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Abstract

[bookmark: _GoBack]This thesis examined why brand drug firms charge high prices compared to their generic competitors. This thesis also looked at the possibility to deter generic entry. Using Stackelberg-Bertrand competition model with vertical differentiation, it becomes clear that it is not profitable for the brand firm to deter entry. This thesis shows that it is optimal for the brand firm to compete with generic firms in the pharmaceutical market. However, they compete for different types of consumers. Some consumers are more risk-averse than others. This gives the brand firm market power since he is the only supplier for the more risk-averse consumers. The generic firms compete with each other for the less risk-averse consumers. The brand drug firm act as a Stackelberg leader and uses the reaction function of the generic firm to determine his optimal, and higher, drug price.  


The views stated in this thesis are those of the author and not necessarily those of Erasmus School of Economics or Erasmus University Rotterdam.  
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[bookmark: _Toc14787836]Introduction

For decades, it is known that drugs are not cheap. Research for new drugs is very expensive which may lead to limited discovery of new drugs. New drugs have a patent for a certain period. In this period the brand firm has the right to be the only one on the market to sell this drug. This makes it possible for the brand firm to ask high prices. These high prices encourage supplier to incur the sunk cost of developing a new drug. When the patent of the brand drug firm expired, few new entrants with cheaper drugs entered the market before 1984. Only 35% of the top-selling brand drugs faced competition from cheaper drugs (Rumore, 2009) So, the price of a certain drug remained high. However, it is the interest of consumers to make these drugs accessible. 
To limit the high price and make it more affordable for consumers, but also to encourage the development and search for new drugs, the Hatch-Waxman Act was approved in 1984 by the Congress. This act had two main goals: to encourage new pharmaceutical development and to ensure a greater access to cheaper drugs. These cheaper drugs are also called generic drugs. These are drugs produced by another firm at a lower price compared to the brand firm. After the introduction of the act, almost all brand drugs had to deal with generic entry (Rumore, 2009).

There are a few changes due to the Hatch-Waxman Act. First, the generic firm does not need to show the efficacy and safety of their drug, but they only need to submit an Abbreviated New Drug Application (ANDA). In this ANDA they prove that their drug is a bioequivalence to the original drug. An ANDA can only be filed when the original drug’s patent has expired. So generic drugs cannot enter the market unless the patent of the brand supplier is not legit anymore. This change makes it much faster and cheaper, and thus more attractive for generic suppliers, to enter the market. Second, the first generic firm that enters the market has a 180-day period of exclusivity. During that time no other generic drug can be approved by the Food and Drug Administration (FDA). These are advantages for generic firms, but there are also some advantages for the brand firm. 
The brand firm has two forms of protections. First, a five-year period of data exclusivity is awarded when the FDA recognizes that the drug is a new chemical entity. During this period a generic version of the drug cannot enter the market. Of course, other firms can make the generic drug, but they are not allowed to send an application to the FDA for approval. Second, the Hatch-Waxman Act gives brand drugs the opportunity to extent the patent duration. This makes it more attractive for brand suppliers to develop and search for new drugs, because they will have a longer period to earn back their investment costs (Mossinghoff, 1999). 

This thesis will only focus on the drugs supplied in the United States because of the determination of market prices with no regulation. In Europe, for example, there is a certain regulation on drug prices. In this thesis models will be set up and, in those models, I do not consider the possibility of price regulations. 
There is also a clear change in the American pharmaceutical market for generic entry. Before 1984 just a few generic firms entered the market and after the Hatch-Waxman Act this was much more. Just before the act was passed, generic drugs had about 13% of all the prescriptions and in 2012 this had grown to around 80% (Boehm, Yao, Han, & Zheng, 2013). 

Most scientific papers on this topic estimate that brand drug prices are indeed higher than the prices of generic drugs. But these papers did not show theoretically why it is optimal for brand suppliers to set higher prices. This thesis explains the empirical results using a simple model of the pharmaceutical market. 
This thesis is also relevant for society. It is common knowledge that high prices are bad for consumers because they need to pay much. This is also the case in the pharmaceutical market. Generic entry solves part of this problem because these firms provide cheaper drugs. However, why do brand firms not compete in price with the generic firms? This could lead to fiercer competition which is beneficial to consumers. And why do brand firms not try to deter generic entry? Then the brand firm would still be a monopolist and it would charge a higher price than is socially optimal. So, this thesis will analyze why brand firms behave this way and whether it is optimal to set higher prices than generic firms. 

The main question of this thesis is: Why is it optimal for brand firms to maintain a higher price than the generic firms? In order to answer this question, the thesis will first describe current theories that support the higher prices of brand firms. Some data from previous papers will be analyzed to show the developments of the prices and market shares of the brand and generic drugs. This will be described in Section 1.
Moreover, an analysis of the pharmaceutical market will be set up and explained and further expanded with more characteristics of the market. By doing so, it will become clear whether it is optimal for brand firms to maintain their high prices in the presence of generic firms. The optimal price strategy of the generic firms will be determined. This price will be used to determine the optimal price of the brand firm. This thesis will analyze three different situations: one brand firm that competes with only one generic firm, with two generic firms and with n generic firms. This will be described in Section 2 and Section 3. 
Section 4 will look at the opportunities to deter entry by charging a limit price and whether this would be preferred by the brand firm. This section will compare the situation in which the brand firm tries to deter generic entry with the situation in which brand and generic firms compete with each other. 
In the last section, the main results will be summed up and an answer on the main question will be formulated. Also, some suggestions for further research will be briefly discussed in this section.   

[bookmark: _Toc14787837]1. Literature overview of the US pharmaceutical market

Currently, generic firms enter the market with cheaper drugs after the patent of a brand drug expires. Still, the prices of brand drugs are much higher than generic drug prices, while some would expect that both prices should go down due to the fiercer competition. There are a lot of studies that examine the US pharmaceutical market. All these studies show that after generic entry take place, the brand drug is still charged at a high price. Two main explanations for this phenomenon are brand loyalty and product-line extensions. These explanations will be explained in the next part. First, some trends in the market shares and prices of brand and generic drugs are provided. This makes the impact of the Hatch-Waxman Act on the pharmaceutical market clearer.

[bookmark: _Toc14787838]1.1 Trends in the use of brand and generic drugs
After the introduction of the Hatch-Waxman Act, more generic drug firms entered the market. The generic share of all the drug prescriptions increased enormously after the act. Figure 1 presents the development of the average generic and brand share in the total prescriptions of drugs from 1984 to 2017 in five-years intervals (IMS Health, 2017). 


Figure 1: Generic and brand share in the total drug prescriptions from 1984 to 2018.
Before 1984 the generic drugs had only on average 15% of the total prescriptions. Shortly after the introduction of the act the generic drugs had only 18,6% market share on average. Here, it becomes clear that consumers are somewhat cautious about the generic drugs. The reason for this will be explained in the next parts of this section. 
The period 2009 till 2013 reflects a substantial increase in market share for the generic drugs. Several important brand drugs lost their patent in this period, also known as the ‘Patent Cliff’ phenomenon (DeRuiter & Holston, 2012). This made it possible for more generic drug firms to enter the pharmaceutical market. Moreover, Medicare Part D was implemented in this period. Due to the low cost-sharing for generic drugs and large differentials in cost-sharing between generic and brand drugs, consumers were motivated to use the generic drugs (Zhang, Yin, Sun, & Alexander, 2008). Nowadays, generic drugs make up for more than 80% of the total drug prescriptions. This shows that most consumers trust the safety and efficacy of the generic drugs, while some consumers are still willing to pay much more for the brand drugs because of their loyalty to the drug. 

From previous papers on this topic, some price changes in the pharmaceutical market in presence of generic drugs can be seen. First, the brand drug maintains a high price. Second, various papers show that when a generic drug enters the market its price is on average 80% of the original brand drug price. This price drops the longer the generic drug is in the market and eventually it stays steady on an average of 30% of the original brand drug price (Berndt, Mortimer, Bhattacharjya, Parece, & Tuttle, 2007). 
The process on how fast the generic drug has a steady price depends on how many other generic suppliers there are in the market. When there are a lot of other generic suppliers, this happens very fast. With, for example, at least 20 generic suppliers the price of the generic drug is a year after the first generic entry already on its steady price of around 20-30%. However, if there are just two or three generic suppliers by the end of the first year the generic price is around 65% of the original brand drug (Saha, Grabowski, Birnbaum, Greenberg, & Bizan, 2006). 

There are also some changes in the market shares of the different drugs. Before generic entry, the brand drug obviously had 100% of the market. Frank and Salkever (1995) show that this market share drops to around 60% in presence of a generic drug (Frank & Salkever, Generic Entry and the Pricing of Pharmaceuticals, 1995). Berndt et al. also show that this happens in the period that a generic drug enters the market. Eventually the market share of the brand drug drops even more till around 15-20% (Berndt, Mortimer, Bhattacharjya, Parece, & Tuttle, 2007). 
The number of generic suppliers also affects the market share of generic drugs. Again, the more generic suppliers there are in the market the faster the process of reaching its steady market share. When there are at least 20 generic suppliers the market share is already steady in a year after the first generic entry, while this takes much longer when there are only two or three generic suppliers (Saha, Grabowski, Birnbaum, Greenberg, & Bizan, 2006).

[bookmark: _Toc14787839]1.2 Brand loyalty
Grabowski & Vernon
Many papers argue that the pharmaceutical market is characterized by a strong brand loyalty for pioneering brands over generic competitors. Grabowski and Vernon (1979) argue that this is mainly because physicians gain some experience with a drug during the period of the patent. Physicians are the ones that prescribe drugs to consumers, so they have a big influence in the use of a certain brand. The physicians had some sort of loyalty to the pioneering brand drug and this caused insensitivity towards generic drugs when they entered the market (Grabowski & Vernon, 1979). 
However, it must be noted that this was a paper before the Hatch-Waxman Act. This means it was also more difficult for generic suppliers to enter the market and show their bioequivalence. Therefore, a generic drug could have some other side effects than the brand drug. However, because the brand drug was already in the market, the side effects of that drug was known while the side effects of generic drugs were not. This means that the physicians could also choose to prescribe the brand drug because of the known side effects, while the use of generic drugs was some sort of risky. 

Another paper of Grabowski and Vernon (1992) showed that physicians did change to a generic substitute after 1984, but that some still prescribed the more expensive brand drug. These could mean that after 1984 the bioequivalence of the generic drug, and the side effects of the drug, were more reliable (Grabowski & Vernon, 1992). 
According to de FDA the definition of bioequivalence is: “The absence of a significant difference in the rate and extent to which the active ingredient or active moiety in pharmaceutical equivalents or pharmaceutical alternatives becomes available at the site of drug action when administered at the same molar dose under similar conditions in an appropriately designed study” (U.S. Food & Drug Administration, 2018). The FDA requires that the generic drugs are as effective and safe as the brand drugs. The generic drug can have a minor variation in purity, size and some other things, but the active ingredients compared to the original brand formula have to be the same. This means that the drugs have practically the same risks and benefits. Generic drug suppliers can change an inactive ingredient from the brand drug and this could cause some small different side effects. These differences are, however, relatively small. 

When the patent just expired and generic drugs appear in the market, most consumers are also loyal to the brand drug. They still buy the brand drug because they do not know the generic drugs. When they are in the pharmacy they see the brand drug and generic drug, but the brand drug is more known when the patent just expired. Consumers are risk averse and then choose for the safe option and buy the brand firm. So, the brand firm can maintain part of their demand by advertising their drug (Frank & Salkever, 1991). 

[bookmark: _Toc14787840]1.3 Product-line extensions
Hong, Shepherd, Scoones & Wan
Other papers argue that there is another explanation for the high brand drug price. Hong et al. show that a new product-line extension that is introduced for a brand drug facilitates the rigid original price while other generic drugs enter the market (Hong, Shepherd, Scoones, & Wan, 2005). Before 1984, brand drugs could remain charging a higher price because generic drugs encountered entry barriers. According to Hong et al. the consumers’ price insensitivity toward brand drugs cannot be the reason for high brand drug prices, because the number of generic entries increased considerable. 
The paper makes some assumptions about the pharmaceutical market. First, a brand drug faces price competition only from generic drugs when the patent becomes invalid. Second, drug firms compete in price and in new-drug development. This new-drug development is meant to maintain the firm’s market success. The original drug is developed with a new modification that is closely related to the old formula. This new modification has a patent while the original drug’s patent is about to expire. Then the price of the original drug is maintained while other generic drugs enter the market. Then demand shifts from the original drug to the new developed drug. In this way, the original brand firm still have a strong market position. 

Overall, the Hatch-Waxman Act caused more generic drug firms to enter the market with a lower price. While in the period after the introduction of the act consumers were restrained because of the potential risks of generic drugs, the market share of these drugs grew enormously. Nowadays, most of the prescriptions prescribe generic drugs because of the much lower price and the low risks of using the generic drugs.


[bookmark: _Toc14787841]2. The model

According to the data of many papers about the US pharmaceutical market, a specific drug is provided by one brand firm and several generic firms. In the model I assume that in the beginning there is only the brand firm, then one generic firm enters the market. Later on, the thesis will look at more generic firms in the market. 

Figure 2 represents a timeline that shows how the pharmaceutical market changes from one brand firm to a brand firm and generic firm. It also shows when the brand and generic firm set their prices. As will be shown in Section 3, this timeline is important for the determination of the optimal prices of both firms. 
[image: ]
Figure 2: Timeline of generic entry and determination of optimal prices.

So, first the brand firm is the only firm in the market which makes him a monopolist. Then a potential generic entrant can decide whether he want to enter the market. When the potential generic entrant decides to enter the market, the brand firm observes this decision. Then the brand firm acts like a Stackelberg leader and set his price first. The generic firm will observe this price and determine his optimal price, knowing the price of the brand firm.

Section 3 will first shortly look at the situation where the brand drug firm has a patent. This makes the firm a monopolist. Then one generic drug firm will enter the market. The brand drug firm acts like a Stackelberg leader and, by using backward induction, the optimal price for the brand and generic firm can be determined. The model will be extended to a situation with one brand firm and two generic firms. Again, the brand firm is the Stackelberg leader, but now the generic firms compete with each other in a Bertrand setting. This model can also be extended to n generic firms. 

The consumers’ utility function in the decision of consuming the brand or generic drug is equal to:

V is valuation or the quality of the brand drug,  and  the price of the brand drug and generic drug respectively, while  the parameter is of the cost of switching from brand drugs to generic drugs for a specific individual. 

All consumers have a certain switching cost. Existing consumers can literally switch from brand drug to generic drug, but also new consumers experience some switching costs. These costs are equal to the uncertainty that the value of the generic drug is equal to the value of the brand drug. In the beginning, the new generic drug is unknown and this creates some risks to all the consumers. 
The variable is assumed to be uniformly distributed over [0;1]. Obviously, when  is nearly equal to one for a consumer, this means that he or she values the brand and generic drug nearly the same. It is good to note that, before the Hatch-Waxman Act,  would be higher on average. Before the act, generic firms had a higher burden to proof the safety of their drug. When a generic drug was approved, consumers would be more certain that the generic drug was also a safe drug.  
In this case  is the probability that the generic drug is of the same quality as the brand drug. Consumers do not know what the exact quality of the generic drug is, so  depends on the consumer expectations about the generic drug. The quality for the brand drug is known because it is already on the market for a longer time. This means there is uncertainty about the quality of the generic drug and that there are risks when changing from brand drug to generic drug. Some consumers will be more risk averse than others, which means that they will have a lower valuation for the generic drug. So  can be different for different consumers. Each consumer knows what his or her expectations about the generic drug are, so each consumer knows its own . 

A patient will buy the brand drug when the utility he or she gets from the brand drug is higher than the utility of the generic drug: 
   and   

The market shares are as follows: 



The profit function for the brand and generic firm is equal to:


The variable  represents the marginal costs of producing the drug. This is assumed to be the same for both types of drug firms. For simplicity, it assumed that . 





[bookmark: _Toc14787842]3. Analysis

[bookmark: _Toc14787843]3.1 The brand firm as a monopolist
Let the linear demand curve be equal to  and the marginal cost equal to c. The intercept of the demand curve is equal to a, P is the price of the drug and Q is the total output of the drugs. Before entry, the firm with the brand drug is the only firm in the market, which means he is a monopolist. His optimal price P is equal to[footnoteRef:1]: [1:  See Appendix 1.1 for proof.] 



This shows that the higher the marginal costs of producing a drug is, the higher the price of the drugs. This makes sense, because the higher the costs are, the higher the price needs to be to make the same marginal sale. When this monopolist faces higher marginal costs, he will raise its price by half of the change in marginal costs ().
The profit of the monopolist in this case is equal to[footnoteRef:2]: [2:  See Appendix 1.2 for proof.] 



[bookmark: _Toc14787844]3.2 Generic entry and competition
Now, the situation in which the patent of the brand firm is expired and generic firms enter the market. A potential generic entrant faces a decision. He can decide to enter and compete in the market with the incumbent or he can stay out of the market. He will enter the market if he expects positive profits and stay out otherwise. So,  if the entrant wants to enter. When the generic firm expects zero profits, he will also enter the market, because there is no point in entering the market.  



[bookmark: _Toc14787845]3.2.1 One brand firm and one generic firm
Optimal price for the generic firm
By backward induction, the optimal price for the generic firm needs to be determined. Then optimal price for the brand firm will be determined, given the best response of the generic firm. The profit of the generic firm is equal to the market share times the marginal revenue: 


Given this profit function the optimal generic price is equal to[footnoteRef:3]: [3:  See Appendix 1.3 for proof.] 



The optimal price of the generic firm depends on the price that the brand firm charges. In this way the brand firm acts like a Stackelberg leader. According to Granier & Trinquard (2010), the brand firm can act as a Stackelberg leader because of their brand loyalty. The brand firm can charge a relative high price and still have demand from some consumers, while the generic firm follows with a lower price (Granier & Trinquard, 2010). 
Kong (2008) argues that the brand firm can act as a Stackelberg leader because it has a dominant position in the market. The brand firm is the first firm that enters the market and establishes a consumer base build on years of reputation. This makes the firm the market leader and the generic firm will respond to the strategy of the brand firm (Kong, 2009). So, the brand firm will act as a Stackelberg leader.

Optimal price for the brand firm
The brand firm can determine its optimal price, knowing the optimal price of the generic firms. The profit function of the brand firm is also equal to its market share times the marginal profit. This is as follows: 


Knowing the optimal price of the generic firm, this can be rewritten to:


The best response of the generic firm can be implemented in the profit function before maximalization because the brand firm can influence the optimal price of the generic firm. The optimal price of the brand firm is in this case equal to[footnoteRef:4]: [4:  See Appendix 1.4 for proof.] 



However, this price is above the maximum willingness to pay of the consumers. The price is now higher than the valuation of the consumers which leads to no demand for the brand firm. Because of the restriction , the optimal price for the brand firm is in this case the highest price possible . The brand firm can now ask the highest price possible and still exist in the market. This is possibly an unintended consequence of the Hatch-Waxman Act. This act made it easier for generic drug firms to enter the market. However, this results in more uncertainty about the generic drug by consumers. So, the Hatch-Waxman Act stimulates more generic entry, but also causes a lower value  for consumers by doing so. The brand firm can therefore ask a higher price when the first generic drug firm enters the market. In this case even the highest price possible!

Knowing this, the optimal price for the generic drug is equal to: 


The profit of the brand and generic firm are in this case equal to[footnoteRef:5]:  [5:  See Appendix 1.5 for proof.] 



The profit of the brand firm is in this case twice as high as the profit of the generic firm. This means the high brand drug price does not stop consumers from buying this drug. Probably, not all consumers are convinced of the safety of the generic drug. The Hatch-Waxman Act caused this skepticism by making it easier for generic drugs to sell their drugs; the Hatch-Waxman Act lowered the value of  of consumers. Only one generic drug firm is in the market which means generic drugs are not well known by consumers. Possible side effects are unperceived, so some consumers will choose the safer option and buy the brand drug. 

[bookmark: _Toc14787846]3.2.2 One brand firm and two generic firms
The pharmaceutical market is a continuum of consumers with different levels of risk aversity. For simplicity, this thesis distinguishes between consumers with a low value for  and consumers with a high value for . The brand drug firm can serve both consumers when he is the only one on the market, because consumers do not have another option. 
When a generic firm enters the market, the price of the generic firm is lower compared to the brand drug price. This means the generic firm focuses on the consumers with a high , because these consumers value the generic drug more equal to the generic drug than the other consumers. When multiple generic firms enter the market they all compete in this part of the pharmaceutical market. 
The brand firm can choose to also lower its price and compete with the generic firms for the complete market. Data on the prices of brand firms shows that this does not happen. Brand firms focus on the consumers with a low  which leads to higher prices of the brand firms (Ching, 2010). However, the brand firm should consider the price of the generic firms. When the price of the brand firm is too high, compared to the generic prices, even some consumers with a low  can switch to the generic drug. The cost of having a brand drug is then higher than switching to a generic drug. Therefore, the brand drug price depends somewhat on the price of the generic firms.  

Optimal price for the generic firms
By backward induction, the optimal price of the generic drug firms needs to be determined first. Then the optimal price of the brand drug can be determined because the brand firm can influence the optimal price of the generic firms. 

In this case there are two generic drug firms that compete in a Bertrand setting. For simplicity, the assumption that the generic firms are identical in the eyes of the consumers applies. The variable  for both generic firms is thus also the same. The generic firms will set the same prices with the following output:
qG1 
So, when generic firm 1 charge a lower price than firm 2, it will serve the whole generic demand and vice versa. When both firms charge equal prices, they will both get half of the generic demand. The only outcome is the Nash equilibrium where . 

Proof by contradiction
[bookmark: _Hlk13583214]First, I will prove that  is not an equilibrium outcome. Suppose that : there are two situations. When  then generic firm one is better off when he increases its price slightly. It is important that his price remains smaller than  and . However, when  then generic firm two is better off by lowering its price and maintain a price equal to . This is proof that  is not an equilibrium outcome. Now it is clear that, in equilibrium .
Now I will prove that  is also not an equilibrium outcome. Again, there are two situations. When  it is better for generic firm one to ask a price equal to the marginal cost. In this case it will no longer have a loss but will not sell anything which results in zero profit. However, when  it is better for generic firm one to decrease its price by any amount. In this way the firm will get all the generic demand, and this increases its profit. 

The only possible equilibrium outcome is when . This is an equilibrium because both firms will not deviate from this price. For example, a firm can deviate by increasing its price. This will result in no demand for this firm which also leads to zero profits. When a firm deviate to a lower price, this will result in a loss for the firm because his marginal revenue is now lower than the marginal costs. Both deviation will not result in higher profits, so both firms have no intention to deviate to another price. 
The only Nash equilibrium is when . In this case, both generic firms will have zero profits and share the generic demand. 


Optimal price for the brand firm
The brand firm can determine its optimal price, knowing the optimal price of the generic firms. The profit function of the brand firm is equal to its market share times the marginal profit. This is as follows: 

This can be rewritten as:

Than the optimal price and the resulting profit for the brand firm is equal to[footnoteRef:6]: [6:  See Appendix 1.6 for proof. ] 




[bookmark: _Toc14787847]2.2.3 One brand firm and n generic firms
The previous analysis showed that, when two generic firms enter the market, the optimal price of the generic firms is equal to the marginal cost. When more generic firms enter the market, the optimal price for these firms remain equal to their marginal costs. 
Following the same reasoning as before, when a new generic entrant charges a price higher than the marginal costs, this will lead to no demand for this entrant. Other generic firms charge a lower price and consumers value the generic drug firms the same. So, it is not optimal for a new generic entrant to charge a higher price. It is also not profitable for the generic entrant to charge a price lower than the marginal costs. In this way he will get all the demand because he charges the lowest price, but this will lead to losses since the marginal revenue is lower than the marginal costs. 
So, when more generic firms enter the market, say n firms, the outcome remains the same as when there are just two generic firms in the market. The optimal price of the generic firms remains  and the optimal price for the brand firms also remains . 

[bookmark: _Toc14787848]4. Entry deterring in the pharmaceutical market

The pharmaceutical market is characterized by several advantages for firms that enter a specific drug market first. In this section lock-in of consumers and first-mover advantages will be explained in this context. After that, possibilities for entry deterring strategies will be discussed and analyzed. 

[bookmark: _Toc14787849]4.1 Lock-in consumers
Some medicines need to be consumed more than just once. This means that customers need to follow some sort of drug schedule and for some drugs this could take a long period. Therefore, when generic firms enter the market, not all customers can immediately switch to this drug. Sometimes, consumers can switch but then they need to start all over with some prescription. This means that there are some switching costs for customers in the market. Because the brand drug is the pioneer in the market it can have a substantial customer base. Also, when physicians have a contract with a brand drug, they cannot immediately switch to a generic drug when it enters the market. Furthermore, customers that use a brand drug need to inform themselves about potential new, cheaper generic drug. Otherwise, they would not have another option then to buy the brand drug.
So, firms that are first in the market can lock-in some consumers. This will at least in the short term lead to a more stable customer base. However, in the long run consumers can still decide to switch to another supplier of the drug. New consumers can immediately switch to these drugs because they do not necessarily have to follow a specific drug schedule.  

[bookmark: _Toc14787850]4.2 First-mover advantages
The US pharmaceutical market is characterized with first-mover advantages. This phenomenon is explained by Schmalensee. He argues that when firms enter sequentially in the market and when consumers are convinced that the product of the first firm performs satisfactorily, that this product will become the standard (Schmalensee, 1982). So, it becomes harder and harder for later entrants to get some market share. The paper also states that even if a potential late entrant expect that the incumbent brand will not lower its own price if the entrant enters, the first-mover advantages may still deter entry. 
Scherer and Ross (1990) explained the first-mover advantages in the pharmaceutical market. They conclude that the first movers, the brand pioneers, have natural product differentiation advantages. These advantages allow them to charge a higher price compared to later entrants and retain a considerable market share (Scherer & Ross, 1990). 

[bookmark: _Toc14787851]4.3 Deciding on entry deterring behavior
Knowing all this, the incumbent brand firm can try to deter entry. In this way he will still be a monopolist, but with a limit price as monopoly price. In this way the drug firm maintains its position as monopolist and deters potential generic entry. If the incumbent firm decides not to deter entry, the entrant will enter. Eventually, more generic drug firms will enter the market. 

The generic firm will only enter the market when the expected post-entry profit is nonnegative. The brand firm can try to deter entry by charging a limit price. This price let the potential generic entrant believe that his profits will be negative after he enters. The potential entrant has some fixed costs for entering the market. These costs are assumed to be equal to F. 

The brand firm acts as a Stackelberg leader, so he knows that the generic firm will charge his optimal price equal to . The profit function of the potential generic entrant is then equal to:


Let’s assume that the potential generic entrant only enters the market when profits are expected to be positive. The brand firm can then try to deter entry by charging such a price that the expected profit is equal or less than zero. The brand firm will charge the highest possible limit price, because then he will deter generic entry and get the highest possible marginal revenue. In this case, the limit price for the brand firm is equal to[footnoteRef:7]: [7:  See Appendix 2.1 for proof.] 


It is important to notice that this price cannot exceed the willingness to pay of the consumers; . If the limit price exceeds the valuation of the consumers for the drug, then there is no demand for the brand drug. 

The brand drug firm can either charge the monopoly price and see generic firms enter the market after which his optimal price becomes  or the brand firm can charge the limit price  and deters entry. 
The brand firm will only try to deter entry when his profits by entry deterrence are higher than or equal to the profit by competition, so . To calculate these profits, the optimal price of the generic firm needs to be known. When the brand firm decides not to deter entry, there will be multiple generic firms entering the market in the long run. The optimal price of these generic firms is equal to c (see Section 3.2.2 and Section 3.2.3). 
The profit for the brand drug firm when he decides to deter generic entry is equal to[footnoteRef:8]: [8:  See Appendix 2.2 for proof. ] 



The profit for the brand drug firm when he does not deter entry and compete with generic firms is equal to[footnoteRef:9]: [9:  See Appendix 2.3 for proof.] 



As earlier mentioned, the brand drug firm will only try to deter entry when . However, this is not the case for any positive amount of V and F. So, the brand firm will decide to not deter entry but to compete with the other generic firms. The only outcome is that the brand firm has an optimal price of  and the generic firms have an optimal price of . 
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To answer the main question “Why is it optimal for brand firms to maintain a higher price than the generic firms?” the thesis described first how several papers explained and showed empirically why it is optimal for brand firms to charge higher prices than their generic competitors. The two main reasons explained by these papers are the brand loyalty of physicians and consumers and the product-line extensions of the brand firm. When the patent of the brand drug just expired and new generic firms enter the market, there are a lot of uncertainties. Consumers do not know what side effects the generic drugs have, so many consumers will first stay with the brand drug. Furthermore, due to introducing a new product-line extension, the brand drug can maintain the high price, while the brand firm strengthens its position with the new version of the drug. 

This thesis showed theoretically why the optimal price for brand firms is higher and why both brand and generic firms exist in the pharmaceutical market. The brand firm act like a Stackelberg leader. In this way, the brand firm can maintain a higher price, while the generic firms react with a lower optimal price. Also, consumers are uncertain about the potential risks of a new generic drug. The drug can have some unwanted side effects. However, these side effects will be known in time. Consumers will gradually know the real value of . When it turns out that , then some people will take these risks for granted. The lower generic price creates for them a higher utility level than the potential side effects. There will also be consumers that will buy the brand drug because they do not want to risk these known side-effects. When it turns out that , consumers value the generic drug as perfect substitutes for the brand drug. Because the generic price is lower, all the demand will go to the generic drug firms and the brand drug firm will have no demand at all. 

When the first generic firm enters the market, his optimal price is above marginal costs and the optimal price of the brand firm is even higher. The brand firm focuses on the consumers with a low value for  and can maintain a higher price this way. The generic firm catches the consumers with a high value for  by charging a lower price than the brand firm. Because he is the only generic firm in the market, and the brand firm charges a higher price, this generic firm has some market power and charges a price higher than marginal cost.
When multiple generic firms enter the market, they compete with each other. This means that their optimal price becomes equal to marginal costs while the optimal brand price also decreases a bit. Eventually, generic firms charge a price equal to marginal costs and the brand firm charges a higher price. 

The thesis also looked at the opportunity to deter generic entry. Because the pharmaceutical market is characterized by lock-in of consumers and first-mover advantages it may be beneficial to deter entry and maintain the position as a monopolist. However, it is mathematically proven that deterring entry of generic firms can be less profitable than competing with them. So, eventually, the pharmaceutical market will contain both a brand drug firm and several generic drug firms competing with each other. 
Optimally, brand firms will always charge higher prices than the generic firms, and generic entry should not be limited. More generic entry lead to a lower optimal price for the brand firm. Consumers do have more choice in the brand they want to use when generic drugs are present. They can choose for the more expensive brand drug or the cheaper generic drug, while generic entry is now more attractable. So, this thesis showed that at least one goal of the Hatch-Waxman Act is achieved: a greater access to cheaper drugs for consumers!

Further research could analyze the European pharmaceutical market and consider the price regulations and how these regulations affect the price of the brand suppliers. This thesis only looked at competition in the pharmaceutical market without any price regulations. Any restriction on prices could change a lot in the analysis and could create a different optimal outcome. Further research could also look what happens to the optimal prices for brand and generic firms when the brand firms produces also pseudo-generic drugs. Pseudo-generic drugs are generic drugs, but they are produced by the brand firm. In this way, the brand firm serves all the consumers and it will directly compete with the generic firms. 
This paper only looked at the opportunity to deter generic entry by charging a limit price. This thesis does not look, for example, at a possibility of a merger between the brand and generic firm. Maybe a merger between the two firms could lead to even higher profits for these firms and may be also beneficial to the other firms in the market. 
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1.1 Determination of optimal price for monopolist with: 




1.2 Determination of monopolistic profit:




1.3. Determination of the optimal price for the generic drug firm:




1.4 Determination of the optimal price for the brand drug firm:







1.5 Determination of the profit for the brand and generic firm:
Brand drug firm




Generic drug firm





1.6 Determination of the optimal price and the resulting profit for the brand drug firm:
Optimal price



Resulting profit
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2.1 Determination of the limit price for the brand firm:


From the previous section, it is known that the generic market share is:  and that the reaction function of the generic drug firm is: . 





2.2 Determination of the brand firm profit in presence of limit pricing to deter generic entry:


It is known that the limit price is equal to  and that the optimal price of the generic drug is equal to . 




2.3 Determination of the brand firm profit in presence of generic entry without entry deterrence:


From the previous section, it is known that the brand drug price is:  and that the optimal price of the generic drug is equal to . 
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