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Abstract 
 

The potential for drastic curative treatments of disease has expanded since the Human 

Genome Project, through breakthrough basic science like CRISPR and improved transcriptome 

and proteome characterization (Hofker et al. 2014). However, the development of actual 

treatment based on this science has been lacking (Hopkins et al. 2007). Arrow’s creative 

destruction explains this lack of innovation as ‘underinvestment’ by firms as they maximize 

profits at the expense of overall social welfare. Monopoly firms avoid innovating because new 

treatments reduce profits from existing ones. On the other side, firms argue that developing these 

treatments involve fixed costs that far outweigh the additional surplus they generate. 

My thesis evaluates these two competing claims by studying the interaction among 

competition, product differentiation, and fixed costs. Firms ‘underinvest’ when they avoid 

developing a treatment where the surplus generated is greater than the fixed cost to develop. 

Firms can develop an incremental treatment, a drastic treatment, or both. I first model this choice 

and competition between incumbent and entrant firms as a simultaneous game. Fixed costs for 

each treatment are added to show how their relative sizes shift preferred strategies for firms. I 

then show how a sequential version of the game can lead to underinvestment by the incumbent 

and change how surplus is allocated. I allow different fixed costs between firms to expand the set 

of conditions that produce underinvestment. Conventional market wisdom that competition leads 

to both treatments being developed can be undermined by first mover advantage and differences 

in fixed costs. Simply investing in one treatment can be enough for the incumbent to preempt 

rival firms and prevent them from entering.  The results help investigate where interventions can 

be implemented to avoid underinvestment and maximize overall surplus.  
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1 Introduction  

To bring new drugs to market pharmaceutical firms must sink costs to either propel new 

chemical entities through clinical trials or purchase equivalent intellectual property throughout 

the phases of drug development. Firms face vertically differentiated options in this investment 

decision. A firm can choose to develop incremental updates to available treatment to slightly 

improve patient outcomes for a disease, or the firm can choose a riskier, harder path and develop 

a drastic treatment to cure a disease. The firm can also choose to take both paths. The key 

differences between the two treatments are the sizes of the fixed cost to develop them, and that 

patients value the drastic treatment more than the incremental treatment.  

 

Underinvestment by firms is a failure to invest in a new treatment where the surplus generated by 

that treatment is greater than the fixed cost to develop it. Simply observing firm behavior gives 

limited insight into whether the market for treatment development in a particular therapeutic area 

is functioning optimally. A disease can go without any new treatments being developed because 

the fixed costs to do so outweigh the surplus generated. A disease could also go without new 

treatments being developed because firms are ‘underinvesting’ in development. Even if firms are 

observed developing new treatments, it is difficult to know whether there are innovations being 

left on the table. Underinvestment, while profit maximizing for individual firms, is viewed here 

as a market failure as ‘better’ treatments could still yield positive producer surplus. 

Underinvestment can also push market outcomes further away from the social efficiency where 

total surplus is not maximized, and the quantity of patients treated is lower than the optimal 

amount. 
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Firms must consider the behavior of potential competitors when deciding what fixed costs to sink 

in developing new drugs. Rival firms entering the market and developing substitute treatments 

have the potential to render a firm’s investment in new treatment unprofitable where it otherwise 

would have been. However, this dynamic works in the reverse as well. A firm’s development 

decisions impact the payoffs to potential entrants. This opens the door to strategic preempting 

behavior for incumbent and entrant firms.  

 

I first model competition between an incumbent and entrant firm in a simultaneous game without 

fixed costs to examine the fundamental nuances of competition that produce underinvestment. 

Fixed costs are then added to show how their relative sizes shift preferred strategies for firms. I 

then show how a sequential game reinforces the production of underinvestment and changes how 

surplus is allocated in the market. Finally, I allow for different fixed costs between firms to 

further expand the set of conditions that result in underinvestment.  

 

The results from the simultaneous model show that without fixed costs competition induces both 

treatments to be developed and there is no private underinvestment. However, a socially 

inefficient outcome may happen if a firm develops both treatments by themselves and only prices 

one affordably.  

 

Firms can underinvest once fixed costs are added and if they are large enough to render single 

product oligopoly profits negative. Underinvestment occurs in the simultaneous game when the 

preferred strategy of firms is in no danger from competition.  



 7 

Introducing sequential move and/or differences in fixed costs further expands the conditions 

under which such underinvestment might occur.  

 

In a sequential game, fixed costs no longer need to be different between incumbent and entrant 

firms to produce underinvestment. A sequential game also allows the first mover to effectively 

block the decision set faced by following firms. Even where both incumbent and entrant firms 

face fixed costs such that both options are profitable individually and together, the first mover 

has the option to only choose one and underinvest. Depending on the relative value of 

treatments, the first mover can shift payoffs for entrants from monopoly or exclusive oligopoly 

to split oligopoly and render investment in treatment unprofitable. This result is especially 

significant because in a state of the world where three separate options are profitable for two 

competing firms, it is plausible for investment to occur only in the lowest value improvement. 

 

Underinvestment also depends on the size of the market for a treatment, where an increase in the 

number of patients and the value those patients place on treatment allows all firms to see profits 

greater than fixed costs of treatment development.  

 

The results indicate that regardless of the underlying competitive structures that allow 

underinvestment to persist, a simplified set of actions can realign market structure to produce 

proper investment. By subsidizing fixed costs such that single product oligopoly profits are non-

negative and/or setting relative price controls for two-product monopolies, the government can 

move the market closer to efficient social and private investment.  
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2 Motivation 

Morally, new drug development is an important part of improving patient welfare and keeping 

society happy and healthy. Pharmaceutical companies dominate the drug development landscape 

in the United States. Yet the pharmaceutical industry in the United States can look like a 

complicated set of contradictions. On one hand, pharmaceutical firms deliver effective and 

lifesaving treatments. The recent development of COVID-19 vaccines is an incredible example 

of industry’s ability to create value for patients and firms. Bringing multiple highly potent 

treatments to market in less than a year is a credit to the scientific and manufacturing ability of 

the pharmaceutical industry.   

 

On the other hand, pharmaceutical firms have a blemished reputation, with critics railing against 

runaway greed and exploitative price gouging. An ongoing billion-dollar lawsuit against Purdue 

Pharma L.P. for their deceptive marketing of highly addictive opioids (The United States 

Department of Justice 2020), protests by diabetic patients and families forced to ration insulin 

due to high prices (Hagan 2018), and 1000% overnight price hikes for decades-old drugs 

(Pollack 2015) all stand in stark contrast to what functional markets with properly aligned 

incentives producing socially efficient outcomes might look like.  

 

Moreover, provision of care and access to pharmaceutical drugs are not solely dependent on 

patient need. They are also determined by complex interactions between patient health insurance 

providers (or lack thereof), hospitals, and doctors. These additional players muddy the 

connections between firms and patients, and between prices and profits.  
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To begin to make sense of this discordance, it is useful to examine what produces these 

conditions and why they are allowed to exist. In the U.S. the pharmaceutical industry is built on a 

bedrock of intellectual property rights. Knowledge produced by these firms is non-rival and non-

excludable without government support. Drug patents and market exclusivity, given and 

enforced by the government, are intended to give firms temporary monopoly privileges to 

incentivize investment in innovation. Those monopoly conditions allow firms to escape 

competition and earn greater profits for their research efforts (Baker 2007). In a world without 

patent protection, a firm who shouldered the fixed cost to identify and bring a chemical entity 

through clinical trials could immediately be undercut by firms selling at marginal cost of 

production. Thus, the decision to invest in initial research would not be profit maximizing, and 

firms would choose not to innovate and bring new drugs to market. The pharmaceutical industry 

is unique when compared to other innovative industries because ‘trade secrets’ are not a viable 

option for protecting intellectual property. The Food and Drug Administration must review and 

verify data proving safety and efficacy tied to a unique chemical formulation or other innovation 

for a drug to be sold. Clearly, this practice protects the safety of patients and ensures reliability 

of drugs. It also means keeping data exclusively within the producing firm is likely impossible.  

 

In theory, monopoly conditions allow pharmaceutical firms to charge prices sufficiently high 

above marginal costs to recoup innovation costs. Indeed, large innovation production costs are 

borne out in analysis. Estimated total out-of-pocket and capitalized R&D cost per new drug are 

$1.395 billion and $2.558 billion respectively (DiMasi et al. 2016), accounting for the 

development cost of numerous failed trials and chemical entities on top of the successful 

candidate. Classic Schumpeterian thinking reinforces the value of these monopoly conditions in 
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fostering firm innovation. Large incumbent firms could be more efficient than small firms when 

accessing capital, hold economies of scale in production, or even reduce likelihood of failure due 

to dominant market position (Baker 2007). 

 

However, Kenneth Arrow identifies a disincentive that comes along with monopoly conditions. 

After monopoly firm’s initial innovation, investing in subsequent innovations in the same 

marketplace may not be profit maximizing for the firm. If a firm already has a product under 

patent protection, a new product they introduce might fail to sufficiently expand the therapeutic 

area market and instead cannibalize revenue from the existing product offering (Baker 2007). 

This ‘creative destruction’ can direct an incumbent firm to rationally shift from engaging in 

R&D to erecting further barriers to entry to preserve current market power.  

 

Given the serious ramifications of these government sponsored monopoly conditions, it is critical 

to examine where, and how they truly encourage innovative activity. The federal government 

already steps in to change incentives in multiple ways. By subsidizing the purchase of 

prescription drugs through Medicare and Medicaid, the government increases demand for drugs. 

The federal government also increases supply of new drugs and tries to account for market 

failures (CBO 2021). Already, several pharmaceutical specific legislative revisions that have 

been implemented. The Biologics Price Competition and Innovation Act (BPCIA) of 2009 gave 

special market exclusivity privileges and an abbreviated regulatory pathway to biologics because 

of their clinical and economic significance. The Orphan Drug Act of 1983 also afforded tax 

credits, grants, and fee waivers on top of market exclusivity to incentivize development of drugs 

for rare diseases with small populations. The Generating Antibiotics Incentives Now (GAIN) Act 
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of 2012 also used market exclusivity and expedited review status to combat the threat of 

antibiotic resistant “super bugs” (Grabowski et al. 2015). They, among others, are designed to 

induce pharmaceutical firms to innovate where market incentives create blind spots.  

 

Many of the innovations that established pharmaceutical firms make are slight, add-on 

innovations. 65% of the new drugs produced by pharmaceutical firms+ and approved by the FDA 

between 1998 and 2007 were classified as ‘follow-on’ innovations by the FDA’s Center for Drug 

Evaluation and Research (Kneller 2010).  

 

The rise of curative treatments throws an interesting twist into the decisions pharmaceutical 

firms face when developing new drugs. A curative treatment, from Wylie et al. 2019, is 

 

“…a time-limited treatment that removes the symptoms of a disease through permanent 

(or semi-permanent) correction of the underlying condition. In contrast, a pill that a 

patient needs to take for the rest of their life to manage symptoms or disease progression 

is not curative.” 

 

Already, there are almost a thousand potentially curative treatments currently in early-stage 

clinical trials, with the largest number (432) in Phase I trials (Wylie et al. 2019). The high value 

nature of curative treatments represents a drastic change for the revenues that firms currently 

receive for their drugs. This change complicates innovation incentives even further in the market 

for pharmaceutical drugs. Expanding on Arrow’s logic, curative treatments produced by the 

 
+ Does not include drugs discovered by biotechnology firms or by universities, regardless of whether ownership of 
intellectual property is eventually transferred to pharmaceutical firms.  
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incumbent firm have the potential to foster both ‘creative destruction’ and ‘curative destruction’ 

whereby the total market size shrinks further due to cured patients.  

 

3 Drug Development  

The total market for pharmaceutical drugs is broad, spanning every imaginable disease or 

disorder and corresponding treatment. To understand research incentives, a useful market 

boundary is a single disease or disorder. Pharmaceutical firms develop their intellectual property 

for a specific application*. In a general case, the interaction between a firm’s executive board 

setting strategic policy and the research director submitting proposals determines the firm’s 

therapeutic and disease target selection (Knowles and Gromo 2003). Their research laboratories 

then work to identify biological mechanisms where intervention is beneficial and reasonable. 

This process depends on the work done by public academic research to continually build on the 

stock of scientific knowledge (Kneller 2010). After identification, useful chemical entities are 

screened out from libraries of millions of compounds. Research laboratories modify the drug 

candidates according to their targeted use to reduce potential negative side effects and improve 

effectiveness. During the modification phase, patent applications are also filed. Once granted, 

patents run for 20 years (U.S. Food and Drug Administration 2020), but clinical development 

timelines cut the effective exclusivity period by as much as 7 years (DiMasi et al. 2016). 

Specialty market exclusivity periods also have a similar cap on duration, from 180 days at the 

least to 7 years at the most (U.S. Food and Drug Administration 2020). Pharmaceutical firms are 

concerned with protecting the value of their investment before most of the cost of drug 

 
* The same chemical entity may have multiple therapeutic uses, but each additional use requires a separate patent 
grant, clinical trials, and medical approval.  
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development is incurred during multi-phase clinical trials to prove safety and efficacy (Taylor 

2015). Patents for a treatment create a first mover advantage. The first firm to develop a 

treatment and patent can market and sell the treatment before any other firm.  

 

The initial market structure created by a patent for a disease treatment is a monopoly. Only one 

firm can market and sell a specific chemical entity and dosage until the patent expires. However, 

multiple firms can have different treatment offerings under patent for the same disease.  

 

The global market for pharmaceutical drugs does not appear overly concentrated over the last 

few decades. Since the 1990s, the Herfindahl-Hirschman Index values for approvals of new 

chemical entities (DiMasi 2000) and market share (Richman et al. 2017) have remained beneath 

500 and 750 respectively, under standards for a monopoly or oligopoly. However, the story 

changes within each specific therapeutic area. Between 70 and 80% of prescription drug 

revenues in the United States have gone to branded rather than generic drugs over the last 15 

years (Mikulic 2020). Over a similar timeline, roughly 60% of identified conditions had 10 or 

fewer industry funded studies. An even higher percentage of conditions do not see any dominant 

pharmaceutical firms acting as trial sponsors, much less multiple dominant firms competing in 

the same therapeutic area (ClinicalTrials.gov 2021). 

 

4 Model Set Up  

For a particular disease, there is a mass N continuum of patients or ‘potential customers’ for 

some treatment. Patients can receive only one of two types of treatments. Patients can also only 

receive each treatment once. The drastic (D) option represents a curative treatment. The 
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incremental (I) option represents a palliative treatment. The N patients are uniformly distributed 

along [0,V] in the value they place on the drastic treatment. The patient’s value for the 

incremental treatment is a proportion 𝜶	𝝐	(𝟎, 𝟏) of their value for the drastic treatment. In terms 

of product differentiation, the drastic and incremental treatment are vertically differentiated with 

the drastic treatment perceived as the higher quality good. 

 

The indirect utility patients receive from a treatment is quasi-linear. For a patient with 𝜽 value 

for the drastic treatment, their utility from purchase of the drastic treatment is (𝜽 −	𝑷𝑫). 𝑷𝑫 is 

the price of the drastic treatment in the market.  For a purchase of the incremental treatment, 

their utility is (𝜶𝜽 −	𝑷𝑰). 𝑷𝑰 is the price of the incremental treatment in the market.  

 

A patient is indifferent between a drastic treatment and an incremental treatment when the utility 

from each treatment is equal to the other. 

 

𝜃∗ −	𝑃$ = 	𝛼𝜃∗ −	𝑃% 

𝜃∗ =	 &!	(	&"
(*(+)

     (1) 

𝜃∗ is the value of the drastic treatment for a patient indifferent between the drastic and 

incremental treatment given prices 𝑃% and 𝑃$. 

 

A patient is indifferent between the incremental treatment and receiving no treatment when the 

utility from the incremental treatment is equal to zero. A patient will only choose incremental 

treatment if utility is greater than zero:  

𝛼𝜃 −	𝑃% > 0 
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𝜃 > 	 &"
+

       (2) 

 

A patient is indifferent between the drastic treatment and receiving no treatment when the utility 

from the drastic treatment is equal to zero. A patient will choose drastic treatment if utility is 

greater than zero:  

𝜃 −	𝑃$ > 0 

𝜃 > 	𝑃$     (3) 

 

The proportion of patients distributed between treatments can be more easily understood 

graphically. 

 

 

Figure 1. Proportion of patients that choose the drastic treatment, the incremental treatment, or no treatment. 

Between 0 and 𝜃	patients choose no treatment. Between 𝜃 and 𝜃∗ patients choose incremental treatment. Between 

𝜃∗	and 𝑉	patients choose drastic treatment. Indifference points are 𝜃 = 	 $!
%

 and 𝜃∗ =	 $"	'	$!()'%)
. 

 

In the market to provide treatment for the disease, an incumbent firm and a potential entrant firm 

are trying to decide which treatment or combination of treatments they should develop and sell.  

The firms also face identical, constant marginal costs of production (𝒄) for all treatments. Either 

firm can choose just a drastic or incremental treatment, or both treatments. The development 

decisions both firms make determines what market structure they operate in. There could be no 

market if both firms choose not to develop a treatment. There could be a drastic monopoly, or 

incremental monopoly, if only one firm develops only one treatment. There could be a single 

product oligopoly, where each firm develops only one treatment. There could be a two-product 

0 𝜃 𝜃∗ V 
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oligopoly where one firm develops both treatments, and the other firm only develops one. Both 

firms could also develop the same treatment or treatments. Here they would be competing 

directly with each other in Bertrand’s Paradox. Where both firms decide to develop identical 

treatments, and face the same marginal cost, any time a firm tries to charge patients a price above 

marginal cost the other firm can immediately undercut and take all of the higher priced firm’s 

patients. The incumbent and entrant charge identical prices for the drastic treatment 𝑷𝑫 and/or 

identical prices for the incremental treatment 𝑷𝑰. The profits firms face in this case are zero 

assuming fixed costs are already sunk.  

 

4.1 Drastic Monopoly 

If only one firm chooses to provide only the drastic treatment, the market that firm faces is a 

drastic monopoly. There can be no other firms or other products in the market. The demand each 

firm would face as a monopoly for the drastic treatment given price (𝑃$) is: 

𝑄$ =
-
.
4𝑉 − 𝜃6     (4) 

 

Another way to think about this demand is that  .(/
.

  is the share of patients that choose to 

receive the drastic treatment, or the portion of [0,V] where the indirect utility from the drastic 

treatment is positive. The share of patients choosing the drastic treatment multiplied by the 

number of patients for the disease gives the demand for drastic.  

 

Assuming research and development costs have already been sunk, the profit the firm faces is: 

𝜋$ = 𝑄$(𝑃$ − 𝑐) 
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To maximize profits, the firm produces quantity (𝑸𝑫∗ ) of the drastic treatment where marginal 

cost equals marginal revenue at price (𝑷𝑫∗ ). 

𝑃$ = :𝑉 − 𝑄$ ∗
𝑉
𝑁= 

𝑀𝑅$ = 	𝑉 − 2𝑄$ ∗
𝑉
𝑁 

𝑀𝐶$ = 𝑐 

𝑐 = 	𝑉 − 2𝑄$ ∗
𝑉
𝑁 

𝑄$∗ =
𝑁
𝑉 :

𝑉 − 𝑐
2 = 

𝑃$∗ = :
𝑉 + 𝑐
2 = 

The maximized profit (𝝅𝑫∗ ) for the firm is: 

𝜋$∗ = :
𝑁
𝑉=

(𝑉 − 𝑐)0

2  

 

Importantly, when choosing the drastic treatment, the price, quantity, and profit a firm faces only 

depend on the value of N, V, and c. As the number of patients with a disease increases, the 

number of patients receiving treatment and the profit a firm receives increase as well. As the 

value patients place on treatment increase, the price of treatment and the profit a firm receives 

increase as well. However, as the cost of providing treatment increases, the price of treatment 

increases, the number of patients receiving treatment decreases, and the profit a firm receives 

decreases.  
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4.2 Incremental Monopoly 

Similar to the drastic monopoly, if only one firm develops the incremental treatment, and only 

the incremental treatment, the firm is in an incremental monopoly. There can be no other firms or 

treatments in the market. The demand each firm would face as a monopoly for the incremental 

treatment given price (𝑃1) is: 

𝑄% =
-
.
D𝛼𝑉 − &"

+
E    (5) 

 

Assuming research and development costs have already been sunk, the profit the firm faces is:  

𝜋% = 𝑄%(𝑃% − 𝑐) 

To maximize profits, the firm produces quantity (𝑸𝑰∗) of the drastic treatment where marginal 

cost equals marginal revenue at price (𝑷𝑰∗). 

𝑃% = :𝛼𝑉 −
𝑉
𝑁𝛼𝑄%= 

𝑀𝑅% = 	𝛼𝑉 − 2
𝑉
𝑁 𝛼𝑄% 

𝑀𝐶% = 𝑐 

𝑐 = 	𝛼𝑉 − 2
𝑉
𝑁 𝛼𝑄% 

𝑄%∗ =
𝑁
𝑉 :

𝛼𝑉 − 𝑐
2𝛼 = 

𝑃%∗ = :
𝛼𝑉 + 𝑐
2 = 

The maximized profit (𝝅𝑰∗) for the firm is: 

𝜋%∗ = :
𝑁
𝑉=

(𝛼𝑉 − 𝑐)0

4𝛼  
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The same price, quantity, and profit relationships with N, V, and c hold for the incremental 

treatment option. A firm choosing the incremental treatment is also concerned with the relative 

value of the incremental compared to drastic treatment when determining price, quantity, and 

profit. As 𝛼 increases, so do price, quantity, and profit. As 𝛼 approaches 1 and the value of the 

incremental treatment approaches the value of the drastic treatment, price, quantity, and profit for 

the incremental treatment all approach those of the drastic treatment.  

 

4.3 Two-Product Monopoly 

If only one firm developed both treatments, they would be in a two-product monopoly. There are 

no other firms in the market. Assuming {𝛼, 𝑉, 𝑐} such that 𝜃∗ > 𝜃, the demand for the drastic 

treatment given prices (𝑃$ , 𝑃%) is: 

𝑄$(𝑃$ , 𝑃%) = I
0 𝑖𝑓	𝜃∗ > 𝑉	

-
.
(𝑉 − 𝜃∗) 𝑖𝑓	𝜃∗𝜖	(0, 𝑉)	
𝑁 𝑖𝑓	𝜃∗ < 0

   (6) 

The demand for the incremental treatment given prices (𝑃$ , 𝑃%) is: 

 

𝑄%(𝑃% , 𝑃$) = N
									0												𝑖𝑓	𝜃 ≤ 0
-
.
4𝜃∗ − 𝜃6			𝑖𝑓	𝜃 > 0    (7) 

 

If a firm chooses to develop both the incremental and drastic treatments and assuming research 

and development costs have already been sunk, their profit is: 

𝜋2345 = 𝜋$ + 𝜋% =	𝑄$(𝑃$ − 𝑐) + 𝑄%(𝑃% − 𝑐) 
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The firm maximizes profits where the change in profits with respect to a change in 𝑃6 and 𝑃1 is 

zero.  

𝑑𝜋2345
𝑑𝑃$

=
𝑑𝜋$
𝑑𝑃$

+
𝑑𝜋%
𝑑𝑃$

= 0 

𝑑𝜋2345
𝑑𝑃%

=
𝑑𝜋$
𝑑𝑃%

+
𝑑𝜋%
𝑑𝑃%

= 0 

 

Solving the first order conditions above gives a reaction curve for 𝑃$∗  that is a function of 𝑃% and 

a reaction curve for 𝑃%∗ that is a function of 𝑃$. 

𝑃$∗(	𝑃%) = Q
𝑉(1 − 𝛼) + 2𝑃%

2 S 

𝑃%∗(𝑃$) = Q
2𝛼𝑃$ + 𝑐(1 − 𝛼)

2 S 

Jointly solving the reaction curves by assuming 𝑃% and 𝑃$ respectively gives the profit 

maximizing prices 𝑃$∗  and 𝑃%∗. 

𝑃$∗ =
𝑉 + 𝑐
2  

𝑃%∗ =
𝛼𝑉 + 𝑐
2  

 

The profit maximizing quantity of the drastic treatment for the firm in a two-product monopoly 

given 𝑃$∗   is: 

𝑄$∗ =
𝑁
2  
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The profit maximizing quantity of the incremental treatment given 𝑃%∗ is: 

𝑄%∗ =
-
.
D(7
0+
E = 0	𝑤ℎ𝑒𝑟𝑒	𝜃∗ >	 &"

+
  

 

The maximized profits for each treatment follow, given 𝑃%∗ and 𝑄%∗, 𝑃$∗  and 𝑄$∗ : 

𝜋$∗ =
𝑁
4
(𝑉 + 𝑐) 

𝜋%∗ =
𝑁
4𝛼𝑉

(𝑐0 − 𝑐𝛼𝑉) = 0	𝑤ℎ𝑒𝑟𝑒	𝜃∗ >	
𝑃%
𝛼  

 

The total maximized profit is simply the sum of the profits of both treatments: 

𝜋2∗ =
𝑁
4𝛼𝑉

(𝑐0 + 𝛼𝑉0) =
𝑁𝑉
4 	𝑤ℎ𝑒𝑟𝑒	𝜃∗ >	

𝑃%
𝛼  

 

The profit maximizing strategy for a firm that developed both treatments is to set the relative 

price of the incremental treatment high enough that any patient is indifferent between two 

treatments and chooses the drastic treatment. No patients receive the incremental treatment, and 

all patients receive the drastic treatment, regardless of the relative value of the two treatments. 

The price of the drastic treatment does not change and is equivalent to the drastic monopoly. 

Only the price of the incremental treatment increases as 𝛼 approaches 1 to maintain patient 

indifference between the two treatments. The quantity supplied of the drastic and incremental 

treatment also do not change with 𝛼. As before, the same general price, quantity, and profit 

relationships with N, V, and c hold for the drastic and incremental treatments. This result is 

driven by the assumption that marginal cost of production for the two treatments are identical. 

Intuitively, if a firm has one treatment that is perceived to be strictly greater than the other and 

marginal costs of production are the same, the firm would only want to sell the superior 
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treatment. The scope for profitable price discrimination is limited for the monopoly firm in this 

market. One would need to relax the assumption of identical marginal costs to make splitting the 

market between the two goods more attractive.   

 
 
4.4 Single Product Oligopoly 
 
If each firm chooses the one treatment opposite to their rival, the firms are in a single product 

oligopoly. Each firm faces either demand for drastic (Equation 6) or demand for incremental 

(Equation 7) depending on the treatment they choose. The firm that chooses the drastic treatment 

faces profit 𝜋$ = 𝑄$(𝑃$ − 𝑐) while the firm that chooses the incremental treatment faces profit 

𝜋% = 𝑄%(𝑃% − 𝑐). 

 

First order condition for the firm that chose the drastic treatment is  68!
6&!

	 |&" = 0 and the first 

order condition for the firm that chose the incremental treatment is 68"
6&"
	 |&! = 0. 

 

Solving the first order conditions gives a reaction curve for 𝑃$∗  as a function of 𝑃%, and a reaction 

curve for 𝑃%∗ as a function of 𝑃$. 

𝑃$∗(	𝑃%) = Q
𝑉(1 − 𝛼) + 𝑐 + 𝑃%

2 S 

𝑃%∗(𝑃$) = :
𝛼𝑃$ + 𝑐

2 = 
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Jointly solving the reaction curves by assuming each firm individually maximizes profit with 𝑃1 

and 𝑃6 gives the profit maximizing prices 𝑃$∗  and 𝑃%∗. 

𝑃$∗ =
2𝑉(1 − 𝛼) + 3𝑐

(4 − 𝛼)  

𝑃%∗ =
𝛼𝑉(1 − 𝛼) + 𝛼𝑐 + 2𝑐

(4 − 𝛼)  

 

Profit maximizing quantity and the maximized profit for each treatment follow: 

𝑄$∗ =
𝑁
𝑉 :

2𝑉 − 𝑐
4 − 𝛼 = 

𝑄%∗ =
𝑁
𝑉 :

𝛼𝑉 − 2𝑐
𝛼(4 − 𝛼)= 

𝜋$∗ =
𝑁

𝑉(1 − 𝛼)(4 − 𝛼)0
[4𝑉0 − 8𝛼𝑉0 + 4𝛼0𝑉0 − 4𝑐𝑉 + 8𝛼𝑐𝑉 − 4𝛼0𝑐𝑉 + 𝑐0 − 2𝛼𝑐0 + 𝛼0𝑐0] 

𝜋%∗ =
𝑁

𝛼𝑉(1 − 𝛼)(4 − 𝛼)0
(𝛼0𝑉0 − 2𝛼9𝑉0 + 8𝛼0𝑐𝑉 − 4𝛼𝑐𝑉 + 𝛼:𝑉0 − 4𝛼9𝑐𝑉 + 4𝛼0𝑐0 − 8𝛼𝑐0 + 4𝑐0) 

 
 

The drastic treatment always yields greater profits than the incremental treatment. However, the 

drastic treatment profits decrease as the relative value of the incremental treatment increase. The 

incremental treatment profits increase until	𝛼 = :
;
, then drop as 𝛼 approaches 1. Similarly, the 

price of the drastic treatment is always greater than the incremental treatment, the price of the 

drastic treatment decreases as the relative value of the incremental treatment increases, and the 

price of the incremental treatment increases until 𝛼 = 4 − 2√3	 or ≈ 0.54 then drops as 𝛼 

approaches 1. The number of patients receiving the drastic treatment is always greater than the 

number of patients receiving the incremental treatment. Interestingly, the number of patients 
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receiving each treatment increase as the relative value of the incremental treatment approaches 

that of the drastic treatment. As the two firms compete and the treatments become more similar, 

firms provide cheaper treatment at greater quantities. As before, the same general price, quantity, 

and profit relationships with N, V, and c hold for the drastic and incremental treatments. 

 

4.5 Two-Product Oligopoly 

If one firm chooses to develop both treatments, and the other only chooses to develop one 

treatment, the firms are in a two-product oligopoly. The firm that only develops one treatment, 

faces the same Bertrand’s Paradox of price competition outlined in the Model Set Up. Price is 

equal to the marginal cost and profits are zero. This means the price for the treatment that both 

firms developed is equal to marginal cost. As such, the firm that developed both treatments does 

not face profits equivalent to the single product oligopoly because of this.  

 

Note that if both firms choose to develop both treatments, they are competing in Bertrand’s 

paradox for each treatment. In that case, price for the incremental and price for the drastic are 

both equal to marginal cost. All patients receive the drastic treatment because the treatments are 

priced the same and the drastic treatment is perceived to be strictly more valuable. Both firms 

earn no profit.  

 

Where the incremental treatment is the treatment without direct competition, the firm producing 

both maximizes profit from both treatments given 𝑃$∗ = 𝑐. This gives a reaction curve of: 

𝑃%∗(𝑃$ = 𝑐) =
2𝛼𝑃$∗ + 𝑐(1 − 𝛼)

2 =
2𝛼𝑐 + 𝑐(1 − 𝛼)

2  

 



 25 

This gives a profit maximizing price 𝑃%∗. 

𝑃%∗(𝑃$ = 𝑐) =
𝛼𝑐 + 𝑐
2  

The profit maximizing quantity 𝑄%∗. 

𝑄%∗ =
𝑁
𝑉 :

𝛼𝑐 − 𝑐
2𝛼(1 − 𝛼)= = 0	𝑤ℎ𝑒𝑟𝑒	𝜃∗ >	

𝑃%
𝛼  

 

The maximized profits given 𝑃%∗ and 𝑄%∗ are 𝜋%∗. 

𝜋%∗ =
𝑁
𝑉 Q

(𝛼𝑐 − 𝑐)0

4𝛼(1 − 𝛼)S = 0	𝑤ℎ𝑒𝑟𝑒	𝜃∗ >	
𝑃%
𝛼  

 

Intuitively, this result makes sense because of the greater perceived value of the drastic 

treatment. If the drastic treatment is being developed and sold where 𝑃$∗ = 𝑐, no patients would 

choose the incremental treatment as the incremental treatment would not be sold at a price below 

c. Profit and quantity go to zero and are strictly less than the single product oligopoly.  

 

Where the drastic treatment is the treatment without direct competition, the firm producing both 

maximizes profit from both treatments given 𝑃%∗ = 𝑐. This reaction curve of: 

𝑃$∗(𝑃% = 𝑐) =
𝑉(1 − 𝛼) + 2𝑃%

2  

Gives a profit maximizing price 𝑃$∗ . 

𝑃$∗(𝑃% = 𝑐) =
𝑉(1 − 𝛼) + 2𝑐

2  

The profit maximizing quantity 𝑄$∗ . 

𝑄$∗ =
𝑁
2  
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The maximized profits given 𝑃$∗  and 𝑄$∗  are 𝜋$∗ . 

𝜋$∗ =
𝑁𝑉(1 − 𝛼)

4  

 

Profits from the drastic treatment in a two-product oligopoly are strictly less than the profits from 

the drastic treatment in a single product oligopoly. The intuition underlying this difference in 

profit between the single and two-product oligopolies is the lower price for the alternate 

treatment. The demand for the drastic treatment is more price elastic because of this lower price 

for the substitute treatment.  

 

5 Results 

From a social perspective, investment in a treatment should occur where the total surplus 

generated by a treatment is greater than the fixed cost required to develop it. With only one 

product, total surplus is the area beneath the demand curve above the marginal cost of 

production.  

a(𝑥 − 𝑐)𝑑𝑥
.

7

	𝑤ℎ𝑒𝑟𝑒	𝑥 = 𝑑𝑒𝑚𝑎𝑛𝑑	𝑐𝑢𝑟𝑣𝑒 

For the drastic treatment this gives total surplus of (.(7)
+

0
. For the incremental treatment, this 

gives total surplus of  
+<.(,-=

+

0
. For reasonable values of 𝛼, 𝑉, 𝑐: 

(𝑉 − 𝑐)0

2 >
𝛼 D𝑉 − 𝑐

𝛼E
0

2 	 
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The socially efficient outcome is for the only the drastic treatment to be developed and sold at 

the marginal cost of production. All surplus in this case goes to the consumer and none goes to 

the producer, with total surplus maximized where price is equal to marginal cost. Having two 

treatments is not efficient because the drastic is perceived to be strictly better than the 

incremental and because they are assumed to have identical marginal costs of production. It 

could only make sense for the incremental treatment to be developed if it had a lower marginal 

cost. Underinvestment from the social perspective happens if the drastic treatment does not get 

developed. No treatment, or only the incremental treatment being developed fall into this 

category. Interestingly, the market could also overinvest in treatment if a firm develops both the 

incremental and drastic.  

 

From a private perspective, investment in treatment should occur where producer surplus from a 

treatment is greater than the fixed cost required to develop it. As producer surplus is a sum of all 

firms, a firm profit maximizing and providing a single treatment is not necessarily privately 

efficient. There can still be a transfer of surplus from one firm to a rival if the rival enters with 

the opposite treatment and both firms yield positive profits. Whether the drastic or the 

incremental treatment are preferred depends on the size of the fixed cost associated with each 

treatment. The fixed cost to develop the incremental treatment must be lower than the fixed cost 

of the drastic for it to be the preferred option. However, the market can supply both treatments if 

the single product oligopoly profits are large enough for each firm to outweigh fixed costs. 

Underinvestment from a private perspective happens if a treatment has positive net surplus but 

firms do not develop the treatment.  
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The profit from each market structure type and treatment type help inform the preferred strategy 

for each firm in the payoff matrix for treatment development. Let us assume for now that the 

incumbent firm’s existing intellectual property is expiring or has expired so that if it chooses not 

to develop any treatment it earns no profit. This is the case if there is sufficient generic 

competition after expiration. The payoff matrix without research and development costs is as 

follows: 

 Entrant 
 
 
 
 
 
 
 
 
 

 
Incumbent 

  
Nothing 

 

 
Incremental 

 
Drastic 

Incremental + 
Drastic 

 
Nothing 

 
(0,  0) (0, 𝜋%>) (0, 𝜋$>) (0,	 𝜋2345> ) 

 
Incremental (𝜋%>, 0) (0,  0) (𝜋%?,  𝜋$?) (0,  𝜋2	%%$, ) 

 
Drastic (𝜋$>, 0)  (𝜋$?, 𝜋%?) (0,  0) (0, 𝜋2	%$$) 

 
Incremental 

+ Drastic   (𝜋2345> , 0)  (𝜋2	%%$, 0) (𝜋2	%$$, 0) (0,  0) 

 
Table 1. Payoff matrix for an incumbent and entrant firm facing investment options in a drastic treatment, 
incremental treatment, both treatments, or no investment. Payoff matrix does not include fixed cost for developing 
treatments.  
 

Let 𝝅𝑰𝑴 be the profits from the incremental treatment in a monopoly. Let 𝝅𝑫𝑴 be the profits from 

the drastic treatment in a monopoly. Let 𝝅𝑩𝒐𝒕𝒉𝑴  be the profits from the two-product monopoly. 

Let 𝝅𝑰𝑶 and 𝝅𝑫𝑶 be the profits from the incremental treatment and drastic treatment in a single 

oligopoly. Let 𝝅𝑩	𝑰𝑰𝑫 be the profits from the drastic treatment in the two-product oligopoly. Let 

𝝅𝑩	𝑰𝑫𝑫 be the profits from the incremental treatment in the two-product oligopoly. Without 

considering fixed costs, a firm will always prefer to be in a monopoly for the drastic treatment 

over a monopoly for the incremental treatment as 𝝅𝑫𝑴 > 𝝅𝑰𝑴, 𝑃$ > 𝑃%, 𝑄$ > 𝑄% for all 𝛼. A firm 
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is indifferent between a monopoly for the drastic treatment and a 2-product monopoly as 𝜋$> =

𝜋2>. In a single product oligopoly, a firm will always prefer to be the drastic option as 𝝅𝑫𝑶 > 𝝅𝑰𝑶 

for all 𝛼. A firm will always prefer to be in the single product oligopoly over the two-product 

oligopoly for the drastic and incremental treatment as 𝝅𝑫𝑶 > 𝝅𝑩	𝑰𝑰𝑫  and 𝝅𝑰𝑶 > 𝝅𝑩	𝑰𝑫𝑫 for all 𝛼. The 

price of the substitute treatment when it is developed by only one firm is larger than marginal 

cost of production. However, when the substitute is developed by both firms, they compete and 

undercut each other until the price is equal to marginal cost of production. The lower price of the 

substitute treatment in a two-product oligopoly hinders the profitability relative to the single 

product oligopoly.  

 

Using the payoff matrix and relative profit values, the incumbent’s best response strategy given 

some conjecture of the entrant’s choice can be calculated. The same response strategies hold for 

the entrant in this baseline case, but the primary subject of interest is the behavior of the 

incumbent.  

𝐵𝑒𝑠𝑡	𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒	(𝑐𝑜𝑛𝑗𝑒𝑐𝑡𝑢𝑟𝑒, 𝑁𝑜𝑡ℎ𝑖𝑛𝑔) = 𝐵𝑅(𝑁𝑜𝑡ℎ𝑖𝑛𝑔) = {𝐷𝑟𝑎𝑠𝑡𝑖𝑐	𝑜𝑟	𝐵𝑜𝑡ℎ}	𝑎𝑠	𝜋$>

= 𝜋2> > 	𝜋%> > 0 

𝐵𝑅(𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙) = 	 {𝐷𝑟𝑎𝑠𝑡𝑖𝑐}	𝑎𝑠	𝜋$? >	𝜋2	%%$ > 0  

𝐵𝑅(𝐷𝑟𝑎𝑠𝑡𝑖𝑐) = {𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙}	𝑎𝑠		𝜋%? >	𝜋2	%$$ > 0 

𝐵𝑅(𝐵𝑜𝑡ℎ) = {𝑁𝑜𝑡ℎ𝑖𝑛𝑔	𝑜𝑟	𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙	𝑜𝑟	𝐷𝑟𝑎𝑠𝑡𝑖𝑐	𝑜𝑟	𝐵𝑜𝑡ℎ}	𝑎𝑠	𝑎𝑙𝑙	𝑝𝑎𝑦𝑜𝑓𝑓𝑠 = 0  

 

Note that from these best response strategies, four pure Nash equilibria can be found. If the 

incumbent chooses both because it expects the entrant to choose nothing, the entrant will choose 

nothing. This is a pure Nash equilibrium and applies for the case where the incumbent chooses 
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nothing as well. If the incumbent chooses drastic because it expects the entrant to choose 

incremental, the entrant will choose incremental. This is a pure Nash equilibrium and applies for 

the case where the incumbent chooses incremental as well.  

 

Thus, if one firm supplies both treatments, the other firm supplies nothing, and vice versa. If one 

firm supplies the drastic treatment, the other firm supplies the incremental, and vice versa. 

Without fixed costs, both treatments are supplied. The distribution of surplus between incumbent 

and entrant firms differs across the equilibria. The distribution of surplus between firms and 

patients also differs across the equilibria. However, in all cases, equilibrium firm strategies result 

in both treatments being developed. This result aligns with prevailing market wisdom that 

competition induces both treatments to be developed.  

 

There is no private underinvestment. The surplus from each treatment is greater than their 

development costs and both treatments are developed in each of the Nash equilibria. However, 

one firm developing both is less efficient from a social perspective than each firm choosing a 

different treatment to develop because the competition between firms drives the price of the 

drastic treatment closer to the marginal cost of production. This is also reflected in the higher 

number of patients treated in the single product oligopoly compared to the two-product 

monopoly.  

 

5.1 With Identical Fixed Costs 

Suppose instead firms face common research and development costs for the each of the 

treatments, drastic (𝑭𝑪𝑫) and the incremental (𝑭𝑪𝑰). These fixed costs play two roles in the 

model. First, they model the capital-intensive nature of research and development. Funding 
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clinical trials or purchasing external intellectual property can have significant costs. Second, the 

size of fixed costs can be used to incorporate the unpredictable nature of research and 

development. If a particular type of treatment is ‘harder’ or ‘riskier’ to develop, a firm could 

leverage more capital to fund additional clinical trials to achieve developmental success*. A firm 

looking to develop the ‘hard’ treatment anticipates this larger fixed cost in its preferred 

strategies. The payoff matrix with research and development costs is as follows: 

 Entrant 
 
 
 
 
 
 
 
 
 

 
Incumbent 

  
Nothing 

 

 
Incremental 

 
Drastic 

Incremental + 
Drastic 

 
Nothing 

 (0, 0) (0, 𝜋./ − 𝐹𝐶.) (0, 𝜋0/ − 𝐹𝐶0) (0,	 𝜋1234/ − (𝐹𝐶. +
𝐹𝐶0)) 

 
Incremental 

(𝜋./ − 𝐹𝐶., 0) (−𝐹𝐶.,  −𝐹𝐶.) 
(𝜋.5 − 𝐹𝐶.,  𝜋05 −

𝐹𝐶0) 
(−𝐹𝐶.,  𝜋1	..0 −
(𝐹𝐶. + 𝐹𝐶0)) 

 
Drastic 

(𝜋0/ − 𝐹𝐶0, 0)  (𝜋05 − 𝐹𝐶0, 
𝜋.5 − 𝐹𝐶.)) 

(−𝐹𝐶0,   −𝐹𝐶0) (−𝐹𝐶0, , 𝜋1	.00 −
(𝐹𝐶. + 𝐹𝐶0)) 

 
Incremental 

+ Drastic  
 (𝜋1234/ −

(𝐹𝐶. + 𝐹𝐶0), 0)  
(𝜋1	..0 − (𝐹𝐶. +
𝐹𝐶0), −𝐹𝐶.) 

(𝜋1	.00 − (𝐹𝐶. +
𝐹𝐶0), −𝐹𝐶0, ) 

(−(𝐹𝐶. + 𝐹𝐶.),  
−(𝐹𝐶. + 𝐹𝐶0)) 

 
Table 2. Payoff matrix for an incumbent and entrant firm facing investment options in a drastic treatment, 
incremental treatment, both treatments, or no investment. Payoff matrix includes fixed cost for developing 
treatments.  

 
*This abstracts away some of the complexity of uncertainty in investment, which is explored in (Reinganum 1983) 
and (Gilbert & Newbery 1982).  
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The relative size of the fixed cost difference between developing each treatment can change the 

best response strategies for each firm.  

 

A firm would only choose to develop a drastic or incremental treatment if the fixed cost to 

develop the treatment is less than the producer surplus they receive from the market. If the 

surplus the firm extracts from the market in any scenario is enough to offset the fixed costs of 

development. For a drastic treatment, in monopoly 𝜋$>−𝐹𝐶$ > 0	for investment to occur and in 

a single product oligopoly		𝜋$? − 𝐹𝐶$ > 0	for investment to occur. For an incremental treatment, 

in monopoly 𝜋%>−𝐹𝐶% > 0	for investment to occur and in a single product oligopoly		𝜋%? −

𝐹𝐶% > 0	for investment to occur. 

 

If the fixed cost to develop a treatment is greater than the surplus firms receive, they will not 

develop the treatment, and in the case of the entrant, will not enter. The Nash equilibrium is for 

both firms to develop no treatments.  

 

Assuming 𝐹𝐶$ > 0 and 𝐹𝐶% > 0, a firm would always prefer to be in a drastic monopoly over a 

2-product monopoly as 𝜋$> = 𝜋2> and 𝜋$> − 𝐹𝐶$ > 𝜋2> − 𝐹𝐶$	−	𝐹𝐶%.The best response 

strategies for the incumbent given some conjecture of the entrant’s choice can be calculated. 

These best response strategies hold for the entrant.  

𝐵𝑅(𝑁𝑜𝑡ℎ𝑖𝑛𝑔) = v𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙
𝑎𝑛𝑑
𝑜𝑟 	𝐷𝑟𝑎𝑠𝑡𝑖𝑐

𝑎𝑛𝑑
𝑜𝑟 	𝑁𝑜𝑡ℎ𝑖𝑛𝑔w 	𝑑𝑒𝑝𝑒𝑛𝑑𝑖𝑛𝑔	𝑜𝑛	𝑤ℎ𝑒𝑡ℎ𝑒𝑟	𝜋%>

− 𝐹𝐶% 	𝑎𝑛𝑑		𝜋$> − 𝐹𝐶$	𝑎𝑟𝑒	𝑏𝑜𝑡ℎ	𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒	𝑎𝑛𝑑	𝑤ℎ𝑖𝑐ℎ	𝑣𝑎𝑙𝑢𝑒	𝑖𝑠	𝑔𝑟𝑒𝑎𝑡𝑒𝑟 

𝐵𝑅(𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙) = 	 y𝐷𝑟𝑎𝑠𝑡𝑖𝑐 FG6
3H
𝑁𝑜𝑡ℎ𝑖𝑛𝑔z 	𝑑𝑒𝑝𝑒𝑛𝑑𝑖𝑛𝑔	𝑜𝑛	𝑤ℎ𝑒𝑡ℎ𝑒𝑟		𝜋$? − 𝐹𝐶$	𝑖𝑠	𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒  
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𝐵𝑅(𝐷𝑟𝑎𝑠𝑡𝑖𝑐) = v𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙
𝑎𝑛𝑑
𝑜𝑟 	𝑁𝑜𝑡ℎ𝑖𝑛𝑔	w 	𝑑𝑒𝑝𝑒𝑛𝑑𝑖𝑛𝑔	𝑜𝑛	𝑤ℎ𝑒𝑡ℎ𝑒𝑟	𝑖𝑠	𝜋%? − 𝐹𝐶% 	𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 

𝐵𝑅(𝐵𝑜𝑡ℎ) = {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	𝑎𝑙𝑙	𝑜𝑡ℎ𝑒𝑟	𝑝𝑎𝑦𝑜𝑓𝑓𝑠	𝑎𝑟𝑒	𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒  

The importance of the relative size of fixed costs is that they can render the surplus from 

oligopoly treatments negative while still producing positive surplus from monopoly treatments. 

The cases of particular interest for understanding underinvestment compared to the general case 

are those dependent on (a) the relative value of the two treatments in monopoly where are each 

treatment yields positive profits and one is greater than the other, (b) whether drastic profits from 

a single product oligopoly are greater than zero, and (c) whether incremental profits from a 

single product oligopoly are greater than zero.  

 

Where the drastic treatment is greater in (a), and (b) and (c) are negative, the best response 

strategies are: 

𝐵𝑅(𝑁𝑜𝑡ℎ𝑖𝑛𝑔) = {𝐷𝑟𝑎𝑠𝑡𝑖𝑐}	𝑎𝑠	𝜋$> − 𝐹𝐶$ > 	𝜋%> − 𝐹𝐶% > 0 

𝐵𝑅(𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙) = 	 {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	0 > 𝜋$? − 𝐹𝐶$ >	𝜋2	%%$ − (𝐹𝐶% + 𝐹𝐶$)  

𝐵𝑅(𝐷𝑟𝑎𝑠𝑡𝑖𝑐) = {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	0 > 𝜋%? − 𝐹𝐶% >	𝜋2	%$$ − (𝐹𝐶% + 𝐹𝐶$)	 

𝐵𝑅(𝐵𝑜𝑡ℎ) = {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	𝑎𝑙𝑙	𝑜𝑡ℎ𝑒𝑟	𝑝𝑎𝑦𝑜𝑓𝑓𝑠	𝑎𝑟𝑒	𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒  

The pure Nash equilibrium here is for one firm to choose the drastic treatment and the other to do 

nothing. From a private perspective, this could be considered underinvestment if developing both 

treatments in monopoly yields positive net surplus.  

 

Where the drastic treatment is greater in (a), (b) is positive and (c) is negative, the best response 

strategies are: 

𝐵𝑅(𝑁𝑜𝑡ℎ𝑖𝑛𝑔) = {𝐷𝑟𝑎𝑠𝑡𝑖𝑐}	𝑎𝑠	𝜋$> − 𝐹𝐶$ > 	𝜋%> − 𝐹𝐶% > 0 
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𝐵𝑅(𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙) = 	 {𝐷𝑟𝑎𝑠𝑡𝑖𝑐}	𝑎𝑠	𝜋$? − 𝐹𝐶$ >	𝜋2	%%$ − (𝐹𝐶% + 𝐹𝐶$)	𝑎𝑛𝑑	𝜋$? − 𝐹𝐶$ > 		0  

𝐵𝑅(𝐷𝑟𝑎𝑠𝑡𝑖𝑐) = {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	0 > 𝜋%? − 𝐹𝐶% >	𝜋2	%$$ − (𝐹𝐶% + 𝐹𝐶$)	 

𝐵𝑅(𝐵𝑜𝑡ℎ) = {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	𝑎𝑙𝑙	𝑜𝑡ℎ𝑒𝑟	𝑝𝑎𝑦𝑜𝑓𝑓𝑠	𝑎𝑟𝑒	𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒  

The pure Nash equilibrium here is for one firm to choose the drastic treatment and the other to do 

nothing. This produces the same private underinvestment as above.  

 

Where the drastic treatment is greater in (a), (b) and (c) are positive, the best response strategies 

are: 

𝐵𝑅(𝑁𝑜𝑡ℎ𝑖𝑛𝑔) = {𝐷𝑟𝑎𝑠𝑡𝑖𝑐}	𝑎𝑠	𝜋$> − 𝐹𝐶$ > 	𝜋%> − 𝐹𝐶% > 0 

𝐵𝑅(𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙) = 	 {𝐷𝑟𝑎𝑠𝑡𝑖𝑐}	𝑎𝑠	𝜋$? − 𝐹𝐶$ >	𝜋2	%%$ − (𝐹𝐶% + 𝐹𝐶$)	𝑎𝑛𝑑	𝜋$? − 𝐹𝐶$ > 0  

𝐵𝑅(𝐷𝑟𝑎𝑠𝑡𝑖𝑐) = {𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙}	𝑎𝑠	𝜋%? − 𝐹𝐶% >	𝜋2	%$$ − (𝐹𝐶% + 𝐹𝐶$)	𝑎𝑛𝑑	𝜋%? − 𝐹𝐶% > 0	 

𝐵𝑅(𝐵𝑜𝑡ℎ) = {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	𝑎𝑙𝑙	𝑜𝑡ℎ𝑒𝑟	𝑝𝑎𝑦𝑜𝑓𝑓𝑠	𝑎𝑟𝑒	𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒  

The pure Nash equilibria are for one firm to choose the drastic and the rival firm to choose the 

incremental, and vice versa. There is no underinvestment here as each treatment yields positive 

net surplus and both are developed. This result is also closer to social efficiency.  

 

Where the incremental treatment is greater in (a), and (b) and (c) are negative, the best response 

strategies are: 

𝐵𝑅(𝑁𝑜𝑡ℎ𝑖𝑛𝑔) = {𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙}	𝑎𝑠	𝜋%> − 𝐹𝐶% > 𝜋2> − (𝐹𝐶% + 𝐹𝐶$), 𝜋$> − 𝐹𝐶$ > 0 

𝐵𝑅(𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙) = 	 {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	0 > 𝜋$? − 𝐹𝐶$ >	𝜋2	%%$ − (𝐹𝐶% + 𝐹𝐶$)  

𝐵𝑅(𝐷𝑟𝑎𝑠𝑡𝑖𝑐) = {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	0 > 𝜋%? − 𝐹𝐶% >	𝜋2	%$$ − (𝐹𝐶% + 𝐹𝐶$)	 

𝐵𝑅(𝐵𝑜𝑡ℎ) = {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	𝑎𝑙𝑙	𝑜𝑡ℎ𝑒𝑟	𝑝𝑎𝑦𝑜𝑓𝑓𝑠	𝑎𝑟𝑒	𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒  
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The pure Nash equilibrium here is for one firm to choose the incremental treatment and the other 

to do nothing. From a private perspective, this could be considered underinvestment where 

developing both treatments in monopoly yields positive net surplus.  

 

Where the incremental treatment is greater in (a), (b) is negative and (c) is positive, the best 

response strategies are: 

𝐵𝑅(𝑁𝑜𝑡ℎ𝑖𝑛𝑔) = {𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙}	𝑎𝑠	𝜋%> − 𝐹𝐶% > 𝜋2>−(𝐹𝐶% + 𝐹𝐶$), 𝜋$> − 𝐹𝐶$ > 0 

𝐵𝑅(𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙) = 	 {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	0 > 𝜋$? − 𝐹𝐶$ >	𝜋2	%%$ − (𝐹𝐶% + 𝐹𝐶$)  

𝐵𝑅(𝐷𝑟𝑎𝑠𝑡𝑖𝑐) = {𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙}	𝑎𝑠	𝜋%? − 𝐹𝐶% >	𝜋2	%$$ − (𝐹𝐶% + 𝐹𝐶$)	𝑎𝑛𝑑	𝜋%? − 𝐹𝐶% > 	0	 

𝐵𝑅(𝐵𝑜𝑡ℎ) = {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	𝑎𝑙𝑙	𝑜𝑡ℎ𝑒𝑟	𝑝𝑎𝑦𝑜𝑓𝑓𝑠	𝑎𝑟𝑒	𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒  

The pure Nash equilibrium here is for one firm to choose the incremental treatment and the other 

to do nothing. This produces the same private underinvestment as above. 

 

The previous two cases are critical when considering social efficiency because they demonstrate 

how only the lesser of the two treatment gets developed despite the better one being viable in the 

market. A social planner would want to develop only the drastic treatment, but instead the 

market develops only the incremental.  

 

Where the incremental treatment is greater in (a), (b) and (c) are positive, the best response 

strategies are: 

𝐵𝑅(𝑁𝑜𝑡ℎ𝑖𝑛𝑔) = {𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙}	𝑎𝑠	𝜋%> − 𝐹𝐶% > 𝜋2>−(𝐹𝐶% + 𝐹𝐶$), 𝜋$> − 𝐹𝐶$ > 0 

𝐵𝑅(𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙) = 	 {𝐷𝑟𝑎𝑠𝑡𝑖𝑐}	𝑎𝑠	𝜋$? − 𝐹𝐶$ >	𝜋2	%%$ − (𝐹𝐶% + 𝐹𝐶$)	𝑎𝑛𝑑	𝜋$? − 𝐹𝐶$ > 0  

𝐵𝑅(𝐷𝑟𝑎𝑠𝑡𝑖𝑐) = {𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙}	𝑎𝑠	𝜋%? − 𝐹𝐶% >	𝜋2	%$$ − (𝐹𝐶% + 𝐹𝐶$)	𝑎𝑛𝑑	𝜋%? − 𝐹𝐶% > 0	 
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𝐵𝑅(𝐵𝑜𝑡ℎ) = {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	𝑎𝑙𝑙	𝑜𝑡ℎ𝑒𝑟	𝑝𝑎𝑦𝑜𝑓𝑓𝑠	𝑎𝑟𝑒	𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒  

The pure Nash equilibria are for one firm to choose the drastic and the rival firm to choose the 

incremental, and vice versa. There is no underinvestment here as each treatment yields positive 

net surplus and both are developed.  

 

In summary, the key insight from adding identical fixed costs is that underinvestment can occur 

where fixed costs are sufficiently large enough to render the single product oligopoly profits 

from treatment negative such that the preferred strategy of firms does not face the threat of 

competition. The fixed costs shift the Nash equilibria away from having both treatments 

developed in the baseline case to only developing one. If fixed costs are not sufficiently large to 

render single product oligopoly profits negative, the firms each choose a different treatment like 

in the general case. There is no underinvestment, and the market is closer to social efficiency 

than the monopoly cases. Additionally, fixed costs can explain general lack of investment by 

firms for treatment. If developing either treatment is rendered unprofitable by the fixed costs, and 

does not occur, there is no private underinvestment.  

 

5.2 In a Sequential Game 

Changing the simultaneous game to a sequential game adds nuance to firms underinvesting in 

treatments. Rather than the potential entrant and incumbent firm making the decision to invest in 

treatment at the same time, a sequential game allows a first mover to restrict payoffs for the 

follower. In the real world where firms are not restricted to single shot games, this is more 

representative of how investment decisions work. In addition to new drugs brought to market, 
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rival firms can observe the investment decisions of other firms through the clinical trials they are 

funding.  

 

The sequential game does not change the Nash equilibria for the cases where the net surplus for 

each treatment is negative, or for where only one treatment has positive producer surplus. Where 

each treatment yields negative surplus for the firm, the pure Nash equilibrium is for both firms to 

choose no treatment. Where only the incremental treatment in monopoly yields positive producer 

surplus, the Nash equilibria is for one firm to develop the incremental treatment and for the other 

to do nothing. The same is true if the drastic treatment in monopoly is the treatment with positive 

producer surplus. The difference between the simultaneous and sequential game is the 

distribution of surplus between firms. The first mover can develop a treatment, prevent the rival 

firm from entering, and receive monopoly profits.  

 

Underinvestment in the simultaneous model still holds, with additional cases of interest where 

preempting can change the best responses for firms. This is where firm profits in a single product 

oligopoly are sufficient to induce competition from the follower.  

 

Suppose the value of 𝐹𝐶% 	and	𝐹𝐶$ are such that  𝜋$? − 𝐹𝐶$ > 0 > 𝜋%? − 𝐹𝐶%: 

𝐵𝑅(𝑁𝑜𝑡ℎ𝑖𝑛𝑔) = {𝐷𝑟𝑎𝑠𝑡𝑖𝑐}	𝑎𝑠	𝜋$> − 𝐹𝐶$ > 𝜋2>−(𝐹𝐶% + 𝐹𝐶$), 𝜋%> − 𝐹𝐶% > 0 

𝐵𝑅(𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙) = 	 {𝐷𝑟𝑎𝑠𝑡𝑖𝑐}	𝑎𝑠	𝜋$? − 𝐹𝐶$ >	𝜋2	%%$ − (𝐹𝐶% + 𝐹𝐶$)	𝑎𝑛𝑑	𝜋$? − 𝐹𝐶$ > 0  

𝐵𝑅(𝐷𝑟𝑎𝑠𝑡𝑖𝑐) = {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	0 > 𝜋%? − 𝐹𝐶% >	𝜋2	%$$ − (𝐹𝐶% + 𝐹𝐶$) 

𝐵𝑅(𝐵𝑜𝑡ℎ) = {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	𝑎𝑙𝑙	𝑜𝑡ℎ𝑒𝑟	𝑝𝑎𝑦𝑜𝑓𝑓𝑠	𝑎𝑟𝑒	𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒  
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The pure strategy equilibrium here is for only one firm to develop the drastic treatment and for 

the other firm to do nothing. The first moving firm preempts the following firm, ensuring a 

drastic monopoly for itself. This can produce private underinvestment if developing both 

treatments gives positive producer surplus.  

 

Suppose the value of 𝐹𝐶% 	and	𝐹𝐶$ are such that  𝜋$? − 𝐹𝐶$ < 0 < 𝜋%? − 𝐹𝐶%: 

𝐵𝑅(𝑁𝑜𝑡ℎ𝑖𝑛𝑔) = {𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙}	𝑎𝑠	𝜋%> − 𝐹𝐶% > 𝜋2>−(𝐹𝐶% + 𝐹𝐶$), 𝜋$> − 𝐹𝐶$ > 0 

𝐵𝑅(𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙) = 	 {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	0 > 𝜋$? − 𝐹𝐶$ >	𝜋2	%%$ − (𝐹𝐶% + 𝐹𝐶$)  

𝐵𝑅(𝐷𝑟𝑎𝑠𝑡𝑖𝑐) = {𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙}	𝑎𝑠	𝜋%? − 𝐹𝐶% >	𝜋2	%$$ − (𝐹𝐶% + 𝐹𝐶$) > 0 

𝐵𝑅(𝐵𝑜𝑡ℎ) = {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	𝑎𝑙𝑙	𝑜𝑡ℎ𝑒𝑟	𝑝𝑎𝑦𝑜𝑓𝑓𝑠	𝑎𝑟𝑒	𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒  

The pure strategy equilibrium here is for one firm to develop the incremental and for the other 

firm to do nothing. This result means there can be private underinvestment as above, but social 

underinvestment as well if the producer surplus to producing the drastic treatment in monopoly is 

positive. 

 

Suppose the value of 𝐹𝐶% 	and	𝐹𝐶$ are such that  𝜋$? − 𝐹𝐶$ > 𝜋%? − 𝐹𝐶% > 0: 

𝐵𝑅(𝑁𝑜𝑡ℎ𝑖𝑛𝑔) = {𝐷𝑟𝑎𝑠𝑡𝑖𝑐}	𝑎𝑠	𝜋$> − 𝐹𝐶$ > 𝜋2>−(𝐹𝐶% + 𝐹𝐶$), 𝜋%> − 𝐹𝐶% > 0 

𝐵𝑅(𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙) = 	 {𝐷𝑟𝑎𝑠𝑡𝑖𝑐}	𝑎𝑠	𝜋$? − 𝐹𝐶$ >	𝜋2	%%$ − (𝐹𝐶% + 𝐹𝐶$)	𝑎𝑛𝑑	𝜋$? − 𝐹𝐶$ > 	0  

𝐵𝑅(𝐷𝑟𝑎𝑠𝑡𝑖𝑐) = {𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙}	𝑎𝑠	0 > 𝜋%? − 𝐹𝐶% >	𝜋2	%$$ − (𝐹𝐶% + 𝐹𝐶$) 

𝐵𝑅(𝐵𝑜𝑡ℎ) = {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	𝑎𝑙𝑙	𝑜𝑡ℎ𝑒𝑟	𝑝𝑎𝑦𝑜𝑓𝑓𝑠	𝑎𝑟𝑒	𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒  

The preferred strategy for the first mover is to develop only the drastic treatment. However, the 

producer surplus from the incremental treatment in a single product oligopoly is positive, which 

means the follower will enter and push the monopoly profits to oligopoly profits. The first 
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moving firm would prefer to preempt this and produce both treatments in its first action if the 

additional cost to develop the incremental treatment is less than the loss of profit moving from 

drastic monopoly to drastic oligopoly.  

FCI < πJK − πJL 

 

If the fixed cost is higher than the loss of profit, the first moving firm chooses drastic, the 

follower produces incremental, and the market is in an oligopoly.  

 

While traditionally having a two-product monopoly is advantageous for a firm as it allows them 

to price discriminate, in this model it instead serves as an investment to ensure monopoly power 

for the firm by preventing competition. The reason this preempting works in the sequential game 

and does not in the simultaneous game is because firms are making their threat of preemption 

concrete and credible.  

 

As a critical final point, suppose the value of 𝐹𝐶% 	and	𝐹𝐶$ are such that 𝜋$> − 𝐹𝐶$ > 𝜋%> −

𝐹𝐶% > 𝜋%? − 𝐹𝐶% > 0 > 𝜋$? − 𝐹𝐶$: 

𝐵𝑅(𝑁𝑜𝑡ℎ𝑖𝑛𝑔) = {𝐷𝑟𝑎𝑠𝑡𝑖𝑐}	𝑎𝑠	𝜋$> − 𝐹𝐶$ > 𝜋2>−(𝐹𝐶% + 𝐹𝐶$), 𝜋%> − 𝐹𝐶% > 0 

𝐵𝑅(𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙) = 	 {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	0 > 𝜋$? − 𝐹𝐶$ >	𝜋2	%%$ − (𝐹𝐶% + 𝐹𝐶$)  

𝐵𝑅(𝐷𝑟𝑎𝑠𝑡𝑖𝑐) = {𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙}	𝑎𝑠	𝜋%? − 𝐹𝐶% >	𝜋2	%$$ − (𝐹𝐶% + 𝐹𝐶$)	𝑎𝑛𝑑	𝜋%? − 𝐹𝐶% > 	0 

𝐵𝑅(𝐵𝑜𝑡ℎ) = {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	𝑎𝑙𝑙	𝑜𝑡ℎ𝑒𝑟	𝑝𝑎𝑦𝑜𝑓𝑓𝑠	𝑎𝑟𝑒	𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒  

This case shows one of the worst-case scenarios for private and social underinvestment. Once 

again, the first mover would prefer to choose the drastic, but must worry about the follower 

entering and developing the incremental treatment. The first mover in this scenario has two 
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options for preempting. The first mover can decide to choose just the incremental treatment or 

develop both treatments. The preemption with both treatments is shown above. If the surplus the 

firm receives less fixed cost of development is greater than the drastic single product oligopoly 

and the two-product monopoly, the firm chooses that option. This is both a privately and socially 

inefficient outcome because a single ‘worse’ treatment can preempt other firms from entering.  

Moving to a sequential game adds new potential for private underinvestment from the 

simultaneous game and changes the distribution of treatments and where surplus is allocated in 

the market. Ultimately this affects social efficiency. Where previously in the simultaneous game 

firms might split treatment, the first mover can now preempt and develop one or both treatments 

to prevent rival firms from entering. If this is the case, private underinvestment can occur and 

moving away from a single product oligopoly brings the market further away from social 

efficiency. An incumbent could realistically move first due to sunk cost advantages, which 

makes the critical single product preemption a very real possibility.  

 

5.3 Fixed Cost Differences Between Firms 

Another story can be told if the fixed costs for a particular treatment vary between firms. An 

incumbent firm could have economies of scale in developing treatments or possess existing 

intellectual property that makes development cheaper. One potential example of this is if an 

incumbent firm does not have to worry about potential litigation costs because they own the IP 

where the entrant does or have a partnership with a public research institution that discovered a 

new chemical entity, mechanism, application. 
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The underinvestment shown in each step previously still hold. Now, the between firm difference 

in fixed costs adds even more possibility for the incumbent to underinvest as there is a chance 

that they need not to worry about competition.  

 

As an example, suppose the value of 𝐹𝐶% 	and	𝐹𝐶$ are such that 𝜋%> − 𝐹𝐶% > 𝜋$> − 𝐹𝐶$ > 𝜋%? −

𝐹𝐶% > 0 > 𝜋$? − 𝐹𝐶$ for the incumbent but 0 > 𝜋%? − 𝐹𝐶% 	𝑎𝑛𝑑	0 > 	𝜋$? − 𝐹𝐶$ for the entrant.  

The best responses for the incumbent are:	

𝐵𝑅(𝑁𝑜𝑡ℎ𝑖𝑛𝑔) = {𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙}	𝑎𝑠	𝜋%> − 𝐹𝐶% > 	𝜋$> − 𝐹𝐶$ > 0 

𝐵𝑅(𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙) = 	 {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	0 > 𝜋$? − 𝐹𝐶$ >	𝜋2	%%$ − (𝐹𝐶% + 𝐹𝐶$)  

𝐵𝑅(𝐷𝑟𝑎𝑠𝑡𝑖𝑐) = {𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙}	𝑎𝑠	𝜋%? − 𝐹𝐶% >	𝜋2	%$$ − (𝐹𝐶% + 𝐹𝐶$)	𝑎𝑛𝑑	𝜋%? − 𝐹𝐶% > 	0 

𝐵𝑅(𝐵𝑜𝑡ℎ) = {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	𝑎𝑙𝑙	𝑜𝑡ℎ𝑒𝑟	𝑝𝑎𝑦𝑜𝑓𝑓𝑠	𝑎𝑟𝑒	𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒  

The best responses for the entrant are: 

𝐵𝑅(𝑁𝑜𝑡ℎ𝑖𝑛𝑔) = {𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙}	𝑎𝑠	𝜋%> − 𝐹𝐶% > 	𝜋$> − 𝐹𝐶$ > 0 

𝐵𝑅(𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙) = 	 {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	0 > 𝜋$? − 𝐹𝐶$ >	𝜋2	%%$ − (𝐹𝐶% + 𝐹𝐶$)  

𝐵𝑅(𝐷𝑟𝑎𝑠𝑡𝑖𝑐) = {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	0 > 𝜋%? − 𝐹𝐶% >	𝜋2	%$$ − (𝐹𝐶% + 𝐹𝐶$) 

𝐵𝑅(𝐵𝑜𝑡ℎ) = {𝑁𝑜𝑡ℎ𝑖𝑛𝑔}	𝑎𝑠	𝑎𝑙𝑙	𝑜𝑡ℎ𝑒𝑟	𝑝𝑎𝑦𝑜𝑓𝑓𝑠	𝑎𝑟𝑒	𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒  

The pure Nash equilibria are for one firm to develop the incremental treatment and for the other 

firm to do nothing. In the sequential game, the incumbent will preempt and develop the 

incremental.  This is private and social underinvestment on the part of the first moving firm 

because developing the drastic treatment and both treatments could still produce positive net 

surplus for either firm but does not occur. The first moving firm faces no threat of replacement or 

competition and does not need to develop both treatments.  
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Different fixed costs between firms also makes it so that the game does not need to be sequential 

for the incumbent to underinvest. If the other firm faces negative producer surplus from 

producing treatment in monopoly, the incumbent firm can simply do nothing or choose its 

maximized treatment without worrying about competition.  

 

5.4 With an Existing Treatment 

Now let us assume that the incumbent firm already has existing intellectual property because 

they developed the incremental treatment. We can treat this as if the firm chose to invest in the 

incremental option earlier, and now the sequential game is taking place in the middle of the 

incremental patent life. This means that the entrant would only be able to enter an oligopoly and 

never earn monopoly profits, and that the incumbent can’t have pure monopoly profits for the 

drastic treatment.  

 

 Entrant 
 

 
 
 

 
Incumbent 

 Nothing Incremental Drastic Incremental + 
Drastic 

 
Existing 

Incremental 
Treatment 

(𝜋./, 0) (0,  −𝐹𝐶.) (𝜋.5,  𝜋05 − 𝐹𝐶0) (0,  𝜋1	..0 −
(𝐹𝐶. + 𝐹𝐶0)) 

 
Existing 

Incremental 
+ Drastic  

 (𝜋1234/ − 𝐹𝐶0, 0)  (𝜋1	..0 − 𝐹𝐶0, 
−𝐹𝐶6) 

(𝜋1	.00 − 𝐹𝐶0, 
−𝐹𝐶0) 

(−𝐹𝐶0,  
−(𝐹𝐶. + 𝐹𝐶0)) 

 
Table 3. Payoff matrix for an incumbent and entrant firm facing investment options where the incumbent has 
already developed an incremental treatment. Entrant can choose a drastic treatment, incremental treatment, both 
treatments, and no investment while the incumbent can choose an additional, drastic, treatment or nothing. Payoff 
matrix includes fixed cost for developing treatments. 
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If the “nothing” option where the incumbent firm does not invest in an additional drastic 

treatment yields the largest net surplus, the incumbent would prefer to remain there. However, 

the entrant will enter if the single product oligopoly profits from the drastic treatment are 

positive. Once more, the incumbent will preempt this if the loss of profit moving from the 

incremental monopoly to the incremental single product oligopoly is greater than the fixed cost 

of developing the drastic treatment.  

𝜋2345> − 𝐹𝐶$ < 0 − 𝜋%> 

 

If 𝜋$? − 𝐹𝐶$ < 0 for the entrant, the incumbent has no need of preempting and can simply rely 

on its existing treatment. 

   

Compared to the case where the incumbent does not have an existing treatment, this iteration of 

the model shows how firms have even less incentive to develop treatment when they already 

have a treatment in the market. Applied to the case where the incumbent firm already has an 

existing incremental treatment, the potential for underinvestment is still the same, but the 

observed behavior of the firm does change. Now, the firm can decide to do nothing if they face 

no threat of preemption, instead of having to develop at least one treatment. An easier way to 

think of this is that incumbent firms will be strategic in the timing of their treatment development 

and wait until their existing patents end before bringing new treatments to market.   

 

6 Discussion 

I have shown that in a baseline case without fixed costs, competition leads to the development of 

both a drastic and an incremental treatment, without underinvestment and potentially 
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approaching social efficiency. However, fixed costs, preemption in a sequential game, and 

differences in fixed costs together and separately derail those equilibria and allow firms to 

underinvest. 

 

To prevent this underinvestment and reach a socially efficient outcome, the government can 

intervene in several ways. First, if the government and private firms had the same information 

about what research and development of new treatments required, the government could simply 

produce the drastic treatment themselves and give it to patients at the marginal cost of production 

to reach social efficiency. If the producer surplus for a private firm doing so would be positive, 

research and development costs for the government should be covered by taxes. The government 

would only need to produce the drastic treatment because it is perceived to be strictly better than 

the incremental option, the two treatments have identical marginal costs of production, and 

consumers can only be treated once. The government may choose to develop the incremental 

treatment, both treatments, or no treatments at all instead if the fixed cost of developing 

treatment are so great that it would be undesirable and inefficient.  

 

However, firms may not have the same information that private firms do about what research 

opportunities are available, and the fixed cost required to develop them. Without an easy way to 

access the information firms have, social efficiency could represent an unrealistic first best goal.  

 

For more feasible policy, the government could opt for a second option to reach private 

efficiency with an eye to social efficiency in the distribution of that private efficiency. Here, 

firms only develop treatment if the producer surplus they earn outweighs fixed costs of 



 45 

development. The government instead should concern itself with whether the profits firms earn 

from the market outweigh fixed costs of development.  

 

To resist underinvestment caused by fixed costs, preemption, and between firm differences and 

reach full private investment, the government should intervene by subsidizing fixed costs for 

developing treatments where a single firm can choose only one treatment to preempt other firms 

from entering the market. This induces firms to either choose both treatments or split the market 

with the entrant. When splitting the market, the drastic treatment does not have to make the 

incremental treatment useless from a private perspective because the firm that develops the 

incremental can extract some surplus from the drastic firm. Patients also benefit, and the market 

moves closer to social efficiency with this competition as prices for both treatments are held 

down, more patients can afford to and do get treated. If instead, one firm develops both 

treatments to protect its monopoly power, the government can step in and set price controls or 

take other antitrust actions to prevent the monopolist from pricing all incremental treatment out 

of the market.  

 

7 Conclusion 

Where the Orphan Drug Act and associated literature deals primarily with the issue of 

investment in research where fixed costs for all treatments are too large, my thesis shows 

primarily that a few simple assumptions can produce underinvestment in pharmaceutical 

research in development.  
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My work does not account for the possibility of collusion between firms as a contributing factor 

to underinvestment. The recommendation for government subsidies to increase the threat of 

competition indirectly addresses the possibility of collusion. Subsidies could make collusion no 

longer profit maximizing and push a firm on the margin into competition.  

 

My work addresses a combination of social and private efficiency, and it is worth acknowledging 

a government may prefer to concern itself with only or primarily social efficiency. In a similar 

vein, my work does not suggest an avenue for patients who cannot afford treatment in the 

marketplace at or below oligopoly prices to receive care. Implied in the model is that expanding 

the patient pool for a treatment increases the N number of patients and potential profits firms can 

earn from developing treatment. Thus, expanding patients access to health insurance could have 

a twofold effect of addressing the shortcomings of access to care and improving the payoff of 

developing treatments in the market.  
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