass through discounts completely,
but keep a part of it.

Maximum wholesale margins enhance the manufacturer’s ability to reduce competition from
parallel trade in the destination country by increasing wholesale prices. Restrictions of pricing
by intermediaries in the destination country shift the competition-reducing effect from retail
prices to wholesale prices, which improves the effect of price increases. Under maximum whole-
sale margins, intermediaries do not absorb wholesale price increases partly, but pass them on

to retail prices completely. Restrictions of pricing by intermediaries in the source country mit-
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igate the double marginalization effect, allowing the manufacturer to focus on exploiting the
strategic effect in the destination country. Since the manufacturer cannot offset the effect of
markups completely, restrictions of pricing also reduce drug prices in the respective country.
But via the increase of wholesale prices, they increase drug prices in the respective other coun-
try. In the symmetric equilibrium with both countries applying maximum wholesale margins,
regulatory instruments exhibit an offsetting effect. Therefore, this regulatory instrument may
be inappropriate in a setting where markets are integrated by parallel trade.

Mandatory rebates may be an alternative, they restrict wholesale prices set by the manufac-
turer. A restriction of the wholesale price in the destination country allows the manufacturer
to reduce competition from parallel trade more easily, since a shift in demand from the parallel
import to the locally sourced version requires a lower wholesale price for the foreign manufac-
turer than under free pricing. At the same time, drug prices in both countries are reduced.
A restriction of the wholesale price in the source country intensifies competition from parallel
trade. It also reduces drug prices in both countries. In the symmetric equilibrium with both
countries applying mandatory rebates, regulatory instruments exhibit a reinforcing effect. This
is, the regulation of wholesale prices has a positive externality.

Generally, the results of the model are conditional on the contract choice of the manufacturer.
The model assumes the manufacturer to have full contract freedom and thus, being able to write
a two-part tariff in order to avoid the double marginalization problem. Limited contract choice
may also have an impact on the consequences of parallel trade, which needs to be investigated

further.
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Chapter 7

Conclusion

7.1 Summary of Results

In chapter 2, I have compared two instruments of pharmaceutical regulation, a maximum price
system and a reference price system with respect to their performance in achieving certain
health policy objectives. For identical price reductions of the brand-name drug, the lower re-
imbursement amount under the reference price system results in lower health expenditure, but
higher financial exposure of patients. Access to pharmaceuticals is better under the maximum
price system, although the generic quantity is higher under the reference price system. In the
aggregate, consumer surplus for brand-name users is higher under the maximum price system,
whereas consumer surplus for generic users is higher under the reference price system. Differ-
ent from the maximum price system, the reference price system reduces the brand-name price
premium and brings about a higher generic quantity. Consequently, there is a trade-off between
important health policy objectives: The reference price system may be more appropriate to
reduce public pharmaceutical expenditure or stimulate competition, but the maximum price
system performs better for distributive objectives of limiting financial exposure of patients and
guaranteeing access to pharmaceuticals.

In chapter 4, I have studied the externalities of national decisions on health policy, more
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precisely, changes in coinsurance rates. Parallel trade generates a competition effect in the
destination country, resulting in lower drug prices and a higher quantity sold. The higher
wholesale price (as compared to segmented markets) creates a double-marginalization effect with
a higher drug price and a lower quantity sold in the source country. Under market integration
through parallel trade, national decisions on coinsurance rates affect the trade-off between the
double marginalization effect and the competition effect. This makes the manufacturer adjust the
wholesale price and externalities occur. An increase in the coinsurance rate in the destination
country mitigates the double marginalization effect in the source country; an increase in the
coinsurance rate in the source country reinforces the competition effect from parallel trade in
the destination country.

In chapter 5, I have analyzed the consequences of parallel trade for health care systems.
In particular, I have compared a coinsurance scheme and an indemnity insurance scheme with
respect to changes of co-payments and public pharmaceutical expenditure. Under both cost-
sharing schemes, parallel trade results in price decreases in the destination country and a price
increase in the source country. The cost-sharing scheme determines whether savings from parallel
trade accrue and for whom. In the destination country, savings for patients from parallel trade
occur under both systems, but are relatively higher under indemnity insurance. However, only
under coinsurance, lower drug prices reduce public pharmaceutical expenditure. In the source
country, the drug price increase results in additional expenses for consumers under parallel trade,
but the associated reduction in quantity consumed benefits health insurance. Under coinsurance,
additional expenses for patients are relatively lower; under indemnity insurance the reduction
of health expenditure is relatively higher.

In chapter 6 I have studied the effect of pharmaceutical regulation at the wholesale level,
namely maximum wholesale margins and mandatory rebates as a policy alternative. Parallel
trade provides the manufacturer with the possibility to exploit the strategic effect of exclu-
sive territories in the destination country. By raising wholesale prices in both countries he

induces higher retail prices in the destination country and reduces competition from parallel
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trade. Maximum wholesale margins enhance the manufacturer’s ability to reduce competition
from parallel trade in the destination country by increasing wholesale prices. In a symmetric
equilibrium, maximum wholesale margins of both countries party offset each other, mandatory

rebates reinforce each other.

7.2 Policy Implications

As stated in the introduction, this thesis addresses two recurring conflicts of pharmaceutical
market regulation at the European level. My results have the following implications for health
policy:

First, a conflict between different health policy objectives is bound to occur. Chapter 2
illustrates that depending on the specific health policy objective, either the maximum price
system or the reference price system is more appropriate. Chapter 4 and chapter 5 emphasize
that national decisions on health policy — co-payment changes or the choice of reimbursement
systems — may induce a conflict between changes in financial exposure of patients and changes
in public pharmaceutical expenditure. Chapter 6 shows that price regulation may reduce drug
prices, but also restricts competition at the same time.

These results show that the choice between regulatory instruments implies a choice between
different health policy objectives. Vice versa, the decision for a specific health policy objective
determines the appropriate regulatory instrument. Furthermore, this implies that a careful
weighting of different health policy objectives is necessary. Given that neither expenditure
reduction nor distributive objectives should be neglected, regulatory decisions are not isolated,
but might induce further interventions. For example, a government intervention with the aim
of reducing public pharmaceutical expenditure might raise the issue of financial exposure of
patients and access to pharmaceuticals. A potential follow-up intervention could be to subsidy
pharmaceuticals for low-income groups, as through co-payment exemptions. On this account,
several EU member states such as Belgium, Finland, France, Germany, and the Netherlands have

introduced a ceiling for all co-payments (Mossialos & Le Grand, 1999). In Germany, patients
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are exempt from co-payments beyond the limit of 2 % of gross income (§ 62 German Social
Security Code V). On the other side, guaranteeing a broad access to pharmaceuticals while
limiting financial exposure of patients might bring about higher expenditure. This raises the
question of financing the health care system.

In general, a decreasing degree of (perceived) product differentiation between brand-names
and generics or locally sourced versions and parallel imports may alleviate this conflict. Closer
substitutes (from a patient’s perspective) intensify the competition between different suppliers
(interbrand and intrabrand), reducing drug prices. This reduces public pharmaceutical expen-
diture, limits financial exposure of patients, and improves access to pharmaceuticals. Conse-
quently, the "invisible hand of competition" is preferable to the "visible hand of regulators",
as stimulating competition in pharmaceutical markets mitigates the conflict between reducing
public pharmaceutical expenditure and limiting financial exposure of patients. In practice, a
major health policy challenge is to reduce the degree of product differentiation. With respect
to objective product differentiation between brand-name drugs and generics, this corresponds
to reducing permitted bandwidths of equivalence of additives and the degree of bioavailability.
As to perceived quality differences, either between brand-names and generics or locally sourced
versions and parallel imports, information of the public and mandatory substitution as means
for patients to gather experience with generics or respectively parallel imports could help to
reduce subjective product differentiation.

Second, under market integration national decisions generate externalities. Chapter 4 illus-
trates that nationally determined changes in coinsurance rates result in externalities and affect
drug prices and public pharmaceutical expenditure in other countries. Chapter 5 shows that
national competence in health policy allows member states to design their cost-sharing systems
according to their status as a source or destination country of parallel trade and thereby maxi-
mize benefits from parallel trade. Chapter 6 emphasizes that the choice of regulatory instruments
determines the type of externalities under market integration; depending on what market stage

is restricted in pricing, pricing restrictions of two countries may be strategic complements or
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substitutes.

This suggests that a coordination of coinsurance rates makes sense, but a harmonization
of cost-sharing systems may not be desirable. The decision on cost-sharing systems should
remain in the member states’ competence. This allows them to design their cost-sharing systems
according to their specific characteristics. But member states should coordinate decisions that
might affect other countries, such as changes in coinsurance rates. Originally, coinsurance rates
are intended to restrict moral hazard in utilization of health services. This does not require
frequent changes in coinsurance rates. Also, in order to incentivize patients to purchase lower-
priced alternatives, such as generics or parallel imports, a price-dependent design might be
adequate.

On the contrary, a harmonization of pricing regulation at the wholesale level makes sense, as
addressing the manufacturer is clearly preferable. Here, as the Treaty on the European Union
and the Treaty on the Functioning of the Furopean Union provide for national competence
of member states in determining health policy, member states may apply the so called Open
Method of Coordination. For wholesale regulation, externalities of national decisions of member
states are unavoidable. But by the harmonization of pricing restrictions, positive externalities
can be exploited.

Another type of externality may arise from efforts to reduce the perceived degree of product
differentiation between locally sourced versions and parallel imports. This would maximize the
competition effect of parallel trade and with it, as discussed above, reduce public expenditure,
minimize financial exposure of patients and maximize access to pharmaceuticals in the destina-
tion country. But on the contrary, in the source country, the perceived equivalence of the locally
sourced version and the parallel import would also maximize the wholesale price and with it
the double marginalization effect. Although this would reduce public expenditure, it would also
maximize financial exposure of patients and minimize access to pharmaceuticals. Thus, from the
perspective of the source country, there is also some interest in maintaining a certain degree of

product differentiation. This could be achieved by imposing country-specific requirements with
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respect to the packaging, which would result in an increased difference in appearance between
the two versions of the drug in the destination country. Thus, the perceived degree of product
differentiation poses a problem with respect to the welfare consequences of parallel trade for

destination and source countries.

7.3 Future Research

Based on this thesis, two avenues of future research come to mind:

First, the effect of the manufacturer’s contract choice can be included in the analysis based
on the framework presented in chapter 3. Whether the manufacturer may employ competition-
reducing vertical restraints or is limited in his contract freedom, determines the consequences of
parallel trade. On the one hand, in this model, the manufacturer optimizes the contract with
the intermediary by adopting a two-part tariff and then parallel trade occurs as a distortion.
As a consequence, the previously optimized contract is no longer profit-maximizing and the
manufacturer loses from parallel trade. Given that the manufacturer may not solve the double
marginalization problem by choosing an appropriate contract, parallel trade may even benefit
the manufacturer. On the other hand, vertical restraints adopted by the manufacturer may
determine the extent of parallel trade as they might help the manufacturer to block parallel
trade.

Second, the dynamic effect of pharmaceutical regulation and parallel trade is subject to
further research. Both reduce the manufacturer’s profits and might lower investment or inhibit
entry. Here, the static gains of regulation or competition by parallel trade have to be traded off

against the potential dynamic losses of lower quality, lower innovation or reduced entry.

136



Bibliography

Brekke, K. R., Holmas, T. & Straume, O. R. (2010): Reference pricing, competition, and
pharmaceutical expenditures: theory and evidence from a natural experiment, CESifo Working

Paper No. 3258.

Brekke, K. R., Kénigbauer, 1. & Straume, O. R. (2006): Reference Pricing of Pharmaceuticals,
CESifo Working Paper No. 1825.

Bordoy, C. & Jelovac, I. (2005): Pricing and welfare implications of parallel imports in the

pharmaceutical industry, International Journal of Health Care Finance and Economics 5, 5- 21.

Cabrales, A. (2003): Pharmaceutical Generics, Vertical Product Differentiation, and Public

Policy, UPF Working Paper No. 662.

Chen, Y. & Maskus, K. E. (2005): Vertical pricing and parallel imports, The journal of inter-

national trade & economic development 14, 1-18.

Danzon, P. M. (1997): Pharmaceutical price regulation: national policies versus global interests.

Washington, D.C..

Danzon, P. M. (2001): Reference Pricing: Theory and Evidence, in: Lépez-Casanova, G. &
Jonsson, B. (eds.): Reference Pricing and Pharmaceutical Policy: Perspectives on Economics

and Innovation, Barcelona, 86 - 126.

137



Danzon P. M., Wang, Y. R. & Wang, L. (2005): The Impact of Price Regulation on the Launch
Delay of New Drugs: A Study of Twenty-Five Major Markets in 1990s, Health Economics 14,

269 - 292.

Desogus, C. (2011): Competition and innovation in the EU regulation of pharmaceuticals: the

case of parallel trade. Cambridge.

EFPIA (2011): The pharmaceutical industry in figures,

http://www.efpia.eu/content /default.asp?PagelD=559&DocID=11586.

Ellison, S. F., Cockburn, I., Griliches, Z. & Hausman, J. (1998): Characteristics of demand for
pharmaceutical products: an examination of four cephalosporins, RAND Journal of Economics

28, 426 - 446.

Enemark, U., Mgller Pedersen, K.; Sgrensen, J. (2006): The economic impact of parallel imports

of pharmaceuticals. University of Odense.

Espin, J. & Rovira, J. (2007): Analysis of differences and commonalities in pricing and reim-
bursement systems in Europe, study funded by DG Enterprise and Industry of the European

Commission; Final Report, http://bit.ly/JcNCBy.

Ess, S. M., Schneeweiss, S. & Szucs, T. D. (2003): European Healthcare Policies for Controlling

Drug Expenditure, Pharmacoeconomics 21, 89-103.

EU Commission (2003): Communication COM(2003) 839 Commission Communication on par-

allel imports.

European Commission (2009): Pharmaceutical Sector Inquiry Preliminary Report,

http://ec.europa.eu/competition/sectors/pharmaceuticals/inquiry /communication _en.pdf.

Frank, R. G. & Salkever, D. S. (1992): Pricing Patent Loss and the Market for Pharmaceuticals,

Southern Economic Journal 59, 195 - 175.

138



Frank, R. G. & Salkever, D. S. (1997): Generic entry and the pricing of pharmaceuticals, Journal

of Economics & Management Strategy 6, 75 - 90.

Gaither, C. A., Kirking, D. M.; Ascione F. J. & Welage, L. S. (2001): Consumers’ views on

generic medications, Journal of the American Pharmaceutical Association 41, 729-736.

Ganslandt, M. & Maskus, K. E. (2007): Vertical distribution, parallel trade, and price divergence

in integrated markets. European Economic Review 51, 943-970.

Glynn, D. (2009): The effects of parallel trade on affordable access to medicines. Eurohealth 15,
1-5.

Grabowski, H. & Vernon J. (1992): Brand Loyalty, Entry, and Price Competition in Pharma-

ceuticals after the 1984 Drug Act, Journal of Law and Economics 35, 331 - 350.

Granlund, D. & Koksal, M. Y. (2011): EU enlargement, parallel trade and price competition in
pharmaceuticals: what’s to blame? ; derogation or perception?. Géteborg University Working

Paper No. 499, http://gupea.ub.gu.se/bitstream/2077/25500/1/gupea_ 2077 25500 1.pdf.

Grootendorst, P. (2006): Prescription drug insurance and reimbursement, in: Jones, A. (ed.):

The Elgar Companion to Health Economics, Cheltenham, 114-125.

Grossman, G. M. & Lai, E. L.-C. (2008): Parallel imports and price controls. The Rand journal

of economics 39, 378-402.

Hancher, L. (2004): The European Community dimension: coordinating divergence, in: Mossia-
los, E.; Mrazek, M. & Walley, T.(eds.): Regulating pharmaceuticals in Europe: striving for

efficiency, equity and quality, Maidenhead, 55-79.

Hopf, G. (2002): Arzneimittel: ,Aut idem* in Kraft — aber nicht so schnell, in: Deutsches

Arzteblatt 99(11), A-680 / B-556 / C-524.

Hurley, J. (2001): An Overview of the Normative Economics of the Health Sector, in: Culyer,
A. & Newhouse, J. (eds.): Handbook of Health Economics, Amsterdam, 55-118.

139



Kanavos, P., Costa-Font, J.; Merkur, S.; Gemmill, M. (2004): The Economic Impact of Phar-
maceutical Parallel Trade in European Union Member States: A Stakeholder Analysis. London:

LSE Health and Social Care Special Research Paper.

Kanavos, P., Vandoros, S., Irwin, R., Nicod, E. & Casson, M. (2011): Differences in costs of and
access to pharmaceutical products in the EU. Study requested by the European Parliament’s

Committee on Environment, public pharmaceutical and Food Safety, Brussels.

Kanavos, P. & Costa-Font, J. (2005): Pharmaceutical parallel trade in Europe: stakeholders

and competition effects. Economic Policy 20, 751-798.

Koksal, M. Y. (2009): Reference pricing: making parallel trade pharma-
ceuticals work. University of Gothenburg Economic Working Paper No. 376,
http://gupea.ub.gu.se/bitstream/2077/20431/4/gupea 2077 20431 4.pdf.

Konigbauer, I. (2004): Die Auswirkung von Parallelimporten auf die optimale Regulierung von

Arzneimittelpreisen. Vierteljahreshefte zur Wirtschaftsforschung 73, 592 - 604.

Kong, Y. (2008): Competition between brand-name and generics-analysis on pricing of brand-

name pharmaceutical, Health economics 18, 591-606.

Kyle, M. K. (2009): Parallel Trade in Pharmaceuticals: Firm Responses and Competition Policy,
in: Hawk, B. E. (ed.): International Antitrust Law & Policy, 339-358.

Kyle, M. K., Allsbrook J. S. & Schulman K. A. (2008): Does Reimportation Reduce Price
Differences for Prescription Drugs? Lessons from the European Union. Health Service Research

43, 1308-1324.

Linnosmaa I., Karhunen T. & Vohlonen I. (2003): Parallel importation of pharmaceuticals in
Finland: effects on markets and expenditures. Pharmaceutical Development and Regulation,

67-74.

140



Lopez-Casanova, G. & Puig-Junoy, J. (2000): Review of the Literature on Reference Pricing,
Health Policy 54, 87 - 123.

Magazzini, L., Pammolli, F. & Riccaboni, M. (2004): Dynamic Competition in Pharmaceuti-
cals. Patent Expiry, Generic Penetration, and Industry Structure, European Journal of Health

Economics 5, 175 - 82.

Maskus, K. E. (2000a): Intellectual property rights in the global economy, Institute for Interna-

tional Economics.
Maskus, K. E. (2000b): Parallel imports. The world economy, 23, 1269-1284.

Maskus, K. E. & Chen, Y. (2002): Parallel imports in a model of vertical distribution: theory,

evidence, and policy. Pacific economic review, 7, 319-334.

Maynard, A. & Bloor, K. (2003): Dilemmas In Regulation Of The Market For Pharmaceuticals,
Health Affairs 22, 31-41.

Merino-Castello, A. (2003): Impact of the Reference Price System on the Pharmaceutical Mar-
ket: a Theoretical Approach, Universidad Pompeu Fabra Working Paper No. 524. Available at

http://www.econ.upf.edu/docs/papers/downloads/524.pdf.

Mestre-Ferrdndiz, J. (2001): Reference Prices: The Spanish Way. Investigaciones econémicas

27, 125-149.

Miraldo, M. (2007): Reference pricing versus co-payment in the pharmaceutical industry: Firms’

pricing strategies. CHE Working Paper No. 27.

Mossialos, E. & Le Grand, J. (1999): Cost containment in the EU: an overview, in: Mossialos,

E. & Le Grand, J. (eds.): Health care and cost containment in the European Union. Ashgate.

NERA (1999): The economic consequences of the choice of a regime of exhaustion in the area

of trademarks. Final report for DGXV of the European Commission.

141



OECD Health Data (2010): Selected Data, http://stats.oecd.org/Index.aspx?DataSetCode=HEALTH.

Pavenik, N. (2002): Do Pharmaceutical Prices Respond to Potential Patient Out-of-the-Pocket

Expenses?, RAND Journal of Economics 33, 469 - 487.

Pecorino, P. (2002): "Should the US allow prescription drug reimports from Canada?. Journal
of Health Economics, Elsevier 21, 699-708.

Persson U., Anell A, Persson M. (2001) Parallelhandel med likemedel i Sverige - en ekonomisk

analys. 2001. Lund, Sverige, IHE - Institutet for Hilso- ochsjukvardsekonomi.

Puig-Junoy, J. (2010): Impact of European Price Regulation on Generic Price Competition,
Pharmacoeconomics 28 (8), 649-663.

Raimondos-Mgller, P. & Schmitt, N. (2010): Commodity taxation and parallel imports. Journal

of public economics 94, 153-162.

Rey, P. (2003): The Impact of Parallel Imports on Prescription Medicines. mimeo, University

of Toulouse.

Rey, P. & Verge, T. (2008): Economics of Vertical Restraints. in: Buccirossi, P. (ed.): Handbook

of Antitrust Economics, 353-390.

Robinson, R. (2002): User charges for health care, in: Mossialos, E.; Dixon, A.; Figueras, J. &

Kutzin, J. (eds.): Funding health care: options for Europe, Buckingham, 161-183.
Scherer, F. M. (1996): Industry structure, strategy, and public policy, New York.

Scherer, F. M. (2001): The Pharmaceutical Industry, in: Culyer, A. & Newhouse, J. (eds.):
Handbook of Health Economics, Amsterdam, 1297- 1338.

Schmalensee, R. (1982): Product Differentiation Advantages of Pioneering Brands, American

Economic Review 72, 349 - 365.

142



German Social Security Code V ("Fiinftes Buch Sozialgesetzbuch - Gesetzliche Krankenver-
sicherung - (Artikel 1 des Gesetzes vom 20. Dezember 1988, BGBL. I S. 2477), das zuletzt durch
Artikel 8 des Gesetzes vom 12. April 2012 (BGBI. I S. 579) geéndert worden ist").

Taylor, D., Mrazek, M. & Mossialos, E. (2004): Regulating pharmaceutical distribution and
retail pharmacy in Europe. in: Mossialos, E.; Mrazek, M. & Walley, T.(eds.): Regulating phar-

maceuticals in Europe: striving for efficiency, equity and quality, Maidenhead, 55-79.

Timur, A., Picone, G. A. & DeSimone, J. (2010): Has the European Union achieved a single phar-

maceutical market?. NBER Working Paper No.16261, http://www.nber.org/papers/w16261.pdf.

Valletti, T. M. (2006): Parallel trade, international exhaustion and intellectual property rights:

a welfare analysis. The Journal of Industrial Economics 54, 499-526.

Waber, R. L., Shiv B.; Carmon Z. & Ariely D. (2008): Commercial Features of Placebo and

Therapeutic Efficacy, Journal of the American Medical Association 299, 1016-1017.

West, J. & Mahon, P. (2003): Benefits to Payers and Patients from Parallel Trade. York Health

Economics Consortium, University of York.

Wiggins, S. N. & Maness, R. (1994): Price Competition in Pharmaceutical Markets, Texas A&M

University, Department of Economics Working Paper.

Zweifel, P. & Manning, W. (2001): Moral Hazard and Consumer Incentives in Health Care, in:
Culyer, A. & Newhouse, J. (eds.): Handbook of Health Economics, Amsterdam, 409-459.

143



Appendix A

Appendix to Chapter 2

A.1 Generic Competition Paradox

Frank & Salkever (1992) explain the generic competition paradox with brand loyalty in a hori-
zontal differentiation model (brand loyal customers would never purchase the generic, no matter,
how high the price difference is). In Cabrales (2003) vertical product differentiation accounts for
the generic competition paradox, but only for some distribution of tastes. Kong (2008) explains
it with different health insurance coverage across the population.

This model is able to explain the emergence of the generic competition paradox with the
help of vertical differentiation resulting from consumer switching cost. These are determined
by degree of uncertainty about the quality of the drug, thus in this model the generic competi-
tion paradox does not arise dependent on demand side characteristics such as brand loyalty or
distribution of tastes, but rather emerges in connection with certain product characteristics.

Under patent protection the brand-name producer enjoys monopoly pricing power, but there
is also uncertainty about whether the drug is well-working, i.e. effective and well-tolerated. This
translates into a quality discount of (1 — 7) now applicable to the brand-name drug’s quality.

A consumer who is indifferent between purchasing and trying the brand-name drug b or not
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has a gross valuation 6%, given by

s(1—7)—cp=0 (A.1)

yielding
Ch

0=y (A.2)

Hence, with ¢, = kpy*®" being the patient co-payment demand for brand-name drug b is given

by
ﬁ.pl’gnon

=1-—— A3
b (1-71)s (A-3)

Thus, under patent protection profit for the brand-name drug producer is given as

/{plr)non

Imon — pmon (1 _ A4
b Py ( (1 — 7_) 5 ( )

with the first order condition

The resulting monopoly price is

ARkl g (A.6)

The generic competition paradox would imply that the second-period Stackelberg price (py =

ST

Rl JrT)) is higher than the monopoly price that is

ST s(l—1)
> ;
E(1+7) 2K

(A7)

which is the case when 7 > /2 — 1 ~ 0.4142.Thus, the emergence of the generic competition

solely depends on the parameter 7, which is determined by subjective probability that a drug
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does not work ¢, disutility from non-working drug x and the discount rate r:

14 s
= pr—n—. A8
[ wr— (A.8)

The parameter 7 positively depends on all of these parameters. The higher the subjective
probability that the drug does not work i.e. the greater the uncertainty is, the higher is the

quality discount factor:
& Cr(I+)(1+7)
o9 (1+7—¢)?

> 0. (A.9)
The higher the possible damage from a non-working drug is, the higher is the quality discount:

or ro

The higher the discount rate is, i.e. the less frequent the purchases take place (and the longer
the treatment time), the more important is the individual purchase and the higher is the quality

discount:
or _ ¢(1+3)(1+9¢)
o (+r—g)

> 0. (A.11)

Thus, it depends on product characteristics of a single drug, whether the generic competition
paradox can be observed. The subjective probability of non-working, the disutility from non-
working drug x and the frequency of intake (the discount rate r) probably depend on indication
for which the drug is intended, e.g. drug against headache is probably associated with a lower
potential quality discount 7 than drug against more serious conditions. This is in line with
empirical observations, that sometimes confirm the generic competition paradox and sometimes
not, depending on which drugs were included in the data. According to the models of Frank &
Salkever (1992), Cabrales (2003), and Kong (2008) the generic competition paradox would be a

persistent phenomenon.
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A.2 Equivalence of Exogenous and Endogenous Quality Differ-

ence

An exogenous quality difference results from uncertainty with respect to the characteristics and
the equivalence of the generic. This uncertainty is captured by the subjective probability ¢ that
a drug does not "work", i.e. is not therapeutically effective and well-tolerated. By assumption,
both the brand-name drug and the generic version "work" for all patients. But at the point
of time considered in this model, the brand-name drug is already established on the market,
whereas the generic has just been introduced!. Hence, consumers know the brand-name drug
well, while for the generic uncertainty regarding the characteristics of this drug and especially
the equivalence to the brand-name drug prevails for all buyers.

A consumer who buys a drug ¢ of quality s obtains a net utility of

0s —¢; if the drug "works"
U(0,s,ci)= { (A.12)

—x0s — ¢; if the drug does not "work

where ¢; is the patient co-payment for drug ¢ and —fs;, r > 0 is the value of a "non-working"
drug. The utility derived from no drug purchase is zero. Consumers are risk neutral, have
infinite time horizons and behave rationally. They always have enough money to buy a unit, if
they consider it to be optimal. If they are indifferent between purchase and non-purchase, they
buy; if they are indifferent between both drugs, they buy the brand-name drug. Patients have
static expectations, they don’t assume prices to change?.

Following Schmalensee (1982), a consumer purchases and tries an untested drug during its

introductory period (while he/she is not sure, whether it "works"), if the expected surplus from

'This part follows Schmalensee (1982).
2Schmalensee (1982) shows that the reversal of this assumption into the opposite extreme - perfect foresight -
does not change results.
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the purchase is at least as high as the surplus from the purchase of an alternative:

pl(—ebs — ) + 2) 4 (1= ) (B3 — )Ty > 210

A.13
r r ( )

where r is the one-period discount rates and z is the surplus from the purchase of a substitute.
The term ¢((—0s—c;)+ %) denotes discounted surplus, when the drug is bought and turns out
not to "work", forcing the consumer to switch back to the substitute. The term (1 — ¢)((0s —

cﬂ%) gives discounted surplus, if the drug is bought and "works" and the consumer continues

to buy it forever and the term z% denotes the discounted surplus from buying the substitute.
The subjective probability ¢ that a drug does not "work" can be transformed into a para-
meter (1 —7) having the same effect as a quality differential compared to a "known", i.e. tested,

drug by rewriting the expression above as:

1+ ¢

—_ (A.14)
l+r—o

¢i <0s(l1—7)—zwith7=¢r

simply stating that a drug is only bought, if the co-payment c¢; does not exceed the utility
(reduced by uncertainty) from consumption less the utility that would be obtained from a
substitute (Schmalensee (1982)).

Reduction of the pre-purchase uncertainty regarding the generic version to the parameter
7 implies less utility from the drug under uncertainty (6s(1 — 7)) than under certainty (6s).
This impact of uncertainty on utility increases with the subjective probability ¢, the cost of a
non-working drug s and the discount rate r. Thus, the more harm a "non-working" drug causes
and the more often a drug has to be taken®, the greater the impact of pre-purchase uncertainty.
It is assumed that 0 < 7 < 1 for the following considerations, as at a 7 > 1 a new drug would
never be purchased at a positive ¢;. If consumers are sure that the drug "works", ¢ = 0 and

thus also 7 = 0. Vice versa, 7 = 0 only, if ¢ = 0.

3Inter-purchase time is constant, amounts to one period and can be interpreted as treatment duration, as a
drug has to be taken by patients the whole time between two purchases. More frequent purchases and thus shorter
treatment periods result c.p. in a smaller r.
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In the duopolistic period considered here, as consumers have purchased the brand-name
drug before, but don’t know the generic, uncertainty only applies to the generic. Hence, for
the brand-name drug, ¢ and 7 are 0 and the alternative is switching to the generic yielding a
surplus of z = 0s(1 — 7) — ¢4. For the generic, ¢ > 0 and therefore 7 > 0 and the alternative is
purchasing the brand-name drug with a surplus of z = 0s — ¢,.

Consumers purchase the brand-name drug, if the co-payment for the brand-name drug is
less than the utility from purchase less the surplus from the generic

Ch — Cyq

ey <Os—(0s(1—7)—cq) = 60> (A.15)

ST

Consumers switch to the generic, if the co-payment for the generic is less than the utility from
purchase (while uncertainty results in switching cost) net of the surplus from buying the brand-
name drug and if the net surplus from purchasing the generic is nonnegative

cg<03(1—7)—(03—cb)<:>0<ch

(A.16)

and

g <Os(1—7)<=0< ﬁ. (A.17)
cp—Cqg

Hence, consumers with a valuation higher than or equal to purchase the brand-name drug,

S

while consumers with a valuation lower than %Cq and higher than or equal to % buy the

generic. Thus, demand for brand-name drug b and for the generic g is given by

Chb—Cq Cq

— % and qqg = (A.18)

c
—1— .
@ ST ST s(l—1)

If, however, the quality difference between both drugs is considered to be of endogenous nature,
stemming from the firms’ decisions to invest in quality, the brand-name drug has quality s; and
the generic quality sg.

A consumer who is indifferent between purchasing the brand-name drug b or the generic
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version g has a gross valuation 0*, given by

0% sp — cp = 0%sy — cg, yielding 6% = &= (A.19)
Sp — Sg

while a consumer who is indifferent between buying the generic and not buying at all has a gross
valuation 6, given by

0sq —cq =0, yielding 0 = EZ. (A.20)

Hence, demand for brand-name drug b and for the generic g is given by

Chb—Cqy Cg

ap=1- b7 and dg = (A.21)

Sh— Sg Sb—Sg  Sg

If s, is considered to be a constant proportion of s;, endogenous and exogenous quality difference

can be matched

sp=58, sq=(1—-17)s (A.22)
and hence
cp—¢ cp—¢ c c
0* = g = L 0="=—"— A.23
Sp— Sg st T sy s(l—71) ( )

That is, without loss of generality, the objective difference between b and ¢ can also be captured

by the parameter 7. Accordingly, the utility function is given as

s —c; ifi="b
U,7,s,¢) = { (A.24)
0(1—-1)s—¢ ifi=g.
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A.3 Comparative Statics with respect to Quality, Coinsurance

Rate, Product Differentiation, and Regulatory Parameter

Change in Quality Willingness to pay increases with quality. This is capitalized by both

firms, which increase prices. Regulation reduces the firms’ ability to do so:

0 op}! 0 op?
ﬂ ﬂ>0’ pb>&>07
0s 0s

ds ~ s
Oy Oy, Oy _ Opg
s > s > > 0. (A.25)

>0, 0s 0s

Quantities are independent of s:

Oy _ 94y _ 945 _
ds Js ds ’
04y ]
29— A9 _ 719 _ A2
0s 0Os Os (4.26)
Profits increase due to higher prices (and unchanged sales volumes):

oI, S o1y >0 oI, S oI} -0

Os 0s © 0Os Os ’

oIl oty oIl o11g

7> >0, 2> "2 >0. (A.27)

O0s 0s O0s 0s

Change in Coinsurance Rate A higher coinsurance rate x increases the price elasticity of

demand. Firms absorb this through prices. Consequently, prices decrease in k:

Opy op)) op;
— 0, —2= <0, —2<0
Ok < 5 Ok <5 Ok <5
dpg opy dpg

S 0, 9 <0 5 < 0. (A.28)
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Regulation reduces the responsiveness of prices:

e Opy| || |9y

Ok Ok |’ | Ok Ok

dpg py | |9pg| _ |Opg

—= —_— —= —Z|. A2
Ok ok |’ | Ok Ok (A-29)

Under no regulation and the maximum price system, quantities are independent of the coinsur-

ance rate:

Oqy _ Oqy _ 0

Ok Ok ’

8‘]9 3615

Ok Ok 0 (A-30)

Under the reference price system, increased price elasticity of demand results in lower quantities:

9q? 9q3
% <0, % <0. (A.31)
Profits decrease due to higher prices:
o1, oIy o1y
—_— 0, =—= <0, =—=2<0
o S U Tas S o U
o1l oty oI
8—: < 0, a—;’ <0, 87: <0. (A.32)

Change in Degree of Product Differentiation The parameter 7 does not only denote the
degree of product differentiation, more precisely, the size of the quality difference between the
brand-name drug and the generic. It also relates to the degree of competition between the two
firms.

If 7 = 0, both drugs are considered to be of the same quality and competition between
both firms amounts to Bertrand competition with homogenous products. Both firms price at
marginal cost, i.e. drug prices are zero. The market will be covered, with a brand-name market

share of % and a generic market share of % The other extreme is 7 = 1. In this case, no
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quality is associated with the generic and the gross utility from it is zero. Consequently, there
is a monopoly for brand-name producer, who charges the monopoly price of p, = 5 and sells a
quantity of ¢, = %

Under no regulation, the brand-name drug price increases with 7:

Ipy
—_— . A.
or >0 (A.33)

Under no regulation, there are two effects of an increasing 7 on the generic price, a direct negative
effect from the best-response function and an positive strategic effect from the brand-name drug
price. For 7 < 2¢/3 — 3 (7 > 2v/3 — 3) the positive (negative) effect dominates and the generic

price increases (decreases) with 7:

) )
%>01f7<2\/§—3,%<0if7>2\/§—3. (A.34)

Under the maximum price system, the impact of increased product differentiation on prices

depends on the degree of regulation. If the degree of regulation is low (u < for the

6
3+67+72
brand-name price and p < mfor the generic price), prices increase with 7. If regulation
is strict (p > m and p > W“(Hﬂ’ respectively), prices decrease with 7. That is, strict

regulation may prevent the price increases due to increased product heterogeneity.

op}) 6 op

o if - - if - -

or - 01'u<3+67'—i—7'27 8T<01'u>3+67'+7'2

oply . 4 Iy ..

O N TP S R < Py} Y . — A.35
or - 1'LL<(5—|—T)(1+T)’ or < 1'LL>(5—|—T)(1+7') ( )

Under the reference price system, the impact of increased product differentiation on prices does
not depend on the degree of regulation, but on the degree of 7. If 7 is low (7 < V15 — 3
for the brand-name drug and 7 < 2v/3 — 3 for the generic), prices increase with 7, if 7 is
high (7 > V15 —3and 7 > 2V/3 -3 respectively), prices decrease with 7. That is, for more

heterogenous products, the mere introduction of a reference price system, independent of its
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specific design prevents price increases due to increased product differentiation. On the other
hand, if products are closer substitutes, increased product differentiation will always result in

price increases, no matter how strictly regulated the market is:

ap? ap?

% > Oif7<\/15—3,%<01f7>\/1 _3

ape ap?

% > 01f7<2\/§—3,%<01fr>2\/§—3. (A.36)

Under no regulation and the reference price system, both quantities decrease with 7.

Oqp oq

or <0 or <0,

86]9 aqg

— — . A.
5L < 0,50 <0 (A.37)

If the market is not regulated, a higher brand-name drug price induces consumers who bought
the brand-name drug before to switch to the generic whose price either decreases (if 7 is high)
or increases (if 7 is low), but by less than the brand-name price (% > %LT"). This is also the
case under the reference price system, if 7 is low. But why do some consumers switch to the
generic, when 7 is high and the brand-name price decreases? The generic price also decreases
and even though it decreases by less than the brand-name price it induces consumers to switch
to the generic. The explanation is the design of the co-payment for the brand-name drug. As
both drug prices decrease, also the reference price (which is linear function of both drug prices)
decreases and with it the subsidy for the brand-name drug decreases. Consequently, the relative
co-payment for the brand-name drug is higher than for the generic drug and some consumers
switch. The quantity of the generic decreases due to two factors: First, if the price of the generic
increases with 7 — and this is the case under no regulation and under the reference price, if 7is
low — some consumers quit buying the generic. Second, when 7 increases, the gross valuation of
the generic (0 (1 — 7)) decreases so that consumers with low valuation 6 do no longer buy the

generic, even if the price of the generic decreases. That is, as both quantities decrease with 7,
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the more differentiated the two drugs are, the larger is the part of the market that is uncovered.
Under the maximum price system, the impact of increased product differentiation on the brand-
name price depends on the degree of regulation. The quantity of the brand-name drug decreases
(increases) in 7, if p is small(p < m) (if p is large (p > m)) The quantity of

the generic decreases with 7:

qu’f ) 4 aqéf )

et} £ = Y £ I

or > OI'LL<(5—I—T)(1+T)’ or <01'u>(5—|—7')(1+7')

—8(]5 < 0 (A.38)
or ' '

The impact of increased product differentiation on profits will be discussed in Section 4.3.

Change in Regulatory Parameter An increase in the regulatory parameters implies stricter
regulation, ceteris paribus. Under the maximum price system, a lower mark-up is granted for the
brand-name drug and under the reference price system, the generic is given a higher weight in
the reference price and thus, the reimbursement amount is lower. An increase in the regulatory
parameters magnifies the effects of maximum price and reference price regulation on prices,
quantities and profits:

Both drug prices decrease in p under the maximum price system and in g under the reference

price system:

op}, dpy

— 0, — <0

au < ) au < b

o dpg

— — . A.
9o < 0, B0 <0 (A.39)

Under the maximum price system, the brand-name quantity increases in pand the generic
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quantity decreases in p. Under the reference price system, both quantities increase in p:

aa(f > 0, %‘f <0,
aaqf > 0, %qj > 0. (A.40)
Profits decrease in p and o:
(98115 < 0, é?f <0,
8;25 < 0, 8;25 < 0. (A.41)
A.4 Health Policy Objectives
A.4.1 Price Reductions
Regulatory price-equivalence 1 (1)
- sTR—p(d+7) s7(2—0(kt+o(l—kK)—-2=(ci+o(—K))T0) e
k(34 7) k+o0(1—kr)[kB+7)+30(1—71)(1—kK)]
Y= Q6(/<a+g(1—7)) —k(0(9-107) =72 (2-0)) —Kk*(1-7)(3=7)(1—0) (A.42)

(t+1)[k+0(1—r)][kB+7)+30(1—7)(1—K)]

Price reductions-equivalence 1 (p)

o= s¢(2—u(1+7)): 257 (k+0(1—17)(1—K)) — 2
b K(3+7) k+0(1—kr)[kKB+7)+30(1—71)(1—kK)] b
po= 20 (1 — k) (72 +3) +60* (1 —#)* (1 — 1) (A.43)

1+7)[k+0(1—-kK)]KB+7)+30(1—71)(1—kK)]
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wir) wim)

A.4.2 Expenditure Reduction

Brand-name Price, 7 = 0.9

If the pharmaceutical market remains unregulated, public pharmaceutical expenditure is given

as the reimbursed fraction (1 — k) of total expenditure (unregulated price x quantity):

B

37(1—5)(5—7).

E=(1—-k)(pugp +pgqq) = A.44
(1= ) () = == 50 (A4
Under the maximum price system, the lower prices of both drugs reduce expenditure to
(1 =) (Phay +Pyay)
sT(l—r)4G—7)—8u(1—7%) —p?>Br+1)(r+ 1)3] (A45)

4k (34 7)?

and under the reference price system, both lower prices and a lower basis for reimbursement

(not the market price, but the reference price is the basis for reimbursement) contribute to lower
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expenditure of:

E® = (1—&)(pfay +p3qd)

K(b—7)—ko(7—3T)

ST(lH)[H+Q(1T>(1H)}|: }
+o(1—=7)(5-20(1~-k))
= ) (A.46)

k+o(l—r)]kB+7)+30(1—7)1—r)?

Thus, both regulatory instruments succeed in reducing pharmaceutical expenditure:

E_gr — stu(t+1)(1-—r)8A1—-7)+puBr+1)(r+1)) =0
4k (3 +7)° ’

i k0% (1 —7) (1= K) (90 — 277 4 2872 + 573) ]
+r%0 (T +3) (15 — 117 + 1372 — 77)
&3 (T+3)(9-7)(1—7)

—3k202 (1 —7)* (1 — k) (18 — 57 — 72)
+0° (1 =712 (1-r)*9(5— 1)

(1— k) —ko® (1 —71)% (1 — r)* (27 - 217 — 272)

E—-E° = s7 — =—— > 0.(A.47)
k B4+1"[k+0(1—r)[B+7)+30(1—17)(1—kK)]
Expenditure-equivalence E*
sT(1— k) [4(5—7‘) —8u(1—1?) —,u2(37—|—1)(7+1)2}
Bt —
4k (3 +71)°
K(b—7)—kro(7T—3T
sromitol-n—r| "7
Fo(1-7)(5—20(1 - k)

_ = E¢ (A48)

[+ 0(1—k) [n(3+7’)+3g(1—7)(1—m)]2
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r=0.1,r=01

0.09 (0.819 + 0.1) (—1.620 + 3.830 + 0.49)
(0.904 0.1) (2.430 + 0.31)?

2.198 7x 109 0+1.804 6101002 +4.9273x 101993 +8.909 9x 107
1.957 2x10100347.168 5x 10902 +8.734 0x 108 0+3.539 3% 107
500004/2.972 9% 1010 66 +1.936 6 x 101005 +5.167 6x 109 04 +7.191 4x 108 03 +5.459 8 107 02+2.114 2x 1060+ 31755
- 1.9572x1010934+7.168 5x 109 02+8.734 0x 108 p+3.539 3x 107

= F°

EF = —3.6829 x 107212 — 0.18543u + 0.458 90 =

7=0.5, k=0.1

0.45 (0.450 4 0.1) (—0.90 + 1.950 + 0.45)
(0.90 +0.1) (1.350 4 0.35)?

2.2564x107p+1.138 1x 10892 +1.807 6 x 10805 +41.350 0x 106
3.3893x10803+2.134 0% 10802+4.230 8x 107 0+2.531 2x 106
_50000+/1.699 9x 108 06+1.886 3x 108 05+8.288 0x 107 94 41.802 9x 107 03+1.954 9 x 106 2+89009. 0+729.19
3.3893x10803+2.1340x 10892 +4.230 8x 107 p+2.531 2x 106

— E°

EF = —0.51658u% —0.551 024+ 1.653 1 =

=09, k=01

0.81(0.090 + 0.1) (—0.180% 4 0.070 + 0.41)
(0.90 +0.1) (0.270 4 0.39)?

3.5516x107 p+4.4258x107 02 +1.4753x107 0% +3.420 1 x 108
2.592 8% 10803 +7.778 3x 108 02 +6. 241 8x 108 0+6.010 7x 107
_1.0x 10° \/9. 0316x10606+5.246 8x10705+1.157 3x 108 0% +1.168x 108 03 +4.892 7x 107 024-4.155 7x 106 0+1163.2
2.592 8% 10803+7.778 3x 10802 +6. 241 8x 108 0+6.010 7x 107

EF = —1.7783u% —0.20237p +2.1834 = = E?
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Expenditure, 7 = 0.9

Assuming identical price reductions under the maximum price system and the reference price
system implies the following relationship between the regulatory parameters p and p, see also

price reductions-equivalence 1 (p):

o= ST(Q—u(1+T)): 257 (k+0(1—1)(1—kK)) — 2
b k(34 7) k+o0(1—r)][kB+7)+30(1—7)(1— k) b
2k0 (1 — k) (T +3) +60° (1 — k)> (1 - 7)

A+7)[r+el—r)EB+7)+3e(1-7)(1-r)]

(A.49)

Then public expenditure under the maximum price system can be written in terms of the

regulatory parameter g as:

(1 r) /423(5—7')4-4/432@(4—37'4—7'2)(l—l‘i)

+r0% (1 —7) (17 = 67+ 372) (1 — k)* + 60° (1 — K)* (1 — 7)°

Ble)=sm hto(—mPrG+r)+30(l—1) (1 n)P

(A.50)
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For identical price reductions, public expenditure is lower under the reference price system:

B — E° |

[ 21432+ kGBrE(1-7)
+ro(1— k) (1 —7) (24 37?)

sTo(1—r) | +r20(1—r) (4427 — 572+ 373)

+02(1—k)>?A—7)(1—T+r(T+5))

+20* (1 - r)* (1= 7)°

= - 3 57— >0
k+o0(1—r)] [KB+7)+30(1—7)(1—K)]
A.4.3 Equity and Access
Out-of-pocket Expenditure/Co-payments
Co-payment-equivalence for the brand-name
o sTR2—p(1+7) sT2+o(1—7)(1—r)) _ L
b 34+71) kBT +30(1-7)(1—-k)
o(1—r) (=47 + 72 +3)
L

KMAT+724+3)+30(1 —k) (1 —172)
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Brand-name Co-payment, 7 = 0.9

Assuming identical price reductions under the maximum price system and the reference price
system implies the following relationship between the regulatory parameters p and p, see also

price reductions-equivalence 1 (p):

o= 37(2—u(1+7')): 25T (k+0(1—7) (1 —K)) _
b K(3+7T) k+o0(1—kr)[kB+7)+30(1—7)(1—kK)] b
Y- 2k0 (1 — k) (724 3) + 60> (1 — k)* (1 —7) (A.53)

1+7)[s+0(1—r)]rB+7)+30(1—7)(1—k)]
Then the copayment for the brand-name drug under the maximum price system can be written
in terms of the regulatory parameter ¢ as:

2skm(k+0(1—7) (1 —RK))

a (0) = k+o(1—r)][KB+7)+30(1—7)(1—r)]

(A.54)
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Taking identical price reductions as a basis of comparison, the copayment for the brand-name

drug is lower under the maximum price system:

po_ 0
Cb cb ‘pb:pg
L 1-r)(k(Q+71)+0(1—7)(1—k))
IR PPy e oy O Sy ey Ry (A.55)
Co-payment-equivalence for the generic
p o sT2-—p(d+7)(A-1) ksT (1 —T) .
9 = 2(3+7) T kB+n+3e(0-n(1-r) 9
B 6o(1—7)(1—k)
b ARG  +8e( -1 (1A (450
1.0 . W ()
| = T T viw)
0.8 e
-
T -
0.6 T 7
7
4 / G#
0.4 T /
1 7
/
0.2 T
1
0.0 t t f f | £
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Generic Co-payment, 7 = 0.9

Assuming identical price reductions under the maximum price system and the reference price

system implies the following relationship between the regulatory parameters p and p, see also
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price reductions-equivalence 1 (p):

o= sTR—p(+7) 25T (k+0(1—7)(1—r)) _ e
b K(3+7T) k+o0(1—kr)[kKB+7)+30(1—71)(1—k)] b

_ 260 (1~ k) (7° +3) + 60> (1 — #)* (1 - 7)
T 0 e RIEG ) + 31 (- A (A.57)

Then the copayment for the generic drug under the maximum price system can be written in

terms of the regulatory parameter ¢ as:

o (o) = 2kt (1—=7)(T+3)(k+0(1 —7)(1 —k)) (A.58)

2B+ 1) (k+o(l1—kK)(KB+T)+30(1—7)(1—r))’

Taking identical price reductions as a basis of comparison, the copayment for the generic drug

is lower under the maximum price system:

¢y = C5 |p2‘:p§
S sir?o(L—r) (1—7)
T Thte(-m) kBN +3e(-N({=r) " (A.59)

Total Quantity

Quantity-equivalence

o 6+Tu(1+T): 3(k+o(l—1)(1—k)) — Qe
2(3+7) KB+7)+30(1-7)(1—k)
. 6o(1—7)(1—k) (A.60)

(T+1D)[kB+7)+30(1—7)(1—r)]
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Total Quantity, 7 = 0.9

Assuming identical price reductions under the maximum price system and the reference price

system implies the following relationship between the regulatory parameters p and p, see also
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price reductions-equivalence 1 (p):

g o) 257 (5 + 0(1=7) (1 = ) iy
b K(3+7T) k+o0(1—kr)[kKB+7)+30(1—71)(1—k)] b
- 2k0 (1 — k) (124 3) + 602 (1 — k) (1 — 1) (A.61)

1+7)[k+0(1—r)][kB+7)+30(1—7)(1—r)]

Then total quantity under the maximum price system can be written in terms of the regulatory

parameter o as:
k120 (1 — K)

QO = A= B+ +3e(1=) (1 =)

(A.62)

Taking identical price reductions as a basis of comparison, total quantity is higher under the

maximum price system:

Q‘u - QQ ’pb:pg
k120 (1 — K)

- ["i"'Q(l_"Q)][5(3—1‘7')4-3@(1—7')(1—5)]>0' (A.63)

Consumer Surplus

If the market is not regulated, consumer surplus for the brand-name users is given as

1 25(2—1)

CSy = [(0s — rpy)do = =2~ A.64
b Gf*( b) — (A.64)
and for generic user as
o s(l—1)
cS,=[(0(1—- — dd = ———%. A.65
= 0075 = o = 20T, (A6

Under the maximum price system, consumer surplus for the brand-name users is given as

. 19 “dQ—8[4(2_7—)_M(T+1)(1_3T)] A4 p(r+1)2 66
b = 05 =y )df = 8(7 +3)° ’ (A.66)
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which is higher than in the benchmark case, as a larger quantity is consumed at a lower price:

s+ 1) [4 (1447 = %) = (1= 37) (r + 17

CS,—CSI'=— < 0. A.67
P 8(r+3)° (A.67)
Consumer surplus for generic users is given as
o 1-7)2—p(1 2
oSt = [0 —7)s — rpttyd = “L D@ (LE 7)) (A.68)

8(7+3)°

5

which is lower than in the case of no regulation, as the effect of a lower quantity dominates the

effect of a lower price on consumer surplus:

sp(l—7%) (4—p(d+7))
8(r+3)?

CS, — CSt = > 0. (A.69)

Under the reference price system, consumer surplus for both brand-name users and generic
users is higher than under no regulation, since drug prices are lower and higher quantities are

consumed:

25(2—7)(k+0(1—7)(1—k))?
[kKB+7)+30(l—7)(1—r)?

)

1
CSy = [(0s—rpf — (py — pR))d0 =
0*

2k (T +3)
2sto(1—k)(1—7)(2—1)
+o(1—=r)(6+7)(1—7)
CS,—CS) = — <0 (A.70)
(432 [kB+7)+30(1—7) (1 —r)]2

G 1 (k+o(1—7)(1—K)?
Csy" = Qf(e(l—T)s—Hpg)de—is(l_T) [k (3+7)+30(1—7)(1—r)2
0S,— 082 = o= A=) Rr(r+3) + (=R E+DA=7]

2B+7)[kB+7)+30(1—7)(1—k)?2

Assuming identical price reductions under the maximum price system and the reference price

system implies the following relationship between the regulatory parameters u and p, see also
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price reductions-equivalence 1 (p):

o= sr(2—,u(1—|—7’))z 251 (k+0(1—7) (1 —k)) .
b K(3+T) k+o0(1—r)|[kEB+7)+30(1—7)(1—K)] b
. 20 (1 — k) (12 +3) + 60> (1 —K)* (1 —7) (A72)

(I+7)[k+0(1—=r)kB+T7)+30(1—7)(1—r)]

Then consumer surplus for brand-name users under the maximum price system can be written

in terms of the regulatory parameter ¢ as:

4k (2= 7) + 2630 (17 — 157 + 772 — 73) (1 — k)
s +120% (53 — 687 + 4072 — 1273 4+ 374) (1 — k)*
+1260* (1 —7) (3 =27+ 72) (1 — k) +90* (1 — K)* (1 — 7)?

CSy (e) = 2k to(l—r)P KB+ +30(1—7)(1—n)

(A.73)

Taking identical price reductions as a basis of comparison, consumer surplus for brand-name
users is higher under the maximum price system:
CcSy —CSy \pg:pg
263 (1474372 — 73)
+r20 (5 + 41 + 872 — 873 + 371) (1 — k)

so (1 — k)
+4r? (1 —7) (T +1)* (1 — k)?

+03 (4 +1) (1 — 7')2 (1-— /-ﬁ)3

= - 5 57— > 0. (A.74)
2k+0(1—=R) [KB+T)+30(1 —7)(1 — k)]
A.4.4 Competition in Pharmaceutical Markets
Incentive for Product Differentiation
If the market is unregulated, brand-name and generic profit are given as
4 1—
M= anam, =TT (A.75)
k(T +3) k(T +3)
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Brand-name profit increases with the degree of product differentiation

oI,  4s(3—7)
or k(T + 3)3

(A.76)

Hence, there is an incentive for the brand-name producer to raise his profit by raising the degree

of product differentiation. Generic profit increases in 7, if 7 < % and decreases otherwise:

11 —
My _sG=TT) S i r< 2. (A.77)
or k(T +3) 7

This is, to some extent there is also incentive for the generic producer to raise 7. For a low
degree of product differentiation, the positive strategic effect exceeds the negative direct effect.
A certain degree of product differentiation allows the generic producer to attract additional
consumers with a low valuation, but also forces it to lower his price.
Under the maximum price system, brand-name and generic profit are given as
sT(2— p(l+7)) [4+u(7+1)2

I = and I[T# =
b 2k (T + 3)2 g

sT(L-m)2—p(+n)f

4k (1 + 3) (A.78)

Both profits increase in 7 for a low degree of regulation and decrease in 7 for a high degree of

regulation:

oI 5[8(3—7)—2u(3—7—972—73) — 2 (117+272+3) (7—1-1)2}

—> - 5 <0, (A.79)
or 2k (T +3)

fu > o T4+ 972 + 73 + 7367 + 2672 — 473 + 71 + 9 + 3V367 + 2672 — 473 + 71+ 9 -3
o p Hy = .

(t+1)% (117 4+ 272 + 3)
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4(3—-71) —4p(3—7—-97% —73)

s
oIT* +p? (1 + 1) (21 — 1172 — 273 4 3)
= = <0 (A.80)
or 4k (T +3)
£ _ 6 — 147
i = :
B e o 112 — 273 13

That is, for sufficiently strict regulation, there is no incentive to raise 7 for both the brand-name
producer and generic producer.

Under the reference price system, brand-name and generic profit are given as

e — 4st(k+o(1—7)(1—k))?
b k+o0(1—r)[KB+7)+30(1—7)1—r)?
stT(l—=7)(k+0(1—7)(1—K))

[KB+7)+30(1-7)(1-r)*

and HS =

(A.81)

The relationship between profits and the degree of product differentiation is determined by the
degree of regulation and the degree of product differentiation. The brand-name profit decreases
in 7 for a high degree of regulation and a high degree of product differentiation:

2 _7_2 —H2 H2 _
tslito(i—n)(—m) | 20 LT TTE G

oI +r0 (6 — 77— 72) (1 — k)
5 = - - —3 <0, (A.82)
T kK+o0(1—r)][KB+7)+30(1l—71)(1—K)]
1 7r+72—7V26T +72—-23—6
ifo > of=-k AT >8V3 - 13.
TR (=r(-n)
The generic profit decreases in 7 for a high degree of regulation:
K2(3—T1)+302(1—7)° (1 — k)
s
2
II12 +r0(1—7) (6 — 107 — 72) (1 — k)
¢ = - <0, (A.83)
or [KB+7)+3e(1—7)(1—-r)]

107+ 72 +7vV207 + 72+ 4 — 6
6(1—7)2(1—k) ‘

ifo > o,=r
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The reference price system can only reduce the incentive to raise 7 for the brand-name producer,
if 7is already very high and if regulation is sufficiently strict. In this case, there is also no

incentive to raise 7 for the generic producer.

A.5 Welfare Analysis

Welfare under no regulation:

W = CS+CSy+1,+1,— E
s (9 + 57 —272%)

137 (A.84)

Welfare under the maximum price system:

Wt = CSi'+CSy+ 11 + 10 — EF

s [4(9+57 = 27%) + drpu (7 +1) (37 + 1) = 72 (37 + 1) (7 + 1)
- e . (A85)

Welfare under the reference price system:

wWe = OS]+ CS¢+1I7 + 112 — E°

K2 (57 =272+ 9) +0*(9—7) (r—1)%(k—1)?
+2k0(1—7) (9427 —7%) (1 — k)
- 5 : (A.86)
2[k(B4+7)+30(1—17)(1 — k)]
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Both regulatory instruments increase welfare:

W_WH — s =57)+Tu(r+1)Br+1) (4 —p—Tp) <0
8 (7 +3)° ’

K2 (9 — 57) (1 + 3)°
s| +2k0(1—=7)(r4+3)(3=7) (9—27+7%) (1 - k)
+0% (81 — 457 + 2172 — 73) (1 — 1) (k — 1)?

W-we = — ; . <0 (A87)
2(7+3)°[kB+7)+30(1—171)(1 —K)]

Welfare-equivalence W*

s [4(9+57 = 272) £ drp (7 +1) (B3r+ 1) = 742 37+ 1) (7 + 1)

WH =
8 (1 +3)?

K2 (57 =272 4+ 9) + 2 (9—7) (1 — 1)* (k- 1)

+2k0(1—7) (9427 — 72) (1 — k)
_ L ; — e (A.88)
2[k(B4+7)+30(1—7) (1 — k)]

7=0.1,k=0.1

WH = —2.046 x 107342 4 7.4402 x 1031 + 0.49324
7.209k%0% — 16.542k%p + 9.48k* — 14.418k0% + 16.542k0 + 7.2090%
2(3.1k 4 2.70 — 2.7r0)?

6.3180 — 6. 2\/0.852 9302 + 0.231 660 + 0.016 9 + 0.806
3.47490 +0.443 3

WQ

T7=0.5,k=0.1

WH = —2.8699 x 107212 + 7.6531 x 10~ 2 + 0.44898
2.125k%0% — 9.75k%0 + 11.0k% — 4.25k0% + 9.75K0 + 2.1250%
2 (35 + 1.50 — 1.5kp)?

6.750 — 7.04/0.506 2502 + 0.337 50 + 0.062 5 + 1.75
5.06250 + 1.3125

WQ
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—9.8794 x 1072% + 0.207 99 + 0.390 53
0.081 k2p? — 1.998k%p + 11.88k2 — 0.162 k0 + 1.998k0 + 0.081 0*
2(3.9% 4 0.30 — 0.3k0)?

1.9980 — 7.81/0.029970% + 0.126 540 + 0.136 9 4 2.886
1.898 19 + 2.7417
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Welfare, 7 = 0.9

Assuming identical price reductions under the maximum price system and the reference price
system implies the following relationship between the regulatory parameters p and p, see also

price reductions-equivalence 1 (p):

o= 37(2—u(1+7)): 257 (k+0(1—7)(1—kK)) — p?
b k(34 7) (k+o0(1—k)(KB+7)+30(1l—7)(1 —k)) b
o e(=n) (72 43) 4607 (1= k) (1= 7) (A.89)

A+7)[r+e(l—r)EB+7)+3e(1-7)(1-r)]

Then total welfare under the maximum price system can be written in terms of the regulatory

parameter p as:

k(9457 —272) + 2630 (18 — 7 — 472 4+ 37%) (1 — k)
s +r20? (54 — 371 — 372 4+ 573 — 37%) (1 — k)2
+1260° (1— k)’ (1= 7)(3—7) +90* (1 — K)* (1 = 7)?

(o) = 2htol—r))P(kB+m)+30(1—7)(1—r)? (A.90)
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Taking identical price reductions as a basis of comparison, total welfare is higher under the
maximum price system:
WwH —Wwe ’Pb —p?
213 (1 + 7+ 272)
sTo (1 — k) +£%0 (54212 = 37%) (1 — k)
Fakg? (1= 1) (1= 7) 4 6* (1 — 1) (1 — 7)°

) 2k +o0(1—r)PEB+7)+30(1—7)(1—r)? > 0. (A.91)

Total profits under the maximum price system:

stTABb—7)—p(r+1)[8(1—7)+p(r+1) B+ 1)]]

b Ar (1 + 3)? (4.92)
Total profits under the reference price system:
1— 1— — 1— 1—
e = Tl (- RRG-n) 50T (=R)]

[k +0(l=r)][kB+7)+30(1-7)(1—r)
Profit-equivalence IT*

AbG—=—7)—p(T+1)B8A—-7)+pu(r+1)37+1)]]
4k (1 + 3)?
it o - -G -1 t5e( - A—R)]
T to(-nmmBanse0-na_np et (A9

ST
Iy 411 =

7=0.1,k=0.1

B (5.314403+1.520 09240.132 90+0.003 24)
8.748p — (5.580 + 0.62) \/ (0.90+0.1)3 +1.116

3.47490 +0.443 3

H= =
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(1.640 303 +0.779 6302+9.7875x1029+0.001 )
(0.90+0.1)%

2.70 — (6.30+ 0.7) \/ +0.7

5.06250 + 1.3125

Profits, 7 = 0.5
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Appendix B

Appendix to Chapter 4

B.1 The Effect of Parallel Trade

B.1.1 Competition Effect in the Destination Country

In country D, parallel trade induces a competition effect with lower drug prices and a higher
quantity sold.
Compared to segmented markets, competition from parallel trade reduces the price of the

drug sold directly by the manufacturer:

P;D _Ayp(9-57) +4ryg (1 —7) (34 7)

Pp  Ayp(9—57)+v5(1—7)(3+7)

1, (B.1)

with the price of the parallel import being lower than the price of the locally sourced version:

*

P3.p (-1 29p (9 =57)+ 71y (3+7)(1—7)
Pip 29p (9 =57)+2myg(B+7) (1 — 1)

<L (B.2)

The difference between the prices of the two versions of the drug stems from (perceived) vertical

product differentiation: The intermediary has to compensate consumers for the lower (perceived)

quality by pricing at a certain discount from a given price of the locally sourced drug version'.

!'Note that the intermediary’s best response function is Do = % (w +ppu (1— 7')) .
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Accordingly, under parallel trade, the prices of both versions of the drug are lower than the
monopoly drug price under segmented markets.

The quantity of the locally sourced version is higher under parallel trade:

Gp  Ayp(9—57)+4ys(1—7)(3+7)
W0  Ayp (9—57)+7v5(1—7)(3+7)?

> 1. (B.3)

Consequently, the total quantity of the drug available, that is, the quantity of the locally sourced

version plus the parallel import, is higher than the monopoly quantity under segmented markets.

B.1.2 Double Marginalization Effect in the Source Country

In country S, parallel trade generates a double marginalization effect with a higher drug price
and a lower quantity due to an increase of the wholesale price.

Compared to segmented markets, the wholesale price wy is higher under parallel trade. As
a low wholesale price induces more parallel trade and consequently enhances the competition
from parallel trade in the destination country D, the manufacturer raises the wholesale price in

order to deter parallel trade partially:

wg > wg = 0. (B.4)

The increase of the wholesale price induced by parallel trade translates to an increase of the

drug price:
Phs  4vp(9—57) +y5(1—7) (27 — 47 + 77 (B.5)
Pb.S [47p (9 = 57) + 75 (L —7) (3+7)7] '
and the higher price reduces the quantity sold:
Gs _ Ayp(9—57) =5 (1 —7) (9167 — 1) (B.6)

.5 [47p (9 =57) +75 (1 =7) 3+ 7)7]
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B.1.3 Price Convergence vs. Divergence

Parallel trade results in price convergence, if it goes from the ex-ante low price country to the
ex-ante high price country (i.e. if the pre-parallel trade drug price in the source country S is

lower than the pre-parallel trade price in the destination country D?):

I
Pb,D — Pb,S
1— 2 — 1-—
B Lt P Ty Y G s IO .
(vs —=vp) [4vp (9=57) + 75 (1 = 7) 3+ 7)7]
if 75 > 7p-

B.2 Change of Coinsurance Rates under Segmented Markets

B.2.1 Change of the Coinsurance Rate in the Destination Country

Consider a change of the coinsurance rate in the destination country and its implications for the
source country.
An increase in the coinsurance rate in the destination country D decreases the demand for

the drug, as price elasticity increases:

Oy, p
Op

= —ppp <0. (B.8)

As a result, the manufacturer lowers the drug price:

0 1
b _ __— <o, (B.9)
b 27p
leaving the effective consumer price unchanged
0
ZIDPLD _ 3, (B.10)
M p

?Note that under segmented markets, py z > ps.r, i.e. country H is the high price country and country F is
the low price country, if vz > vg.
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Consequently, the quantity consumed is unchanged

oqy,p

=0. B.11
op ( )

Figure B.2.1 illustrates the effect of an increase in the coinsurance rate under segmented markets,
i.e. monopoly, and for marginal cost of zero. Let D (v =0.2) denote the demand curve for
a coinsurance rate of v = 0.2 and MR (y = 0.2) the corresponding marginal revenue curve.
Similarly, let D (v = 0.25) and M R (v = 0.25) denote the demand curve and marginal revenue
curve respectively for a coinsurance rate of v = 0.25. An increase of the coinsurance rate from
v = 0.2 to 7 = 0.25 increases price elasticity of demand (inward turn of the demand curve)
and makes the manufacturer lower the price from p to p’. This compensates the increase in the
coinsurance rate completely and quantity consumed remains unchanged. Marginal cost of zero
implies that the manufacturer sells a quantity up to a marginal revenue of zero. This corresponds
to the intersection of marginal revenue curve and the x-axis, which is independent of changes
in the coinsurance rate*. In other words, as the effective consumer price is independent of the
coinsurance rate, so is the quantity consumed.

A lower drug price at an unchanged quantity consumed reduces public pharmaceutical ex-
penditure:

0Ep 1

=P <. B.12
op 443, (B.12)

As the manufacturer’s pricing decisions are independent under segmented markets, the drug
price and the quantity consumed in the source country S are independent of (changes of) the

coinsurance rate in the destination country D:

pb.s
op

s _
ovp

0, 0. (B.13)

3Note that the effective consumer price YDb,H = % is independent of the coinsurance rate.
4As an increase of the coinsurance turns the demand curve and does not affect the quantity demanded at a
price of zero (intersection of the x-axis and the demand curve), also the intersection of the marginal revenue curve

and the x-axis (marginal cost of zero) remains unchanged.
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Figure B.2.1: Increase of the Coinsurance Rate, ¢ = 0.
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In other words, there are no spillovers of changes in the destination country to the source country.

B.2.2 Change of the Coinsurance Rate in the Source Country

Consider now a change of the coinsurance rate in the source country and its implications for the

destination country.

Similarly, an increase in the coinsurance rate in the destination country S increases price

elasticity of demand and thus decreases demand for the drug:

Iqp,s

= —Dp,s < 0.
Vs

Consequently, the intermediary lowers the drug price:

0 1
s __ Ly
s 275
leaving the effective consumer price unchanged:
IvsPhs _ 05,
s
Also the quantity consumed is unchanged:
0
.5 _ 0.
s

A lower drug price reduces public pharmaceutical expenditure:

0Es 1

— = ———=<0.
Ovs 492

(B.14)

(B.15)

(B.16)

(B.17)

(B.18)

As the manufacturer’s pricing decisions are independent under segmented markets, the drug

price and the quantity consumed in the destination country D are independent of (changes of)

®Note that the effective consumer price YgPo,H =
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% is independent of the coinsurance rate.



the coinsurance rate in the source country S:

Opb.s _
ovp

s _
ovp

0, 0. (B.19)

In other words, there are no spillovers of changes in the source country to the destination country.
To summarize, without parallel trade, an increase in the coinsurance rate in either coun-
try has no effect on effective consumer prices and the quantity consumed, but reduces health

expenditure, and has no effect on consumers or health expenditure in the other country.

B.3 Change of Coinsurance Rates under Parallel Trade

B.3.1 Change of the Coinsurance Rate in the Destination Country

An increase in the coinsurance rate in the destination country D raises effective consumer prices,
lowers the quantity consumed, and reduces health expenditure in the destination country D and
lowers effective consumer prices, increases the quantity consumed, and raises health expenditure
in the source country S.

In the destination country, the increase in the coinsurance rate results in lower drug prices
and lower quantities sold.

An increase in the coinsurance rate in country D decreases demand for the locally sourced
version of the drug c.p.:

o4, p (pi,p - pE,D)

- =— . < 0. (B.20)

For the parallel import, demand increases, if the price difference between the locally sourced

version and the parallel import exceeds the quality difference:

0q}, 1—7)p; p— D}
%Gp _ UZD¥o_Pho (B.21)
p T(l—7)

ifpgp < (1—=7)ppp-
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The direct effect of the price for the locally sourced version on the price for the parallel import,

however, leads to a decrease of the price for the parallel import as well®. This is demonstrated

by the best response function: pj , = : (wf‘g +ppp(1— T))

Accordingly, in country D both drug prices decrease in the coinsurance rate:

2[493 (9= 57)* +87y57p (L = 7) (T +3) (9= 57) + T4 (1 = 7)% (7 + 3)°] “o

Iy, p _
p Yh[4vp (9 —57) + 75 (L —7) (3 +7)%2
872 (9 —57)2 + 2 (1 — 1) (1 +3)°
(1-7)
op%.p +87vsvp (1 —7) (7 +3) (9 — 57)
== 5 <0 (B.22)
Mp Y44vp (9 —57) + 75 (1 —7) (3+ 7))

Competition and higher price elasticity under parallel trade of demand limits the ability to

increase prices in response to an increase in the coinsurance rate and consequently, effective

consumer prices increase:

675(1—7-)2 9—57)(3+71)

a’YDpZ,D B (
b Hyp(9—=5T)+vs(1—T)B+7)2 "

OvpPhp  _ 295(1-7)°(3—7)(T+3)(9 - 57) 0 (B.23)
M [4yp (9=57) +vs (L—7)B+7)%2 ~ '

As price decreases cannot compensate the effect of lower demand, quantities of both versions of

the drug decrease in vp:

2y (1 —7)* (27 — 67 — 572)

Op _
p [4yp (9=57) +ys(1—7)B+7)2
oqt _ _
43,p vg(1—=7)(7+3)4(9—57) <o (B.24)

Mp yp(9—57) +ys(1—1) (3 + 1)

%Tn addition, B.21 implies that the intermediary has to lower pp, g in order to prevent a decrease of demand.
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Lower prices and lower quantities consumed reduce the public pharmaceutical expenditure:

6 9—57)—6T7 1—7)(5 -7
2v¢vp (1 —7) (9 —57) (7—-1-3)2 Vb ( ) 75 ( )(2 )

OFp _ +v57p (9 —57) (1 —7)

a’YD FYQD [4’7D (9—57')—|—’ys (1_7.) (T—|—3)2:|3
167 (957 + i G- (1 -7’ (7 +3)*

2 2]?
7% [475 (9= 57) + 75 (1 7) (7 +3)?]

<0 (B.25)

Spillovers of co-payment changes in country D to the source country S occur via the wholesale
price. As the decrease of total demand in country D reduces the effect of competition, the double
marginalization effect gains relative importance and, accordingly, the manufacturer lowers the

wholesale price:

2
* _ 1 _
owg _ 8(9—-57)"(1—1) i (B.26)
M p [47p (9 =57) + 75 (1 =7) B3+ 7))
A decrease of the wholesale price then results in drug price decrease in country S:

i 4(1—7)(9—57)

Pos _ _ (1=7)(9 = 57) — <0. (B.27)
O [p (=57 +ys(1=7) B+ 1)

As the coinsurance rate in the source country S is unchanged, the effective drug price decreases:

vspy, 4y (1 — — 57)?
97p [47p (9 =57) + 75 (L —7) (34 7)7]?
which increases the quantity consumed:
dq;, 4yg (1 — — 57)?
Ibs _ s (1= 7) (O = 57) > 0. (B.29)

Np  [Ayp (9=57) + 75 (1 —7) (34 7))

Health expenditure increases, as the effect from a higher quantity consumed exceeds the

186



effect of a lower drug price (see Appendix B.3):

0B 8ys(1— 7)* (1= 7s) (9 = 57)°
N0 [4yp (0 =57) + 75 (1= 1) (7 + 37

> 0. (B.30)

B.3.2 Change of the Coinsurance Rate in the Source Country

Consider now a change of the cost-sharing instrument in the source country and its implications
for the destination country.

An increase in the coinsurance rate in the source country S raises effective consumer prices,
lowers the quantity consumed and reduces health expenditure in the source country S and lowers
effective consumer prices, increases the quantity consumed and lowers health expenditure in the
destination country country D.

In the source country, the increase in co-payments, i.e. an increase of the coinsurance rate re-
sults, similarly to the effects in the destination country, in lower drug prices and lower quantities
sold.

Demand for the drug decreases c.p.:

9 (1 - 75?2,5)

= —vsPh5 < 0. (B.31)
875 SPb,S
Accordingly, the drug price decreases in yg:
8p (9 — 57)
1673 (9= 57)° + v (1 = 7) (7 + 3)°
At g +vg (1 =71) (27 — 47 + 72)
== 3 5 < 0. (B.32)
9s 2v5[47p (9 = 57) + 75 (L= 7) 3+ 7)°]?
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The effective drug price increases, as marginal cost is no longer zero’:

Ovsris _ aap(1-n)(0- 51
s Jarp (9-57) 475 (1-7) (3470

;>0 (B.33)

As the price decrease does not offset the effect of an increase of the co-payment and thus, under

coinsurance rates, the quantity consumed also decreases:

Uhs _ 4p (1= 1) (57— 9)°
s [47p (9 = 57) + 75 (L —7) (3+ 7)°]?

< 0. (B.34)

Similar to the effect of an increase of the co-payment in country D on drug prices and quantities
in country D, the increase of the co-payment in country .S results in a lower drug price and a

lower quantity sold, which decreases health expenditure:

Y5 (1 —7) (567 — 367 + 26272 + 3673 4 374)
dygyp (1 —71) (9 —57) ) ) )
o o —8y¢(1—=71)(9—=57)" + 12y, (9 —57) (T +3)

3
Ds 1% [4yp (9= 57) + 75 (1 - 7) (7 +3)?]
647 (9 —57)° — 4% (9 — 167 — 72) (27 — 47+ 72) (1 +3)* (1 — 7)°

13 [41p 0= 57) 95 (1 = 1) (7 + 3]

<0. (B.35)

Spillovers of co-payment changes in country S to the destination country D again occur via the
wholesale price.
As the quantity reduction increases in the wholesale price, the manufacturer reduces the
wholesale price:
owy 2(1—=7)2(347)%(9 - 57)

Ovs ~ [pO-51) trs(L-NE+TT (B:36)

In country D, the decrease of the wholesale price results in a lower price for the parallel import.

This induces the manufacturer to reduce also the price for the locally sourced version of the

6('}/}7 1+w*yp )
"Note that % = %w*. That is, if w = 0, the effective consumer price is independent of the

coinsurance rate; if w > 0, an increase of the coinsurance rate implies an increase of the effective consumer price.
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drug in order not to lose too many consumers to the parallel import. Accordingly, in country

D, both drug prices decrease in the coinsurance rate in the source country

6(1—7)%(27 — 67 — 572)

P4 p B

97s [yp (9 =57) + 75 (L=7)B+7)2
Osp _  2(1-7)’B-71)(B+7)(9-57) 0 (B.37)
s yp (9 —57) +7s(1—7) B+7)°]2 '

Effective drug prices decrease, as the coinsurance rate in destination country D is unchanged

6vp (1—7)>(347)(9—57)

NpPpp
Ovs  [ApO-5m)+ys(1—-T) B+

OV pPj.p 29p(1-7)*B-7)(r+3)(9-57) “0 (B.38)
s [Ayp (9=57) + s (L—7)B+7)°> '

A drug price decrease and an unchanged coinsurance rate increase the quantity sold:

_ )2 _ _ 52
2vp (1 —171)° (27 — 67 — 572) 0,

8q§,D B

Ovs  [Avp(9—57) +75(1—7) (3+7)72
aqu _ dvyp(1—=7)(B3+7)(9—57) -0 (B.39)
0vs [4yp (9=57) +vs (L—7)B+7)°2 '

As the effect of lower prices more than offsets the effect of a higher quantity, public pharmaceu-

tical expenditure decreases:

0By _ 25(1 - 7)* (1= 7p) (27— 67 — 57%)° (B.40)
Ayp (9—57) +75 (L—7) (T +3)7 |

Ovg

B.4 Change in Health Expenditure
Under segmented markets, public drug expenditure in the destination country is given as

Ep () = (1= 7p) po.ptop = “4‘%?) (B.41)
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and public pharmaceutical expenditure in the source country is given as:

Es(v) = (1 =vs)p.sav.s = (14_735). (B.42)

Under parallel trade, public drug expenditure in the destination country amounts to

Epr = (1=7p) 0hp%.p +15.09%,p)
493 (9-57)*+27y57p (1-7)(9-57) (1+3)*
= (1—vp) VD47 (9-57)+75(1-7)(r+3))2 . (B.43)

% (5—7) (3+7)%(1—7)2
47 p(9-57)+75(1-7)(7+3)"]2

and public pharmaceutical expenditure in the source country is given as:

Es = (1-7¢)Phsth.s
1673,(9-57)°+8v57p (1—7)(9—57)(3+7)*
_ _ 4v5[47p(9-57)+y5(1—7)(T+3)%]2
= (1-17s) 725(1—]:7))2(27—47—;?72)(9—167—72) ' (B.44)

45y p(9-57)Fr5(1-7) (7 +3)°]?

Increase of health expenditure in the source country following from an increase of the coinsurance

rate in the destination country

DD TEZIMhsths _ (1 ) [ TS 5 4] >0,
e 4yp (9 =57) +v5 (1 —7) (27 — 47 + 72) dyg (1 —7) (9 — 57)>
2y5[dvp (9—57) + 75 (1 —7) B+ 7)%] [4vp (9—57) + 75 (1 —7) 3+ 7)%2
Phs 9qp g
v p
dyp (9 —57) — g (1 —7) (9 — 167 — 72) 4(1—7)(9—57) (B.45)
24yp (9—57) +75s(L—7)B+7)°] Hyp(9-57)+vs(1-7)B+7)%2
4.5 o s
9vp

Decrease of health expenditure in the destination country following from an increase of the
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coinsurance rate in the source country

9(Ep(7) _ 9 ((1 ~p) (pZ,Dq;‘,D +p;§,Dq;§,D))

875 8’75
v, p o4, p 82’2 D 8q; D
_ _ ) * * > > * * 2 < 0’
(1-=7p) [ s 4p,p0 T Pp,D Ovs Byg 48,0 +Pg,0 g

275 (9= 57) + 21753+ 7) (1 —7)  2yp(1—1)* (27— 67 — 572)
Yol4yp (9 =57) + 795 (1= 1) B+ 1) [4yp (9 = 57) +75 (1 = 7) B+ 1)

* *
Py.p 94y p
B'yS

since

(1=7)2yp(9=57)+ 7y (B34 7) (1 —7)] dvyp(1—=7)(34+17)(9—57)
Yoldvp (9=57) +7s(1=7)B+7)% [Ayp(9—57)+vs(1—7) (B +7)°

* *
P3.p 95,0
B'ys

6(1—17)% (27— 67 — 572) 2[vp (9 —=57) + v (3+7) (1 —7)]

<
[4yp (9= 57) + 75 (1 =7) B+ 7)°]2 4vp (9 = 57) + 75 (1 = 7) 3+ 7)
q?:,D 9P} b
ovg
2(1-7)*(3—7)(3+7)(9—57) 1sB+7)(1—7) (B.46)
[47p (9 =57) + 75 (1 =) B+ 1) dyp (9 =57) + 75 (1 =7) B+ 7)* '
QE’D 8p2(3,D
9vg
B.5 Implications for Health Policy
Total welfare in the destination country is given as:
Wi = CSh + 7y — Ep, (B.47)
with
1 07
csp = [ (O—qppp)dd+ [ (0(1—7)—vppsn)dd
Qb’B 9,8,0
D D
95T [ (9=57) +dyprs (1 —7) (9—72) +42 (B3 +7)° (1 — 7)) (B.A8)

2[dyp (9 = 57) + 75 (1L —7) 3+ 7))
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493 (9= 57) +v5[vp |1 =7) B+7)> +4(9—57)| +4r75 (1 —7) (5 — 7)]

e 1y pyslAvp (9 — 57) + 75 (1—7) B+ 7)7]

and

Eh = (1—vp) (pip%.p +P5.095.0)
(1=7p) [47} (57 = 9)°
+2747p (1 —7) (9= 57) (7 + 3)°
+m3 (-7 (r+3)(1 —1)%
vpldvp (9= 57) + 75 (1 —7) (T +3)*]2

Total welfare in the source country is given as:

W5 = OS5 — E.

0S5 = [ (0 sprs)dd
05,°
[Ayp (9 —57) —vg (1 —7) (9 — 167 — 72)]?
8[4yp (9—57) +v5 (1 —7) 3+ 7)%)2

and

Es = (1-7¢)Phs%.s
(1—7s) [167 (9 — 57)?
+8757p (1= 7) (9= 57) B+7)°
—%(1—1)% (27 — 47 + 72) (9 — 167 — 72)]
dyg[4yp (9 = 57) +v5 (1= 7) (T + 3)%]2
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Total welfare for both countries is given as:

9673 (9 — 57)% + 8vg7p (1 — 7) (9 — 57) (407 + 372 + 45)

—7% (81 — 10447 — 23072 — 2873 + 574) (1 — 7)?
W = 5 : (B.54)
8490 (9= 57) + 75 (1= 1) 3+ 7)’]

Total welfare for both countries increases in 7 p:

oW
— B.55
F (B.55)
2vp (9 — 57) (9 — 47 + 372
2yg (1 —7) (9 —57) 7 ! )
+vg (1 —7) (243 — 2077 + 4172 + 1573 4 47%)
= 2 > 0.(B.56)
4y (9= 57) + 75 (1= 7) (7 +3)’]
Total welfare for both countries decreases in vg:
oW
— B.57
s (B.57)
2vp (9 —57) (9 — 47 + 372
2y (1—7) (9 - 57) 100 =57) )
+75 (1 —7) (243 — 2077 4 4172 + 1573 + 47%)
= < 0(B.58)

3
4y (9= 57) + 75 (1= 7) (7 +3)’]
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Appendix C

Appendix to Chapter 5

C.1 Drug Quantities under Segmented Markets

Equilibrium quantities are given as:

Coinsurance Indemnity
D], S—
insurance
Coinsurance | q,p (7) = 3, @0 (7) = 3,
§
a5 (V) =3 Qs (0) = 15
Indemnity qb,D (5) = 1+26D, qb7D (5) = %,
insurance @®,s (7) = % @5 (9) = 1+265.
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C.2 Drug Prices and Quantities under Parallel Trade

The wholesale price is given as:

D|,S— Coinsurance Indemnity insurance
Coinsurance . 21—7)(9—5r . 2(1—7)(9—57
wg (7,7) = ALK Q(L(,»y) ) wg (7v,0) = ( Q()V(,(s) :
Indemnity N AV (9—57) 45 (9—r . (957451 (9—
| w (8,7) = 2(1 )[(99567)5 D(9—=7)] w (8,6) = 21 )[(99?6,);)_ p(9 )}7
insurance

(C.2)

with Q(7,7) = 475 (9= 57) + 75 (1 = 7) 3+ 7)% Q(7,6) = 4yp (9—57) + (1 —7) (7 + 3)%,
Q6,7)=409—=57)+v5(1—7)3+7)% and Q(5,0) =4(9—57)+ (1 —7) (3+ 7).

Drug prices in both countries are given as:

195

D], S— Coinsurance
by p () = TROI s (at)0r)
Coinsurance | pj p (7,7) = (1*7)[2%(9;23(7735;(3“)(177)]7
s (r7) = Bl nio-tn)
| 1. () = BT e
Indemnity " _2(1-7)(9-57)+20p (9—47—72)+(26 p+(1—7) )y T(T+3)(1—7) 4
insurance Pa. 0.7) = Q2(6,7) )
Phg(6,7) = Q(M)+275%;3((§?55T)+(9”))
D|,S— Indemnity insurance
i (1,8) = B
Coinsurance | pj p(7,0) = (1_7)(QVD(‘JW;%();(’SF)(FT)(T%))’
Phs (7,0) = 2(1_7)(9—3965§)s+1)9(%5)2
2(9—27—272—73)+6p (18—117—272—73
Indemnity Pip (.0 = . , )53?5?6() : ) z,
‘ 5o (8,6) = (1-7)(18—7r—27 —5(5)7(;251;(9—7—37 -7 )73
insurance i s (6.6) = 2(177')[(18+T+72);r£87(§))77)]+(6S+1)Q(675)4‘



Equilibrium quantities are given as:

H,F Coinsurance
qZ,D (v,7) = 2[7D(97572;(;73()%7)(177)}7
Coinsurance an (7,7) = % |
di5 (1,7) = 20N
Indermnity Gp(6,7) = 2(9_5T)+26D(3_Tg);{g§)(7 )
e | 0 O = PR e,
g5 5 (8,7) = 2250057 +0p(-7)
D|, S— Indemnity insurance
) = DA
Coinsurance o (v, 6) = %’
as(7:0) = (1+5s)Q(véég)z(—ig—sr)(l_r) ©4)
‘ G p(6,6) = 2(12—77—72(4;5;),(9—47_72)7
Indemnity X _ (3+7)(1-7)2426p (9—47—72)
insurance %.0(0) = (T—7)9(5,0) ,
455(0,0) = (1+5s)9(5,5>—2(215&)%()9_57)%,3(9_7)} ‘

C.3 The Effect of Parallel Trade

In country D, parallel trade generates a competition effect with lower prices and a higher quan-

tity.
Compared to segmented markets, parallel trade reduces the price of the drug sold directly by

the manufacturer under both cost-sharing systems and independent of the cost-sharing system

196



in the source country:

Pop (7)) 4yp(9—57) +4ryg (1 —7) (3+7) -
Py, (7) Q(v,7) ’
Php(10)  _ dyp(9-51) AT (r43)(1-1) _
po,0 (7) Q(7,6) ’
Pp(0y)  2Q2p (9= +2(9-51)+ Up+DTys (T3 (1=7) _
.0 () Op +1)Q(68,7) :
Py p(6,9) 4(9—27—272 —73) +26p (18 — 117 — 272 — 73
po (@) ( (1 l 5D)Q((5, 5) Lot (C.5)

Under both coinsurance and indemnity insurance, the price of the parallel import is lower

than the price of the locally sourced version:

P (1,7 (1) 29p (9=57) + s (B+7)(1=7) _,

Py.p () 29p(9—57) + 21753 +7)(1—7)

ZM T 2vp (9—=57)+7(1—71)(T+3)) <1

Ph.p (7,9) 2yp(O=br)+2r(1—7)(r+3))

p5p(6,7) 2(1—7)(9—57)+20p (9 — 47— 72) + (20p + (1 — 7)) ys7 (T +3) (1 = 7) .
Pr.p (6,7) 29-57)+2p(9—T1)+ (06p +2)ygT (T +3) (1 —7) ’
P,p (9,9) 1—7) (18 =77 — 272 — 7%) 4+ 6p (18 — 27 — 67% — 27°

pg’DD 9,0) ( (18)E 4T — 472 — 273) +)5D (18(— 117 — 272 — 73) ) <L (C.6)

Under coinsurance, the quantity of the locally sourced version is higher under parallel trade:

o (7)) _ pO-5T) + s (- B+7)
a,p (7) Q(7,7) )
%p(1:0)  4yp(9-57) +4(1—7)(7+3)
A C Q(7,9) > 1, (C.7)

Under indemnity insurance, the quantity of the locally sourced version is higher under parallel
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trade, if the reimbursement amount is low:

a5.p (6,7) 2(2(9—=57)+20p(3—7)+v5(7+3)(1—7)(0p +2)) o
@p(0) (6p+1)Q2(0,7) ’

vs (T43) (1 - 7)*

if op < ’

o 8(3—27)+y5(T+3)(1—7)(r+1)
q{,"D(é,d) _ 4(12—77—72)+25D(9_4T_7_2) .
@, (6) (1+6p)Q(3,0) ;

B+7)(1—1)°
(27 — 157 — 372 — 713)°

if 6p (C.8)
However, the total quantity sold in country D, i.e. locally sourced version plus parallel import,

is (always) higher than the sales volume under no parallel trade:

@.p (0,7) + a5 p (6,7)
@.p (0)
41 =7)(9—=57)+45p B—1)2+6753+7) (1 =72 +2v50p (1 —7)(3+7)(3—7)

- =7 0p + DR(,7) -t
4. (6,0) + a5 (6,0)
av,0 (6)
_ 2(1-7) (27167 —3r%) +20p (3 —7) (9 — 47 — 77) . (9)

(14+6p) (1 —7)8(4,0)

In country S, the introduction of parallel trade induces an increase of the wholesale price
w. This translates to an increase of the drug price (double marginalization effect) under both

cost-sharing systems:

Prs (1Y) Q(v,7) +2v5 (1 —7) (9 —57)

s () 0 (7,) - b
Phs(0,7) _ Q(8,7) +275(1—7) (9= 57) + (9 - 7)) o

Pb,5 () Q(6,7) ’
Phs (1:9) _2(1—7)(9—57) + (65 + 1) 2 (7,9) .

Pb,s () (65 +1)Q(7,9) ’

Pps5(0,0) 2(1—7)[(18+7+7%) +6p(9—7)] + (65 +1)Q(4,6)

Phs(0) ! (52 T0Q0,0) | > 1. (C10)
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Due to a higher price, parallel trade reduces the quantity sold:

B%s (1Y) Q(1,7) —2v5(9—57)(1—1)

Bs (V) Q(7,7) <
G5 (07 _ Q@07 =251 -1)[9-57)+6p(9-7)] _,

aw,s (7) Q(6,7) ’
Ghs (1:9) _ (1465)Q(7,6) —2(9—57) (1— ) -

aw,s (0) (05 +1)Q2(v,9) ’

G5 (0,0)  (1405)Q(0,6)—2(1—=7)[(9—57)+6p(9—7)]

w50 (1+05)9(5,0) <t ©1)

C.3.1 Changes in Co-payments and Public Pharmaceutical Expenditure in

the Destination Country

Given that coinsurance is applied in the source country S, the relative co-payment change in

the destination country D under coinsurance is given as:

o (1Y) Ayp(9-57) +4ryg(1—7)(3+7T)
ap(y) Q(v,7) ’ (C.12)

o) _ Yopip(r) Th
cv,0(7,7) YpPo,0(V,7) "

which is equivalent to the price change under coinsurance, since

relative co-payment change in the destination country D under indemnity insurance is given as:

2(9-57)+ 21y (7 +3) (1 —71)

¢ p(0,7) —3750p (1 +3)(1—=7) = 66p (3 —7) (C.13)

Cpb,D (5) N (1_5D)Q(5a7) ’
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c;.p(07)  pp p(6,7)—0p
c,0(07y) — po,p(0,7)—dp"

which does not coincide with the price change, since The difference

between relative co-payment changes then is given as:

%o () Gp(7)
Cv,D (’7) Ch.D (5>
327yp0p (9 —57) — 12y (T +3) (9= 57) (t — 1)* (1 —vp)

[1—6p]Q(y,7)2(0,7)
Vs (3=27) (1 —7)(r +3)?
2y50p (L=7)(T+3) | +2 (27 — 367 + 1772)
+2vp (3—17) (9 — 57)

" [1—0p] Q2 (y,7)2(0,7) (C.14)

Identical drug prices as standard of comparison imply that the reimbursement amount under

indemnity insurance can be written in terms of the coinsurance rate as follows:

1 _ 1+4p _ _ 1
27D = 5 = Db,D ((5) < 5D = D 1. (015)

Pv,D (v) =

Identical drug prices under segmented markets as standard of comparison imply coinsurance
rates of vp > 0.5 or vp > 0.6, depending on the cost-sharing system in the source country.

Identical drug prices without parallel trade implies that the reimbursement amount under in-

demnity insurance can be written in terms of the coinsurance rate as follows: py p (7) = ﬁ =

% = pp,p (0) < dp = % — 1. Taking into account that consumers are required to co-

pay a positive amount, the reimbursement amount ¢ p is restricted to dp < g];, with 6 (6,7) =

2(1—7)(9—57) 4775 (7+3) (1—7)2 P (1-7)(18=T7—272—73 : : : 1
;(3—3'()2+7;(1—1§E7+3§E3—T§ and dp (0,9) = (27(7217'+7'2+‘r3) ) - In combination with §p = = —

L : -7 -7 —7)(T . 3—7)(9—4r—72
1, this implies vp > 4(9£3107£§§?§)+)7:?f_(17)(T)J(r:,);ré)_)TQ) (a) foryin S, yp > 45(_46T)J£6T2+2T3QT4 (b) for

9 in S, with (a) € (0.5, 1), (b) € (0.6, 1). Also, for vp < vg (parallel trade from the low price to

7247673415974 5875 +976+1377—27+317 1372473

high price-country, (a) implies yg > V/=25387+1591 A=) (743)(3—77) )

which is only satisfied for high ~.
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The difference between relative co-payment changes is positive’:

%o (1Y) Gp,7) 1
co,0 (V) cp,p (8) OP=ap !

2vs (T +3) (1 — 7) (27 — 367 + 1772)

2(1=1p) 73 (1—7)%(3—27) (r +3)°
—A41yp (9 =57)[4+vg (1 —7) (T + 3)] (©.16)
= > 0. .16
2vp =112 (7,7) 2(5,7)
The wholesale price is higher under indemnity insurance:
. 2(1—=7)[9=57)+0p(9—7)] _ 2(1 —7)(9—57) .
wyg (8,7) = > =wg (7,7) -
5(5,9) Q(8,7) Q(7,7) 50r)

Given that indemnity insurance is applied in the source country S, the relative co-payment

change in the destination country D under coinsurance is given as:

¢,p (1,0) _ 4yp (9 —57) +47 (7 +3) (1 — 1)

, C.17
co,p (V) Q(v,9) ( )
the relative co-payment change under indemnity insurance is given as:

¢ p(0,0)  2(2(9—2r—2r%—73) —30p (9 — 47 — 7?)) ' (©.18)

C(,}D (5) o (1—5D)Q((5,5)

>Under lower coinsurance rates, the difference between relative co-payment changes would be negative, sug-
gesting that co-payments change to a greater extent under coinsurance rates. This is due to to lower coinsurance
rates implying high reimbursement amounts, which correspond to negative copayments, i.e. subsidies. Lower drug
C;,H (4,)
cp, 1 (9)
1, misleading into interpreting this as an increase of co-payments under parallel trade and a negative difference

between relative co-payment changes as a higher reduction of co-payments under coinsurance rates.

prices under parallel trade then result in an increase of the subsidy and a ratio of co-payments larger than
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The difference between relative co-payment changes then is given as

Cz,D (7,9) B CZ,D (6,0)
Cv,D (’Y) Cv,D (5)

2vp0p (9 —57) (9 — 17— 72+ 73)

2| +6p (1 —7) (7 +3) (81 — 997 + 2572 4 773 + 274)
—6(1+3)(9—57) (1 —1)*(1 —~p)

- 1= 0012 (,9)2(6.9) | (19
For identical prices, it is positive:
C;,D (77 5) CZ,D (57 5)
- _ 1
cy,0 (7) cp,p (0) OP=ap !
(1—7) (7 +3) (81 — 997 + 2572 + 773 4 274)
2(1—1p)
+47vp (9 — 57) (7 — 27 — 72)

= > 0. (C.20)

The wholesale price is higher under indemnity insurance:

2(1=7)[(9—=57)+dp (9 —7)] S 2(1—71)(9—57)
Q(4,0) Q(v,0)

w (6,6) = = ws (7,0).

The relative change in public pharmaceutical expenditure under coinsurance is given as:

By () (1=70) (Pho ()6 (1) +php (1) 4l () o
Ep (7) (1 =7p) oo (7) 6,0 (7) ' '

Given that coinsurance is applied in the source country S, the relative change in public phar-

maceutical expenditure is

Ey(v,y) Q)P -3 0-57)(r+3)°(1-1)°
En () = 0 (%7)]2 <1, (C.22)

given that indemnity insurance is applied in the source country S, the relative change in public
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pharmaceutical expenditure is

Ep(1,0) (0P - (9-57)(r+3)°1-1)°
EDD o) = T < 1. (C.23)

C.3.2 Changes in Co-payments and Public Pharmaceutical Expenditure in

the Source Country

Under coinsurance, the change in co-payments in the destination country S is given as:

Acys(7:) = ¢chs(v) —cns(v)

= vs (55 (1) — o5 (7)) >0, (C.24)

since pj g (7,-) > pp,s (7). Under indemnity insurance, the change in co-payments in S is given

as

Acp5(0,.) = cas (0) — cp,s ()

= phs(0,.) —ps(d) >0, (C.25)

since pj ¢ (6,.) > pp.s (0)-
Given that coinsurance is applied in the destination country D, the relative co-payment

change in the source country S under coinsurance is given as:

G517 dyp (9—57) +9g(1—7) (27 — 47 +72)

C.26
e, (7) Q(v,7) (C.26)

and under indemnity insurance as:
¢hs (7:9) _ (-7 (27— 47 +7%) +4yp (9 —57) (1 — ds) — s (1 —7) (T + 3)2 (.27

cp,s (0) [1—0s]2(v,9) ’
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with the difference between relative co-payment changes then amounting to:

s (1) ¢s(7:9)
¢b,s (7) ¢b,s (9)
—4yp (9—57) (1 —v5 (1 —ds))
—7g65 (1= 7) (T +3)?

B [1—05]Q(7,7)2(7,0) : (C.28)

2(9-57)(1—1)

Assuming identical drug prices allows to express the reimbursement amount under indemnity

insurance in terms of the coinsurance rate in the following way:

1 1+ 4dg 1
— — — = — — 1, .2
s 5 phs (6) <= ds s (C.29)

Py,5 (77)

Similar to assuming identical drug prices in the destination country D implying high coinsur-
ance rates, this standard of comparison for the source country requires rather high coinsurance
rates due to the positive co-payment condition under indemnity insurance. Taking into account

that consumers are required to co-pay a positive amount, the reimbursement amount is dg re-

4yp (9—57)+(1—7)(27—47+72)
(4vp (9-57)+(1—7)(7+3)%)
(475 (9-57)+(1—7)(r+3)?)

8vp(9—57)+(1—7)(272+27+36

and 35 (6,5) = W=sbr107278

stricted to 05 < dg, with &g (v,6) = G} B s

1
vs

In combination with dg = 1, this implies yg > ) (a) for v in D,

vy > LZATEET (b) for 6 in D, with (a) € (0.25, 0.5), (b) € (0.375, 0.5). Admittedly, this also

allows for rather moderate coinsurance rates, but this would correspond to restrictions on the
degree of vertical product differentiation 7 or the coinsurance rate in the destination country.
The general case, without further restrictions, however, assumes high coinsurance rates.

The difference between relative co-payment changes is negative:

CZ,S (77 7) Cz,s (77 6)

cb,s (7) cb,s (0)

275 (1=7) (1 —v5) (9= 57) [8yp (9= 57) + (1 — 7) (7 +3)°
N 275 — 1] Q(v,7) Q2 (7,9) <0 (G0

551%—1
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As a higher ratio of relative co-payments implies higher price increases, this corresponds to
co-payments being increased less under coinsurance.
The wholesale price is higher under coinsurance:

2(1—=7)(9-=57) _ 2(1—7)(9—57)

wh (1) = =g g = s 0n0). (€31)

Given that indemnity insurance is applied in the destination country D, the relative co-

payment change in the source country .S under coinsurance is given as:

s (0,7)  4(9—57)+v5(1—7) (27 =47+ 72) + 2v56p (L —7) (9 — 7)

= , C.32
s () 2 6.7) (€32
and under indemnity insurance as:
(1—7) (27— 47 +72) +4(9—57)
G(0.0) | “Os[40=5n+ A=) +37] +2p(1-7)(0-7) s
s (6) (1—-1095)82(9,0) ’ )
The difference between relative co-payment changes then amounts to:
Cz,S (5’ 7) . C;;,S (65 6)
cb,s (7) cb,s (0)
—49-57)(1 —vg(1—4dg
21— -5 +ep@—n) | OO )
—750s (1= 7) (T +3)*
— . (C.34)

(1—-05)2(3,7)2(6,9)

Assuming identical drug prices under segmented markets, the difference between relative
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co-payment changes is negative:

b8 (6,7) _ .8 (6,9) )
c,s (7) cps (8) 105=Ag

(9 —57) (81 — 73 — 572 — 437)
275 (1=7) (1 = 7s)
+0p (9—7) (81 — 7% — 572 — 437)

= < 0. C.35
(1= 29006.9)20.9 (€:39)

This is, co-payments increase less under coinsurance.

The wholesale price is higher under coinsurance:

. 2(1—=7)[(9—=57)+0p (9 —7)]
we (9, =
S ( 7) 0 (5, 7)
2(1-7)[(9=57)+p(9—1)]

> 20,0) =wyg(0,9). (C.36)

In the source country, the relative change in public pharmaceutical expenditure under coin-
surance is given as:
E5 (1) _ (1=795)ps (7 dhs (+7)
Es(v) (1 —7s)po,s (V) ab,5 ()

(C.37)

Given that coinsurance is applied in the destination country D, the relative change in public

pharmaceutical expenditure is:

E; (v.7) _ Q)] — 4% (= 1)* (57 - 9)°
Es () (v, )

<1, (C.38)

given that indemnity insurance is applied in country D, the relative change in public pharma-

ceutical expenditure is:

Q6P — 41— | OO F OO
E%(6,7) +26p (9 —7) (9 —57)

Es(y) [€(5,7)]?

< 1. (C.39)
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For coinsurance in country D, the difference between relative health expenditure changes

under coinsurance and indemnity insurance is given as:

E(v,y)  E5(v,0)
Es (7) Es (9)

1692 (9 = 57)°> =72 (9 — 167 — 72) (1 +3)* (1 — 7)*
2(57 ~ 147 +9) | —8y57p (1= 7) (9= 57) (75 (9 —57) — (7 +3)%)
27305 (9 —57) (1 —7)Q(v,0)

- S (C.40)
(65 +1)[Q (v, M]" Q2 (v,6)

Assuming identical drug prices as a standard of comparison, the difference between relative

health expenditure changes is positive:

ES(v,v)  EG(1,9) s
Ep (v) Ep(6) 's=5s7!

1673 (57 — 9% + 73 (1 — 1)* (1 + 3)*

275 (572 =147 +9) | 487yeyp (1 —7) (7 + 11) (9 — 57)

—27v5 (9= 57) (1 +3)% (7 — 1)?
) [ (v, N Q2 (7, 6) >0. (C41)

1642, (57 — 9)* + 87ygvp (1 —7) (7 4+ 11) (9 — 57) .
>

73 (=1 (7 +3) =295 (9—57) (T +3) (1 — 1)°

\/’ys (9 — 57')3 2(r+ 3)2 —vg (177 + 272 + 9)} —71yg (T +11) (9 — 57)

ifyp>(1-1) 4(9_57)2

The positive co-payment condition requires vp > 0.5. Combination with the condition above
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results in

\/'ys (9 — 57')3 [2 (T + 3)2 —vg (177 + 272 + 9)} —71vg (T +11) (9 = 57)

1
147 (57 — 9)2 <0
\/75 (9—57)° {2 (1 +3)% — g (177 + 272 + 9)} — 7y (T +11)(9 — 57)
— p<({-7) 4 (57 —9)? '

which is not possible.
For indemnity insurance in country D, the difference between relative health expenditure

changes under coinsurance and indemnity insurance amounts to:

E5(0.7)  E3(5.9)
Bs(y)  Bs()

[2(5,7)]
20=7)[9=57)+dp(O—7)] | —2Q(8,8)7%2 (1 —7)(9—57) (55 + 1)
—2Q(6,6)75(1—7)ép (9—17) (65 + 1)
= 5 (C.42)
(05 +1)€2(6,6) [2(0,7)]
Under identical drug prices as standard of comparison, this is positive:
E3(0.0) E30.0)
Es(v)  Es(6) 7s7as4
[ (27457 — 1572 — 3)Q(5,0) |

+2d5 (7+3)(9—57)2(4,0)
2(1-7)[(9=57)+p(9—7)] | —20pds(1—7)(9—71)Q(6,9)

—20p(1—=7)(9—7)Q(0,0)

+166% (57 — 9)?
=~ >0, (C.43)

- G5+ 1 Q6.0 (26,7

208



(27 + 57 — 1572 — %) Q (4, 0)
+265 (7 +3) (9 —57) Q(5,9)
—26p6s(1—7)(9—7)Q(5,8) | <0

—25p (1—7) (9 —7)Q(5,6)

+166% (57 — 9)°

5 19(8,0) (27 + 57 — 1572 — 73) + 166% (57 — 9)°
Hop >y L—7)(9—7) (05 + 1)$2(5,0)
205 (T+3)(9—57)Q(0,0)

1
2(1—7)(9—7)(6s+1)Q(0,0)

violated is by the positive co-payment-condition even for dg = 0.

C.4 Identical Co-payments as Standard of Comparison

To make coinsurance and indemnity insurance comparable, the main body of the chapter assumes
identical drug prices under segmented markets as standard of comparison. This implies a certain
threshold of coinsurance rates.

Identical co-payments under segmented markets may provide another standard of compar-
ison, which does not assume a certain level of coinsurance rates, but is subject to another,
probably more severe limitation.

Identical co-payments under segmented markets correspond to identical quantities consumed
and is intended to give a notion of financial exposure of patients and access to pharmaceuticals.
It includes the different insurance effect of both cost-sharing systems. This is illustrated by
the comparison between insurance and no insurance under segmented markets, under coinsur-
ance, the insurance effect entirely absorbed by manufacturer, under indemnity insurance, the
insurance effect benefits both manufacturer and consumers. Identical co-payments entail the
reimbursement amount under indemnity insurance being zero:

_ 1 _1+(5D

YpPy,0 () —dp=pyp(0) —dp <= ép = 0. (C.44)
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Under coinsurance, the insurance effect is entirely absorbed by the manufacturer and for
consumers, coinsurance has the same effect as no reimbursement (effective prices under coin-
surance correspond to effective prices under no insurance). Assuming identical co-payments
then transfers this effect to indemnity insurance as well. But for coinsurance, the manufacturer
is only able to absorb the insurance effect entirely under segmented markets, under parallel
trade, competition prevents it from doing so. Assuming identical co-payments under segmented
markets not only transfers this insurance-absorbance-effect to the indemnity insurance scheme
under segmented markets, but also to the indemnity insurance scheme under parallel trade, cor-
responding to assuming no reimbursement under indemnity insurance for both cases and thus
comparing coinsurance with no insurance. This results in co-payments decreasing always more
under coinsurance, as coinsurance provides reimbursement, whereas indemnity insurance under

this standard of comparison does not.

C.5 Degree of Product Differentiation

The locally sourced version and the parallel import are perceived as vertical differentiated prod-
ucts. Differences in appearing and packaging or uncertainty whether both versions of the drug
are really identical cause consumers to associate a lower quality with the parallel import. Health
policy may impact on the extent to which both versions are perceived as qualitative different,
for instance, by providing information on the equivalence of parallel imports and locally sourced
drugs, by specifying packaging standards and setting information requirements. The following
section analyzes the impact of a change in the degree of product differentiation, more precisely,
the extent of the quality difference between the two versions of the drug on the consequences of
parallel trade.

As an increase in product differentiation parameter 7results in the two versions of the drug
being perceived as more remote substitutes and accordingly, reduces the competitive pressure

from parallel trade in the destination country, the double marginalization effect in the origin

210



country gains importance. The wholesale price is lowered

owg (v)
or

ows (6)
or

<0, <0. (C.45)

In country D, the price of the locally sourced version increases in 7 under both cost-sharing

schemes:

oy p (7) Iy, p (0)
or >0, or

> 0. (C.46)

There are two effects of an increasing 7 on the price for the parallel import, a direct negative
effect from the best-response function and a positive strategic effect from the price of the locally
sourced version. Under both cost-sharing schemes, the negative direct effect dominates and

accordingly, the price of the parallel import decreases in 7:

op* op5 (0
Ps,D (") <0, pﬁ,D( ) <0 (C.47)
or or

Under both cost-sharing schemes, both quantities decrease in 7:

9qy,p (7)
or

dq5,p (6)
or

<0, <0, (C.48)

95 p (7) 9q5 p (9)
or <0, or

< 0. (C.49)

With respect to the locally sourced version, the increase of the drug price causes a decrease
in quantity sold. For the parallel import, even with a lower drug price, less consumers buy
the parallel import, as the gross valuation of the parallel import decreases (0 (1 — 7)) so that
consumers with a low valuation no longer purchase the drug.

With an increase in the price of the locally sourced version and a decrease in quantity, the
increase in the degree of vertical product differentiation results in a lower competition effect.
This is, the parameter 7 not only relates to the degree of product differentiation, but also

determines the degree of competition between the manufacturer and intermediary in country D.
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If 7 = 0, both versions of the drug are considered to be of the same quality and competition in
country D amounts to Bertrand competition with homogenous products. The wholesale price
is set at its maximum. The intermediary prices at marginal cost, i.e. the wholesale price, and
the manufacturer’s best response is to set the same price. Market coverage depends on the
degree of reimbursement, the total quantity of the drug sold is % and %(1 + dp) under
coinsurance and indemnity insurance, respectively. For 7 = 1, no quality is associated with the
parallel import and gross utility from its purchase is zero. Consequently, there is a monopoly
for the manufacturer. Under coinsurance, the case of 7 = 1 corresponds to the situation of
segmented markets, when parallel trade is not allowed. The manufacturer sets the monopoly
price pZ, D= ﬁ and sells the monopoly quantity of ql’)“’ D= % Under indemnity insurance,
the case of 7 = 1 is not equivalent to the situation of segmented markets, as demand for the

locally sourced versions for 7 = 1 does not include the impact of the reimbursement amount

and thus does not translate into the demand under no parallel trade. The manufacturer sets a

price pj j (6) = (5D4+2), which is lower than the price, if parallel trade is not allowed, and sells
a quantity g; , (9) %.

In country S, the price of the locally sourced version decreases in 7 under both cost-sharing

schemes:
Ipy,5 (7) Ipy 5 (9)
: 0 ; 0 C.50
or 0 Tor =0 ( )
while the quantity sold increases in 7:
aq; aq; ¢ (6
%5 (7) >0 %5 (9) > 0. (C.51)

or ’ or

As the wholesale price decreases and accordingly, marginal cost for the intermediary, the drug
price decreases and consumers who did not buy before now buy the drug. This is, with respect
to country S, via a reduction of the wholesale price, the increase in the degree of vertical product
differentiation mitigates the double marginalization effect.

Consequently, as an increase in the extent of quality difference between the two versions

212



of the drug reduces both the competition effect in the destination country D and the double
marginalization effect, in other words, it mitigates the negative implications of parallel trade on
the manufacturer’s profit, it is in the interest of the manufacturer to maintain a high degree of
perceived differentiation between the two versions of the drug. For instance, the manufacturer
may attempt to increase cross-country product differentiation, in order for the parallel import

to appear more differentiated with respect to the locally sourced version.
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Appendix D

Appendix to Chapter 6

D.1 The Effect of Parallel Trade

D.1.1 Demand

If parallel trade is not allowed (regime of national exhaustion of intellectual property rights), only
the locally sourced version is available in country D. The marginal consumer who is indifferent
between buying the locally sourced version from the domestic intermediary (b) or not purchasing

at all (0), has a gross valuation Qb’o, given by

b b
9[’)0 —Yppy,p = 0 & 9,;’)0 = YDPb,D- (D.1)

Hence, in country D, if the parallel import is not available, demand for the locally sourced
version b is given by

4,0 =1 —pPs,D- (D.2)

An asterisk is used to denote variables associated with segmented markets.
If parallel trade is legal (international exhaustion of intellectual property rights), consumers
in country D have the choice between the locally sourced version (b) from the domestic inter-

mediary Ip or the parallel import (/3) from the foreign intermediary Is. The marginal consumer
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who is indifferent between buying the locally sourced version b and the parallel import 8 has a
gross valuation 0%6 , given by
YD (pZ,D - pED)

b, * b, * b,
9[)6 —YDPy.p = QDB (1—=7)=vppsp © 9[)'6 = - ) (D.3)

while a consumer who is indifferent between buying the parallel import (/) and not buying at

all (0) has a gross valuation 9%0, given by

* 9 ’pr*’D
05’ (L= 1) = 1pphp =0 & 03" = 75 (D-4)

Consequently, in country D, if the parallel import is available, demand for the locally sourced

version b and for the parallel import § is given by

D (PZ,D _PED) YpPh.D

. . YD (p;;p _p?f;’p)
T T (1-71)°

q —
b,D T

and g5 p = (D.5)

Demand in country Sis not affected by the availability of parallel imports. Here, only a
locally sourced version of the brand-name drug, sold by the intermediary Ig, is available. A
consumer who is indifferent between buying the drug and not buying has a gross valuation 9%’0,
given by

0% —vgprs =0 <= 6%° =gpys. (D.6)

Accordingly, in country S demand for b is given by

s =1—"vspps- (D.7)

D.1.2 Equilibrium without Parallel Trade

When parallel trade is not allowed and markets are segmented, pricing decisions by the man-

ufacturer with respect to both countries — wholesale prices wp and wg, which determine drug
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prices in both countries — are independent.

The manufacturers profit is given as

v =wp (1 —vppe.p) +ws (1 —vsp,s) + ¢p + 03, (D.8)

7wa,D 71—'wb,S

where 7, p and m,, s denote the wholesale profit from the intermediaries’ sales in country D
and S resp. and ¢p and ¢g the fixed fees, which are used to extract the intermediaries’ profits.

For the intermediary Ip, profit is given as:

T1p = (Po,p — wp) (1 = vpPe,p) — ¢p (D.9)

~~

Tb,D

and for the intermediary Ig as:

Trs = (Pb,s — ws) (1 —vgpp,5) — Pgs (D.10)

Tb,S

where m, p and 7, 5 denote the profits from sales in country D and S, respectively.
In country D, the intermediary Ip maximizes (D.9) with respect to py g The first order

condition to this problem is

(1—=7pp,0) + (P00 —wp) (=75) =0, (D.11)
N——— ——"
I 94y,
9pp, D
11
resulting in the monopoly drug price p, p = (lngi]?f’). The drug price py p increases in the

wholesale price wp.

In country S, the intermediary Ig maximizes (D.10) with respect to ps The first order
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condition to this problem is

(1= vspp,5) + (Po,5 —ws) (—75) =0, (D.12)
~———
dap,5
opp, s
resulting in the monopoly drug price p, s = % The drug price p, g increases in the

wholesale price wg.

Turning to the second stage of the game, the manufacturer M sets the fixed fees to

(1-— U)D’YD)2

(1 - w575)2
4vp

D.13
dyg ( )

¢p = Th,D = and ¢s = Tps =

in order to extract the intermediaries’ profits. In the absence of parallel trade and for segmented
markets, the manufacturer’s optimal strategy is to set the wholesale price equal to the marginal
cost of production, i.e. wp = wg = 0'. This pricing decision avoids the double marginalization
problem and results in the same drug price and sales volume as if the manufacturer sold directly
to the consumers.

Equilibrium drug prices are

1 1

Pop = 5— and ppg = ~—. (D.14)

27p 275

Equilibrium quantities are
1 1
.0 = 55 WS = 5 (D.15)
The manufacturer’s profit is

(1-7p)* | (1-17s)°
M = + . D.16
4vp 4vs ( )

'This result can also be obtained by substituting (D.13) and equilibrium prices into (D.8) and maximizing
with respect to wp and ws.
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D.1.3 Equilibrium with Parallel Trade

If parallel trade is allowed, the manufacturer’s pricing decisions —the wholesale price wp charged
the intermediary Ip and the wholesale price wg charged the intermediary Is — are no longer
independent.

The manufacturer’s profit is given as

* * ’VD(pZ,D_p*7D) * *
TM = Wp (1 - = £ T ws (1 —sphs)
- 7Tfub,s
7wa,D
Yp(Php — PE D) VDPE D
* ) ) _ ) * *’ D17
+w5< T (177_) +¢D+¢S ( )
ﬂfﬂﬁ

where waﬂ p denotes the wholesale profit from the intermediary Ip’s sales in country D, wfub’ g
the wholesale profit from the intermediary Ig’s sales in country S, 7}, 5 the wholesale profit from
the intermediary Ig’s sales as parallel imports in country D, and ¢}, and ¢g the fixed fees.

The manufacturer’s profit differs from the profit under segmented markets in two aspects:
First, as the domestic intermediary Ip faces competition by the foreign intermediary Ig in
country D, the wholesale profit from Ip’s sales in country D and the fixed fee ¢}, extracted from
Ip are lower. Second, the intermediary Ig’s sales as reimports result in additional wholesale
profit for the manufacturer and for a given wholesale price, the fixed fee extracted from the
intermediary Ig, ¢g is higher

The intermediaries’ profits are given as

. . . YoPs.p = Ph.p) .
T = (Ph,p — wh) (1 - - g — ¢ps (D.18)

N
Tb,D
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. . . . i} (YW p —Psp) VDD .
and 77, = (pb,s - ws) (1- 'VSpb,S) + (P@D —w§) ( D b’DT LA (1D_B7’_D)> —¢g, (D.19)

*

Tb,S

™ b
where 7rz7 p and 77?;, g denotes the profit from sales in country D and S, resp. and 7r/’2>7 p the profit
from sales as parallel imports in country D.

In country D, the domestic intermediary Ip maximizes (D.18) with respect to p?;? p Wwhich

yields the first order condition

(1 @i — pE,D)> +(php— ) (<22) =0 (D.20)

and the best response function

1 *
Php = 5-— (T + P50 + YpWD) (D.21)
D

Compared to the first order condition for segmented markets, part I and consequently p; D
are lower under parallel trade, if pj , < pj p (1 —7), i.e. if the parallel import is priced below
the discounted price of the locally sourced drug, which is specified by the vertical product
differentiation. Part II of the first order condition differs by the factor % from the first order
condition without parallel trade. For 0 < 7 < 1, part IT and consequently pz, p are lower under
parallel trade.

The foreign intermediary [g maximizes (D.19) with respect to pEv p which yields the first
order condition

Yoy p —P5p)  VDP5p . YD 7D
s ) _ ’ — - = O
( T (1—-7) + (pB’D ws) T

and the best response function

1

P =5 (W5 +php(1-7)). (D.22)
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274+vp (wg—i—ZwB) i (1—=7)T+vp (2w§+w1’5(1—’r))

Solving for equilibrium prices results in p; D= T and pE} D= Yo (743)
In country S, the intermediary maximizes (D.19) with respect to pj 5. The first order

condition to this maximization problem is

(1 =vsmis) + (Phs — ws) (—vs) =0, (D.23)

1+wgvg

Ty The first order condition is identical to the first order

resulting in the price pzy g =
condition under segmented markets. Note that as p;; g increases in the wholesale price wg, p;; g
will be higher under parallel trade, if wg > 0.

With fixed fees of
(27 + ypw — Ypw} (T + 1))

b T™vp (T + 3)2 ( )
W;,D
and ¢ = . 47:‘;5’YS) L Gpwp A —1) +((1 T) )(T +’;§?2ws( 7)) (D.25)
*s YD T)\T
TS 75D

the manufacturer extracts the intermediaries’ total profits.

Substituting (D.24), (D.25), and equilibrium prices into (D.17) and maximizing with respect

(1-7)(2r+vpw}) 2(1—7)(5r—72 42y pw}, (1-7))
Yp(37+1) 4yp (BT +1) Ty (1—7)(7+3)%

towp and wy gives the wholesale prices wy, = and wg =

Wholesale prices mutually reinforce one another; a higher wholesale price in the destination

country, w}, induces a higher wholesale price in the source country, wg and vice versa.
Equilibrium wholesale prices are given as:

2(1—1)
Iyp+vsBr+1)(1—7)

2(1— 1-
i — 207 Optrs(=m)

Yo 4vp 75 BT+ 1) (1 — 7))

(D.26)

For segmented markets, the manufacturer sets the wholesale prices equal to marginal cost, i.e.
wp = wg = 0. This avoids the double marginalization problem resulting from vertical separation
in imperfectly competitive markets. However, if parallel trade is allowed and results in market

integration, the manufacturer raises both wholesale prices. This allows him to induce higher
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retail prices and reduce competition from parallel trade in the destination country.

As a result of price competition between the two intermediaries, both drug prices in country
D, p;; p and pa p increase in both wholesale prices w}, and wg. The choice of the wholesale
price wj, therefore includes a strategic effect: An increase of w}, raises not only the price for
the locally sourced version but also the price for the parallel import. The same effect holds for
the wholesale price wg, an increase of wyg raises both the price for the parallel import and the
locally sourced version. This allows the manufacturer to exploit a strategic effect: By raising
both w}, and wg, he can enforce a coordinated price increase in the destination country, i.e.
induce higher retail prices for both versions of the drug.

In this model, parallel trade results in competition between two intermediaries with exclusive
territories in the destination country, but they are supplied by the same manufacturer. The
manufacturer cannot suppress this form of intrabrand competition due to lack of vertical control
and international, resp. regional exhaustion of intellectual property rights. But at the same time,
parallel trade provides the manufacturer with a situation, where he can exploit the strategic
effect of exclusive territories, namely inducing higher retail prices and reducing competition by
increasing wholesale prices. This effect is stronger, when products are close substitutes and prices
increase more in response to wholesale price increases, i.e. the degree of product differentiation
is small.

At the same time, an increase of wg also increases the drug price and decreases the quantity
sold in the source country. If price elasticity in the source country is high, a given price increase
results in a higher reduction of quantity. A wholesale price of zero would maximize profits with
respect to the source country. Thus, the impact of an increase of wg on the profit from the
source country restricts the manufacturer exploiting this strategic effect.

The first order conditions illustrate the effects of the choice of the wholesale price on the man-

ufacturer’s profit. Maximizing the manufacturer’s profit with respect to w7, gives the following
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first order condition:

Oy _ (2w A -2 vpus L (ap
ow?, (T +3) o (T +3)
BwfﬂbyD 67\';’;}6
aw*D Bw*D
N <_2 (14+1) (27 +ypwl — ypwh (7 + 1))>
T(T+ 3)2
29p
Bw*D
N <2(T(1—7)—’wag(T—i—lQ)—i-’wa}‘)(l—T))) o (D.27)
T(T+3)
d(bg,
Bw*D

An increase of the wholesale price w7, shifts demand from the locally sourced version to the
parallel import by increasing the price for the locally sourced version by more than the price of
the parallel import. This affects the wholesale profit from sales of the locally sourced version
(first term) through a price effect and a quantity effect. By decreasing demand for the locally
sourced version, an increase of w}, decreases the fixed fee extracted from intermediary Ip (third
term). By increasing demand for the parallel import, an increase of wp increases the wholesale
profit from sales of the parallel import (second term) and the corresponding part of the fixed
fee extracted from intermediary Ig (fourth term).

By reference to impact of the choice of w7}, on the wholesale profit from sales of the locally

on*
sourced version ( 82“02’[)), three effects of the choice of w7, on the manufacturer’s profit can be
D

illustrated. Consider the following decomposition:

8 * * * —
TwpD _ (27+7Dw3 YpWh (T+1)> +wh (_(27D> + wh <7D(17—)> (D.28)

*
ows, T(T+3) T+3)T (t+3)7
dw* aqf ., OpF g} ap%
S Qi ar wh 5 5ol wh, et —BH
DY Py b owT, apB,H owT,

The first part illustrates the wholesale profit-increasing effect of a higher wholesale price per

unit sold, while ignoring changes in quantity. The second part gives the standard direct effect
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of an increase of wy,. Via the increase of the price for the locally sourced version, an increase of
w}, decreases demand for the locally sourced version and the wholesale profit. The third part
indicates the strategic effect: An increase in w}, raises the price for the parallel import as well,
thus it increases indirectly the demand for the locally sourced version. Similarly, the impact of
the choice of w}, on the other components of the manufacturer’s profit can be decomposed.
Maximizing the manufacturer’s profit with respect to wg gives the following first order con-

dition:

oy 1 wi, (2yqws — 1)
wg T 7T+ 3 2

Bwfub D Bﬂ';b S
81112, ng

+<_2’YDUJ§ (r+) -7 —7)—vpwp( —T)) n (2(27+7Dw§ —va*D(HT)))

T(T+3)(1—1) T(T+3)2
Bﬂfﬂﬁ 845*D
3w§ ng
N (_(1 —sws) | 2+ 1) (1= 7) —pws (r+ )+ ypwh (1 _7))) — 0. (D.29)
2 T(l—=7)(7+3)
6%,
awg

With respect to the destination country, an increase of wg shifts demand from the parallel
import to the locally sourced version by increasing the price for the parallel import by more
than the price of the locally sourced version. This affects the wholesale profit from sales of the
parallel import (third term) through a price effect and a quantity effect and decreases the fixed
fee extracted from intermediary Ig (fifth term) by reducing the quantity of the parallel import.
By increasing demand for the locally sourced version, an increase of w§ increases the wholesale
profit from sales of the locally sourced version (first term) and the the fixed fee extracted from
intermediary Ip (fourth term). With respect to the source country, an increase of w¥ affects the
wholesale profit from sales of the locally sourced version (second term) through a price effect

and a quantity effect and decreases the fixed fee extracted from intermediary Ig (fifth term).
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Equilibrium drug prices are

o= 2(rp+ 15 (1 = 7)) pr = L= @p+7ys(1 7))
PP A (p+sBr ) (L =1) PP T yp(yp+ s Br+1) (1 - 1))

and  (D.30)

o= 4vp + 3vg (1 — 72)
Y5 2ys(dyp +vs B+ 1) (1 - 7))

(D.31)

As compared to segmented markets, the price for the locally sourced version of the drug in

country D is lower under parallel trade:

Pip __ Alp+rys(l—1)
wp  (Ayp+rsBr+1)(1—71)) <1 (D.32)

The total change of the drug price is the net of a competition effect and a double marginalization
effect?. In country S, the drug price is higher under parallel trade, as the wholesale price wg is

higher under parallel trade:

Phs  (4vp+3vs(1—77))

= > 1. (D.33)

ms  (dyp+rsBr+1)(1—71))

Equilibrium quantities are
2(yp+T1y5(1—17)) (1-7)7s
£ = qhp = d D.34
DD = s Br A A7) BT gy T Brr (1 —1) (D-34)
4 — 1-— 1-—

B8 T 2 yp + s BT+ D (- 1)

n country D, the quantity of the locally sourced version of the drug g; 1, is lower under parallel

. 1—67+572 . . .
trade if yp < %75, but the total quantity of both versions of the drug, ¢ p+ ¢ p is
2 * _ . * * _ 27(74+3)(vp+Tys(1—7))
For wj = 0, the drug price would be pjp(wp=0) = 70 (47 Gr1)trrs(1—7)(743)2)
2(vyp+Tys(1—7)) —
Yp @ p+rsGrEna-m) — Pe.0-
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higher under parallel trade than under segmented markets.

* 2
8 1-— 1—-67+5
Gp (\p+7ys(1=17) <1,if79<( T 7)757
ab,D (4yp +vsBT+1)(1—1)) 4
bp T 45 8 2ve (1 —=7) (47 + 1
4.0 (4yp +vs(1—=7) (37 +1))

In country S, the quantity sold, g; ¢ is lower under parallel trade than under segmented

markets.

Ghs _ (4yp =75 (37— 1) (1 - 1))
ts  (HptrsGrED(i=r) (D.37)

The manufacturer may increase the profit earned to the destination country. Competition
from parallel trade has a profit-decreasing effect, but the strategic effect of reducing competition
by increasing the wholesale prices and inducing higher retail prices works in opposite direction.
If the effect of a higher wholesale profit from sales as parallel imports and a higher fixed fee
extracted from intermediary Ig exceeds the effect of competition in the destination country,
i.e. a lower wholesale profit from sales as locally sourced and a higher fixed fee extracted from
intermediary Ip, the profit earned to the destination country is higher under parallel trade.
The strategic effect of reducing competition by increasing wholesale prices is crucial; the profit
is always lower under direct sales in the destination country. The profit earned in the source
country is always lower due a double marginalization effect with a higher drug price and a
lower quantity sold. The total effect of parallel trade on the manufacturer’s profit depends
on the relative size of these two effects and with it on price elasticity in both countries (i.e.
coinsurance rates) and the substitutability of both products (i.e. the degree of vertical product
differentiation).

The total profit is higher under parallel trade if 74 is sufficiently low:

™ _ (0870 +757 — Y1570 + 75 +79p) (p s Br+ DA 7))
™ Avh + 757D (T +1) (5= 37) +4m7% (1 — 1) ’
Ayp (B +1) (1 —7)+75 (T +1) (37 —5) — (1 - 7)) +VQ

2yp(B37+1)(1—1)

ifv¢ < 5=
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with @ = (1 —7)* = 8y, 37+ 1) (1 — 7)> + 272 (507 + 6972 + 13) (1 — 7)*

—l—”y?j) (3—2T+37’2) (8(37—1—1) (I=7)+vp (3—274—372)).

D.2 The Effect of Contract Choice on the Effectiveness of Reg-

ulation under Segmented Markets

Whether the two regulatory instruments, maximum wholesale margins and mandatory rebates
also have an effect, in other words lower prices, under segmented markets, depends on the form
of contract between manufacturer and intermediary: Under two-part tariffs, the increase of
wholesale prices neutralizes the effect of maximum wholesale margins completely and mandatory
rebates cannot applied, as wholesale prices are equal to zero. Under linear pricing, however, both

regulatory instruments have an effect on drug prices.
D.2.1 Two-part tariff

No regulation

When parallel trade is not allowed and markets are segmented, pricing decisions by the man-
ufacturer with respect to both countries — wholesale prices wp and wg, which determine drug
prices in both countries — are independent.

The manufacturers profit is given as

v =wp (1 —vppe,p) + ws (1 —vgpps) + ¢p + ¢g, (D.38)

Twy,,D Twy,S

where 7, p and m,, s denote the wholesale profit from the intermediaries’ sales in country D

and S resp. and ¢p and ¢g the fixed fees, which are used to extract the intermediaries’ profits.
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For the intermediary Ip, profit is given as:

71, = (Po,p —wp) (1 = vpPe,p) — ¢p (D.39)

[\

Tb,D

and for the intermediary Ig as:

T1s = (Pb,s — ws) (1 —vgpy,5) — Pgs (D.40)

Tb,S

where 7, p and 7, 5 denote the profits from sales in country D and S, respectively.
In country D, the intermediary Ip maximizes (D.39) with respect to pj g The first order

condition to this problem is

(1 =7pp,0) + (P00 —wp) (—=75) =0, (D.41)
resulting in the monopoly drug price p, p = (1+2w771:;717)_ The drug price py p increases in the

wholesale price wp.
In country S, the intermediary Is maximizes (D.40) with respect to p, g, The first order

condition to this problem is

(1= vspp,5) + (Po,5 — ws) (—75) =0, (D.42)
resulting in the monopoly drug price p, s = % The drug price py g increases in the

wholesale price wg.

Turning to the second stage of the game, the manufacturer M sets the fixed fees to

(1— U)D’YD)2

(1 —wgvg)?
4vp

and ¢g = mp,5 = ™
s

$p = Tbp = (D.43)

in order to extract the intermediaries’ profits. In the absence of parallel trade and for segmented
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markets, the manufacturer’s optimal strategy is to set the wholesale price equal to the marginal
cost of production, i.e. wp = wg = 03. This pricing decision avoids the double marginalization
problem and results in the same drug price and sales volume as if the manufacturer sold directly
to the consumers.

Equilibrium drug prices are

1
Po.p = —— and pp.g = (D.44)

1
2vp 2vg '

Equilibrium quantities are

4,0 = 55 @b,5 = (D.45)

Maximum Wholesale Margins

Under maximum wholesale margins, the regulatory body of country j restricts the markup

surcharged to ;. Drug prices are

1

Pop = wWp+(l—pp)myp, myp=pyp—wp= D (D.46)
D
1

pff,s = wy+ (1 —pg)mps, mps =prs — ws = e (D.47)

S

The manufacturers profit is given as
Th = wp (1 - ’VDPZD> + wh (1 — vspﬁs) Ty (D.48)
at 7#‘
wy,, D wy,, S

where 7! and 7 o denote the wholesale profit from the intermediaries’ sales in country D
b Wy,

and S resp. and ¢, and gzﬁ’é the fixed fees, which are used to extract the intermediaries’ profits.

3This result can also be obtained by substituting (D.43) and equilibrium prices into (D.38) and maximizing
with respect to w.
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For the intermediary Ip, profit is given as:

T, = (1= pp) me,p (1 - vaé,fD) — ¢ (D.49)

yn
Ty, D

and for the intermediary Ig as:

Ty = (1= pg) mus (1 - vSpéf,s) — ¢, (D.50)

mn
Ty,8

where 7'['57 p and 7'[';:7 g denote the profits from sales in country D and S, respectively.

Turning to the second stage of the game, the manufacturer M sets the fixed fees to

S = mhp= (= pp)mup (1= 7p (wh + (1= pp)msp))

and ¢y = m, g = (1—pg)mps (1 =75 (wh+ (1 — pg)mps)) (D.51)

in order to extract the intermediaries’ profits. Substituting (D.51) and equilibrium prices

(D.46, D.47) into (D.48) and maximizing with respect to w’, and wi gives the wholesale prices:
(1—2yp (1= pp)mu,p) (1= 295 (1 — pg) mu,s)

uo_ wo_
wh, = and we = .
b 29p o 2vg

The manufacturer increases wholesale prices in response to maximum wholesale margins. The
stricter regulation is, i.e. the higher p;, the higher the wholesale price is. An increase of the
wholesale price decreases demand for the drug and accordingly the profit of the intermediary
and the fixed fee. At the same time, there is a positive impact on the wholesale profit, if the
effect from a higher price per unit offsets the effect from a lower quantity. The positive effect
on the wholesale profit dominates and consequently, the manufacturer raises the wholesale price

to the point that the effect from maximum wholesale margins on drug prices is neutralized:
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Equilibrium drug prices are

1 1
Php = 3 and pj ¢ = e (D.52)

Higher wholesale prices offset the effect of lower markups allowed completely; drug prices under
maximum wholesale margins are identical to drug prices under no regulation.

Equilibrium quantities are
Gp = BY TBy5 = > (D.53)
Mandatory Rebates
As wholesale prices wp and wg are set to zero under segmented markets, this instrument cannot
be applied.
D.2.2 Linear Pricing
No Regulation

Under linear pricing, the manufacturer charges a wholesale price per unit, but abstains from
charging a fixed fee.

The manufacturers profit is given as

v =wp (1 —vppe.p) + ws (1 —vsPb,5), (D.54)

Twy, D Twy,,S

where 7, p and m,, s denote the wholesale profit from the intermediaries’ sales in country D
and S resp..

For the intermediary Ip, profit is given as:

Trp = (Po,p —wp) (1 = vppu,D) (D.55)

n'g

Tb,D
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and for the intermediary Ig as:

w15 = Py,s —ws) (1 —vspb,5), (D.56)

~~

Tb,S

where m, p and 7, 5 denote the profits from sales in country D and S, respectively.
In country D, the intermediary Ip maximizes (D.55) with respect to pp s The first order

condition to this problem is

(1 =vppy,0) + (P60 — wp) (—75) =0, (D.57)
resulting in the monopoly drug price p, p = %J?D). The drug price py p increases in the

wholesale price wp.
In country S, the intermediary Ig maximizes (D.56) with respect to pys. The first order

condition to this problem is

(1 = vspp,8) + (pr,s — ws) (—y5) =0, (D.58)
resulting in the monopoly drug price p, g = % The drug price py g increases in the

wholesale price wg.
Substituting equilibrium prices into (D.54) and maximizing with respect to wp and wg gives
the wholesale prices:
1

wp = — and wg = —.
27p 2vs

Under linear pricing, the manufacturer extracts profits through the wholesale price instead
of through the fixed fee, as under two part-tariffs. Accordingly, the manufacturer sets profit-
maximizing wholesale prices ( = monopolistic wholesale prices) and ignores the impact on higher

wholesale prices on the intermediary’s profit, as it cannot be appropriated.

231



Equilibrium drug prices are

3 3
ppp = —— and pp g = —. (D.59)
4vp dvg

The intermediary surcharges a monopolistic markup on the wholesale price. Thus, the final drug
price is comprised of two monopolistic markups (double marginalization effect) and is higher
than if the intermediary sold directly.

Equilibrium quantities are

1 1
4.0 = 7> .5 = (D.60)

Maximum Wholesale Margins

Under maximum wholesale margins, the regulatory body of country j restricts the markup

surcharged to p;. Drug prices are

Pyp = wp+ (1 —pp)mup, myp=p,p—wp= . (D.61)
D
1
Phs = wo+ (1—pg)mus, mys =pys —ws = P (D.62)
S
The manufacturers profit is given as
mhy = wh (1 — 'préf,D) + wh <1 — ’Yspg,s): (D.63)
7Tﬁjb,D ﬂi,ﬁs

where quj; p and 74 g denote the wholesale profit from the intermediaries’ sales in country D
b Wy,

and S resp..

For the intermediary Ip, profit is given as:

T, = (1= pp)myp (1 - vaﬁD> (D.64)

m
Tb,D
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and for the intermediary Ig as:

W‘}LS = (1 —pg) mps (1 - ’yspéf,s), (D.65)

yn
Tb,S

where 7r’li p and 7r§7 g denote the profits from sales in country D and S, respectively.
Substituting equilibrium prices (D.61, D.62) into (D.63) and maximizing with respect to w/,

and w’ gives the wholesale prices:

1—vp (1 —pp)mep
27p

1 —vg(1—pg)mys
2vg

wo_ wo_
wh = and wg =

Wholesale prices are lower than under no regulation. The stricter regulation is, i.e. the higher
pj, the higher the wholesale price is.

Equilibrium drug prices are

" (I1+vp (X —=pp)mep)  (5—pp)

= = D.66

Po.p 2vp 8vp ( )
1+v¢ (1 —pg)mps 5 —

and pff,s = ( S(nys 5) ) = ( 8755)' (D.67)

Drug prices are lower than under no regulation. That is, under linear pricing, the manufacturer
cannot offset the effect of maximum wholesale margins by raising wholesale prices. The stricter
regulation is, i.e. the higher p;, the higher the drug price is.
Equilibrium quantities are
(3+ mp) (3 + ps)
Gp = P2 g = : (D.68)
’ 8 ’ 8
Quantities are higher than under no regulation. The stricter regulation is, i.e. the higher p;,

the lower the quantity is.
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Mandatory Rebates

Under mandatory rebates, wholesale prices are discounted by the factor ¢, in country j. In

country D, the wholesale price amounts to:

1
w% = (1 —=9Yp)wp=(1—-p) 2, (D.69)
and in country S to:
1
wh = (1 - vg)ws = (1-1hg) 5—. (D.70)
2vs

For the intermediary Ip, profit is given as:

W}/’D = (p;f,D — w%) (1 — 7Dp2€D) (D.71)
s
b,D
and for the intermediary Ig as:
77?5 = (pg),s - w?) (1 - 'YSpgjs)> (D.72)
s

where Tr;ﬁ p and Tr;ﬁ g denote the profits from sales in country D and S, respectively.
In country D, the intermediary Ip maximizes (D.71) with respect to pzb g The first order

condition to this problem is

(1=708ip) + (php = wh) (—75) =0, (D.73)

(1+v300)

resulting in the monopoly drug price p;f) D= "3,

In country S, the intermediary Ig maximizes (D.72) with respect to p?f g The first order
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condition to this problem is

(1 - ’yspiffs) + (pifjs - w?) (=vs) =0, (D.74)
P
. . v (1+w575
resulting in the monopoly drug price Pys = 273)
Equilibrium drug prices are
33— 33—
p;ﬁD = ( D) and p}ﬁs = B=ds) S). (D.75)

Drug prices are lower than under no regulation. That is, an obligatory discount on wholesale
prices is passed on to drug prices. However, intermediaries do not pass discounts on completely.

Equilibrium quantities are

Q.p = — Qs ="—"F - (D.76)

Quantities are higher than under no regulation.

D.3 Equilibrium with Maximum Wholesale Margins

Under maximum wholesale margins, the regulatory body of country j restricts the markup

surcharged to a fraction u; of the markup surcharged under unregulated markets?:

PZ,‘}’:) = wEH + (1= pp) mZ,D,
2 1-
with my o = pyp—wp = r(p+7sd = 7)) (D.77)

Yp (dyp +7sBr+1) (1 —1))’

*In all European countries except for Italy maximum wholesale markups are defined in terms of wholesale
prices.
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pip = wy +(1—pp)mpp,

2
. * * * TYs (T B 1)
with m = php—wg= , (D.78)
S T T s G+ D (7))
and pry g = wg' 4+ (1 — pg) mi g,
4vp — 1-37)(1—
withmy ¢ = ppg—ws= D =7 ( k) (D.79)

295 (yp +vs BT+ 1) (1 —17))

The case of p; = 0 corresponds to no restrictions on pricing, i.e. no regulation (the intermediary
may charge the profit-maximizing markup as under no regulation), while the case of py =1
corresponds to the strictest regulation possible (the intermediary is forced to price at marginal

cost).

D.3.1 Maximum Wholesale Margin Regulation in the Destination Country

Consider first the case of the destination country restricting pricing by intermediaries by re-
stricting markups. Assume that markups are completely restricted, i.e. up = 1. In the source
country, pricing by intermediary Ig is free.

The manufacturer’s profit is given as:

1oy'p = Pdp)
™ = wp <1— : - : ) + wd' (1_’YSpif9>
ik
W:;;,D worS
’YD(Z?Z% - pEMD> ’YDPZ;MD

&t : = — : e pa D.80
+uwg ( . eI AL REE (D.80)

iy

UIB

with fixed fees given as
* * (1 — w;ﬂ,}/s)2

¢ =0and ¢ = ~——=——. (D.81)

dvyg

Substituting (D.81), and equilibrium prices into (D.80) and maximizing with respect to wj}’

* L *
kL . . * (T+2’YD1US ) ko 4'waD (177’) S1e1 e
and wg gives the wholesale prices wp = o, and wg = T p (=) Equilibrium
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wholesale prices are given as

" (4yp+7ys(1—7)) 2(1—-7)
wilt = 5 Z ) — and w;“ = TP (D.82)
Yo (4yp + 75 (1—7)) (4yp+7s(1—7))
Both wholesale prices are higher than under free pricing:
o (1 U+ =) AR (T =3) (1 7)) .
WpH — W = > U,
b P 2yp(vp +7s(1=7)) (4yp +7s BT+ 1) (1 = 7))
675 (1 —7)°
wd' —ws = = > 0. (D.83)
s (4yp+ys(1=7)(4p+7sBr+1) (1 —7))
Equilibrium drug prices are:
o wprris(-m) L, 20-7)
b 29p (yp + 75 (1 =7)) PP (dyp + 75 (1 —7))
X 4 3vg (1 —
and p;’. 7p +375(1—7) (D.84)

2vs (4yp +7s(1—1))

In the destination country, the price of the locally sourced version is lower than under free
pricing, the price of the parallel import may be higher or lower than under free pricing. In the

source country, the drug price is higher than under free pricing:

37'7% (1-— 7')3

PZ% —Dhp - <0
: ’ 29p(4yp +vs (1 —7)) (4yp +7s BT+ 1) (1 —17))
P~ Db (2yp —vs(1—=7)) 75 (1 —7)? <0,
’ ’ Yp (@vp +7v5(1—7)) (4yp +7s BT+ 1) (1 - 7))
" . 3tvg(1—1 2
pbfg — Dh.s s ( ) > 0. (D.85)

(4vp+7s(1=7)(dyp+7sBr+1) (1 —7))

237



Equilibrium quantities are:

N 1
qbﬁ) = 5)
*[ s (1 B T)
= and
BT Ayp s (T-m)
* 4vp — 1—7

2(4yp +ys(1—1))

In the destination country, maximum wholesale margins shift demand from the parallel import
to the locally sourced version. In the source country, the quantity is lower than under free

pricing:

2
*[L * 7s (T — 1)
—_ = 0
Y N GRSV ()
e~ (=DM as-sn-n)
BD D 2(4yp+7s(1—=7))(4yp +75 BT+ 1) (1 —17))
3y (1 — 7)2
*/L % S
— = — < 0. D.87
575 = 4B+ ) (1-7) (T 75 (- 1) (D50

D.3.2 Maximum Wholesale Margin Regulation in the Source Country

Consider now the case of the source country restricting pricing by intermediary Ig by restricting
his markup. Assume that the markup is completely restricted, i.e. pg = 1. In the destination
country, pricing by intermediaries is free.

The manufacturer’s profit is given as:

* * fyD(pZ,ﬂD - p*lfD) * *
™ o= wp (1— . b + wg" (1—’)/Spbffg)
. =4 *[L
TF:U‘;;,D Ty,
’YD(PZ% - pzﬂD) 'YDPEHD
o : D° D7 e D.88
TI'L%
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with fixed fees given as

* * 2
(27’ +vpwd' —ypwp (1 + 1))

oo
°p = ™vp (T + 3)2 and
o (vpwh =7+ (1 —7)7 —ypwd (1 + 7'))2‘ (D.89)

Typ (1 —7) (7 +3)

Substituting (D.89), and equilibrium prices into (D.88) and maximizing with respect to w7}’ and
s (A=1)(2r+ypwd’) (1—7)(7(14457+72)+2y pwjs (1-7))

*Uo : _ kU
wg gives the wholesale prices wp, = BT and wg = 2(rp Gl s (=) (737
Equilibrium wholesale prices are given as
N 1-— 2 — 4 1-— " 3 2)(1—
wip = 0= 0@ s () | (42 (-7) D.50)

P 2y (p s B+ 1) (1 - 1)) 2(vp+1sBT+ 1) (1—7))

Both wholesale prices are higher than under no regulation:

(1 ) (b — 75 (2— 37) (1 - 7))
Yp T35 Br A D (1= 7)) (p + 15 Gr (A7)
e G (1-7)(p—1s =31 (1=7)
S U T S i Gr i DA ) (p FrsGr DAy & P9

* L *
wD —Wp

> 0,

Equilibrium drug prices are:

(2—7)yp +41ys(1—1) p*u:(1_7—)(7D<2+T>+2775(1_T>)
29p (vp+1sBr+1) (1 —7)) PP 2yp (yp+ s BT+ 1) (1 - 7))
Br+2)(1—1)
2(1p + 5 Br - D (1= 7)) (D-92)

oo _
Pyp =

and pZ‘g

In the destination country, prices are higher than under free pricing. In the source country, the
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price is lower than under free pricing:

D e (1-7)4yp —715(2-371)(1—17)) =0
bD 75D 2(p+7s BT+ 1) (1—7)) dyp+7sBr+1) (1 —-7) ~ 7
(t+1)(1—7)(4p—7s2—=37)(1—1))
2(p+sBT+ 1) (1 —7)) 4yp +7s B+ 1) (1 — 7))
S 4 ysp (=31 (A1) + 95 BT+ (1 1)
bS5 b3 29s(Yp+71s BT+ 1) (1 =7)) (4vp +7s BT+ 1) (1 —7))

P5p —Php >0,

2

< 0(D.93)

Equilibrium quantities are:

Yp(2—7)+4rys(1 —71) o= 1s(L=7)=p

2(yp + 75 BT +1) (1 -1) PP (vp+gBr+1) (1 7))

W 29p +31myg (1 — 1)

WG = Ty s Gr () (D41

*h
4y.p

In the destination country, maximum wholesale margins shift demand from the parallel
import to the locally sourced version. In the source country, the quantity is higher than under

free pricing:

1p(1—7)(4yp —7s(2-37)(1—7))

b =00 = 50 s (4 1) (1~ ) (s B+ ) 7)
G = Yp(@yp —15(2-37)(1—7))
#0750 = T s G+ 1) (1 7)) (g 415 Br + (1~ 7))
2
s = 49h —v57p (1 =31) (1= 7) +9§ BT+ 1) (1 — 1) (D.95)

2(yp+ s BT+ 1) (1 —=1) (4yp +7s BT+ 1) (1 = 7))

D.4 Mandatory Rebates

Under mandatory rebates, wholesale prices are discounted by the factor ¢; in country j. In

country D, the wholesale price amounts to:

wyy = (1—1p)wh (D.96)
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and in country S to:

wi = (1— 1) wh. (D.97)

D.4.1 Mandatory Rebates in the Destination Country

Consider first the case of the destination country implementing marginal cost pricing and forcing
the manufacturer to set the wholesale price to zero, i.e. ¥ = 1 and w% = 0. In the source
country, pricing is free.

The manufacturer’s profit is given as:

1) *1p *1p
* * * * ,YD(pb,D B pB,D) rprB,D * *
71']\1; :w;p (1—'ygpbjfg> —l—ws¢ ( - — i-r +¢Dw+¢sw. (D.98)
”Z}i,s

i

with the fixed fees given as

2 2
(2T + ,wang) " (1 — wgw'ys)

Lo = = D.99
Mo (T3t s ()

*

Y _
¢p =
Substituting (D.99), and equilibrium prices into (D.98) and maximizing with respect to w?p

gives the wholesale price:

wgw _ 2r(1—7)(5—1) (D.100)

<4fyD Br+1)+7mys(1—7)(7+ 3)2> .

The wholesale price is lower than under free pricing:

- 8(1—7) (1p + 775 (1= 7)) < 0. (D.101

(47D Br+1)+7myg(1—7)(7+ 3)2> (Ayp+vs(B7+1)(1—171))

*1p
Wy —w

wn*
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Equilibrium drug prices are given as:

o e oprmson)
’ D (4’)/D(3T+1)+T’)/S(1—T) <T+3)2)
o TL-=7)Bvp+T1y5(T+3)(1—1)) ,
TP ap (4 Bre )+ s (- 7) (T +3)?)
pﬁ)g _ (4fyD Br4+1)+71yg5(1—1) (47' + 72+ 19)) . (D.102)

295 (47p (37 + 1) + 775 (1= 7) (7 +3)?)
All prices are lower than under free pricing;:
PZ}% - pZ,D

A=)+ 115 =) @yp (T + ) + 5 (7 +3) (1 - 7))
7p [47p (37 +1) + 775 (1 = 7) (7 +3)?| [4yp +75 (37 + 1) (1 = 7)

<0,

*¥p
Pg.p = Pp.D
_ 2(1-7)*(p+ms(1=7)) (4yp + 15 (1 +3) (1 — 7)) <0
Tp [47p (87 +1) + 775 (1= 7) (7 +3)?| rp + 75 (37 + 1) (1 = 7)

P
pZ,s — Dys

_ 4 (1 — T)3 (fYD +77s (1 — T)) < 0. (D103)

[4’)/[) Br+1)+7myg(1—7)(7+ 3)2} [Avp +7v5 BT+ 1) (1 —7)]

Equilibrium quantities are

gL 2Ebptrsion)
| (490 (Br+ 1)+ 775 (1= 7) (r +3))

P EL e S N
’ (4fyD (Br+1)+71yg(1—7) (T+3)2>

q;% _ 4 Br+1)—1ys(1—7)(1 —87'—7'2)‘ (D.104)
T 2 GreD s (4 )?)

In the destination country, mandatory rebates shift demand from the parallel import to the
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locally sourced version. In the source country, the quantity is higher than under free pricing:

QZ,%—CIZ,D
2(1=7)(yp+7ys(1—=7)) Byp +75(7+3) (1 —7)(7+1))
[y + g (37 + 1) (1 — 7)] [4% (37 +1) + 5 (1 —7) (7 +3)2]

q};fbp - (JE,D

B 20=1)(yp+1sd—=7)(Ap+trs(r+3)1—1))
4y + 75 (37 + 1) (1= 7)] [43p (37 + 1) + 795 (1= 7) (7 + 3)’]

>0,

<0

¥ x
9,5 — 9,5
_ 415 (1=7)° (vp + 15 (1= 7)) ~0. (D.105)
4y + g (37 + 1) (1 — 7)] [471) (37 +1) + 7y5 (1 —7) (r + 3)2]

D.4.2 Mandatory Rebates in the Source Country

Consider now the case of the source country implementing marginal cost pricing and forcing the
manufacturer to set the wholesale price to zero, i.e. ¥g = 1 and wg = 0. In the destination
country, pricing is free.

The manufacturer’s profit is given as:

i) *1h
W _ 0Wop ~Pep) \ | e,
ﬂ_]\j[l) _ w[)’ﬁ <1 _ b,DT B8,D ) + ¢D7,/1 + ¢S¢7 (D.106)
with fixed fees given as

) * 2
“ (27’—{—7Dw5 —Ypwp (T+1)>
oy = ;
b T™p (T + 3)2

*1) *) 2
w (ol a=n =0T —puf 1 +7)
s = p (1 —7) (1 + 3)? . (B-107)

Substituting (D.107), and equilibrium prices into (D.106) and maximizing with respect to
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wj;ﬁ gives the wholesale price:

*¢:2 (1—7’)
D T B 1)

The wholesale price is lower than under free pricing:

2(r —1)°

wy, —wp = — < 0.

Br+1)(4yp+vsBr+1)(1—1))

Equilibrium drug prices are given as

) 2T
bvp = )
’ YD (3T + 1)
o (1—7)7
8,D YD (3T + 1)’
* 1
and pbjé = m

All prices are lower than under free pricing;:

2(1—-1)

Py —Pip = - <0,

Br+1)(4yp+vsBT7+1)(1—1))
2(1—7)(t+1)

[ = — <0
s.D — FBD (Br+1)(4yp +ysBr+1)(1—7)
N 1—7
pZ}é ~Pos = ( ) < 0.

(4yp+7sB7+1)(1—7))

Equilibrium quantities are:

o= 3 1 B0 T 3 STy

(D.108)

(D.109)

(D.110)

(D.111)

(D.112)

In the destination country, mandatory rebates shift demand from the locally sourced version

to the parallel import. In the source country, the quantity is higher than under free pricing:
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(1-7)

*) * _ < 07
% p 9D = 2vp (3T+1) (4’7[)""75 (3T+1) (1 _7))
D
*1) Lk — > 07
96,0 ~ 9.0 4(37 +1)#p+ysBr+1)(1—71))
i} . (1-71) D.113)
qug —Gps = > 0. (

s (Ayp +v5(B7+1)(1—1))

245



Appendix E

Eidesstattliche Versicherung

Ich erklire hiermit an Eides Statt, dass ich meine Doktorarbeit ,Parallel Trade of Pharmaceu-
ticals. Conflicts in Health Policy Objectives and Regulatory Externalities in the EU Internal
Market. “ selbstédndig und ohne fremde Hilfe angefertigt habe und dass ich alle von anderen Au-
toren wortlich iibernommenen Stellen, wie auch die sich an die Gedanken anderer Autoren eng
anlehnenden Ausfithrungen meiner Arbeit, besonders gekennzeichnet und die Quellen nach den
mir angegebenen Richtlinien zitiert habe. Die Arbeit hat bisher in gleicher oder dhnlicher Form

oder auszugsweise noch keiner Priifungsbehérde vorgelegen.
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