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Abstract: To manage the challenge of limited healthcare resources and unlimited 
demand for healthcare, decision makers utilise a variety of demand side policies, 
such as health technology appraisals and international reference pricing to regulate 
price and utilisation. By controlling price and utilisation demand side policies 
determine the earnings potential, and hence the incentives to invest in research and 
development (R&D) of new technologies. However, the impact of demand side 
policies on R&D incentives is seldom formally assessed.  

Based on the key assumption that intellectual property rights, i.e. patents, and 
expected rent are key drivers of pharmaceutical R&D, this work outlines a 
framework illustrating the link between demand side policies and pharmaceutical 
R&D incentives. By analysing how policies impact expected rent and consumer 
surplus, the framework is used to understand how commonly used demand side 
policies (including timing and length of reimbursement process, international 
reference pricing, parallel trade, and sequential adoption into clinical practice) 
may influence R&D incentives.  

The analysis demonstrates that delayed reimbursement decisions as well as 
sequential adoption into clinical practise may in fact reduce both expected rent and 
consumer surplus. It is also demonstrated how international reference pricing is 
likely to increase consumer surplus at the expense of lower rent and thus lower 
R&D incentives.  

Although this work illustrates the importance of considering how demand 
side policies may impact long-term R&D incentives, it is important to note that the 
purpose has not been to prescribe which demand side policies should be utilised or 
how. Rather, the main contribution is to illustrate the need for a structured 
approach to the analysis of the complex, and at times highly politicised question of 
how demand side policies ultimately influence population health, both in the short 
and in the long term.  
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1 Introduction  
Pharmaceutical treatments constitute around 17% of healthcare spending in OECD 
countries and 12% in Sweden (LIF, 2014; OECD, 2013), and have been one of several 
factors contributing to longevity and morbidity improvement over the last decades 
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(Lichtenberg and Pettersson, 2014; Lichtenberg, 2004). However, technological 
innovation and development are also key challenges for healthcare financing, and 
healthcare decision makers inevitably need to prioritise what currently available 
treatments should be funded (Appleby, 2013; Claxton et al., 2002).  

Pharmaceutical demand side policies are a commonly used mechanism to regulate 
price and utilisation of pharmaceutical technologies (Kanavos, 2003; Kanavos et al., 2010; 
Leopold et al., 2012; Vogler et al., 2011). Examples of such regulation in the Nordic 
countries are international reference pricing (Leopold et al., 2012) and value based pricing 
(Kanavos et al., 2010). As demand side policies regulate price and utilisation and hence 
determine earnings on pharmaceuticals, they are clearly interlinked with pharmaceutical 
research and development (R&D) incentives (Danzon and Towse, 2005; Grabowski and 
Vernon, 2000; Vernon, 2005). Demand side policies and policies to incentivise R&D are, 
nevertheless, often discussed and analysed separately, and a coherent approach to analyse 
them jointly appears to be lacking. A structured approach may be particularly important 
given the highly politicised environment, where policies may focus on short-term 
optimisation with a risk of omitting the long-term implications.  

In this paper we propose a conceptual framework that outlines a link between 
pharmaceutical demand side policies and R&D incentives. The proposed framework is 
then used to analyse how certain commonly used demand side policies impact R&D 
incentives.  

The paper is structured as follows. The next section outlines the conceptual 
framework. In section three the implications of demand side policies for R&D incentives 
is analysed. Section four introduces a global context to the analysis. The paper ends with a 
discussion and concluding remarks.  

2 Development and expected rent of pharmaceuticals 

2.1 Pharmaceutical development 
The research and development of pharmaceuticals is challenging. Pharmaceutical 
products, e.g. pills and injections, are private goods; they cannot be used by another 
person once consumed by a given individual. In contrast, pharmaceutical technologies and 
discoveries are essentially informational/knowledge goods that can be classified as “global 
public goods” given their global accessibility, non-rival and non-excludable nature once 
developed (Kaul and Mendoza, 2003; Moon, 2008; Sandler, 1999)1.  

The cost of developing a new pharmaceutical technology is substantial. Recent 
estimates point to  US$1,506 million (Mestre-ferrandiz et al., 2012). In contrast, the cost 
of producing pharmaceutical products is in general low. This is evident from the 
significant price reductions when generic competition enters the market post patent expiry, 
after which many products are sold at prices down to a few cents ($) per tablet2. Without 
restrictions on production or sales of pharmaceuticals, investors would be unable to cover 
the substantial development costs leading to a market failure of pharmaceutical 
development (Carlton and Perloff, 2005; Danzon et al., 2015). The global accessibility of 
                                                
1 It should be noted that the use of pharmaceutical technologies to produce pharmaceutical products are 
made “excludable” during the time of patent protection under the intellectual property rights regime. 
However, as outlined by Kaul & Mendoza 2003 changing the non-rival and non-excludable nature of 
pharmaceutical technologies by utilising patents is a policy decision, and does not change the fact that these 
goods are fundamentally non-rival and non-excludable. 
2 This can for example be seen in the list of “preferred (generic) products” published by Tandvårds- och 
läkemedelsförmånsverket (TLV) in Sweden each month.  
www.tlv.se/apotek/utbyte-av-lakemedel-pa-apotek/periodens-varor/ 
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developed technologies further creates free-rider and collective action problems (Carlton 
and Perloff, 2005; Danzon and Towse, 2005; Grabowski, 2005).  

Intellectual property rights, i.e. patents, are important for incentivising 
pharmaceutical R&D (Carlton and Perloff, 2005; Danzon and Towse, 2005; Grootendorst 
and Edwards, 2014; Munos, 2009). Patents create a time limited monopoly for the sale of 
pharmaceutical products, providing the developers with the opportunity to cover their 
R&D cost. Pharmaceutical R&D investments will likely occur when the expected rent 
(during the time of patent protection) covers development costs and provides a 
competitive return on investment (Carlton and Perloff, 2005; Danzon and Towse, 2005; 
Grabowski, 2005). The assumption that R&D incentives are largely driven by expected 
rent, and that expected rent in turn is dependent on demand side policies regulating price 
and utilisation, is the foundation of the framework outlined below. 

It is important to note that patents are no first best solution given the inefficiency 
of monopoly pricing. Patents further lead to inequitable R&D investments since they 
incentivise greater investment in development of treatments for diseases predominantly 
affecting citizens of developed countries (Civan and Maloney, 2006; Hubbard and Love, 
2004; Kaul et al., 1999). Different remedial approaches to overcome these issues have 
been proposed including the compensation of producer for operating on a lower point on 
the demand curve and Ramsey pricing (Carlton and Perloff, 2005; Danzon and Towse, 
2005; Persson et al., 2012). Promoting pharmaceutical R&D through other means than 
intellectual property rights, e.g. innovation prizes and increased public funding has also 
been extensively discussed (Agitha, 2013; Carlton and Perloff, 2005; Dimasi and 
Grabowski, 2004; Grootendorst and Edwards, 2014; Hubbard and Love, 2004; Munos, 
2009). The purpose of this work is, however, not to describe or analyse how to achieve 
optimal and equitable pharmaceutical R&D investment levels, but rather to provide a 
framework and analysis of how demand side policies may influence R&D investments 
under the currently utilised system of intellectual property rights.  

2.2 Pharmaceutical supply and demand 
Figure 1 outlines a stylised example of supply and demand for pharmaceutical products 
illustrating monopoly pricing (where marginal cost (MC) equals marginal revenue (MR)), 
and competitive pricing (where price equals marginal cost3). Under monopoly pricing 
producer surplus (PS) and consumer surplus (CS) will be equal to area BCEPM and AEPM 
in Figure 1, respectively. At competitive pricing producer and consumer surplus is equal 
to areas BFPC and AFPC, respectively. Monopoly pricing leads to a deadweight loss (DL) 
as defined by areas CEF in figure 1. 

Demand curves, as exemplified by D in Figure 1, usually represent the quantity 
demanded by individuals across different prices, i.e. the number of individuals with a 
maximum willingness to pay exceeding specific prices. However, in most developed 
countries, healthcare interventions are mainly funded by third-party payers via insurance 
or otherwise collectively funded healthcare financing (OECD, 2013). The demand (curve) 

                                                
3 It has been argued that pharmaceutical pricing may be more in line with monopolistic competition given 
that alternative treatment strategies may limit producers ability to utilise monopoly pricing (Danzon and 
Towse, 2005). However, unless a technology with equal therapeutic properties exists then the availability of 
alternative and different treatments would be reflected in the demand curve under which the monopolistic 
producer maximises surplus with monopoly pricing. The framework in this work assumes monopolistic 
pricing and that alternative technologies are reflected in the demand curve and may therefore not be directly 
applicable to technologies in which introduction will lead to increased (monopolistic) competition. 
Monopoly pricing does nevertheless provide a good illustration of the economic problem investigated in this 
study. 
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for pharmaceuticals within a collectively founded healthcare system therefore represents 
healthcare decision makers´ demand for a technology at different prices. The demand 
(curve) for healthcare decision makers thus incorporates the (magnitude of) benefit 
provided by a technology and the willingness to pay for that benefit4.  

Evidence on treatment benefits are most often estimated on an aggregated 
subgroup or total patients population level. Further, healthcare decision makers may not 
be able, or allowed to discriminate between individuals. Therefore, the demand (curve) for 
pharmaceutical technologies is likely to be of a stepwise nature, as detailed by for example 
Claxton 2007. Nevertheless, a simple linear demand curve, as presented in Figure 1, 
provides a good illustration of the economic problem.  

 
 

Figure 1:  A stylised example of supply and demand illustrating monopoly and 
competitive pricing 

 
Note: Figure based on the numerical example outlined in Appendix 1. 

2.3 Expected rent 
The value of a pharmaceutical technology for producers and consumers during the time of 
patent protection is the producer and consumer surplus accumulated from time of 
marketing authorisation approval (tMAA) until patent expiry (tgx). Assuming that 
pharmaceutical developers are profit maximising entities, they will maximise producer 
surplus by utilising monopoly pricing.  
Post patent expiry, it is assumed that generic competition will drive down the price to 
marginal cost thus decreasing producer surplus and increasing consumer surplus. The 

                                                
4 Willingness to pay includes both the value societies/insurers put on the benefit as well as opportunity cost. 
The opportunity cost can be represented by (i) the marginal rate of substitution between (health) benefit and 
consumption, (ii) the health/value provided by another medical technology that will be displaced by the 
introduction of a new treatment, i.e. the cost-effectiveness threshold, or (iii) a combination of the two, as 
described by for example Claxton et al. 2010. Hence, willingness to pay may vary and depend on the view 
of what constitutes opportunity cost.  
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increase in consumer surplus is a result of a reduction in producer surplus and elimination 
of the deadweight loss of monopoly pricing. A mathematical expression and a graphical 
illustration of producer and consumer surplus, during and after patent protection, are 
provided in Table 1 and Figure 2, respectively. They follow from the assumption that a 
pharmaceutical technology is provided to individuals for whom it has been assessed to 
constitute a net gain. Figure 2 is based on a numerical example outlined in Appendix 1. 

It is unclear whether the developer of a pharmaceutical technology will earn any of 
the remaining producer surplus post patent expiry, given the competition with other 
producers. Hence, in our framework we define expected rent for a pharmaceutical 
technology as (monopolistic) producer surplus during the time of patent protection, and 
our analysis focuses on how demand side policies impact expected rent and consumer 
surplus during the time of patent protection. 

The relationship between expected rent and R&D incentives has been 
demonstrated in both theoretical and empirical studies, which have established two main 
ways in which rent impacts R&D investments: (i) impact on earnings potential, i.e. 
expected rent, of future products; and (ii) impact on cash-flow, i.e. expected rent from 
currently utilised (and patented) products (Grabowski and Vernon, 2000; Malmberg, 
2008; Vernon, 2005). 

For ease of exposition the analysis in the following section estimates expected 
rent from time of marketing authorisation approval (tMAA) and thus estimates demand side 
policies impact on expected rent of future pharmaceutical technologies. However, the 
analyses can easily be amended by substituting tMAA with tx, where tx represents the 
current date or the time when a demand side policy is implemented.  

 
 

Figure 2:  Illustration of producer and consumer surplus during the time of market 
exclusivity (tMAA to tgx) and the time post patent expiry  

 

Note: Figure based on the numerical example outlined in Appendix 1. 
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Table 1:  Producer and consumer surplus during and post the end of market 
exclusivity.  

 During market exclusivity Post patent expiry  

Producer surplus (PS) 
𝑃𝑃𝑃𝑃

(1 + 𝑟𝑟)
 

𝑃𝑃𝑃𝑃
(1 + 𝑟𝑟)

 
 

Consumer surplus (CS) 
𝐶𝐶𝐶𝐶

(1 + 𝑟𝑟)
 

𝐶𝐶𝐶𝐶
(1 + 𝑟𝑟)

 
 

Deadweight loss (DL) 
𝐷𝐷𝐷𝐷

(1 + 𝑟𝑟)
 0 

 

 
where:  
r is the discount rate 
𝑃𝑃𝑃𝑃  is the producer surplus given monopoly pricing (𝑃𝑃 ) and quantity (𝑄𝑄 ) in time period t:  
 

𝑃𝑃𝑃𝑃 = [𝑃𝑃 − 𝑀𝑀𝑀𝑀 ]𝑑𝑑𝑑𝑑 

 
𝑀𝑀𝑀𝑀  is the marginal cost (function) in time period t 
𝑃𝑃𝑃𝑃  is producer surplus under competitive pricing (𝑃𝑃 ) and quantity (𝑄𝑄 ) in time period t: 
 

𝑃𝑃𝑃𝑃 = [𝑃𝑃 − 𝑀𝑀𝑀𝑀 ]𝑑𝑑𝑑𝑑 

 
tend is the time at which the technology loses relevance and utilisation 
𝐶𝐶𝐶𝐶  is the consumer surplus given monopoly pricing and quantity in time period t:   
 

𝐶𝐶𝐶𝐶 = [𝐷𝐷 − 𝑃𝑃 ]𝑑𝑑𝑑𝑑 

 
𝐷𝐷  is the demand (function) in time period t 
𝐶𝐶𝐶𝐶  is consumer surplus under competitive pricing and quantity in time period t:  

𝐶𝐶𝐶𝐶 = [𝐷𝐷 − 𝑃𝑃 ]𝑑𝑑𝑑𝑑 

 
𝐷𝐷𝐷𝐷  is the deadweight loss given monopoly pricing, which is equal to:  
	
  

𝐷𝐷𝐷𝐷 = [𝐷𝐷 − 𝑀𝑀𝑀𝑀 ]𝑑𝑑𝑑𝑑	
  

 
 

3 Analysis of demand side policies 
In this section, we analyse how demand side policies may impact expected rent and 
consumer surplus of pharmaceutical technologies during the time of patent protection and 
discuss the potential impact on R&D incentives. The analysis focuses on policies 
subjected to recent debate in the Nordic countries; e.g. the reimbursement process, 
international reference pricing (IRP) and adoption into clinical practise (NRK, 2011; 
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Persson et al., 2012; PIF, 2012; RIGSREVISIONEN, 2013; SKL, 2012; SOU 2012:75, 
2012; Statsrevisorerne, 2011).  

3.1 Duration of market exclusivity 
Market exclusivity for sale of patented pharmaceuticals is the time from marketing 
authorisation approval (tMAA) until time of patent expiry (tgx) which is determined by the 
European Medical Agency and patent law, respectively, in the EU. Decision to fund and 
implement a new technology in a given country or region may not be taken at tMAA thus 
reducing the duration of effective market exclusivity. When implementation decisions are 
delayed both expected rent and consumer surplus is reduced. The reduction is equal to the 
rent and surplus forgone when the technology is not utilised from tMAA until the time of 
implementation decision (tτ). Table 2 and Figure 3a,b demonstrates the impact of delayed 
implementation, with Figure 3a demonstrating the impact on expected rent and Figure 3b 
the impact on consumer surplus. Note that Table 2 and Figure 3a,b also include the impact 
of pricing and adoption  (analysed in sections 3.2-3.3). 

Perhaps the most notable reason for increased time to an implementation decision, 
at least in the Nordic countries, is the health technology assessment (HTA) process 
associated with reimbursement decisions. Other processes such as national treatment 
guidelines and local treatment protocols may further influence the timing of 
implementation decisions. HTA and similar processes are used to assess the expected 
value, and thus net gain, of technologies. In essence HTA can be seen as a way to 
establish the appropriate quantity, i.e. patient population, given the price offered by the 
monopolist. The timing, duration and content of the HTA processes vary across countries. 
For example, the reimbursement process in Denmark can start at positive CHPM opinions 
with a maximum of 90 days duration. In contrast, Sweden has a maximum duration of 180 
days and the process can be initiated after the time of EMA marketing authorisation 
approval (approximately 60 days after CHMP positive opinion). 

Given that delayed implementation decisions reduce expected rent it may also 
reduce R&D incentives. However, it is important to note that this finding does not 
discourage the use of HTA or similar prioritisation policies. Formal assessments of 
healthcare technologies are an essential part of maximising health under a budget 
constraint and to reduce uncertainty in decision making (Claxton et al., 2002). Ensuring 
that technologies with a positive net gain are implemented (and utilised) is furthermore 
important for upholding R&D incentives. This analysis rather illustrates the importance of 
taking into account not only the monetary but also the “time cost”, i.e. forgone consumer 
surplus and expected rent, of operating HTA processes. It is unclear whether the different 
timing and length of appraisal processes across countries are due to different estimations 
of the cost and benefits of these processes, or a result of different political and 
governmental structures.  
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Figure 3a: Illustration of demand side policies impact on expected rent 

 

Figure 3b: Illustration of demand side policies impact on consumer surplus (CS) 

 

Notes: (a) illustrates expected rent and (b) consumer surplus, during the time of patent protection. The 
impact of: (i) postponed reimbursement decision at time tτ, (ii) price reduction through IRP or PT (PActual < 
PM), and (iii) lower adaptation into clinical practice (QActual < QM) are demonstrated. The figures are based 
on the numerical example in Appendix 1.   
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Table 2:  Illustration of demand side policies impact on expected rent and 
consumer surplus 

 Expected rent Consumer surplus  

Reduced time of “market exclusivity”  
(implementation at time tτ instead of tMAA) 

↓ ↓ 

Price reduction due to due to IRP or PT 
(PActual < PM)  

↓ ↑/05 

Lower than QM adaptation into clinical practice 
(QActual < QM) 

↓ ↓ 

Generic substitution  
(post the time of patent expiry) 

0 0 

 
Note: The arrows in the table demonstrate the expected rent and consumer surplus impact of the demand 
side policies that is analysed in section 3.1-3.4; where ↑, ↓ and 0 indicate an increase, decrease and no 
impact, respectively. The mathematical foundation for the rent and surplus impacts are presented in 
Appendix 2. 
 

3.2 Price setting  
The widespread use of price regulation in the form of international reference pricing (IRP) 
and the occurrence of parallel trade (PT) prevent producers to set and sell at profit 
maximizing prices. With the occurrence of IRP or parallel import, the actual price of 
pharmaceuticals will be: 
 

I) 𝑃𝑃 =   α ∗ 𝑃𝑃 + 1 − α ∗ 𝛽𝛽 ∗ 𝑃𝑃 + 1 − 𝛽𝛽 ∗   𝑃𝑃   

where: 

  α  is the proportion of sold products that are parallel imported in time period 
t 

𝑃𝑃  is the price paid to the producer for the parallel imported products (in the 
market where it is purchased) in time period t 

𝛽𝛽   is a binary variable indicating if a product is priced through IRP in time 
period t 

𝑃𝑃  is the price based on international referencing in time period t 

 
When IRP or PT reduce the price below PM (𝑃𝑃 < 𝑃𝑃  or 𝑃𝑃 < 𝑃𝑃 ) expected rent is 
reduced and consumer surplus increases, as demonstrated in Table 2 and Figure 3a,b. If 
price is reduced without impacting quantity (QM) the gain in consumer surplus is equal to 
the reduction in expected rent, and IRP or PT simply lead to a surplus transfer from 
producers to consumers.  
                                                
5 There is an increase in consumer surplus when price is lowered by IRP or PT. However, the design of the 
specific PT or IRP policies determines if that surplus will be attained by consumers, i.e. patients or payers, 
or rather parallel trades and pharmacies, as is outlined in section 3.2.  
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When IRP and PT reduce the price below PM, it could reduce the deadweight loss of 
monopoly pricing by increasing quantity (i.e. locating on a lower point on the demand 
curve). The increase in consumer surplus from operating on a lower point on the demand 
curve would be larger than the reduction in expected rent and hence imply a potential 
Pareto improvement. Nevertheless, unless producers are compensated for operating on a 
lower point on the demand curve expected rent is reduced.  

The analysis demonstrates that the increase in consumer surplus from utilising IRP 
and PT comes at the expense of lover expected rent and thereby lower R&D incentives, 
unless the producers are compensated. Assuming that lower R&D incentives leads to 
lower R&D investment, IRP and PT will result in fewer technologies developed in the 
future. Therefore, IRP and PT essentially increase consumer surplus today at the expense 
of lower future consumer surplus.  

It should be noted that the increase in consumer surplus might partially, or fully, be 
attained by parties such as parallel traders or pharmacies and may therefore not (at least 
directly) benefit the end consumer or payer (Danzon, 1997; Kanavos and Costa-Font, 
2005). The distribution of the gained consumer surplus depends on the policy design, as is 
clearly exemplified in a recent report by the Dental and Pharmaceutical Benefits Board 
(TLV) in Sweden. The report estimates that pharmacies earned around 1 billion SEK in 
2012 from the sale of parallel traded products and that this did not result in any price 
reduction to patients or the regional payers (TLV, 2014). 

The practise of IRP, applied in both Norway and Finland as well as in most other 
European countries, contrasts value based pricing (VBP). Under VBP, which is claimed to 
be operated in Sweden6 (Persson, 2012; Persson et al., 2012), a pharmaceutical technology 
would be priced based on the value it provides. A value based price (and quantity 
combination) can thus be defined as a price (and quantity combination) that lies on or 
below the demand curve. Given that demand may vary across countries, for example due 
to different treatment patterns and willingness/ability to pay, value based prices may also 
be different across countries. Thus VBP is consistent with differential pricing (across 
countries), which has been argued to lead to economic efficiency (Danzon and Towse, 
2003; Danzon et al., 2015). In contrast IRP limits the potential for price differentiation and 
may lead to dynamic inefficiency.  

It may be argued that the use of IRP and PT in small markets, like the Nordic 
countries, have no or only marginal impact on global expected rent and therefore also no 
or marginal impact on R&D incentives. This notion is explored further in section 4.  

3.3 Adoption into clinical practise  
In the Nordic countries, reimbursement decisions to fund a technology are often taken at a 
national level whereas decisions to adopt a technology into clinical practice are often 
taken at a local level (e.g. county council or hospital). If pharmaceuticals are only utilised 
in a subset (QActual) of the full patient population for which it is expected to constitute a net 
gain (QM) it will reduce both expected rent and consumer surplus, as demonstrated in table 
2 and Figure 3a,b. The impact from lower than QM adoption is the rent and surplus forgone 
for those individuals who are not treated. The rent and surplus impact from low adoption 
depends on two factors: (i) lower than QM adoption, implying that the technology is not 
fully implemented in all patients where it constitutes a net gain; (ii) the time it takes to 

                                                
6 Given the lack of a clearly stated cost-effectiveness threshold or willingness to pay as well as lack of 
transparency on how for example severity impacts the willingness to pay, it can be argued that the Swedish 
price setting might not be truly value based. The increasing focus on price negotiations as a part of price 
setting (TLV, 2015) further questions the merits of VBP in Sweden.  
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reach maximum adoption level, for example due to sequential adoption across patient 
populations or regions. 

Consumer surplus may vary between individuals given variation in treatment 
effects. Thus, the loss in consumer surplus may depend on the characteristics of the 
individuals or patient groups that are not treated. Societies therefore have stronger 
incentive to adopt a technology for individuals or patient groups for whom it provides a 
higher value, and lower incentive to utilise the technology for individuals or patient 
groups where the value is lower. In contrast, the rent reduction is independent of which 
patients that do not get treatment. Unless producers expect technologies to be fully 
adopted into clinical practise and thus utilised for all individuals, for whom they are 
estimated to constitute a net gain, incentives to invest in R&D are reduced.  

Assuming that funding for new technologies comes from disinvestments in 
currently utilised (and patented) technologies the reduction in expected rent due to later 
implementation may partially (or fully) benefit these currently utilised technologies. In 
this way it could be argued that later implementation would be a zero sum game for rent 
across new and currently utilised technologies. However, the allocation of rent between 
these technologies is important for R&D incentives, since it is the expected rent on new 
technologies that drive R&D incentives. 

The Swedish healthcare system is an example of a decentralized healthcare system 
where implementation decisions are taken at different levels (national, regional and local). 
These “layers” may influence implementation decisions, and it has been demonstrated that 
this can lead to unequal (lower or later) implementation of technologies across regions 
(Persson et al., 2012; SWEDEHEART, 2014).  

3.4 Generic substitution 
After patent expiry generic competition is expected to enter the market. This is expected to 
drive down the price and will therefore increase consumer surplus. The increase in 
consumer surplus is the result of reducing (or eliminating) the deadweight loss of 
monopoly pricing as well as a shift from producer to consumer surplus. Many countries, 
including the Nordic, have implemented generic substitution policies to bring down prices 
post patent expiry in order to facilitate a shift towards increased consumer surplus 
(Vogler, 2012).  

Assuming that generic substitution does not occur until patents expire, expected 
rent remains unaffected as it is defined as producer surplus during the time of patent 
protection. Hence, generic substitution policies should not impact R&D incentives as 
developers cannot expect to earn rent post patent expiry. However, generic substitution 
may influence expected rent and R&D incentives through PT and IRP, since patents do 
not expire simultaneously across countries, and IRP or PT may thus reduce the price in 
countries where patent protection is still in effect. This is, nevertheless, no good argument 
against generic substitution, which plays an important role in maximising the value of 
pharmaceuticals to societies. This rather demonstrates how IRP and PT policies may 
reduce the expected rent in countries where technologies are still patented.  

3.5 Combined effect 
Based on the analysis presented in this section we can update the mathematical expression 
of expected rent to include the impact of different demand side policies: 
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II) 𝑃𝑃𝑃𝑃
(1 + 𝑟𝑟)  

 

 where: 

𝑃𝑃𝑃𝑃  is the producer surplus given actual price (𝑃𝑃 ) and quantity 
(𝑄𝑄 ) in time period t:  

𝑃𝑃𝑃𝑃 = [𝑃𝑃 −𝑀𝑀𝑀𝑀 ]𝑑𝑑𝑑𝑑 

4 Global context  
Until now, the framework and analysis have focused on a single pharmaceutical market, 
i.e. a given country or region. To evaluate the impact of pharmaceutical demand side 
policies on total expected rent across countries we define “global rent” as the sum of 
expected rent across markets. Based on the analysis in the previous section global rent can 
be writes as:   
 

III) 𝑃𝑃𝑃𝑃 ,

(1 + 𝑟𝑟)

,

,

 
 

 where:  

𝑃𝑃𝑃𝑃 ,  is the producer surplus given actual price (𝑃𝑃 , ) and quantity 
(𝑄𝑄 , ) in time period t in market n:  

𝑃𝑃𝑃𝑃 , = [𝑃𝑃 , − 𝑀𝑀𝑀𝑀 , ]𝑑𝑑𝑑𝑑
,

 

𝑤𝑤ith P ,  defined as: 

𝑃𝑃 , = α , ∗ 𝑃𝑃 , + 1 − α , ∗ 𝛽𝛽 , ∗ 𝑃𝑃 , + 1 − 𝛽𝛽 , ∗   𝑃𝑃 ,  

  α ,  is the proportion of sold products that are parallel imported into market n in 
time period t 

𝑃𝑃 ,  is the price paid to the producer for the products that are parallel imported to 
market n (in the market where it is purchased) in time period t  

𝛽𝛽 ,   is a binary variable indicating if a product is priced through IRP in time 
period t in market n  

𝑃𝑃 ,  is the price based on international referencing in time period t in market n 
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4.1 Global impact of single market price reduction 
A price reduction in large pharmaceutical markets, like the US, could have a large impact 
on global rent given the magnitude of rent contribution from large markets. However, 
most markets, like the Nordic countries (EFPIA, 2013), constitute a small fraction of the 
total pharmaceutical market whereby a reduction in price, and rent, is likely to have 
marginal impact on global rent. However, the use of IRP and PT leads to potential spill-
over effects from single market price reductions.  

If a price reduction occurs in a country with significant parallel export, or 
significantly increases parallel export, rent is also reduced in market(s) importing from the 
price reducing country. Furthermore, the use of IRP leads to price spill-over, since the 
price in countries utilising IRP essentially is a function of prices in other countries as 
outline in equation IV.  

 
IV) 

𝑃𝑃 , = 𝑃𝑃 , ∗ 𝑤𝑤 , ,  
 

 where: 

S is the total number of countries where the technology has a price that can be 
referenced 

Pt,s is the price in the referenced country s in time period t 

Wt,n,s is the weight of country s’s price (Pt,s) in country n’s price equation in time 
period t 

 
Reductions of prices that are referenced by other countries will spill-over to these 
referencing countries. The magnitude of the spill-over depends on several factors 
including the number and size of countries referencing the given county’s price and the 
weight this price have in other countries price setting.  

Countries referenced by many or large markets are likely to have higher spill-over 
from price reductions compared to markets referenced by few or small markets. The wide 
spread use of IRP and PT increases the likelihood of spill-over and non-marginal global 
rent impact from price reductions (Kanavos and Costa-­‐‑Font, 2005; Kanavos et al., 2010; 
Leopold et al., 2012). The Nordic countries are referenced by many and large markets 
(Leopold et al., 2012), whereby price reductions for example in Denmark and Sweden 
may have non-marginal impact on global rent, even though Denmark and Sweden are not 
themselves using IRP. 

It has been described how producers may try to reduce the potential spill-over 
effect to higher priced markets by setting higher prices and delaying availability in the 
lower priced markets (Kanavos et al., 2010; World Health Organization, 2013). Delaying 
availability and increasing prices above PM will reduce rent as well as consumer surplus in 
these markets. The gains to markets utilising IRP therefore come partially at the expense 
of other (primarily poorer) countries that get access to technologies later, or not at all, and 
possibly at a higher price (Danzon et al., 2005; Kanavos et al., 2010; World Health 
Organization, 2013).  
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5 Discussion  
The framework and analyses outlined in this paper demonstrate how demand side policies 
may influence the value of pharmaceutical technologies to consumers, i.e. consumer 
surplus, as well as how these policies impact rent and thus R&D incentives. Our work 
illustrates the importance of long-term policy analysis to ensure that policies controlling 
price and utilisation do not achieve short-term optimisation (i.e. static efficiency) at the 
expense of long-term optimisation (i.e. dynamic efficiency). By providing a framework 
for policy analysis this work could offer a starting point for discussions and analysis of 
these thorny policy questions.  

The analyses show how postponed reimbursement of technologies with a positive 
net gain will have a negative impact on both consumer surplus and expected rent. It is, 
however, important to stress that we are not suggesting that all pharmaceuticals should be 
implemented immediately without any evaluation or assessment. In fact we would argue 
the opposite. A balanced assessment of costs and benefits of HTA designs is needed to 
ensure that appraisal processes constitute a net gain for both short and long-term 
population health. 

Our results suggest that international reference pricing and parallel trade influence 
R&D incentives, although further research is needed to quantify this impact. By reducing 
R&D incentives these policies may reduce the number of new technologies being 
developed and might thus have a negative impact on future consumer surplus and 
population health. Consequently, our analyses pose some questions around the 
implications and distributive effects of these price-focused policies; especially since 
pharmacies and parallel trades may capture the majority of any additional consumer 
surplus. 

Adoption into clinical practise influences consumer surplus and expected rent, as 
was demonstrated in our analysis. This includes the often applied sequential 
implementation approach (providing a technology to a subgroup of patients first in order 
to gain experience with the new technology) as well as the situation where a technology is 
never fully implemented for all patients to whom it is expected to provide a net gain. In 
the latter case it is relatively clear that surplus is reduced, whereas the former may warrant 
further assessment of cost and benefit of a sequential introduction, an exercise that rarely 
takes place (explicitly) today.   

Uncertainty around treatment effect and whether a technology constitutes a net 
gain may be one reason for societies to delay implementation decisions and utilise 
sequential implementation of new technologies. The benefits of handling uncertainty in 
this way must, however, be weighed against the cost of reduced consumer surplus and 
expected rent. Uncertainty should further be reflected in the demand (curve) for a 
technology, i.e. lower demand when uncertainty around benefit or cost-effectiveness is 
high. It therefore seems attractive to handle uncertainty in the (centralised) reimbursement 
decision rather than handling it (differently) in local decision on sequential 
implementation. 

This work is based on the key assumption that R&D incentives are influenced by 
expected rent. Rent is not the same as profit and it might be argued that rent impacts could 
be insignificant for R&D incentives given the relatively high profit margins of the 
pharmaceutical sector. However, it does seem reasonable that reducing the reward, i.e. 
rent, for those technologies that are successful through the development process will 
reduce incentives to invest in the R&D of new technologies. Several empirical studies 
have demonstrated the link between rent and R&D investments supporting the framework 
outlined in this work (Grabowski and Vernon, 2000; Malmberg, 2008; Vernon, 2005). 
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Further empirical studies are encouraged to validate the findings and the policy 
conclusions drawn from our study, and the theoretical model could perhaps be a vehicle 
for such studies.  

In conclusion we believe that a structured way of analysing the complex and 
interlinked policy questions addressed in this work can lead to more transparency in 
healthcare decision making as well as a better understanding of the trade-offs between 
maximising the value of currently available technologies and incentivising future 
technological development. Importantly, the purpose of this paper is not to be prescriptive 
in terms of what policies should be utilised, and how. Rather, the aim has been to provide 
a framework for a coherent long-term policy analysis to ensure that policies aimed at 
getting value today, from our limited healthcare resources, do not do so at the expense of 
undermining R&D incentives, ultimately with implications for long-term health.  
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Appendix 1: Details of the numerical example used to create Figure 1-3 

Demand: Dt = 40.000-2,5Q   
Marginal cost: MCt = 500+0,05Q   
Monopoly price: 𝑃𝑃  = 20.446   
Monopoly quantity: 𝑄𝑄  = 7.822 
Competitive price: 𝑃𝑃  = 1.275 
Competitive quantity:  𝑄𝑄  = 15.490 
Discount rate: 3% 
 
Time of marketing authorisation approval (tMAA) is at the start of time period 1 
Time of patent expiry (tgx) is at the end of time period 8 
Time that the technology looses relevance (tend) is at the end of time period 16 
Time of implementation decision (tτ) is at the start of time period 2 
Price due to the use of IRP and PT: 𝑃𝑃  = 0,85*𝑃𝑃  
Adoption into clinical practice (𝑄𝑄 ): 𝑄𝑄 = 0,40 ∗ 𝑄𝑄 , 𝑄𝑄 = 0,60 ∗ 𝑄𝑄 , 𝑄𝑄 =

0,70 ∗ 𝑄𝑄 , 𝑄𝑄 = 0,80 ∗ 𝑄𝑄 , 𝑄𝑄 = 0,90 ∗ 𝑄𝑄 , 𝑄𝑄 = 0,95 ∗ 𝑄𝑄 , 𝑄𝑄 = 0,95 ∗ 𝑄𝑄  
 
 
 
 

Appendix 2: Tables outlining the mathematical representation of expected rent and 
consumer surplus given the impact of demand side policies outlined in section 3 

 
Table A1: Expected rent and consumer surplus during the time of patent protection 

given postponed implementation decision at time tτ 

 During market exclusivity Difference compared to monopolistic rent 
and surplus given implementation at tMAA 

Expected rent 
𝑃𝑃𝑃𝑃

(1 + 𝑟𝑟)
 −

𝑃𝑃𝑃𝑃
(1 + 𝑟𝑟)

 

Consumer surplus 
𝐶𝐶𝐶𝐶

(1 + 𝑟𝑟)
 −

𝐶𝐶𝐶𝐶
(1 + 𝑟𝑟)
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Table A2: Expected rent and consumer surplus during the time of patent protection 
given the use of IRP or PT and unchanged utilisation (QM). 

 During market exclusivity Difference compared to monopolistic 
rent and surplus given QM 

Expected rent 
𝑃𝑃𝑃𝑃
(1 + 𝑟𝑟)

 −
(𝑃𝑃 − 𝑃𝑃 ) ∗ 𝑄𝑄

(1 + 𝑟𝑟)
 

Consumer surplus 

 

𝐶𝐶𝐶𝐶
(1 + 𝑟𝑟)

 

 

(𝑃𝑃 − 𝑃𝑃 ) ∗ 𝑄𝑄
(1 + 𝑟𝑟)

 

 

where: 

𝑃𝑃𝑃𝑃  is producer surplus given 𝑃𝑃  in time period t: 𝑃𝑃𝑃𝑃 = [𝑃𝑃 − 𝑀𝑀𝑀𝑀 ]𝑑𝑑𝑑𝑑 

𝐶𝐶𝐶𝐶  is consumer surplus given 𝑃𝑃  in time period t: 𝐶𝐶𝐶𝐶 = [𝐷𝐷 − 𝑃𝑃 ]𝑑𝑑𝑑𝑑 

 

Table A3:  Expected rent and consumer surplus during the time of patent protection 
given the use of IRP or PT and increased utilisation at price 
PActual(𝐐𝐐𝐏𝐏𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀 > QM) 

 Rent & surplus during 
patent protection 

Rent and surplus difference compared to 
monopolistic rent and surplus given QM 

Expected rent 𝑃𝑃𝑃𝑃
(1 + 𝑟𝑟)

 −
𝑃𝑃𝑃𝑃 − 𝑃𝑃𝑃𝑃

(1 + 𝑟𝑟)
 

Consumer surplus 

 

𝐶𝐶𝐶𝐶
(1 + 𝑟𝑟)

 

 

𝐶𝐶𝐶𝐶 − 𝐶𝐶𝐶𝐶
(1 + 𝑟𝑟)

 

where 

𝑃𝑃𝑃𝑃  is producer surplus given 𝑃𝑃  and 𝑄𝑄  in time period t:  

𝑃𝑃𝑃𝑃 = [𝑃𝑃 − 𝑀𝑀𝑀𝑀 ]𝑑𝑑𝑑𝑑 

𝐶𝐶𝐶𝐶  is consumer surplus given 𝑃𝑃   and 𝑄𝑄  in time period t:  

𝐶𝐶𝐶𝐶 = [𝐷𝐷 − 𝑃𝑃 ]𝑑𝑑𝑑𝑑 
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Table A4:  Expected rent and consumer surplus during the time of patent protection 
given lower than QM adoption 

 

 
 
 
 
 
 
 
 
 

where:  

𝑃𝑃𝑃𝑃  is producer surplus given 𝑄𝑄  in time period t: 𝑃𝑃𝑃𝑃 = 𝑃𝑃 − 𝑀𝑀𝑀𝑀 𝑑𝑑𝑑𝑑 

𝑄𝑄  is the quantity utilised in time period t 

𝐶𝐶𝐶𝐶  is consumer surplus given 𝑄𝑄 in time period t: 𝐶𝐶𝐶𝐶 = [𝑈𝑈 − 𝑃𝑃 ]𝑑𝑑𝑑𝑑 

 
Ut represents the reservation price, i.e. the price at which the technology have a zero net gain, for the 
individuals who gets the treatment in time period t (Ut is a subset of Dt (Ut  ⊆ Dt) and Ut=Dt if the individuals 
with highest benefits gets the technology). 

 
During market exclusivity 

Difference compared to monopolistic 
rent and surplus given QM 

Expected rent 
𝑃𝑃𝑃𝑃
(1 + 𝑟𝑟)

 −
  𝑃𝑃𝑃𝑃 − 𝑃𝑃𝑃𝑃

(1 + 𝑟𝑟)
 

Consumer surplus 
𝐶𝐶𝐶𝐶
(1 + 𝑟𝑟)

 −
  𝐶𝐶𝐶𝐶 − 𝐶𝐶𝐶𝐶

(1 + 𝑟𝑟)
 


