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Contrary to traditional economic theory predicting lower prices with increased competition, we observe a
paradoxical increase in some brand-name drug prices following the entry of generic alternatives (i.e., the
Generic Competition Paradoxz (GCP)). This paradox has led to increased healthcare spending and attracted
significant academic interest. However, much of the current research, focusing on consumer heterogene-
ity and pseudo-generic drugs and attributing the GCP primarily to these factors, overlooks the extensive
market and consumer knowledge possessed by brand-name firms and the resulting information asymmetry
between brand-name and generic firms. Thus, it fails to fully explain the GCP and to provide a compre-
hensive understanding of pharmaceutical markets. To bridge this gap, by considering the brand-name firm’s
private information about consumers, we develop a game-theoretic model to analyse interactions between
a brand-name firm and a generic firm over two periods (signaling and full-information). We find that the
brand-name firm can use limit pricing in the signaling period to deter generic entry by charging below its
monopoly price, then increase its price and allow generic entry in the full-information period, leading to
the GCP. Consequently, under information asymmetry, limit pricing may arise from the brand-name firm’s
anticompetitive practices, and offers an alternative explanation for the GCP. While limit pricing and the
GCP often result in higher drug prices, reduced consumer choice, and increased healthcare spending, we
find that they can sometimes benefit consumers and society. This finding challenges the widely accepted
belief that information asymmetry and the GCP are always detrimental, highlighting their complex role in

pharmaceutical markets.
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1. Introduction

Patents grant brand-name firms a period of exclusivity, during which they can charge higher prices
to recoup their research and development costs. Once this exclusivity period ends, generic firms can
enter the market and offer more affordable generic drugs, which are equivalent to brand-name drugs
in terms of active ingredients, dosage, and intended use (Grabowski and Vernon 1996, Frank and
Salkever 1997). According to the traditional economic theory, increased competition from generic
drugs should drive down prices for brand-name drugs. However, in certain instances, the prices
of brand-name drugs have been observed to increase after generic alternatives become available

(Grabowski and Vernon 1992, Frank and Salkever 1997, Regan 2008). For example, the price of
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the brand-name drugs Cleocin and NSAID increased by approximately 16% after the entry of their
generic counterparts (Ching 2004). This counterintuitive phenomenon is commonly referred to as the
‘Generic Competition Paradox’ (GCP) in the pharmaceutical industry (Scherer 1993).

The GCP has significant implications for healthcare systems and consumers. Brand-name drugs
account for 88% of $456 billion total expenditure on prescription drugs in the US in 2018 (Mulcahy
et al. 2021, Mulcahy 2021). Hence, unexpected increases in brand-name drug prices result in a
substantial rise in overall healthcare spending. By increasing the brand-name drug prices, the GCP
softens competition in the market and can also increase generic drug prices (i.e., the umbrella effect),
leading to a further rise in spending on prescription drugs (Arcidiacono et al. 2013). For instance,
between February 2000 and February 2002 in the US, the GCP led to a $400 million increase in total
spending on just 14 brand-name drugs (Regan 2008). The increase in prescription drug expenditure
can strain healthcare budgets, leading to financial challenges for individuals and the institutions
responsible for providing healthcare services (The Physicians Foundation 2016, Maloney 2021, Bartz
2022). As a result, understanding the causes of the GCP and managing its effects become very
crucial for policymakers and healthcare stakeholders aiming to balance innovation, affordability, and
accessibility in pharmaceutical markets.

Due to its significance, the GCP has attracted considerable academic interest. Several scholars (e.g.,
Frank and Salkever 1992, Ferrara and Missios 2012, Kong 2009) determined consumer heterogeneity
(e.g., in loyalty, insurance coverage, product substitutability, etc.) as the main driver behind the
GCP. Additionally, some researchers (e.g., Ferrandiz 1999, Hollis 2005) identified the introduction
of pseudo-generic (or authorized-generic) drugs, developed and marketed by brand-name firms them-
selves, as another factor. However, pseudo-generic drugs constitute only less than 10% of the generic
drugs in the US (Fowler et al. 2023)," and the empirical evidence indicates that more than 50% of the
increase in brand-name drug prices due to the GCP cannot be attributed to consumer heterogeneity
(Regan 2008). Consequently, current research does not provide a comprehensive explanation for the
GCP observed in pharmaceutical markets.

Further, brand-name firms often possess more extensive knowledge about the market and con-
sumers compared to generic firms (Branstetter et al. 2016, Ellison and Ellison 2011). This is because
brand-name firms have a longer presence in the market due to the patent protection and have the
financial resources to conduct comprehensive market studies (Ellison and Ellison 2011, Feldman
2020), whereas generic firms enter the market much later and operate on narrower profit margins, lim-
iting their market research capabilities (Sood et al. 2020, Feldman 2020). This disparity in resources

and market knowledge between brand-name and generic firms highlights the information asymmetry

! Also, see the Food and Drug Administration’s (FDA’s) Office of Generic Drugs Annual Reports at https://wuw.
fda.gov/drugs/generic-drugs/annual-reports


https://www.fda.gov/drugs/generic-drugs/annual-reports
https://www.fda.gov/drugs/generic-drugs/annual-reports
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prevalent in the pharmaceutical industry. Surprisingly, despite its prevalence, there is no research
that considers this information asymmetry between brand-name and generic firms and examines its
impact on the GCP, consumers and society.

These observations highlight the limitations of existing research and indicate that, to provide a
more comprehensive understanding of pharmaceutical markets, it is essential to consider information
asymmetry between brand-name and generic firms. It is still not clear how the information asymmetry
affects the competition between brand-name and generic firms and whether it benefits or harms
consumers and society. Further, it is unclear to what extent brand-name firms become anticompetitive
and exploit information asymmetry to discourage generic entry, and whether this anticompetitive
behavior plays any role in the GCP observed in practice. This paper examines these open research
questions.

In this paper, we develop a game-theoretic model with asymmetric information to examine the
interactions between a brand-name firm (i.e., an incumbent, it /its) and a generic firm (i.e., a potential
entrant, he/his) in a market over two periods (signaling and full-information). The generic firm has
successfully developed his generic drug and considers entering the market to sell it (Morton 1999).
Consumers have either ‘high’ or ‘low’ sensitivity/elasticity to the price of the brand-name drug
relative to that of the generic drug (relative price sensitivity, hereafter). The generic firm is new in
the market and does not know the consumers’ relative price sensitivity, while the brand-name firm is
well-informed about the market and possesses private information regarding consumers’ relative price
sensitivity. Depending on the consumers’ relative price sensitivity, the brand-name firm is either high
or low type, and the extent of disparity between the two types of the brand-name firm determines
the level of information asymmetry. At the beginning of the signaling (first) period, the brand-name
firm sets the price for its drug, and upon observing the brand-name firm’s price, the generic firm
updates his belief about the brand-name firm’s type and decides whether to enter the market in the
signaling period. If the generic firm decides to enter, he invests in building his capacity, incurring
a fixed cost, and he immediately learns about the brand-name firm’s type and competes with it
by choosing his price. However, if the generic firm decides not to enter, he stays out of the market
until the full-information period and the brand-name firm becomes a monopoly during the signaling
period. At the beginning of the full-information (second) period, all information is revealed to the
public (e.g., through government and/or industry insider reports, state Medicaid actions, and case
documents, see Feldman 2020), allowing the generic firm to learn about the brand-name firm'’s type.
Then, the game between brand-name and generic firms in the full-information period proceeds under
complete information.

By characterizing the equilibrium of the signaling game between brand-name and generic firms, we

find that there are cases where, during the signaling period, the low-type brand-name firm charges
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a price lower than its monopoly price to mimic the high-type brand-name firm and deter generic
entry (i.e., engages in ‘limit pricing’). Once all information is revealed in the full-information period,
the low-type brand-name firm increases its price and allows generic entry, resulting in the GCP.
Consequently, in the presence of information asymmetry, the brand-name firm can engage in anti-
competitive practices and use limit pricing to delay the generic entry, validating the conjecture in
Ellison and Ellison (2011). In certain cases, this strategic use of limit pricing, stemming from the
brand-name firm’s anticompetitive behavior, leads to an increase in the brand-name drug’s price,
and offers an alternative explanation for the GCP observed in practice. These findings shed light
on why there is delay in generic entry and 10% of brand-name drugs face no generic competition,
even after their patents expire (Ellison and Ellison 2011, Kanavos 2014, Department of Health and
Human Services 2017).

Interestingly, when we analyse welfare implications of the information asymmetry, we find that the
low-type brand-name firm’s anticompetitive behavior and limit pricing strategy can actually benefit
consumers and the society in certain cases. The strategic use of limit pricing by the brand-name firm
creates market conditions that delay generic competition under information asymmetry, ultimately
leading to prolonged high drug prices, reduced consumer choice, and increased total spending on
prescription drugs. Indeed, due to all these negative effects, we demonstrate that, in certain cases,
the information asymmetry and resulting limit pricing strategy of the low-type brand-name firm
lead to lower consumer surplus and reduced social welfare. However, when the degree of information
asymmetry is moderate, meaning that high- and low-type brand-name firms are similar but not too
similar, the low-type brand-name firm’s limit pricing strategy allows more consumers to afford the
brand-name drug they highly value and leads to higher consumer surplus and social welfare. This
result holds true, even in certain cases when the GCP occurs. Contrary to expectations among field
experts and policymakers (Lexchin 2004, Feldman 2020), this suggests that information asymmetry
and the GCP, when it occurs, are not necessarily detrimental to consumers and society.

Finally, we extend our model by considering cases with a continuum of types for the brand-name
firm, dual sources of information asymmetry, multiple generic firms and sequential generic entry. In
each of these extensions, we confirm the robustness of our main results and, respectively, obtain the
following new findings:

e When the brand-name firm has a continuum of types, rather than revealing their types to deter
generic entry, some intermediate types charge prices below their monopoly levels and mimic another
type to prevent generic entry during the signaling period. They raise their prices to monopoly levels
in the full-information period. This implies that brand-name firms don’t always use limit pricing due
to anticompetitive motives, and their prices can increase, even without generic entry or the presence

of GCP.
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« Having more sources of information asymmetry creates additional types for the brand-name firm
to mimic, making it easier to deter generic entry. Consequently, the brand-name firm increasingly
resorts to limit pricing and the GCP occurs in more cases.

o As the number of generic firms considering market entry increases, the low-type brand-name
firm increasingly uses limit pricing to deter generic entry, while there are fewer cases where the GCP
occurs and/or consumers benefit from information asymmetry.

o In the presence of sequential generic entry, the low-type brand-name firm and a generic firm
engage in tacit collusion to collectively deter further generic entry. This collusion gives rise to the
GCP, which becomes increasingly more difficult to observe with each additional generic entry.

All aforementioned results offer useful insights on pharmaceutical markets and have important
policy implications. We discuss these in detail in Section 7.

The remainder of this paper is organized as follows. We review the related literature in the next
section. We set up our model in Section 3 and present the results based on our equilibrium analysis
in Section 4. Next, in Section 5, we study the welfare implications of the information asymmetry.
In Section 6, we extend our analysis to check the robustness of our main results. Finally, Section 7
concludes the paper. Proofs of the results in Section 4 and Section 5 are presented in Online Appendix
B, while proofs of the results in Section 6 are available in Online Appendix G.

2. Related Literature

Our paper contributes to literature streams on the Generic Competition Paradoxr (GCP) and limit

pricing. Next, we review relevant research in these literature streams and describe our contributions.

Research on the GCP: Substantial empirical research provides evidence for the GCP, wherein
brand-name drug prices increase in response to the generic entry (e.g., see Grabowski and Vernon
1992, Frank and Salkever 1997, Regan 2008, Ching 2004). Theoretical research mainly attributes
this paradox to consumers’ heterogeneity (Frank and Salkever 1992, Perloff et al. 1995, Kong 2009,
Ferrara and Missios 2012). By considering heterogeneous consumer loyalties to the brand-name drug,
Frank and Salkever (1992) show that, once a generic drug becomes available in the market, price-
insensitive, highly loyal consumers continue to purchase the brand-name drug, while price-sensitive,
less loyal consumers switch to the cheaper generic drug. The demand by highly loyal price-insensitive
consumers allows the brand-name firm to raise its price after generic entry, leading to the GCP.
Perloff et al. (1995) use the spatial-differentiation model to study the competition between brand-
name and generic drugs, and they find that, pre-generic entry, the brand-name firm charges a low
price to cater to consumers with characteristics far away from its product; however, after the generic
entry, it increases its price when these consumers prefer the new generic drug. Kong (2009) considers
heterogeneity in consumers’ insurance coverage and, through numerical examples, shows that, post-

generic entry, consumers with high insurance coverage prefer the brand-name drug, while those with
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limited coverage opt for the more affordable generic alternative. The brand-name firm responds to
this shift in its consumer base by increasing the price. Ferrara and Missios (2012) build upon Kong
(2009) by exploring cases involving multiple generic firms and consumers with a continuous spectrum
of insurance coverage.

There is also theoretical research that identifies the introduction of pseudo- or authorized-generic
drugs as another driver behind the GCP (Ferrandiz 1999, Kamien and Zang 1999, Hollis 2005, Kong
2009). For example, using a model and numerical examples, Ferrdndiz (1999) and Kong (2009) show
that introducing their own pseudo-generic drugs makes it less costly for the brand-name firms to
price discriminate highly loyal or less price-sensitive consumers. Consequently, when coupled with
consumer heterogeneity, the entry of pseudo-generic drugs increases prices for the brand-name drugs
and leads to the GCP.

The main distinction between our paper and the literature stream on the GCP is our focus on the
role of information asymmetry in pharmaceutical markets. We contribute to this literature stream by
identifying the brand-name firm’s (anticompetitive) limit pricing strategy under information asym-
metry as another rationale behind the GCP. Furthermore, in contrast to aforementioned papers, our
paper examines welfare implications of information asymmetry and the GCP and demonstrates that

they do not necessarily harm consumers or society.

Research on limit pricing: In his seminal paper, Bain (1949) introduces the concept of limit
pricing (i.e., pricing below the monopoly price) and suggests that incumbent firms in monopolistic or
oligopolistic markets may strategically set prices just low enough to deter potential entrants. Building
on Bain (1949), Milgrom and Roberts (1982) explore the role of information asymmetry, specifically
the limited information available to potential entrants about an incumbent firm’s production cost,
and demonstrate how such information asymmetry can lead to the implementation of limit pricing
strategies. Bagwell and Ramey (1988) extend the model in Milgrom and Roberts (1982) and find
that the limit pricing can occur in equilibrium even when the incumbent firm signals its production
cost through the price and also the advertising spending. Bagwell (2007) expands on Bagwell and
Ramey (1988) by considering the incumbent firm’s private information regarding its production cost
and level of patience, and potential entrant’s private information regarding his fixed entry cost. He
shows that the incumbent firm uses limit pricing to deter entry only when it is privately informed
about both its production cost and level of patience.

The primary distinction between our paper and the literature stream on limit pricing lies in
our examination of the incumbent brand-name firm’s asymmetric information about the market,
particularly regarding consumers’ relative price sensitivity, and our focus on its pivotal role in leading

to the GCP. This approach enables us to better capture the dynamics between brand-name and
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generic firms and to provide a more nuanced understanding of the pharmaceutical markets. Moreover,
in contrast to this literature stream, we examine welfare implications of information asymmetry and
the GCP.

Our contributions to the literature stream on limit pricing include three key findings. First, possess-
ing private information regarding consumers’ relative price sensitivity, the incumbent brand-name
firm can have an anticompetitive stance and use limit pricing strategy to delay the generic entry.
Second, this anticompetitive use of limit pricing strategy can lead to an increase in brand-name firm’s
price after generic entry, and provides an alternative explanation for the GCP observed in practice.
Lastly, consumers and society can actually benefit from the information asymmetry and GCP, which
are prevalent in the pharmaceutical industry.

3. Model and Preliminaries

We consider a brand-name firm (i.e., an incumbent, it /its) and a generic firm (i.e., a potential entrant,
he/his) that interact over two periods (signaling and full-information). The signaling (first) period
starts at time 0 and ends at time 7" < co while the full-information (second) period starts at time T’
and goes to co. We assume continuous-time discounting and let p € (0,1) denote the discount rate.
(Our results hold true, even when we assume discrete-time discounting.) We use subscript j = B for
the brand-name firm or drug and subscript j = G for the generic firm or drug throughout the paper.

Before the signaling period, due to the right for data exclusivity under its patent, the brand-name
firm sells its drug in a market as a monopoly and the generic firm cannot enter (Branstetter et al.
2016, FDA 2020). At the beginning of the signaling period, the brand-name firm’s right for data
exclusivity expires and the generic firm considers entering the market. To enter the market and
compete with the brand-name firm, the generic firm must build his capacity at cost K >0 (Morton
1999, Gallant et al. 2018, Gupta et al. 2021). We let k = pK denote the discounted fixed capacity cost
per unit time. Also, since production costs of generic drugs are much lower (Goldman et al. 2011, Liu
et al. 2009), we normalize the generic firm’s unit production cost to zero without loss of generality,
and let ¢ > 0 be the brand-name firm’s unit production cost. Next, we present the notations of our
base model in Table 1 and discuss its various aspects.

3.1. Market and Information Asymmetry

We normalize consumers’ price sensitivity (elasticity) to the generic drug to 1 and define b > 0 as
consumers’ price sensitivity to brand-name drug relative to the generic drug (consumers’ relative
price sensitivity, hereafter). In line with empirical research indicating that consumers are less price-
sensitive to brand-name drugs compared to generic drugs (Ching 2010a,b, Herr and Suppliet 2017),
we let b < 1. The consumers’ relative price sensitivity can be either high, b, or low, bY, where
1> b > bl > 0. The relative price sensitivity b is b with probability )\, and b with probability
1 —)X. The probability A, is common knowledge.
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Tablel  Notations in the Base Model (Sections 3, 4 and 5)

Indices

Brand-name firm'’s type (i.e., i = H for high-type and i = L for low-type brand-name firm)

j Firm/drug type (i.e., j = B for brand-name firm/drug and j = G for generic firm/drug)
Endogenous variables

D Price of drug j

q; Consumers’ demand (per unit time) for drug j
Definitions

c The unit production cost of the brand-name drug

K The generic firm’s fixed capacity cost

P The instantaneous interest rate

k The discounted fixed capacity cost per unit time, i.e., k= pK

Ay The probability that the brand-name firm is H—type

ol The substitution factor of the brand-name and generic drugs

o Consumers’ valuation for drug j

b Consumers’ relative price sensitivity to the drug of i—type brand-name firm

Pt The optimal monopoly price of i—type brand-name firm

Y The optimal duopoly price for drug j when the brand-name firm is i—type

qM The monopoly demand (per unit time) for the drug of i—type brand-name firm

q’ The duopoly demand (per unit time) for drug j when the brand-name firm is i—type

ui(-) Consumers’ (net) utility function when the brand-name firm is i—type

I (1) Profit function of firm j when the brand-name firm is i—type

Iy The optimal monopoly profit (per unit time) of the i—type brand-name firm

HjDi The optimal duopoly profit (per unit time) of firm j when the brand-name firm is i—type

Before the signaling period, due to its patent protection, the brand-name firm has long enjoyed a

monopoly in the market, which allowed it to learn more about the market and consumers (Ellison

and Ellison 2011, Feldman 2020). Therefore, at the beginning of the signaling period, the brand-name

firm has private information and knows consumers’ relative price sensitivity b while the generic firm

does not know it. (When the information asymmetry is on the brand-name firm’s production cost

¢ instead of consumers’ relative price sensitivity b, we obtain similar results, see Online Appendix

(".) Depending on consumers’ relative price sensitivity, the brand-name firm’s price and profit differ.

Hence, throughout the paper, we shall refer to the brand-name firm as high-type (H—type) and

low-type (L—type) when consumers’ relative price sensitivity is b and b*, respectively. We shall use

superscript ¢ = H for H—type brand-name firm and ¢ = L for the L—type brand-name firm.
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The larger the gap between b¥ and b (i.e., (b —b%)), the greater the difference between the two
types of brand-name firms, and the more severe the information asymmetry between brand-name
and generic firms becomes. Hence, the gap (b” —b") measures the degree or level of information
asymmetry between the brand-name and generic firms.

At the beginning of the full-information period, all information about consumers and the market
is revealed to public (e.g., through government agency and industry insider reports, state Medicaid
actions and case documents, see Feldman 2020), and consumers’ relative price sensitivity becomes
common knowledge.

3.2. Consumer Utility and Demand

We consider a representative consumer and use U*(-) to denote his/her (net) utility per unit time
(e.g., a day) when the brand-name firm’s type is i € { H, L}. Similar to Dixit (1979), Singh and Vives
(1984), Regan (2008), and Ferrara and Missios (2012), we let U’(-) have a quasi-linear quadratic

form, i.e.,

ap 1 2

TRl S U el S (1)
je{B,G}

, 1
U'(gB,q9c) = acqc — iqé -

for i € {H, L}, where g; and p; are, respectively, the demand?® and price of drug j € {B,G}; «; is the
consumer’s valuation® (or maximum willingness to pay) for drug j € {B,G} (Kong 2009, Hackner
2000); and v € (0,1) is the degree of product differentiation between drugs (i.e., they are perfect
substitutes if v =1 and are independent if v =0, see Ferrara and Missios (2012)). It is empirically
shown that people value a brand-name drug more than its generic counterparts;* therefore, we let
ap > ag (Payette and Grant-Kels 2012, Bronnenberg et al. 2015, Hermosilla and Ching 2024). In
addition, akin to the literature (Vives 1984, Choné and Linnemer 2020), 0 <y < 1 ensures that
brand-name and generic drugs are substitutes, and each drug’s own price affects its demand more

compared to the price of the other drug.

2 Since the mid-1970s, the new substitution laws allow pharmacists to substitute the FDA-approved generic drug for
the brand-name drug within the same therapeutic class (Grabowski and Vernon 1992). Therefore, consumers have
the flexibility to choose between brand-name and generic prescription drugs.

3 The consumer valuation a; can also be interpreted as the marginal utility or the base market demand for drug
j € {B,G} (Héackner 2000). More generally, «; is a measure for the advantage in demand enjoyed by one of the firms
(Dixit 1979). In that regard, «; in our model is similar to the quality in a vertical product differentiation model (e.g.,
see Héackner 2000).

4 Between 30% to 60% people believe that the quality and therapeutic efficacy of the brand-name drug outperform
that of the generic drug (Payette and Grant-Kels 2012). This valuation pattern is largely attributed to “nonactive
ingredients, reliability, safety, packaging, or psychic utility” (Bronnenberg et al. 2015). In clinical practice, it is highly
likely that a change of tablet appearance (Faasse et al. 2013, Kesselheim et al. 2013, 2014) or different inactive
ingredients can cause more side effects, and a slight variation of the chemical formula may lead to patients’ different
reaction (Choudhry 2021). Furthermore, although the active ingredients of the two drugs are equivalent, the effect of
nocebo (e.g., see Colloca 2017) and bad medical news about patients’ own health condition (e.g., see Hermosilla and
Ching 2024) can make consumers value the brand-name drug more.
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By maximizing the consumer’s net utility per unit time in (1) (net utility, hereafter) with respect
to g and g, we obtain the demand for the brand-name and generic drugs in market ¢ € {H, L}

(conditional on both being positive, see Lemma 1), respectively, as follows:

i (ap —bpp) —b'v(ac —pe)

qp(pB,pa) = b2 ; (2)
; ag—pa)—Y(ag —bp

96(PB,Pa) = (ag Gi —Zi(fyf B). (3)

3.3. Firms’ Prices and Profits
Let us derive brand-name and/or generic firm’s price and profit in monopoly and duopoly settings.

3.3.1. Monopoly setting: When the brand-name drug is the only drug in the market so that
the brand-name firm faces no competition (i.e., the monopoly setting) and the brand-name firm’s type
isi € {H, L}, the representative consumer’s net utility in (1) reduces to U*(¢g) = apqp/b' — ¢%/2b" —
ppgp. By maximizing the net utility, the demand for the brand-name drug in market ¢ € {H, L} is
¢ = ap — b'pg. Then, the monopoly profit of the brand-name firm in market i € { H, L} is given by
1Y (pp) = (pp — ¢)(ap — b'pp). Using the first order conditions, i—type brand-name firm’s optimal
monopoly price and profit in market i € { H, L} are, respectively, given by:

Py = g + g—; and I} = {ap —bef 4_biblc)2- (4)

3.3.2. Duopoly setting: When both brand-name and generic drugs exist in the market so
that the brand-name and generic firms compete (i.e., duopoly setting), we assume that the brand-
name firm is the Stackelberg leader, i.e., the brand-name firm determines the price pg first and then,
observing pg, the generic firm chooses his price pg (Frank and Salkever 1997, Kong 2009, Ferrara
and Missios 2012). By (2) and (3), i—type brand-name firm’s and generic firm’s profits per unit time

(profits, hereafter) in the duopoly setting are given, respectively, by:
(ap —b'pp)(2 —b'y?) —biyag

5 (ps) = (5 —¢) 20 b7 : (5)
12 () = per 20 pGi - ZSQB SLED (6)

By using backward induction, Lemma 1 characterizes the optimal duopoly prices of brand-name
and generic drugs under competition when the brand-name firm is type ¢ € { H, L}. Lemma 1 indicates
that, in market ¢ € {H,L} both brand-name and generic drugs exist in the market and there is
competition between brand-name and generic firms when the gap between consumer valuations for
brand-name and generic drugs (i.e., (ap — ag)) is neither too high nor too low. All consumers prefer
the brand-name drug and the brand-name firm becomes a monopoly in cases where (ap — ag) is
high enough, while all consumers prefer the generic drug, and the generic firm becomes a monopoly

in cases where (ap — ag) is low enough.
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LEMMA 1. In the duopoly setting, when the brand-name firm is type i € { H, L}, there is competition

and optimal prices of brand-name and generic drugs are, respectively, given by:

pi_ ¢ 9B gy pi_ (4=30"?)ag  (ap—bc)y
Ps =5 ¥ o5 ~ 4o M0 Pa 8 — 4bin? i )
if, and only if,
bivag ; ag(4—-3by?)
max{ag,m+bc}<ag<m+bc. (8)

By substituting the prices in Lemma 1 into (5) and (6), the optimal duopoly profits of the brand-
name and generic firms when the brand-name firm is i—type are, respectively, given by:
[2ap — biy(ac +apy) —be(2—b'y?)] ?

8b (2 —b'?)(1 = b'v?) ’

[(aB —bc)(2—=b"y?*)y—ag(4— Sbi’yQ)] 2
16(2 — b'y2)2(1 — bin?) '

15 =15 ) -

g =108 -

3.4. Sequence of Events

The sequence of events is as follows.

Signaling period: First, at the beginning of the signaling period, knowing the consumers’ relative
price sensitivity, the brand-name firm determines its price pg. Second, observing the brand-name
firm’s price pp, the generic firm updates his belief about the brand-name firm’s type and decides
whether to enter the market or not. We let 5\(, (pg) be the generic firm’s updated or posterior belief
about the brand-name firm’s type. Note that the generic firm enters the market at the beginning of the
signaling period if, and only if, his discounted (expected) profit at time 0 (i.e., [~ e~ [S\b(pB)HgH +
(1— S\b(pB))HgL]dt) is greater than the fixed capacity cost K (i.e., Ay(p)IBH + (1 — X\, (pp))IEE >
k). If the generic firm does not enter the market, the brand-name firm continues to be a monopoly
in the signaling period; however, if the generic firm enters the market by incurring the fixed capacity
costs K, he learns the brand-name firm’s type and chooses his price pg (Milgrom and Roberts 1982,
Bagwell 2007).° Third, the representative consumer decides the type and amount of the drugs to
purchase, depending on which drugs are available in the market in the signaling period.

Full-information period: Fourth, at the beginning of the full-information period, all information
about consumers and the market is revealed to public. Fifth, knowing its type, the brand-name
firm chooses its price pp in the full-information period. Sixth, knowing the brand-name firm’s type
and observing brand-name firm’s price, the generic firm chooses his price pg if he is already in the
® Before entering the market, the generic firm cannot observe the brand-name firm’s true price in the monopoly period
and hence he cannot infer the market or brand-name firm’s type (Hiltzik 2017, Dafny et al. 2023). However, when it

is actually in the market, the generic firm can quickly learn consumers’ relative price sensitivity and the brand-name
firm’s type through pricing and/or other resources.
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market, and, if he has not entered the market yet, he decides whether to enter the market in the full-
information period or not. Note that, if he is not already in the market, observing the brand-name
firm’s type i € {H, L}, the generic firm enters the market at the beginning of full-information period
if, and only if, his discounted (expected) profit at time T' (i.e., [ e *'II2'dt) is greater than the fixed
capacity cost K (i.e., [12" > peT K). If the generic firm decides not to enter the market in the full-
information period, the brand-name firm continues to be a monopoly in the full-information period,
and if the generic firm enters the market by incurring the fixed capacity cost K, he chooses his price
pe and engages in a competition with the brand-name firm. Finally, the representative consumer
decides the type and amount of the drugs to purchase in the full-information period, depending on
drugs available in the market.

3.5. A Necessary Condition

In line with the main focus of the paper, we restrict our analysis throughout the paper to cases
where the GCP can occur and assume that the generic firm’s prior belief A, and the discounted fixed
capacity cost k satisfy:

M + (1= N)IEE < k < TIEE. (11)

The above condition is necessary for the existence of the GCP, see Lemma A.2 in Online Appendix
A.2. Condition (11) ensures that: (i) the generic firm enters the market if he knows the brand-
name firm is L—type, and (ii) the generic firm expects to make negative discounted profits (i.e.,
(1= X)IIEE + N IIEY ] /p < K) so that he stays out of the market if the brand-name firm’s price in
the signaling period is uninformative and the generic firm cannot distinguish between the two types.

In addition, condition (11) requires that, in the duopoly setting, the generic firm makes higher
profit when competing with L—type brand-name firm as opposed to H—type brand-name firm, i.e.,
25 > TIEH. We derive a sufficient condition on ap and ag and show that there are cases where
2% > TIEH for all 0 < b* < b¥ <1, see Lemma A.3 in Online Appendix A.3.

4. Equilibrium Analysis

We use backward induction to characterize the perfect Bayesian equilibrium (PBE) of the sequential
game between the brand-name and generic firms in pure strategies. The brand-name and generic
firms’ equilibrium strategies in the full-information period are straightforward. If the generic firm
entered the market in the signaling period, the brand-name and generic firms will continue competing
in the full-information period by, respectively, charging their duopoly prices pE? and p5* as given by
(7). However, if the generic firm did not enter the market in the signaling period, it follows from (11)
that, in the full-information period, the generic firm will stay out of the market and the brand-name

firm will continue being a monopoly by charging the price p¥/# when the brand-name firm is H—type,
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whereas he will enter the market, and brand-name and generic firms will compete by, respectively,
charging their duopoly prices pE¥ and PZ* when the brand-name firm is L—type.

In the remainder of this section, we focus on the brand-name and generic firms’ equilibrium strate-
gies in the signaling period. In the signaling period, only two types of equilibrium can emerge: the
separating and pooling equilibrium. In the separating equilibrium, H— and L—type brand-name firms
choose different prices; as a result, the generic firm can infer the brand-name firm’s type by observing
its price. In the pooling equilibrium, H— and L—type brand-name firms pool together and choose
the same price, and thus, the generic firm cannot infer the brand-name firm’s type by observing its
price. By condition (11), the generic firm enters the market only when he knows the brand-name
firm is L—type. Thus, the generic firm enters the market and charges its duopoly price p2* only in a
separating equilibrium when the brand-name firm is L—type, and he stays out in all other equilibria.

Below, we first characterize the separating and pooling equilibrium in Section 4.1 and Section 4.2,
respectively, and then, we establish the stable equilibrium in Section 4.3 and determine the conditions
under which the GCP occurs in Section 4.4. In preparation, we define II(i,pp,4") as the brand-name
firm’s profit in the case where the generic firm believes that the brand-name firm is type i € {H, L}
when the actual type of the brand-name firm is ¢ € { H, L}. Since the generic firm enters the market

only when he believes that the brand-name firm is L—type (by (11)), we have

‘ ag —bipg) —by(ag —
Ma(ispa, L) = (pn — o) 222 =H {00 Zpe)

(i, pp, H) = (ps — ¢)(ap — b'ps)

forie{L,H}.
4.1. The Separating Equilibrium

In a separating equilibrium, the H— and L—type brand-name firms, respectively, charge prices p&
and p% in the signaling period based on their true type i = L, H, so that p¥ # pk. Thus, the generic
firm can infer its type after observing the brand-name drug’s price p%. By Lemma A .4(i) in Online
Appendix A .4, in a separating equilibrium, it is always optimal for the L—type brand-name firm to

charge the duopoly price (i.e., p& = pE¥), and H—type brand-name firm’s price p2 must satisfy:

HB(LangaL)ZHB(L7ﬁgaH)7 (12)
HB(H,ﬁg,H)E max HB(H,pB,L). (13)
pp#pH

Condition (12) ensures that, in a separating equilibrium, L—type brand-name firm has no incentive to
mimic the H type and charge its price p¥. Condition (13) guarantees that, in a separating equilibrium,
the H—type brand-name firm has no incentive to deviate to any other off-equilibrium-path prices

under the generic firm’s belief that the brand-name firm is of L—type when a signal other than p% is
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sent (i.e., the H—type brand-name firm truthfully signals its type). Among all separating equilibria
satisfying conditions (12) and (13), it is sufficient to consider the least-cost separating equilibrium
(which maximizes the H—type brand-name firm’s profit), as it Pareto dominates all other separating
equilibria. Next, using conditions (12) and (13), Lemma 2 characterizes the least-cost separating

equilibrium. In preparation, we define the threshold 67 (b%) as follows:
2OéBbL

2
4a2,bL 26l ((anch)vfaG)
20 — \/ 3.

2—bLl~2 B 1—-bl~2

: (14)

bH(l) (bL) —_

and for b € (0,1), the threshold b*() € (0,b) is uniquely determined by b (pL(1)) = 1. Clearly,
AW (L) > bE for all bL € (0,1).

LEMMA 2 (The Separating Equilibrium). There exists a unique least-cost separating equilib-
rium, in which the price of H— and L—type brand-name firm in the signaling period is given,

respectively, by

iP5 ifbF € (0,6M) and b € (B (bF), 1),
Pp = a . \
7 %T?(w) +5< pMH  otherwise,

and pg =pp".

Lemma 2 shows that, in the least-cost separating equilibrium in the signaling period, the H—type
brand-name firm charges its monopoly price if the two types of the brand-name firm are sufficiently
different (i.e., the gap between b* and b is large) and charges less than its monopoly price other-
wise. When two types of the brand-name firm are different enough, L type’s duopoly price pE* is
significantly higher than the H type’s monopoly price p¥#. Thus, it is very costly for the L type to
mimic H type so that H type charges its monopoly price. When two brand-name firm types are not
very different (i.e., the gap between b and b" is small enough), however, the L type can prevent
the generic entry in the signaling period by charging the monopoly price p¥ and mimicking the H
type. Therefore, in such cases in a separating equilibrium, the H—type brand-name firm charges a
price lower than its monopoly price p¥ in the signaling period and thereby makes it very costly for
the L type to mimic itself.

4.2. The Pooling Equilibrium

In a pooling equilibrium, the L—type brand-name firm mimics the H type, and thus the generic
firm does not obtain new information from observing the brand-name firm’s price. Let pg be the
price charged by the brand-name firm in the signaling period in a pooling equilibrium. With a slight
abuse of notation, we shall use Iz (i,pp,{H, L}) to denote i—type brand-name firm’s profit when

both types of brand-name firm pool so that the generic firm does not know the brand-name firm’s
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exact type. When the generic firm does not know the exact type of the brand-name firm, he will
not enter the market and i—type brand-name firm will be a monopoly and its profit is equal to
Up(i,pp,{H,L}) =Y (pp) = (b — ¢)(ap — b'pp). Then by Lemma A.4(ii) in Online Appendix

A4, the signaling-period price pg in a pooling equilibrium must satisfy:

HB(L7ﬁBa {HaL}) Z mag( HB<L7pB7L)7 (15)
PBF#PB

p(H, pp, {H,L}) > max Hg(H,pz, L). (16)
PB#PB

Condition (15) ensures that, in a pooling equilibrium, mimicking the H type to deter entry must
make the L—type brand-name firm better off as opposed to revealing its type. In addition, condition
(16) guarantees that H type’s profit in a pooling equilibrium is greater than the best it can earn
by charging any other price under the most unfavorable belief of the generic firm, i.e., when the
brand-name firm is believed to be L—type. If condition (16) is violated, the H—type brand-name
firm will be better off by deviating to a different price, and hence, charging the pooling price pp will
not be rational for H type.

Using conditions (15) and (16), Lemma 3 characterizes the pooling equilibria. In preparation, we

define the threshold b%® (bH) € (0,b") as folllows:

2@BbH

2

2—bH 2 1-bHA~2

PR (pTT) = 7 (17)

and bE® uniquely satisfies b7 (BE®)) = pL)(1). For bE € (0,b%®), the threshold b7 (bE) is the
unique b that satisfies b2 (b)) = bH M) (p1).

LEMMA 3 (Pooling Equilibria). A pooling equilibrium does not exist if, and only if, b* €
(0,623 and b € (bW (bL), 1); otherwise, there exist multiple pooling equilibria, in which the price of

H— and L—type brand-name firm in the signaling period is given by pg € [sz((llJ)g(bL) +5, 2bL(a2§3(bH) +£].

Lemma 3 asserts that there is no pooling equilibrium when the two types of brand-name firm are
sufficiently different. In such cases, mimicking H —type brand-name firm to deter the generic entry by
charging the same price is very costly for the L type (i.e., condition (15) is violated). Thus, L—type
brand-name firm allows entry instead of charging the same price.

Lemma 3 also shows that, when the two types of brand-name firm are sufficiently similar, there is
at least one pooling equilibrium. By setting its price at pooling price pg, the H—type brand-name
firm deters the generic entry, thereby maintaining its monopoly status during the signaling period.
However, if the H type deviates from this pooling price, the generic firm, under its off-equilibrium
belief, believes that the brand-name firm is of the L—type and decides to enter the market. As a

result, such a deviation and the choice to charge a different price makes the H—type brand-name
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firm worse off. Similarly, by setting its price to the pooling price and mimicking the H type, the L—
type brand-name firm, while charging a price that can be lower than its monopoly price, also deters
generic entry, thereby maintaining its monopoly status during the signaling period. Given that the
two types of the brand-name firm are not very different, the gap between L type’s price in the pooling
equilibrium and its monopoly price is relatively small. Consequently, pooling with the H type and
charging the same price improves L—type brand-name firm’s overall profits.

4.3. The Equilibrium Selection

When characterizing the separating and pooling equilibria above, we placed no restrictions on the
generic firm’s off-equilibrium beliefs. Moreover, by Lemmas 2 and 3, there can be multiple equilibria
in some cases. To put structure on off-equilibrium beliefs and eliminate equilibria that are Pareto
dominated, we, respectively, use the Intuitive Criterion (e.g., see Cho and Kreps 1987) and Pareto
dominance (e.g., see Harsanyi and Selten 1988, Bolton and Dewatripont 2004), and characterize the

(self-enforcing) stable equilibrium in Proposition 1. Figure 1 illustrates Proposition 1.

PROPOSITION 1 (The Stable Equilibrium). (i) For b* € (0,6*®) and b € (b7 (b1), 1),
the stable equilibrium is a separating equilibrium, in which the price of H— and L—type brand-name
firm in the signaling period is, respectively, given by ph = p¥H and pk = pBL.

(ii) For b € (0,1) and b™ € (b*, min{b M (b%),1}), the stable equilibrium is a pooling equilibrium,

in which the price of H— and L—type brand-name firm in the signaling period is given by pp = p¥*H.

Proposition 1(i) shows that, when two types of the brand-name firm are sufficiently different (i.e.,
Region S in Figure 1), the stable equilibrium is separating, and H— and L—type brand-name firms
choose different prices in the signaling period and reveal their types (i.e., H type charges its monopoly
price p¥ (see Region S in Figure 1(a)) while L type charges its duopoly price p5% (see Region S
in Figure 1(b))). This is because, in such cases, the price to mimic H—type brand-name firm (i.e.,
pMH) is significantly lower than the lowest price that the L—type brand-name firm can charge to
prevent entry without being worse off (i.e., 21;#?(1#) + 5 by Lemma 3). In other words, mimicking
the H—type brand-name firm to prevent generic entry in the signaling period is very costly for the
L—type brand-name firm when two types of the brand-name firm are different enough.

Proposition 1(ii) shows that, when the two types of the brand-name firm are sufficiently similar
(i.e., Region P in Figure 1), the stable equilibrium is pooling, and H— and L—type brand-name
firms charge price p¥* (see Region P in Figures 1(a) and 1(b)) and do not reveal their types in the
signaling period. The intuition is as follows. In the separating equilibrium when the two types of the
brand-name firm are similar enough, the H—type brand-name firm charges a price (i.e., 2;,% +3)
lower than its monopoly price p¥ in order to separate itself and prevent competition, while the

L—type brand-name firm charges its duopoly price pBL and faces competition from the generic
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pL®)
.- GCP
P P’
i) @™
/
bt 1 pL 1
(a) H—type brand-name firm (b) L—type brand-name firm

Figure 1 Signaling-period prices of H— and L—type brand-name firms in the stable equilibrium
Note. In the figure, the region (with pattern) below 45° line is irrelevant because b > L, and the stable equilibrium
is separating in grey region (Region S) and pooling in white region (Region P). The dependence of thresholds in bH

on b® in the figure are dropped for notational convenience, e.g., pHM = bH(l)(bL).

firm (see Lemma 2). In contrast, in the pooling equilibrium that survives the Intuitive Criterion,
the H—type brand-name firm charges its monopoly price p}¥ while the L—type brand-name firm
charges pyf and sets the price below its monopoly price pM~ to deter generic entry, but still high
enough to make higher profits than in a competitive market with the generic firm (i.e., limit pricing).
Consequently, both H— and L—type brand-name firms are better off from pooling and charging the
same price pM# in equilibrium when H and L types of the brand-name firm are sufficiently similar.
This implies that the limit pricing can emerge in equilibrium as a result of the L—type brand-name
firm’s anticompetitive behavior.

4.4. The Generic Competition Paradox in Equilibrium

By Proposition 1, there is no generic entry when the brand-name firm is H—type; moreover, the
L—type brand-name firm reduces its price after generic entry and charges the duopoly price pB% in
the signaling and full-information periods when two types of the brand-name firm are sufficiently
different. This indicates that the GCP, if any, occurs in equilibrium only when the brand-name firm
is L—type, and the two types of the brand-name firm are sufficiently similar (i.e., b € (0,1) and
bH € (bE, min{b” M (b1),1}) as in Region P in Figure 1(b)).
Theorem 1 below characterizes exact conditions under which the GCP occurs. In preparation, we
define the thresholds b (bF) € (bE, b7 M (bL)) and bL™ € (0,1), respectively, as follows:
brap(2 —bly?)
ap(2—0bky?) —blyag’

b7 (") = (18)
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ph() — 96 +ap(2+72) — v (vag + ap(2+72))? — 87%a%
2v?ap

, (19)

where b#(?) (bF) < 1 if, and only if, b* € (0,bL™)

THEOREM 1. In the stable equilibrium, the GCP occurs if, and only if, the brand-name firm is
L—type, and b* € (0,bX®) and b¥ € (b7 (bL), min{b"# D (bL),1}).

Theorem 1 reveals that the GCP will arise in stable equilibrium when the brand-name firm is the
L—type and is sufficiently similar, but not too similar, to H type (i.e., part of Region P above the
dashed line in Figure 1(b)). By Proposition 1(ii), when the two types of the brand-name firm are
sufficiently similar (i.e., b* € (0,1) and b¥ € (b, min{b* ¥ (b¥),1})), the L—type brand-name firm,
in the signaling period, limits its price and charges p¥# (< p¥*) to mimic H type and prevent the
generic entry while, in the full-information period, the L—type brand-firm charges the duopoly price
pBPL as the generic firm learns its actual type and enters the market. In such cases, L—type brand-
name firm’s price increases after generic entry and the GCP occurs (i.e., pBL > p¥H (by (4) and
(7)) if the L—type brand-name firm is not too similar to H—type brand-name firm (i.e., b < b=
and b" > b2 (pl)); and the GCP does not occur, otherwise. By this result, we show that the GCP
can occur due to the limit pricing strategy of the brand-name firm in the presence of information
asymmetry. In doing so, we address the debate among industry experts (e.g., see Ellison and Ellison
2011) and formally identify the information asymmetry and resulting (anticompetitive) limit pricing
strategy as another rationale behind the GCP.

5. Welfare Implications

We now examine the impact of information asymmetry on consumer surplus (i.e., the total dis-
counted net utility of the representative consumer) and social welfare (i.e., sum of consumer surplus
and the total discounted profits of brand-name and generic firms) by comparing scenarios with and
without information asymmetry. The information asymmetry does not exist and thus has no impact
on consumers and welfare in the full-information period. Moreover, it has no impact on consumers
and firms in the signaling period when either the stable equilibrium is separating or the brand-
name firm is H—type. This is because in the former, the brand-name firm’s type is entirely revealed
to the generic firm in the signaling period (see Proposition 1(i)), and in the latter, the H—type
brand-name firm is the only firm in the market (i.e., no generic entry) with or without information
asymmetry (see Proposition 1(ii)). Therefore, to determine the impact of the information asymme-
try, it is enough to compare consumer surplus and social welfare in the signaling period, with and
without asymmetric information, only when the stable equilibrium is pooling (i.e., b € (0,1) and
bH € (b%, minb” M (bL) 1)), and the brand-name firm is of type L (i.e., Regions P, P, and Ps in

Figure 2). In such cases, under information asymmetry, the generic firm’s entry is delayed until the
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full-information period and the fixed capacity cost K is incurred at time 7', rather than time 0. We
take this into account when we determine the impact of information asymmetry on the social welfare
(see the proof of Proposition 2).

We characterize the impact of information asymmetry on consumer surplus and social welfare
in Proposition 2 and illustrate it in Figure 2. In preparation, we define b#®) (b%) and b#® (bl),

respectively, as follows:

~ 1bLa2 wlag(agtral)  (ak)2tola2,—20l~rabag
dap —2blec — \/3(a§)2 + @tae T §_b5727 B4 =t e
pH ) (bL) _ 205b" (21)
a2, bl a L~vagL _3a aly2 La2 _opL~ngL o
2bLe+ \/32kbL+11(C~tg)2+ (24_£32)2 4 GbQ,(—WbL]?y?S G) + 7((ap) +bbL»yG2—21b 18Eea)

where &k := ap — bFc is the absolute advantage of consumer valuation for the brand-name drug.
In addition, we let b*®) and b“(® be unique b values that, respectively, satisfy b7®)(bL) = 1
and b7 (bl) = 1. By comparing these thresholds, it is easy to show that b7 (L) > pHE) (pl) >
bE@ (L) > bH® (bL) > b and 0 < bED < pLO) < pE@ < pLO < 1.

PROPOSITION 2. Suppose that b* € (0,1) and b € (b~ min{b? V) (b),1}) (i.e., the stable equilib-
rium is pooling) and the brand-name firm is L—type.

(i) The consumer surplus in the signaling period with information asymmetry increases
relative to that without information asymmetry if, and only if, b € (0,b6¥®) and b7 €
(BT (bF), min{b? V) (bF), 1}).

(ii) The social welfare in the signaling period with information asymmetry increases relative to that

without information asymmetry if, and only if, b* € (0,62®)) and b7 € (bH® (b)), min{b? V) (b*),1}).

Proposition 2(i) shows that, in cases where the stable equilibrium is pooling (i.e., Regions P;, P»
and P; in Figure 2), the information asymmetry leads to a higher consumer surplus only if H—
and L—type brand-name firms are sufficiently different (i.e., Region P; in Figure 2). In contrast to
conventional wisdom, this implies that the brand-name firm’s information asymmetry can benefit
consumers. Recall from Proposition 1 that, in Regions P;, P, and P; in Figure 2, the L—type brand-
name firm limits its price and charges H type’s monopoly price p¥# in the signaling period to delay
generic entry. As a result, the information asymmetry creates two countervailing effects on consumers.
It leads to limit pricing and reduces the brand-name drug’s price for consumers, and it delays generic
entry and prevents consumer from buying an alternative and cheaper (generic) drug. The former
effect dominates the latter and the consumer surplus increases when H— and L—type brand-name
firms are different enough (i.e., Region P, in Figure 2) while the latter effect dominates the former,

and the consumer surplus decreases when H and L types of the brand-name firm are similar enough

(i.e., Regions P, and P in Figure 2).
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(0,0): Consumer surplus and social welfare stay the same
(+,+): Consumer surplus and social welfare increase :
(-, +): Consumer surplus decreases and social welfare increases |:
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0 bL 1

Figure 2 Welfare implications of the information asymmetry in the stable equilibrium when the brand-name

firm is L—type
Note. In the figure, the region (with the pattern) below 45° line is irrelevant because b” > b and the stable
equilibrium is separating in grey region (Region S) and pooling in white region (Regions Pi, P> and Ps). The

dependence of thresholds in b on b% in the figure are dropped for notational convenience, e.g., b* 1) = p# (1)(bL).

Similarly, Proposition 2(ii) shows that, in cases where the stable equilibrium is pooling (i.e., Regions
Py, P, and P; in Figure 2), the information asymmetry improves the social welfare only when the
two types of the brand-name firm are sufficiently different (i.e., Regions P; and P, in Figure 2). This
suggests that brand-name firm’s information asymmetry is not necessarily bad for the entire society.
As is the case with the consumer surplus, the information asymmetry results in limit pricing and
creates two countervailing effects on total firm profits in the signaling period. While it allows the
L-type brand-name firm to maintain its monopoly and earn higher profits, it prevents the generic
firm from entering and thus results in no profits for him. The former effect dominates the latter
and the firms’ total profit in the signaling period increases when the two types of the brand-name
firm are sufficiently similar. The latter effect dominates the former, and the firms’ total profit in the
signaling period decreases when two types of the brand-name firm are sufficiently different. Further,
when two types of the brand-name firm are sufficiently different (i.e., Region P; in Figure 2), the
consumer-surplus-increasing effect of the information asymmetry dominates the total-firm-profits-
decreasing effect of the information asymmetry so that the social welfare increases. When H and L
types of the brand-name firm are neither very similar nor very different (i.e., Region P, in Figure

2), the total-firm-profits-increasing effect of information asymmetry is so high that the social welfare
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increases, even though the information asymmetry decreases consumer surplus.® Lastly, the social
welfare decreases under the information asymmetry when the two types of the brand-name firm are
similar enough (i.e., Region P; in Figure 2) because the information asymmetry decreases consumer
surplus more than it increases total firm profits.

There is a common belief among experts that the GCP, if it occurs, is bad for consumers and the
society because it leads to a higher price for the brand-name drug (Lexchin 2004). Contrary to this
belief, Figure 2 shows that, in cases where the GCP occurs (i.e., Region P; and part of Region P,
above the dashed curve), the social welfare always increases, while the consumer surplus increases
in some cases (i.e., Region P;). Therefore, the GCP can actually benefit consumers and the society
when it occurs because of information asymmetry.

6. Extensions

We extend our model to scenarios with: (i) a continuum of types; (ii) dual sources of information
asymmetry; (iii) multiple generic firms; and (iv) sequential generic entry. This allows us to check the
robustness of our main results and obtain novel insights.

6.1. A Continuum of Types

We now consider a continuum of types for the brand-name firm and assume that consumers’ relative
price sensitivity b can take any value between 0 and 1. At the beginning of the signaling period, the
generic firm does not know b and believes that it is uniformly distributed within the interval (0,1].

We use superscript “b” to denote the brand-name firm type.

Monopoly and duopoly settings: Prices and profits of the b—type brand-name firm and the
generic firm in the monopoly and duopoly settings are, respectively, the same as those in Sections
3.3.1 and 3.3.2 when b’ is set to b. That is, p3® = py* and II}* =1} as given by (4), and p}* = p?”*
and IIP° =TIP* for j € {B,G} as given by (7), (9) and (10) when b’ = b. Also, condition (8) for b =b

is still sufficient to ensure the competition between firms in the duopoly setting.

A necessary condition: To focus on cases where the GCP can occur, we assume that the

discounted fixed capacity cost k satisfies:

fblL(l) g db

DO
AT <k <IIZ°. (22)

Note that the brand-name firm of type b= b*(") is indifferent between allowing entry by revealing
its type and preventing it by mimicking type b= 1, while those with type b > b*() are better off
mimicking type b =1 to prevent entry. Thus, condition (22) ensures that the generic firm refrains

61In practice, a five-month generic entry delay could be worth as much as hundreds of millions of dollars in additional
monopoly revenues (Feldman and Frondorf 2017).
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from entering if he only knows that the brand-name firm is type b € [bX™ 1] without knowing its
actual type, but it enters when he knows that the brand-name firm is type b = 0. Also, condition
(22) requires ITIZ° to be decreasing in b € (0, 1], which is always true under the sufficient condition of

Lemma A.3 in Online Appendix A.3.

6.1.1. A partial-pooling equilibrium. In the full-information period, all information is
revealed and the generic firm knows the brand-name firm’s type. Let us define b =b") as the type
of the brand-name firm at which the generic firm, upon observing the brand-name firm’s type, is
indifferent between entering the market and staying out, i.e., II2* = k when b = b").7 Thus, in the
full-information period, if the brand-name firm is of type b < b(!), the generic firm enters the market,
and brand-name and generic firms charge their duopoly prices pE® and p2®, respectively; however, if
the brand-name firm is of type b > bV, the generic firm stays out and brand-name firm charges its
monopoly price pM?.

In the signaling period, the only possible type of equilibrium is a partial-pooling equilibrium, where
some types of the brand-name firm pool together by choosing the same price while other types
separate themselves by choosing different prices. Proposition 3 characterizes a partial-pooling equi-
librium which survives the Intuitive Criterion and thus can happen in practice.® In preparation, we
let 5@ € (0,b(V) be the unique value that satisfies:

b (52

b(2) Hgbdb ke
PHO(p@) —p@

By definition, the threshold 7 (b) represents the highest type that b—type brand-name firm can
mimic to deter generic entry without being worse off (i.e., II5* < k for b > b () (b)). Consequently,
b= b2 is the lowest type that can mimic another type to deter generic entry. Also, b < (1) (p(2))
by definition.

PROPOSITION 3. There exists a partial-pooling equilibrium, in which, in the signaling period:
(i) For b€ (0,b), the generic firm enters the market and prices of b—type brand-name and
generic firms are, respectively, given by pE® and p2®.
(ii) For b€ [b® bHM (b)), the generic firm stays out of the market and the price of b—type
H(1) 3(2)
brand-name firm is given by pr &),
g B

(iii) For b € (bW (b)) 1], the generic firm stays out of the market and the price of b—type

brand-name firm is given by p¥®.

" Such a threshold type bV € (0,1) always exists and is unique by (22) and II&° being decreasing in b.

8 The partial-pooling equilibrium also survives the refinement criterion developed by Harrington (1987) that the
reasonable beliefs should be monotonic in the signal.
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Proposition 3(i) and (iii) state that brand-name firms of low and high types (i.e., b € (0,b®) or
be (bW () 1]) differentiate themselves by setting distinct prices, thereby revealing their types.
Brand-name firms of high type (i.e., b€ (b7 (5?),1]) cannot be mimicked by other types since it is
too costly, and moreover, the generic entry is not profitable in their presence. Therefore, they charge
their monopoly prices p¥° and reveal their types. In addition, brand-name firms of low type (i.e.,
bc (0,6®)) must charge significantly lower prices to mimic a higher type and deter generic entry.
Instead, they allow entry and compete with the generic firm by charging the price pE®.

Proposition 3(ii) shows that brand-name firms of intermediate type (i.e., b € [b® b7 1 (5®)]) pool
together by charging the same price. Brand-name firms of type b € [b® b)) face competition and
obtain significantly lower profits if they reveal their types. To deter entry and avoid competition, they
mimic type b= b1 (b)) and charge p%bml)(bm), a price lower than their own monopoly price pM°.
As a result, brand-name firms of type b € [b®,b(})) engage in anticompetitive practices and use limit
pricing to deter generic entry. Brand-name firms of type b € [b®) b# 1) (b(2)) can deter generic entry
by revealing their types. However, to reveal their types, they need to charge significantly low prices.
Instead, they prevent the generic entry in a less costly way, i.e., they mimic type b= b1 (b)) and
reduce their price to png(l)(b@)). Brand-name firms of type b € [b(Y) b¥ MV (b2))) still use the limit
pricing strategy, but not because of their anticompetitive behavior, as it is already unprofitable for
generic firms to enter the market. Lastly, the brand-name firm of type b= b1 (b)) gains nothing
from separating itself from types b € [b®, 6% () (p(2))) and thus charges its monopoly price pgbml)(bm).

Recall from above that, in the full-information period, brand-name firms of type b € [b(), b1 (p(2)))
charge their monopoly prices p¥® and face no competition, whereas brand-name firms of type b €
(b b)) allow entry and charge their duopoly prices pB®. This, by Proposition 3(ii), suggests that
an increase in the brand-name firm’s price may occur, even without generic entry (i.e., for b €
[BD b (H))). Tt also suggests that, in the partial-pooling equilibrium, the GCP, if present, only
occurs when the brand-name firm is of type b € [b®,b(). Indeed, similar to Theorem 1, Theorem 2

identifies the scenarios where the GCP emerges in the partial-pooling equilibrium with a continuum

of types. (See the proof of Theorem 2 for the definition of the threshold 5®).)

THEOREM 2. In the partial-pooling equilibrium of Proposition 3, the GCP occurs if, and only if,
the actual type of the brand-name firm is b € [b®® min{b® pM}).

6.1.2. Welfare implications. By Proposition 3, in the partial-pooling equilibrium, the infor-
mation asymmetry can affect consumer surplus and social welfare only when the brand-name firm’s
type is b € [b® bHD) ()], Focusing only on such brand-name firm types, we explore welfare impli-
cations of information asymmetry, as summarized in Proposition 4. (See the proof of Proposition 4

for the definitions of thresholds b and b().)
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PROPOSITION 4. Suppose that the brand-name firm is type b € [b® "D (6@)]. In the partial-
pooling equilibrium of Proposition 3:

(i) The consumer surplus in the signaling period with information asymmetry is larger than that
without information asymmetry if, and only if, b € [b®® min{db™® pM 1)U M HD) ().

(ii) The social welfare in the signaling period with information asymmetry is larger than that

without information asymmetry if, and only if, b € [b®® , min{b® bW }) U BV bHD (),

Proposition 4 reveals that, in a partial-pooling equilibrium with a continuum of types, information
asymmetry can sometimes benefit consumers and society. Proposition 4 is akin to Proposition 2 and
follows from the same intuition. Also, together with Theorem 2, it suggests that the GCP, when it
occurs (i.e., b€ (b, min{b® bM1})), is not always detrimental to consumers and society.

6.2. Dual Sources of Information Asymmetry

Here, we explore the dual sources of information asymmetry by assuming that the brand-name firm
has private information about consumers’ relative price sensitivity and its unit production cost. For
simplicity, we suppose that the unit production cost is independent from consumers’ relative price
sensitivity and the brand-name firm has two types with respect to its unit production cost (i.e., high-
cost and low-cost brand-name firm). We use ¢ and ¢* (¢¥ > ¢*) to denote the unit production cost
of high- and low-cost brand-name firm, respectively. The generic firm does not know the brand-name
firm’s exact cost and believes that the brand-name firm is high-cost with probability A. and low-cost
with probability 1 — \., where \. € [0, 1].

In this case, the brand-name firm has four types overall. Letting ¢ € {H,L} and m € {H, L},
respectively, denote the brand-name firm’s type with respect to consumers’ relative price sensitivity
and unit production cost, we use ‘“m’ to denote the brand-name firm’s overall type. For example,
when the brand-name firm is H L—type, consumers’ relative price sensitivity is high (b¥) and the
brand-name firm’s unit production cost is low (c¥). Then, letting A'™ denote the generic firm’s prior
belief that the brand-name firm is im—type for i,m € {H, L} , we have \FZ = X\, (1= \.), MTH =\ )\,
ML =(1-=X)(1=A), and A\ = (1 — X))\,

For tractability, we focus on cases where the generic firm enters the market when he knows the
brand-name firm is LL—, HH—, or LH—type and he does not enter the market when he knows the
brand-name firm is H L—type, or when the brand-name firm’s price is uninformative and the generic
firm does not know the brand-name firm’s actual type. To ensure this, we assume that the discounted

fixed capacity cost satisfies

Z Z AR < | < min{[I2HH DL, (23)

ie{H,L} me{H,L}
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where IT1P™ for i,m € {H, L} is the generic firm’s duopoly profit when the brand-name is im—type.
Note that the generic firm obtains higher duopoly profit when the brand-name firm has a higher unit
production cost, (e.g., IIZX7 > II25) and hence k < min{IIZ## TIZLE} implies that k < IIZ4H.
Consequently, under condition (23), only LL—, HH —, and LH —type brand-name firms have incen-
tives to mimic the H L—type brand-name firm in case they want to prevent the generic entry. For
brevity, we defer the detailed analysis of this setting to Online Appendix D, where we show that our
main results continue to hold when there are dual sources of information asymmetry.

Next, we examine the impact of an additional source of information asymmetry by comparing
the case where the brand-name firm has information asymmetry on both consumers’ relative price
sensitivity and unit production cost (Online Appendix D) with the case where the brand-name firm
has information asymmetry only on consumers’ relative price sensitivity (Sections 4 and 5). To ensure
fairness in the case where the information asymmetry is only on consumers’ relative price sensitivity,
we consider high and low unit production costs (¢ and c¢") separately. Note by IIEH > TIEBLE
and condition (23) that k& < min{TI27# TIZL7} and TIEHE < k < TI2EE. This indicates that, if the
information asymmetry is only on consumers’ relative price sensitivity, the generic firm always enters
the market when the brand-name firm’s unit production cost is equal to ¢; however, when the brand-
name firm’s unit production cost is ¢¥, the generic firm enters the market if he knows consumers’
relative price sensitivity is b and stays out otherwise.

Proposition 5 characterizes the impact of more sources of information asymmetry on the brand-

name firm’s limit pricing strategy, the GCP, consumer surplus and social welfare.

PROPOSITION 5. Suppose that the discounted fized capacity cost k satisfies condition (23). Relative
to the case with information asymmetry only on consumers’ relative price sensitivity, there are
more cases of the GCP occuring, brand-name firm using limit pricing to deter gemeric entry, and
information asymmetry benefiting consumers and society, when the brand-name firm has information

asymmetry on consumers’ relative price sensitivity and its unit production cost.

Proposition 5 shows that more sources of information asymmetry deter generic entry and lead to
the GCP, yet it ultimately benefits the consumers in more cases. Recall from above that, when the
information asymmetry is only on consumers’ relative price sensitivity, the brand-name firm with
unit production cost ¢ (i.e., HH or LH types) cannot prevent generic entry. However, when the
brand-name firm’s unit production cost is also unknown to the generic firm, the brand-name firm
with the unit production cost ¢ can limit its price and deter the generic entry by mimicking the
H L—type brand-name firm with low unit production cost c¢”. Consequently, having more sources
of information asymmetry creates more types, which the brand-name firm can mimic and use to

prevent the generic entry. This leads to the generic entry in the signaling period in fewer cases, and
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makes limit pricing and the GCP more likely to occur. However, fewer cases of generic entry don’t
necessarily imply a decrease in consumer surplus and social welfare, as the information asymmetry
leads to higher profits for the brand-name firm and/or lower brand-name drug prices for consumers.

6.3. Multiple Generic Firms

We now extend our base model in Section 3 by considering N < oo identical generic firms with the
same fixed capacity cost K,? and, in line with Kong (2009) and Ferrara and Missios (2012), we
assume that these firms engage in Cournot (quantity) competition among themselves and in price
competition with the brand-name firm. For brevity, we defer our analysis of the multiple generic
firms, which confirms the robustness of our main results, to Online Appendix E.

In addition, as summarized in Proposition 6, we characterize the impact of the number of generic

firms on brand-name firm’s limit pricing strategy, the GCP and consumer surplus.!®

PROPOSITION 6. In the stable equilibrium, an increase in the number of generic firms N leads to
more cases of L—type brand-name firm using limit pricing to deter generic entry and to fewer cases

of the GCP occuring or information asymmetry benefiting the consumers.

The entry of more generic firms intensifies market competition, significantly reducing the prices and
profits of the brand-name firm post-entry. This increases brand-name firm’s incentive to deter generic
entry and decreases the extent and likelihood of the increase in brand-name firm’s price after the
generic entry. Consequently, Proposition 6 follows.

6.4. Sequential Generic Entry

Lastly, we extend our base model in Section 3 by considering two generic firms with different (high
and low) fixed capacity costs. We normalize the fixed capacity cost of the ‘low-cost’ generic firm to
zero and let K > 0 denote the fixed capacity cost of the ‘high-cost’ generic firm. At the beginning
of the signaling period, both generic firms have the same information about the market and do not
know the actual type of the brand-name firm. Specifically, we use A, to denote the low- and high-cost
generic firms’ prior probability that consumers’ relative price sensitivity is b so that the brand-name
firm is H—type. In this setting, as in Section 6.3, generic firms engage in price competition with the
brand-name firm, while they compete in quantity between themselves.

Regardless of the brand-name firm’s type, the low-cost generic firm enters the market at the
beginning of the signaling period since his fixed capacity cost is zero. In addition, to ensure that the

sequential entry can occur, we suppose that the high-cost generic firm enters the market when he

® When generic firms have different fixed capacity costs, our results still hold true if the generic firm with the lowest
fixed capacity cost can be deterred.

10 Analytically characterizing the impact of an increase in the number of generic firms N on the effect of information
asymmetry on social welfare is challenging. However, through numerical examples, we observe that, with a larger N,
information asymmetry leads to an increase in social welfare in fewer cases.
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knows the brand-name firm is L—type but he stays out when he knows that the brand-name firm is
H—type or he does not know the actual type of the brand-name firm.

Online Appendix I analyses the setting described above, and shows that our main results hold
true, even when generic firms sequentially enter the market. (See Online Appendix I for further
details.) Interestingly, we find that, in case of sequential generic entry, there can be a tacit collusion
between the L—type brand-name and low-cost generic firms, and they collectively deter the entry
of the high-cost generic firm in the signaling period. We present this result in Proposition 7. (See

Online Appendix I for the definitions of the thresholds b% () (b¥) and b" ™ (b%) in Proposition 7.)

PROPOSITION 7. The L—type brand-name and low-cost generic firms have a tacit collusion and,

respectively, charge prices p5™ and p2™ to deter the entry of the high-cost generic firm in the signaling

period if, and only if, b¥ < b <min{b#© (bL),bH D (pL) 1}.

Proposition 7 asserts that the L—type brand-name firm and low-cost generic firm engage in tacit
collusion and jointly prevent the entry of the high-cost generic firm in the signaling period when b
is not too high. The low-cost generic firm always enters the market; however, the L—type brand-
name firm can prevent the entry of the high-cost generic firm. When b is not too high, the L—type
brand-name firm is better off preventing the entry of the high-cost generic firm by setting its price
at pBH and signaling that it is of H—type. However, the low-cost generic firm’s entry complicates
matters, as he quickly discerns the brand-name firm’s type upon entering. Consequently, he must
collude with the L—type brand-name firm, choosing a price that does not reveal the actual type
of the brand-name firm. In this case, it is always optimal for the low-cost generic firm to collude
with the L—type brand-name firm tacitly and indicate to its high-cost generic competitor that the
brand-name firm is H—type by setting his price at p2%. By doing so, the low-cost generic firm can
charge a higher price and face softer competition, ultimately leading to higher profits. This suggests
that not only brand-name firms but also generic firms can be anticompetitive and prevent entry of
their generic competitors.

Moreover, without collusion between the L—type brand-name firm and the low-cost generic firm,
the brand-name firm’s type is always revealed, leading the high-cost generic firm to enter the market
right at the beginning of the signaling period. In this case, there is no increase in the brand-name
firm’s price, and the GCP never occurs. This highlights that, in the presence of sequential generic
entry under information asymmetry, the key driver behind the GCP is the tacit collusion between
brand-name and generic firms. Furthermore, it suggests that, once a generic firm is already present
in the market, an increase in the brand-name firm’s price due to an additional generic entry (e.g.,
see Regan 2008, Ching 2010a) requires collusion between the brand-name and generic firms, and the

GCP becomes increasingly more difficult to observe.
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7. Discussion and Concluding Remarks

Contrary to traditional economic theory’s expectation that generic drug entry would lower brand-
name drug prices through competition, the prices of some brand-name drugs increase after generic
drugs enter the market, a paradoxical situation known as the GCP (Regan 2008, Ferrara and Mis-
sios 2012). The existing research, attributing this paradox solely to consumer heterogeneity and
pseudo-generic drugs, cannot provide a thorough explanation for the GCP (Regan 2008, Fowler et al.
2023). Moreover, brand-name firms, benefiting from their prolonged market presence and exten-
sive resources, possess more knowledge about the market and consumers compared to generic firms
(Branstetter et al. 2016, Ellison and Ellison 2011). This disparity in information, a significant factor
in shaping pharmaceutical market dynamics, is underexplored in existing research. To address this
gap, we developed a game-theoretic model to analyse the information asymmetry of brand-name
firms regarding market and consumers, and identify its role in the GCP that is frequently observed
in pharmaceutical markets. Our analysis provides useful insights on pharmaceutical markets and has
important policy implications.

e Do brand-name firms exploit their information asymmetry regarding the market and consumers
to engage in anticompetitive practices? We find that, when market entry is profitable for the generic
firm, a brand-name firm, by leveraging its private information, can strategically set prices just low
enough to deter entry, effectively maintaining its monopolistic status. This practice of limit pricing
is anticompetitive as it restricts profitable market entry of the generic firm and limits competition
(Ellison and Ellison 2011, Peelish 2020). However, we also identify cases where a brand-name firm
uses limit pricing to deter entry in situations where it would be unprofitable for the generic firm,
suggesting that a brand-name firm’s use of limit pricing strategy does not always harm the generic
firm. Regulatory bodies should carefully assess the impact of limit pricing and intervene to eliminate
its negative effects on consumers and society.

o Does the information asymmetry of brand-name firms regarding the market and consumers play
any role in the GCP? We demonstrate that, during the signaling period, the brand-name firm can
set its price below its monopoly level to deter generic entry, and then later increase its price, allowing
generic entry in the full-information period. Consequently, the anticompetitive use of limit pricing
strategy by the brand-name firm can lead to the GCP under information asymmetry. Thus, beyond
consumer heterogeneity and pseudo-generic drugs (e.g., Frank and Salkever 1992, Ferrdndiz 1999,
Kong 2009), we identify information asymmetry as an additional explanation for the GCP frequently
observed in pharmaceutical markets. This emphasizes that regulatory measures aiming to mitigate
the GCP in pharmaceutical markets should consider addressing the information asymmetry and

monitor limit pricing strategies by brand-name firms.
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e How do the brand-name firms’ information asymmetry and the GCP affect consumers and
society? Our findings reveal that the information asymmetry in pharmaceutical markets, contributing
to the GCP, can harm consumers and society by enabling brand-name firms to manipulate drug prices
and market entry. Despite the presence of generic drugs, this manipulation often leads to higher drug
prices, reduced consumer choice, and increased healthcare spending (Lexchin 2004, Feldman 2020). In
certain cases, however, we find that the information asymmetry lowers prices for brand-name drugs
prior to generic entry, thereby making them more accessible for consumers. Consequently, consumers
and the society can benefit from the information asymmetry and resulting GCP. This indicates that
an effective management of information asymmetry in pharmaceutical markets requires a balanced
strategy that prevents brand-name firms from manipulating drug prices and market entry, while
also using its potential to temporarily lower prices and increase consumer access. Ultimately, this
optimizes outcomes for consumers and society.

Limitations and future research: Our model is not without limitations and can be extended in
several ways. First, we assume a static market and do not account for the potential evolution of
consumers and firms over time, an area that future research can investigate. Second, we do not
consider the information asymmetry held by the generic firms (e.g., regarding their fixed capacity
costs and drug development capabilities), a potential direction for future research. Third, our model
does not consider pseudo-generic drugs developed by brand-name firms under information asymmetry.
Future research could explore how this asymmetry influences brand-name firms’ introduction of
pseudo-generic drugs to compete with generics. Lastly, our analysis overlooks the competition among
brand-name firms and the intermediary role of Pharmacy Benefit Managers, both crucial factors
that can significantly influence market dynamics. Future extensions of our paper can explore these
aspects.
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A. Auxiliary Results
A.1. Comparison of Prices and Profits in the Monopoly and Duopoly Settings

Lemma A.1 compares the prices and profits in the monopoly and duopoly settings. We use this lemma when

analyzing the equilibrium.

LEMMA A.1. Suppose that the condition in (8) is satisfied for i € {H,L}.

(i) The i—type brand-name firm charges a higher price and obtains higher profits in the monopoly setting
than in the duopoly setting, i.e., py' > ph* and I} > 1L forie {H,L}.

(ii) In the duopoly setting, the price of i—type brand-name firm is higher than the price of the generic
firm, i.e., pp' >pgd" for i€ {H,L}.

(7ii) In the duopoly setting, i—type brand-name firm’s profit decreases as consumers become more price

sensitive (i.e., IB" is decreasing in b') for i € {H, L}.

Proof of Lemma A.1. We prove each part of the lemma separately.
Part (i). By comparing p¥* in (4) and p5 in (7), we have p¥* > pB* for i € {H, L}. Also by (4) and (9),
we obtain
Y5> (0 — ) — bpR) — TIE:
 [aa(4=3b'9) = (ap —be)y(2 = b'y?
52— b7 72)
where the first inequality follows from p}* = argmax, (ps — c)(ap — b'pp) and (py* — c)(ap — b'py*) >

)] [(ap —b'c)(2=b"7?) = b'yag] >0,

(pE* — ¢)(ap — b'pE"), and the second inequality holds by (8).
Part (ii). Using (7), we obtain
) . 1/2a
Di __ Dz _ B
pB ( bl
Then, by ap > ag, and, by taking the derivative with respect to b%, we have

d(pp' —pg") 1/ 2ap  2a6(1—7)* 1 (1—9)y? 1
’(_(bi)fr (2~ bin?)2 _”)<§°‘B((2—bw2)2 _(bi)2><0

db? 4
where the first inequality follows from ag > a¢, and the second inequality follows from % < 1. There-

S0+ any 4+ o2 —big) 4 2oL = )) for i € {H,L}.

2—biy?

D3

fore, pB* — p&* is decreasing in b*. In addition,

(p5' —pc")

where the first inequality above follows from ap > ag and the last inequality follows from + € (0,1). This,

2

1 37 —2y-4 1rag(l—7)y
pim1 = Z(O‘B(2+’V)+QGW+C<2_7)) > Z(ﬁ""cw_ﬂ) >0,

by pB* — p5* being decreasing in b, implies that pB* > p&* for ¢ € {H, L}.
Part (iii). Taking the derivative of II5" in (9) with respect to b, we have
dIIf  (ap —b'c)(2—b'y?) —biyag

dbi 8(b')2(2—biy?) (1 — big?)?
X (aB(4bi 2 (b)Yt —2) -

c(4—6b'y? +4(b')*7* — (0)*1°) +ve6(2 - (0)*7)
VA ) <o,

2—b7) /b
where the inequality follows from the first term outside the parenthesis being positive and the second term
inside the parenthesis being linear in ap and negative by (8). The above inequality implies that the brand-

name firm’s duopoly profit, 112, is decreasing in b so that II5X >TIEH. O
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A.2. A Necessary Condition for the GCP

Lemma A.2 shows that condition (11) is necessary for the GCP to occur.
LEMMA A.2. The GCP occurs only if the discounted fized capacity cost k satisfies (11).

A.2.1. Proof of Lemma A.2 We will prove the lemma in three steps. In step 1, we will show that
if (1= X)IIE" + N\ IIEH > K, the GCP cannot happen, and hence, (1 — \,)IIZ* + N\, II5# < k must hold for
the GCP to occur. In step 2, we will show that, in cases where (1 — A\)IIZ" + N2 < k, the GCP occurs
only if IIZ% > IIZ2". In step 3, we will show that, when (1 — X,)IIZ* + A\ II2" < k and IIZ* > II2", the GCP
occurs only if k£ < II2~.

Step 1: Suppose to the contrary that (1 —X,)IIZL + A\ II57 > k. In this case, none of the brand-name firm
types can prevent the generic entry by mimicking the other type; therefore, H— and L—type brand-name
firms will choose different prices and reveal their types at the beginning of the signaling period. As a result,
the generic firm can distinguish between the two brand-name firm types, and he will either enter at the
beginning of the signaling period or never enter the market. There is a price decrease in the former case after
generic entry while there is no generic entry in the latter case. Thus the GCP can never occur in such cases.

Step 2: Suppose IIEL <TIEH and (1 — \)IIEX + A L5 < k. In this case, if k> TI57, the generic entry is
never profitable and hence the GCP cannot occur.

Now consider cases where (1 — X\, )IIZE + N\ IIZ? < k <II5¥. In such cases, there can only be two types of
equilibrium, namely, separating or pooling equilibrium. In the separating equilibrium, H and L types of the
brand-name firm charge different prices so that the generic firm can infer their types. Thus, in a separating
equilibrium, the generic firm enters the market at the beginning of the signaling period if the brand-name
firm is H—type and never enters if the brand-name firm is L— type since (1 — A, )IIZL + A\, IIEH¥ < k < TI57.
There is a price decrease after generic entry in the former case while there is no generic entry in the latter
case. Thus, no GCP occurs in a separating equilibrium. In a pooling equilibrium, both types pool and charge
the same price so that the generic firm cannot infer the brand-name firm’s type. In a pooling equilibrium, the
generic firm always stays out in the signaling period (by (1 — X\p)IIZL 4+ A\ II57 < k) and enters the market
in the full-information period only if the brand-name firm is H—type (by (1 — X\ )II5* + A5 < k < II5H).
Thus the GCP can occur in a pooling equilibrium only when the brand-name firm is H—type. In such a
case, for the GCP to occur, the pooling price in the signaling period must be less than the postentry price
(pBH) of the brand-name drug in the full-information period. However, the pooling price in the signaling
period cannot be less than p2# since both H— and L—type brand-name firms are monopoly in the signaling
period and can improve their profits by increasing their prices above p5™ (since pM* > p¥# > pDH by (4)
and Lemma A.1(i)) but still pool together. Consequently, the GCP cannot occur in a pooling equilibrium
when (1 — X\)IIEF + N IIEH < k <TIEH.

Step 3: Consider cases where (1 — \)IIS* + N IIEH < k and II5% > IIZ#. There will never be entry in

such cases if k> IIZ2*. Thus, the GCP can occur only if k <IIZ*. O
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A.3. A Sufficient Condition for II5% > II2#

By Lemma A.3, we identify a sufficient condition on our model parameters to ensure II5% > IIZ# for all
0 < b* < b < 1. In doing so, we aim to show that there are cases where the necessary condition in (11) is
valid and hence our results apply. Throughout this paper, we restrict our attention to cases where conditions

(11) and (A.1) are satisfied.

LEMMA A.3. The generic firm earns more when facing an L—type brand-name firm than when facing an
H—type one (i.e., 1% >1IEH ) for all 0 <bY < b <1, if
2 4— 372 2 —~2)2
é+%§a}3§a€( ;Y) C( 7)2'
oy 7(2-7%) 2v(1=9?)
Lemma A.3 shows that when consumers’ valuation for the generic drug is sufficiently high and their

+cand ag > (A1)

valuation for the brand-name drug is moderate (i.e., ap and ag satisfy the condition in (A.1)), the generic
firm’s duopoly profit 115" in (10) is decreasing in consumers’ relative price sensitivity to the brand-name drug
b* € (0,1). In the duopoly setting, an increase in consumers’ price-sensitive b* always leads to a lower price
for the brand-name firm and, due to the competition, also for the generic firm. Moreover, the net effect of
consumers’ relative price sensitivity on the demand for the generic drug is not clear. However, in cases where
ap and a¢ satisfy condition in (A.1), the generic firm’s profit always decreases in consumers’ relative price
sensitivity to the brand-name drug either because both the price and demand of the generic drug decrease
(e.g., see Tirole 1988, for relevant discussions), or because the decrease in generic drug’s price dominates
the increase in its demand. Consequently, in such cases, the generic firm earns more profit when facing an

L—type brand-name than when facing an H—type for all 0 < bl < b < 1.

A.3.1. Proof of Lemma A.3
Firstly, we are only interested in positive profits ITI2% and II5¥ in the comparison. Recall from Lemma 1
that condition (8) ensures that both IIZ2% and II5¥ are positive for ¢ € {H, L}. Thus, for V 0 < b* < b <1,
condition (8) being satisfied is equivalent to (A.2) being satisfied, which is given below:
%@§@E:Ef2+§. (A.2)
v (2-97)
Next, we will characterize the cases where II15? is decreasing in b* so that IIZ% > II5¥. To avoid confusion,

«
max{ac, 727 GQ} <ap< min{
—

we drop the superscript ¢ from b and IIZ* given by (10) and use b and II5 instead. Then, we identify a
subset of (A.2) such that dII5/db < 0 in the domain b € (0,1). The first-order derivative (with respect to b)
of the profit II is given by
dM2 7 [(an —b)2 — )y — ac(d — 3072)]
db 16(2 — by2)(1 — by?)?

<0

[ — (b)), (A3)

where
a(b) = yag (4 —6by2 + 3b%41) 4 ¢(2 — by?)3
. (2 — by2)2+2 :

Since the first term outside of the bracket in (A.3) is negative by (8), we focus on the properties of «(b).

(A4)

Note that (A.2) is a subset of (8). The derivatives of a/(b) with respect to b are:

2 22 2 12b7°
da(b) _ yag (3by ) e da(b) <0, and d?a(b) _ 12hy’ac >0
db 2-b72)? b lo=o a2 (2-by2)
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Thus, «(b) is convex in b, and we have
2
Jnax a(b) =max{a(0),a(l)} =a(0) = O;—G 72
Hence, if ap > «(0), the term in the bracket in (A.3) is positive, and thus we always have dII /db <0 for
be (0,1).
Therefore, by considering the intersection of ap > (0) and (A.2), we obtain the following condition to
ensure that 112 is decreasing in b € (0,1), that is, for V b € (0,1), II5* > IS if
c(2-77)°
¥y T T 2= 27(1-9?)

where the lower bound of a¢ follows from that the upper bound of ap should be equal to or larger than its

2¢  ag ag(4—372)

+cand ag > (A.5)

lower bound. O

A.4. Conditions for Separating and Pooling Equilibria

Here, we derive necessary and sufficient conditions that we use to characterize the separating and pooling
equilibrium in §§4.1 and 4.2. In a separating equilibrium, the H— and L—type brand-name firm, respectively,
charges different prices p2 and p% ( p2 # p%) based on their true type i = H, L. Thus, the generic firm can
infer its type after observing the brand-name drug’s price p’;. By (11), the generic firm enters if he knows the
brand-name firm is L—type and stays out if he knows it is H—type. By analyzing the generic firm’s market
entry decision after he observes price p%, Lemma A.4(i) derives necessary and sufficient conditions for a price
pair (p%,pH) must satisfy to be the prices of two brand-name firm types in a separating equilibrium.

In a pooling equilibrium, both brand-name firm types charge the same price so that the generic firm
cannot infer their types by observing the price. Thus, in a pooling equilibrium, the generic firm’s prior and
posterior beliefs about the brand-name firm are the same, i.e., the generic firm believes that the brand-name
firm is H—type with probability A,. Lemma A.4(ii) characterizes necessary and sufficient conditions for the

price in a pooling equilibrium.

LEMMA A.4. (i) The price pair (p%,p%) is part of a separating perfect Bayesian equilibrium if, and
only if, p5 = pE* and p2 satisfies (12) and (13).
(ii) The price pg is part of a pooling perfect Bayesian equilibrium if, and only if, it satisfies (15) and (16).

A.4.1. Proof of Lemma A.4
We prove each part of the lemma separately.
Part (i). We first prove the “If” part of Lemma A.4(i), i.e., any price pair (p%,pE) is part of a separating
equilibrium if p% = p5* and p¥ satisfies (12) and (13). As the perfect Bayesian equilibrium (PBE) does
not impose restrictions on off-equilibrium beliefs, it is innocuous to specify the generic firm’s off-equilibrium

belief: For pg # p, the generic firm believes that the brand-name firm is of L—type. Under such a belief,

DL
PB
DL

charge pZ and pBL maximizes the brand-name firm’s post-entry profit in case of entry, and (ii) charging p2

is the rational decision for the L—type brand-name firm since (i) there is generic entry if it does not

to mimic the H type is worse than charging pE~ by (12). Moreover, by (13), H—type brand-name firm does
not mimic the L type. Note that the generic firm’s belief is also consistent with the Bayes’ rule. Thus, any

price pair (p5,pE), where p% = pB2L and pE satisfies (12) and (13), is part of a separating equilibrium.
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Next we prove the “Only if” part of Lemma A.4(i). Suppose to the contrary that the price pair (pk,pE)

is a separating PBE, but at least one of the three conditions, i.e., p5 = p2%, (12), and (13), is violated.
Note that we do not need any specification of off-equilibrium beliefs to prove “Only if” part. First, suppose
that p5 # pEL. As the generic firm will enter the market after observing the separating price pk by (11),
pp" =argmax, Ig(L,pp,L), and Mp(L,pp", H) > (L,pg", L), the L—type brand-name firm is always
better off by charging p2% than any other price p%, regardless whether the generic firm believes that the
brand-name firm is H or L type. Thus, offering price p% other than pE* is irrational for the L—type brand-
name firm, which violates the sequential rationality in a PBE. Second, suppose (12) does not hold (i.e.,
Iz(L,pE*, L) <g(L,pE, H)) in a separating equilibrium. Then, the L—type brand-name firm has incentives
to mimic the H— type by deviating to the price pZ, which contradicts to p5 = p5* and pE being separating
prices in the PBE. Lastly, suppose (13) does not hold (i.e., IIg(H,p2, H) < MAax, , 25t IIz(H,pp,L)) in a
separating equilibrium. In this case, it is clear that the H type is better off by deviating to some other price,
even if this leads to the generic firm’s belief that the brand-name firm is of L—type, which is a contradiction
to pH being part of a separating equilibrium.
Part (ii). As in Part (i) above, we first prove the “If” part of Lemma A.4(ii), i.e., the price pp satisfying
(15) and (16) is part of a pooling PBE. To show this, it is innocuous to specify the most unfavourable off-
equilibrium belief: when observing an off-equilibrium price, the generic firm believes that the price is offered
by the L—type brand-name firm (and thus will surely enter the market). Then it is clear that due to (15)
and (16), both H— and L—type brand-name firms are better off by charging price pp than any other price
(under which the generic firm believes that the brand-name firm is of L—type). This confirms that offering
pp satisfies the sequential rationality for the brand-name firm.

We next prove the “Only if” part of Lemma A.4(ii). Suppose to the contrary that pp is part of a pooling
PBE, but violates condition (15) or (16). It is clear that if (15) or (16) is violated, either the H— or L—type
brand-name firm must be better off by deviating to some other price, even if the generic firm believes that
the brand-name firm is of L—type and enters the market, which contradicts to pp being part of a pooling

PBE. Note that we do not need any specification of off-equilibrium beliefs to prove “Only if” part. O
A.5. Technical Results and Properties of Thresholds

A.5.1. Thresholds in Equilibrium Analysis. In this appendix, we characterize several properties
of the thresholds b (b*) and b*?) (b) and derive additional technical results that we use to characterize
the separating and pooling equilibrium in Appendix B. Specifically, in line with their definitions in the paper,

we define the thresholds as follows:

L
PO (b = 2apb _, (A.6)
4a2GbL 2bL ((aB—ch)'y—ag)
200 — 2bL42 1_bL,2
H
BER) (pH) = 2apb _ (A7)
4a2,bH 2bH ((ap—bHc)y—a
2ap + \/chz-f,yz - ( [;,bH,Yz’Y G)

Similarly, in line with the paper, we define b**) € (0,b) as the unique b* value that satisfies b7 (bE(1)) =1,
b3 as the unique b% € (0,b%M) satisfying b7 (b%) = b2 (1), and b7 M) (bL) as the unique b* that satisfies
b2 (bH) = b7V (BE) for b € (0,b%®)) and b¥ € (b7 (bF), 1).
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To characterize the properties of the thresholds, we need the following Lemma A.5. Note that b1 (%) =
SO (bE) and bE3) (bH) = B2 (bH).

LEMMA A.5. Suppose that condition (A.1) is satisfied, and for b€ (0,1), define

2aBb

BD (b) := = (A.8)
25 - \/ sogt 2llestonco)

B (b) = 20 = (A.9)
25 + \/;ffif; - %((anf,fil_aG)

(i) BM(b) is strictly increasing in b€ (0,1), and there exists unique by € (0,1) such that BV (b) =1.
(ii) B (b) is strictly increasing in b € (0,1).

By using Lemma A.5, we identify several properties of thresholds b (b*) and b*(?)(b") as summarized

in Lemma A.6.

LEMMA A.6. Suppose that condition (A.1) is satisfied.

(i) The threshold b () (b)) is strictly increasing in b* € (0,1); moreover, b* < b¥ M) (bF) < 1 if, and only
if, bt € (0,6 M),

(i) The threshold b*) (b™) is strictly increasing in b™ € (0,1).

(iii) The threshold values satisfy b* (b)) > bHMW(bL) for bt € (0,6*V)) and b € (BHV(bE),1), if and
only if b* € (0,b°®)) and b¥ € (b7 (b%), 1).

Lastly, by using Lemma A.6, we obtain the technical results in Lemma A.7, which we use to derive the

separating and pooling equilibria in Lemmas 2 and 3 in the paper.

LEMMA A.7. Suppose that condition (A.1) is satisfied. For i€ {H,L}, given price p € [c, ‘Xb—?], define the

i—type brand-name firm’s monopoly profit as follows:

I} (p) = (p— ) (s — b'p). (A.10)

(i) Forie{H,L}, I}"(p) > 115" if, and only if, p € [p},ps], where pi € (¢,py") and ps € (py*, 32) are

given by:
. C ap
i_c Al
. C ap
5 = — A2

M

and pMt and 1157 are, respectively, given by (4) and (9), and BV (b') and B (b)) are, respectively, given by
(A.8) and (A.9) where b=1>".

(ii) pE <pk for me{1,2}.

(ii5) pMH < pk if, and only if, b* € (0,b*V)) and b € [bH M) (bL),1).

(iv) p* > pk if, and only if, b* € (0,65®)) and b* € (b7 V) (b*), 1).
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A.5.2. Thresholds in Welfare Analysis. In this appendix, we characterize several properties of
the thresholds b (b*) and b (b*) and derive additional technical results that we use to analyze the
impact of information asymmetry on the consumer surplus and social welfare in Appendix B. In line with

their definitions in the paper, we define thresholds b"(?) (b%), b¥(3) (b%) and b7 (b") as follows:

blap(2 —bky?)

b1 (ph) = A3
®%) ap(2—bly?) —blyag’ (4.13)
BH®) (pF) = 2apb" 7 (A.14)
dog — 2bLc— /BE O (bL)

BED (p) = 2a5b" , (A.15)

2bEc+ /3267 k + bEO4(bE)

where letting &5 := ap — bre,
3(ak%)? 40 dac(ag +va%)  (aB)*+dlad — 205 yacak
61(bL) = bf + (2_bLG,YQ)2 2_bL,Y2 = = bL(leL,YQ) B’ (A16)
. 11(ap)? 4o, dag(vak —3ag)  T((a5)? +blak — 268 vakac)

©2(b7) == bL + (2 —bLry2)2 + 2 — bLA2 + bE (b2 —1) : (A.17)

Similarly, in line with the paper, we define b*() € (0,1) as the unique b* satisfying b3 (b*) =1, and b*(®
as the unique b* € (0,1) satisfying b" ) (b*) = 1. Then the following Lemma A.8 characterizes the properties
of b#3)(b%) and bH ) (bh).

LEMMA A.8. Suppose that condition (A.1) is satisfied.

(i) bED(BE) > bH ) (BE) > @) (bE) > pH WD (bL) > b for all b* € (0,1).
(i3) b3 (bE) < 1 if, and only if, b* € (0,b¥®).

(iii) bH M (bF) < 1 if, and only if, b* € (0,b%(9)).

(iv) 0 < bt < L) < pLA) < pEO) <1,

A.5.3. Proofs
Proof of Lemma A.5. We prove each part of the lemma separately.

Part (i): Let us define the function

b3y (ap—be)(2—07?)(2ac —y(ap — be)) — ybag
M= 21— - 0?) T

for $>0and b€ (0,1). By (A.8), 31 (b) is the unique 3 value greater than b that satisfies the quadratic
equation V;(8,b) =0 for b€ (0,1), i.e., 31 (b) is the larger root of the quadratic equation V;(3,b) = 0. Taking

(8-0)* (A.18)

partial derivative of V;(,b) with respect to b, we obtain

PUD — 2 ou(aw) +2(5 )
where , ,
= e T -
We have shown in the proof of Lemma A.3 that (A.1) implies
ab) <ap <a(p) = 2B (A.20)

(2 —b7v?)
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where a(b) is given by (A.4). Since ¢ (a(b)) >0 by (A.5), ¢1(a(b)) =4bcyag/(2 —by?) > 0, and ¢, (x) being
a concave function of z, it follows that ¢1(ag) > 0 for a(b) < ap < @&(b). This implies that dV;(8,b)/0b >0
for all b€ (0,1) and 8 > b when condition (A.1) is satisfied so that a(b) < ap < a(b).

Similarly, taking the partial derivative of V1(3,b) in (A.8) with respect to 3, we obtain

op p? B

Using this and ™) (b) > b being the larger 3 root of the quadratic equation V;(3,b) =0 for b € (0,1), we, by

=283

the implicit function theorem, obtain

&5
dﬂm(b) _ (1>(b) 0V1(58b (b),b) 0
db BV —b)
where the inequality follows from OV; (8™ (b),b)/0b> 0 and 1) (b) > b. Hence, 31 (b) is strictly increasing
inbe (0,1).

Next, we show that there exists b, € (0,1) such that 8(Y)(b,) = 1. Recall that 3™ (b) is the larger 3 root

greater than b that satisfies the quadratic equation V;(8,b) =0. Then, by V;(1,b) being increasing in b, and
V1(1,0) <0, and V;(1,1) > 0, it follows that there exists b; € (0,1) such that V;(1,b;) =0 so that 1) (b;) = 1.

Part (ii): By (A.9), we have 1/3®)(b) = 1/b+ \/vVa(b)/ap, where

(ap —b"c)(2 —bv?)(2aq —y(ap — bHc)) —vbo%.

= 2 (1= 0 2) 2~ bP)

(A.21)

Then, to prove 3®(b) is strictly increasing in b € (0,1), it is sufficient to show that V5 (b) is strictly decreasing
in b€ (0,1). Then taking the derivate of V5(b), we obtain

dVQ(b) _ ¢2(043)
db  op2 24 by2(by? — 3)]2 g (A.22)
where
da(w) = (2= 07*) (27" — 1) = 22(2 = b7*)? [BPer” + ag (2b7” — 1)]
F 02y (agy +e(2 = v2)) [e(2 — b7?) + acy(3 — 2072)] . (A.23)

The denominator of (A.22) is always strictly positive for Vb € (0,1) and v € (0,1). Then to prove that V5(b)
is strictly decreasing in b € (0,1) when condition (A.1) is satisfied, it is sufficient to show that ¢s(ap) >0
always holds true when condition (A.1) is satisfied. Since (A.1) is a subset of [«(0),@(b)], it is sufficient to
show that ¢a(ap) >0 when ap € [a(0),a(b)].

By (A.1), we have

c(2-7%)° c2-07")* _ c2=b?)
> = . .
YO o1 —9?) " reon 291 —b12) T 29(1—b7?) (A.24)
Then it follows that
pa(@(b)) =dbac (1 —b7*)? [agy — c(2— by?)] >0, (A.25)

62(0(0)) = [40%77 (1~ 17?)* = (2 — by*)* (2~ 3by")] [7° > 0. (4.26)
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This by ¢2(z) being concave when by? < 1/2 implies that ¢o(ap) >0 for all ap € [a(0),a(b)].

Then it only remains to show that ¢o(ap) >0 for ap € [a(0),a(b)] when by? > 1/2. When by? > 1/2,
¢2(ap) is a convex and quadratic function of ag. Suppose to the contrary that there exists o’z € [(0), @(b)]
such that ¢o(a’z) < 0. This, by (A.25) and (A.26), can only happen when «(0) < aj :=argmin, ¢o(z) < a(b)
and ¢y(aj) < 0. Specifically, by solving the first-order condition of ¢9(x) in (A.23) with respect to x, we
obtain the minimizer of ¢(x) as follows:

b2y + ag(2072 — 1)

o :=argmin ¢a(z) =

Y(20y? = 1)
Then, if by? > 1/2, o’ > a(0) is equivalent to 1/2 < by? <2—+/2, and a < a(b) is equivalent to
bey(2 —by?)
—_— A2
6 22— 1) (4.27)
Moreover, for by? >1/2, ¢o(aj) <0 is equivalent to
bey(2 — by?
ae i Chulae) (A.28)

“2/(0-0?) (@207 1)
However, the right-hand side of (A.27) is strictly larger than the right-hand side of (A.28) since 1/2 <
by? < 2 — /2 must be true to ensure o > «(0). This implies that (A.27) and (A.28) cannot be satisfied
simultaneously when aj > «(0). Hence, there does not exist such an o’ such that ¢2(ay) <0, implying that
¢2(ap) >0 must be true when by? >1/2 and ap € [ (0), @(b)].

Therefore, when condition (A.1) is satisfied so that ag € [a(0),@(b)], ¢2(ap) >0, and hence, dV5(b)/db < 0
and B (b) is strictly increasing in b. [

Proof of Lemma A.6. Part (i) follows from Lemma A.5(i) and b (b%) = (V) (b) by (14) and (A.8). Also,
based on the proof of Lemma A.5(i), @ =b; € (0,1), and bV is uniquely determined by b% 1) (pL()) =1.
Similarly, Part (ii) follows from Lemma A.5(ii) and 6*® (b#) = 82 (b#) by (17) and (A.9).

We next prove Part (iii) by identifying the sufficient and necessary conditions such that b*(®)(b) >
bAM (B for bE € (0,bM)) and b € (b7 M) (bE),1). First, we show that b*) (1) > 71 (b%) if, and only if,
bt € (0,61®), where bX®) € (0,b%(1) is the unique b* value that satisfies b2 (1) = b¥ () (bL). To see this,
bE@ (1) < bW () at bt = b since b7 (bXM) =1 and b*?(1) < 1 by definition. Also, b1 (0) =0 by
(A.6) and b (1) € (0,1) by (A.7) so that b (1) > ¥ (0). Moreover, since b (V) (bL) is strictly increasing
in b € (0,1) by Lemma A.6(i), for b* € (0,b%()), there exists a unique b*® such that b7 (pL3)) = b1 (1) <
1, and ¥ (1) > b7 M) (pL) if, and only if, b* € (0,b*®)). Next, for b# € (b7 (b¥),1), we consider two cases
based on the analysis above: (i) b* € (0,6*®)), and (ii) b* € [p*®), b MV).

Case (i): b* € (0,b%®3)) and b € (b7 (b%),1). In this case, b*2) (1) > b (1) (b)) as shown above and, by
(A7), BE@ (BH) < b1 D (bL) at b7 ="M (BE) for all b- € (0,b%3)). Therefore, given any b* € (0,b%®)) and
b2 (bH) being strictly increasing in b” by Lemma A.6(ii), there exists a unique b7M (bE) € (b1 (bL), 1)
such that b2 (bH) > bH M) (L) if, and only if, b7 (b") < b < 1, where b7 (1) (bL) is the unique value of b*
that satisfies b*(? (b7) = bH (1) (p%),

Case (ii): In this case, as shown above, b*() (1) < b#()(b%) for any given b” € [b*) bE(M)). Then, by
b= (b)) being strictly increasing in b by Lemma A.6(ii), it follows that b*(®) (b7) < b7 (bE) for all b* €
BE® 520 and b7 € (BFD(bF),1). O
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Proof of Lemma A.7. We prove each part of the lemma separately.
Part (i). Let us define ¢*(p) =11¥*(p) —1B* for ¢ € {H, L}. To prove part (i), we need to characterize cases
where g‘(p) > 0. By (A.10), we have

g'(p) = —b'p* + (ap +bc)p— (apc+115Y).

Note that ¢g*(p) is a concave quadratic function of p and is maximized at p = (ap + b'c)/(2b%). Moreover,
g'(c) = g(ap/b") <0 and ¢g*(py*) > 0 by Lemma A.1, where p}y* is given by (4). Then, it follows that concave
quadratic equation g*(p) =0 has two real roots pi and pj, where ¢ < p! < p¥' < pi < ap/b’, and g'(p) >0 if,
and only if, p € [p¢, p5]. Solving ¢‘(p) =0, we obtain p} and p} as in (A.11) and (A.12), respectively.

Part (ii). By (A.11) and (A.12), and B™)(b) being increasing in b € (0,1) for m € {1,2} from Lemma A.5,
it follows that, for m € {1,2}, p? < pk for 0 <b® <b¥ < 1.

Part (iii). Note that pM# =c/2 + ap/(2b") by (4) and pt = ¢/2 + ap/ (267D (b)) by (A.6), (A.8) and
(A.11). Then p* < pt if, and only if, b > b" (V) (b%). Since b < 1, b > 7D (bL) if, and only if, b7 (b*) <
1. By Lemma A.6(i), p¥*¥ < pF if, and only if, b* € (0,6%(1)) and b € [b7 (M) (b1),1).

Part (iv). Note that pl = ¢/2+ap /(26" V) (b)) by (A.6), (A.8) and (A.11), and p = c/2+ap/(20*?) (b))
(A.7), (A.9) and (A.12). Then it follows that p} > pi’ if, and only if, b7 (bL) < bX((p). By Lemma
A6(iii), b7 (b)) < BE@) (b)) if, and only if, b* € (0,6*®)) and b¥ € (b M (b%),1). O

Proof of Lemma A.8. We prove each part of the lemma separately.

Part (i)-(a). Firstly, we prove that 671 (bF) > b3 (b%). As preparation, we define the following functions:

- 2
ST L C A 0l
2 —bEy? 2(1—0bk~2)
O.(ak) = §<&L)2 ~ bral  bPagap 3((a5)* +btaZ — 20 akagy)
AEB) = 4 \UB (2—DbLy2)2 2 bLA2 4(1—bLr2)

By (A.6) and (A.14), b7 (bF) > bHG)(bL) if, and only if,
Os(ap) :=4(apg —bhc)?03(ak) — OF(ak) > 0. (A.29)

Then we only need to prove that ©5(ap) > 0 for all ap satisfying (A.1). By expanding Os(ap), we obtain
that

b* (g (4 — 3b%%) — (ap — bhc)y(2 — bEy?))
16(2 — bEv2)4(1 — bhy?)?

O5(ap) = X Og(ak), (A.30)

where O¢(ak%) is given by

O¢(ak) = (G5)° (2567 4 bEA3 (=568 + bEy2 (468 + bEy2(23bEA2 — 170))))
+(ah)? (b492a(2 — b92)2 (170592 - 44) )
+3agalbiy(4—b"2)%(2 = bPy?) — bt (4 — b"42)% (4 - 3b"A2).

By condition (A.1), the first term of O5(ap) in (A.30) is positive, and hence to show that ©5(apg) > 0 for all
ap satisfying (A.1), it is sufficient to show that ©g(ak) > 0 for all ap satisfying (A.1).
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Next, we show that Og(a%) > 0 for all ap satisfying (A.1). To this end, we firstly show that Og(a%) is
increasing in &%, when ap satisfies (A.1). Note that, &% = ap — b*c. Taking the first-order derivative of

O6(a%) with respect to &k, we obtain that

d@6(dé) _ L_2
W—V@ b"v%)

x (3(@@)2(2 — bEA2)2(32 — 23b592) — 285 b v (2 — bEA?) (44 — 17b542) + 3bEal (4 — bL’yQ)Q). (A.31)

By (A.31), dO¢(ak%)/dak is a convex and quadratic function of &f. Then it follows that

. dOg(ak)  ag bty2(44 — 17hE~?) e
min 226498) _ 96 ] A.32
WETNTAGE T 4 32— bin?)(32— 28b02) 7 (4.32)

&
where the inequality follows from b¥y2 € (0,1). In addition, when condition (A.1) is satisfied, &5 > a /7 so
that dOg(ak)/dak is increasing in &%. Then it follows from that

d0u(a) _ 0 (k)

~ L ~ L ~
dOéB dOéB aé:ac/’y

= 402,(2 — bE2) (96 — 19752 + 126(b42)2 — 25(b542)*) /v >0 (A.33)
for Vb= € (0,1) and v € (0,1) when condition (A.1) is satisfied. Therefore, Og(&%) is increasing in &% when
condition (A.1) is satisfied. Then, for &% > ag/v,

O6(65) > Og(ac/v) =80 (1 — b y?)*(32 — 256"y +5(b*%)*) /+* > 0,
which, by (A.30), implies that ©5(ag) > 0 for all ap satisfying condition (A.1). Then, it follows that, when
condition (A.1) is satisfied, b (b%) > bH(3) (b1 for all b* € (0,1).

Part (i)-(b). Secondly, we prove that b*(®) (bL) > b2 (b)) when condition (A.1) is satisfied. Recall from
(B.4) that U (gB*,qB%) — U (¢¥,0) is a concave and quadratic function of 1/b%, and 1/b% () (b%) is the
smaller root of U (¢B*,qE8*") —U* (¢} ,0) =0 with respect to 1/b", where U*(-) is given by (1), g5* and ¢5*
are respectively given by (B.1), and ¢¥ = ap —b*p¥*. Suppose that b = b (2 (b), then we have pM = pBL

by Theorem 1. Hence, by substituting A% (+) in (1) into U*(¢B*,q5*) —U* (g} ,0), we obtain that

U (gg*,q8") —U"(q5 ,0)

L, ap L, DL DL Ap L, DL
= max o —z4at 7498 — 7495 — - — }—max{— — —q5 — }
qBvQG{ lel'le; 2qc L dB 2quB Y4B49c —Pp 4B —Pc dc T\ DL 4B 2quB P 4B
B ap L a2 DL M ap L, DL
> (be 9% ~ 51 (g )" — s qB)—H;gX{be 08~ 5795~ Ps qB}
:07

in which, p¥# and pE* are, respectively, given by (4) and (7), the inequality follows from that given prices

P and pBE in (7),
DL DLy _ 1, ag 1 5 DL, _ . DL
(a5",46") = argmax | acqe = 546+ 3148 — 546 —V48de — P 48 — PG 9o
9B-,49G
and ¢5* >0 by (A.1), and the last equality follows from that given price p5*,
o 1
qBJYI = argmax{rqu — ﬁq% _ngqB}

9B

Therefore, we obtain that 1/ (b%) > 1/b7®) (b)), i.e., b7 (b1) > b2 (b1).
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Part (i)-(c). Then we prove that b7 (bF) > b4 (b*) when condition (A.1) is satisfied. Equivalently, we
only need to show that 1/b%® (bF) > 1/b()(bL). Furthermore, since 1/b® (b%) is increasing in k, it is
sufficient to show that 1/6%®) (L) > 1/b (2 (L) when k = 0, which is equivalent to

—T(&5)2y%(2 — b5y*)? + 285 acy(13(b")2y* — 46b%42 +40) — a2 (15(b%)*y* — 56by* + 48) > 0.

The above inequality is always true when

ag _ < ag(4=3b"%) ag(4—3b"9%)
— Sap< L2 L2
gl 7(2 —bky2) v(2 —bFv?)

of which (A.1) is a subset. Therefore, we always have b"(?) (b%) > b *) (bL) when condition (A.1) is satisfied.

Q@
, i.e., —G+ch§aB< +bre,
v

Part (i)-(d). Finally, we prove that b”® (b%) > b* when condition (A.1) is satisfied. By the definition of
b (L) in (A.15), we obtain that b7 (b%) > b if, and only if

32k + O, (b") < 4(ap — b c)? /b*.
By (11), k <II5%, where ITI2* is given by (10). Thus, to prove b (bF) > bL | it is sufficient to prove that
320" + 0, (b)) < 4(ap — b c)?/b". (A.34)

Then we show that (A.34) holds true when condition (A.1) is satisfied. By substituting IIZ2* in (10) and
©5(b*) in (A.17), we obtain that

Or(aj)

325" + O2(b") — 4(ap — b c)?/b" = (2=0"2)2 (b4 = 1)’

(A.35)

where ©7(a%) is given by
O7(ag) :==5(ag)*7*(2 - b"7?)* — 2ahaey(2 — b"°) (8 — 3b"7°) + aZ (16 —b"* (12— b"4?)).  (A.36)

Note that, by (A.35), the denominator, (2 — b*~?)?(bE+? — 1), is negative for Vb" € (0,1) and ~ € (0,1).
Hence, to show that (A.34) holds true, we only need to show that ©,(a&%) in (A.35) is positive. By (A.36),
©-(a%) is a convex and quadratic function of &%. By solving the first-order condition of ©7(a%) in (A.36)

with respect to &%, we obtain the minimizer of ©,(a%) as follows:

8 — 3bL~?)
~L*: . 6 ~L aG(
ap far%glm 7(013)*—57(2_“72) ,

and hence
4
O7(ag) >0 (ag") = gaé(l —b"y?) (4 +b"4?) >0, Vb" € (0,1) and v € (0,1).

Therefore, (A.34) always holds true when condition (A.1) is satisfied, which implies that b (b%) > bE.

By now, we have shown that when condition (A.1) is satisfied, b)) (b%) > b3 (b)), pH3) (pF) > pH () (p1),
BH @) (hE) > bH (h1), and b7 @) (b) > b, which boils down to b7W (b5) > bHE) (b1) > pHE) (hE) > pH®) (hL) >
br.
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Part (ii). By doing the algebra for b" () (b) in (A.14), we obtain that b" ®) (b*) < 1 if, and only if, V5 (b*) > 0,

where
Vo(b) = (@ (2~ b") + 0 e(1 b)) — BHOL (") 4 3(a5)?) (1~ b42) (2~ D)2
Note that V3(0) =48(a%)? > 0, and
Vs(1) == [ah(2 = 27— v2ac]” — 402 (4 —2)(1-?) <0.

Furthermore, by d?Vs(b%)/d?(b*)? > 0 and w#@ o < 0, there exists a unique b*®) € (0,1) such that
V3(bE®)) = 0, and thus V3(b*) > 0 if, and only if, b* € (0,b%®). This implies that b7 (pL(>)) =1 and
b3 (b)) < 1 if, and only if, b* € (0,b2®)).

Part (iii). We identify the conditions on b” such that b7(¥)(b*) < 1. Note that b"® (b)) > 1 is equivalent
to Oz(b") + 32k < 4b*(ap — ¢)?, where ©,(b") is given by (A.17). In addition, both ©5(b") and II5* are
decreasing in b*, and hence when k takes the value of its upper bound II5%, O (b*) + 32115 is decreasing in

b, achieving its minimum at b = 1. Letting y := a — ¢, we further show that O(b*) + 32I15* is a function

of y when b =1, and

dag (447
—dyP =" 2 <0. (A.37
Y } 5(2—+2)2 <0 )

Moreover, due to the result (A.37) and the fact that ©5(b") is decreasing in b*, and that @g(bL)|bL_>o — 400,
there exists a unique b*(®) such that b (b%) < 1 if, and only if, b* € (0,b*(®)), where b is uniquely deter-
mined by O, (bY) + 32k = 4b% (az —¢)?, or equivalently b9 is the unique b* value that satisfies b*® (b%) = 1.

(©2(0") +32115%) |

—4(ap —c)* < rnax{ (©2(b") + 32112*)
Y bl =

Part (iv). By Lemma A.6(i), Lemma A.8(i) that b7 (b%) > b3 (b%), and Lemma A.8(ii), we obtain
that 0 < oL@ < pL®). By Lemma A.8(i) that () (bF) > b2 (bL), Lemma A.8(ii), and Theorem (1) that
b™@ € (0,1) is the unique b* value that satisfies b(?)(b") = 1, we obtain that b*(®) < b=*). Similarly, by
Lemma A.8(i) that b7 (b%) > b ® (L), Lemma A.8(iii), and Theorem (1) that b~ € (0,1) is the unique
b value that satisfies b” (2 (b%) = 1, we obtain that b**) < b*(®) < 1. Therefore, we obtain that 0 < b*(}) <
bE®) < b < pL(6) < 1 when condition (A.1) is satisfied. O

B. Proofs of the Results in Sections 4 and 5 of the Paper

Proof of Lemma 1. Using backward induction, we characterize the equilibrium demand for brand-name
and generic drugs in a duopoly setting by assuming positive demand for each, and then establish conditions
for this positive demand to ensure competition between the two.

With generic entry, the equilibrium prices are obtained directly by backward induction. Specifically, for
given pg, by the first-order condition of (6) with respect to pg, we obtain the generic firm’s best response
of drug price. Then, plugging the generic firm’s best response into (5), and by the first-order condition of
(5) with respect to pp, we obtain pE® in (7). Next, by plugging pE*® into the generic firm’s best response of
price, we obtain p5? in (7). Then plugging p5* and p2* into (2) and (3), we, respectively, obtain ¢5* and ¢5°
as below:

) 2 — bin? —bic) — bt ) 4 — 3biy?) — —bic)(2 —bin?
qgl: ( v )(aB : 26) Yloa and qu _ aG( vy ) Z((;B Cl)<2 Y )fy (Bl)
4(1-by?) 4(2-by2)(1 - b"?)
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Given the fact ap > ag, that both ¢5* and ¢&* are positive for V i € {H, L} is equivalent to
ag(4—3b'%)
Y(2-b?)

biyag

m +b'c, VZE{H,L}7 (B.2)

max{ac, —&—bic} <ap<

which completes the proof. O

Proof of Lemma 2. By Lemma A.4(i), the L—type brand-name firm’s price is p% = p5% in a separating
equilibrium. Then, it only remains to characterize the H—type brand-name firm’s price p¥ in the separat-
ing equilibrium. By Lemma A.4(i), pE, where pE # p%, must satisfy conditions (12) and (13), in which,
Ty (L,pBY, L) = TIB%, Ty (i, i, H) = I (54) = (51 — &) (v — bi5t), and max, . p(H, pis, L) = TS,
Thus, in a separating equilibrium, the price p& must satisfy both II¥#(pE) > 157 and IY*(pE) < TI5E.
By Lemma A.7(i), II¥#(pE) > 1157 if, and only if, p& € [p¥,pf]; and LY (pE) <IIEE if, pE € (¢,pt], or
P € (ks /b4). Since p§f < pk by Lemma A.7(ii), 7 ¢ (b, an/b"] if € [pf1,pf/]. Then, by p{l < pl as
in Lemma A.7(ii), IIY*(pE) <IIBL and Y (ph) > L if, and only if, p&i € [pf,p}]. Consequently, any
pi € [p¥, p¥] and pk = pE% are the prices in a separating equilibrium.

We next characterize the unique least-cost separating equilibrium. Note that, in a separating equilibrium,
the H—type is a monopoly in the signaling period. Therefore, p& = p¥*# is the unique least-cost separating
price if the H—type’s monopoly price p¥* is within the range of separating equilibria, i.e., p¥¥ € [p¥, pL].
By Lemma A.7(iii), p¥ ¥ € [p¥,pl] so that pfI = pMH is the unique least-cost separating price if, and only
if, b* € (0,b%(1)) and b¥ € [b7D(bL),1); and, in all other cases, pM > pl so that pi = p! is the least-cost
separating price that maximizes the H—type’s monopoly profit. Thus, in the unique least-cost separating
equilibrium, pf = pM# if bL € (0,6*V)) and b¥ € [b7 V) (b), 1), and p =pl =c/2+ap /(267D (b)) (by (14),
(A.8) and (A.11)) otherwise. [

Proof of Lemma 3. By Lemma A.4(ii) in Appendix A.4, pp is the price in a pooling equilibrium if and
only if it satisfies (15) and (16), in which Iz (4, pp, {H,L}) = (s — ¢)(ag — b'pg). That is, the pooling price
pp must satisfy [IY*(pg) > 15 for i € {H, L}. By Lemma A.7(i), for i € {H, L}, II¥*(pp) > 115" if, and only
if, pp € [p},ps]. Then, using pZ < p for m € {1,2} by Lemma A.7(ii), any pp € {p: p¥ <p <pi'} is a pooling
equilibrium. Note by Lemma A.7 that p} > pif makes the set of pooling equilibria (i.e., {p:p} <p <pf})
empty and hence there is no pooling equilibrium if, and only if, b~ € (0,6%®)) and b* € (b7M (b),1). In all
other cases, pl' < p¥l so that any pg € [p},pt!] leads to a pooling equilibrium, where p* = ¢/2+ap /(2671 (b))
by (14), (A.8) and (A.11), and pi =c/2+ ap/(2b*@ (b)) by (17), (A.9) and (A.12). O

Proof of Proposition 1. By Lemmas 2 and 3, there can be multiple equilibria, and pooling and separating
equilibria can coexist. We refine the equilibrium using the Intuitive Criterion (Cho and Kreps 1987) and
Pareto-dominance (Harsanyi and Selten 1988, Bolton and Dewatripont 2004). The Intuitive Criterion com-
prises two sequential rules, and the first rule is the equilibrium dominance, which states that the message
(i.e., price of the brand-name drug) cannot be sent by the type whose payoff at the given equilibrium is
strictly better than the best it can obtain if it sends this message. The second rule depicts the idea that, for
the type-message pairs that survive the equilibrium dominance, the equilibrium outcome is said to fail the
Intuitive Criterion if for any one message there is some type such that its payoff at the given equilibrium

is strictly worse than the worst it can obtain by sending this message. Surviving equilibria are then refined
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using Pareto-dominance, which selects equilibria where each player’s payoff is maximized compared to other
equilibria. The equilibrium that survives this refinement process is called the stable equilibrium. Note that
a unique equilibrium must survive the refinement and be the stable equilibrium.

Note by Lemmas 2 and 3, there is no pooling equilibrium and there exists a unique least-cost separating
equilibrium, in which prices of the H— and L—type brand-name firms are given, respectively, by pX = pM#
and pk = pBL if b* € (0,6%®)) and b € (b7 (b%),1). In such cases, the equilibrium is unique and the same
as the least-cost separating equilibrium, and hence, it is also the stable equilibrium. Next consider the other
two cases: (i) b= € (b2®) pEM) and b7 € (b2D (bE), 1), or bE € (0,b%®)) and b € (b¥M (b%), b7 (bE)), and
(ii) b € (0,62 and b € (L, 7D (1)), or b € (bX(M) | 1).

Case (i): By Lemmas 2 and 3, there exist both separating and pooling equilibria. Specifically, the price
pair for the L— and H—type brand-name firms in the unique least-cost separating equilibrium is (p5,p%) =
(P, py™), while any pp € [pf,ps'], where p} =¢/2 +ap /(26" (b)) and pif =c¢/2+ ap/(2b" (b7)), is a
pooling equilibrium.

Let us first apply the Intuitive Criterion to the pooling equilibria in case (i), in which both the H— and
L—type brand-name firms offer price pp. Note by Lemma A.7(iii) that pX¥ < p¥, and hence p¥* cannot be
a pooling price. Now consider the off-equilibrium price p¥# for the L—type brand-name firm. If the L—type
brand-name firm deviates from the pooling price pp and charges the price p¥*, the best that it can get is
(L, pYHE, H) =TI¥E(pH ™), which is less than its payoff in the pooling equilibrium Iz (L,pg,{H,L}) =
¥~ (pp). Thus, in the pooling equilibrium, the L—type brand-name firm will never willingly deviate to the
price p¥ . Anticipating this, the generic firm knows that the brand-name firm is not L—type and does not
enter when observing the price p*. Knowing this, it is always optimal for the H—type brand-name firm to
deviate from the pooling price to its monopoly price p¥ ™ as there will be no generic entry. Consequently,
the generic firm will expect the H—type brand-name firm to charge its monopoly price p¥# and will believe
that it is L—type and enter the market when observing the pooling price pp, which makes the pooling
equilibrium collapse. Thus, in case (i), none of the pooling equilibria can survive the Intuitive Criterion and
cannot emerge in the stable equilibrium.

Let us now apply the Intuitive Criterion to the unique least-cost separating equilibrium in case (i) (i.e.,
(pL,pE) = (pEY,p¥™)). The H—type brand-name firm does not have incentives to deviate from p¥* to any
other price since the equilibrium profit II}%# is larger than the best it can earn by charging any price other
than p¥*. Thus, the H—type brand-name firm always charges pM¥ regardless of the L type’s response.
As a result, when observing any off-equilibrium price other than p¥¥, the generic firm always believes
that the brand-name firm is L—type. Then, we apply the second rule of the Intuitive Criterion. It is not
difficult to show that the equilibrium passes the test. By Lemma A.4(i), the i—type brand-name firm’s
profit (for ¢ € {H,L}) from deviating from the equilibrium price and facing generic entry is always less
than TIE?. Thus, the profit from deviating the equilibrium for both types cannot be strictly larger than the
equilibrium profits. Then, it follows that, in case (i), the unique least-cost separating equilibrium with prices
(p%,pE) = (pBL,p¥*) survives the Intuitive Criterion. Since the unique least-cost separating equilibrium

(i.e., (P, pE) = (p5*,p¥ ™)) is the only equilibrium that survives the Intuitive Criterion, it is also the unique

stable equilibrium in case (i).
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Case (ii): By Lemmas 2 and 3, there are both separating and pooling equilibria. In particular, the price
pair for the L— and H—type brand-name firms in the unique least-cost separating equilibrium is (p5,p%) =
(pBE,pt), and any pp € [pf,pd] leads to a pooling equilibrium. As in case (i), we will sequentially apply
Intutivie Criterion and Pareto dominance to refine the equilibria.

Consider the pooling equilibria in case (ii) and apply the Intuitive Criterion. By Lemma (A.7), p¥* €
[p¥, pi] in this case. As in case (i), it is easy to argue that any pooling equilibrium with the price different from

pH (e, pp € [pF,p¥] and pp # pH¥ ) cannot survive the Intuitive Criterion and thus cannot emerge in the

stable equilibrium. Then it only remains to consider the pooling equilibrium with pp = p¥*. Observing any

off-equilibrium price pp > p¥ ¥, the generic firm reasonably believes that it is the L—type brand-name firm

and thus enters. Consequently, by charging the off-equilibrium price pg > p¥# | the L—type brand-name firm
cannot earn more than II5%, which is less than its profit in the pooling equilibrium, i.e., [Igz (L, p¥* {H,L}) =
IIYE(pM ). This implies that pg > pM* is equilibrium dominated by pp = py for the L—type brand-name

firm. Similarly, for the L—type brand-name firm, the off-equilibrium price pp < p¥* is also equilibrium

dominated by pp = p¥*¥. Hence, the Intuitive Criterion cannot eliminate the pooling equilibrium with pz =

Py

Now we consider the unique least-cost separating equilibrium in case (ii) (i.e., (p5,p%) = (p5*,p¥)). By
Lemma A.7, both the H— and L—type brand-name firms can be better off by deviating from the equilibrium
price if the generic firm believes them to be the H—type (e.g., the i—type brand-name firm deviates to the
monopoly price p¥* and the generic firm does not enter the market). Thus, in the worst case for the brand-
name firm, the generic firm will believe that the off-equilibrium price is offered by the L type and hence will
enter. As a result, by Lemma A.7, the profit of the i—type brand-name firm in the worst case is less than
I15% and thus, cannot be strictly larger than the equilibrium profits (i.e., II5% for L type and II¥ 7 (pl) for
H type). Therefore, the unique least-cost separating equilibrium survives the Intuitive Criterion.

Next, we apply the Pareto dominance to the two equilibria that survived the Intuitive Criterion in case
(ii), namely, the pooling equilibrium with the price pp = p¥ ¥, and the least-cost separating equilibrium with
prices (pk,pE) = (pEY,pt). Notice that Iz (H,py ™, {H,L}) =1IM" > 113(H,p¥, H), and, by Lemma A.7(i),
(L, p¥H {H,L}) >115(L,pEY, L) =TIE~. Thus, the payofls of the two types both are strictly larger under
the pooling equilibrium. Consequently, the pooling equilibrium with pg = p¥# Pareto dominates the unique
least-cost separating equilibrium and emerges as the stable equilibrium in case (ii). O
Proof of Theorem 1. We first prove the “If” part of the theorem, i.e., in the stable equilibrium charac-
terized by Proposition 1, the GCP occurs if the brand-name firm is L—type, and b* € (0,6*®) and b €
(b% @) (b"), min{b" ) (b¥),1}). In such cases, by Proposition 1, there will be the pooling equilibrium where
both the L— and H—type brand-name firms charge the same price p%# in the signaling period, and generic
entry will not occur. Whereas, in the full-information period, since the generic firm is able to observe the
type of the brand-name firm, by (11), he will enter the market to compete with the L—type brand-name firm.

As a result, the L—type brand-name firm will optimally choose its duopoly price p5* in the full-information

period. Then it only remains to show that p5* > p¥*. Note by (4), (7), and (18) that

mMH _ @B

1 1
DL
Ps=—Pp _T(bH@(bL) _b?)' (B.3)
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Then, by b" > b"2) (bE) > 0, pB* > pMH 5o that there is a price increase after generic entry and the GCP
occurs.

Next, we prove the “only if” part. Equivalently, we only need to prove that the GCP does not occur if one
of the following three conditions is violated: (i) the brand-name firm is L—type, (ii) b% € (0,b%®), and (iii)
b € (b7 ("), min{b”™ (b*),1}). First, suppose that the brand-name firm is H—type. By Proposition 1,
the H—type brand-name firm always charges its monopoly price pX¥* in the signaling period in the stable
equilibrium, and the generic firm stays out of the market in both periods. Hence, the GCP does not occur
when the brand-name firm is H—type.

Second, suppose that the brand-name firm is L—type, but b* € [b*(¥) 1). Recall from Proposition | that
only the separating or the pooling equilibrium can occur as the stable equilibrium. Suppose that the stable
equilibrium is separating when b% € [b*®*) 1). Then by Lemma A.2, the GCP cannot happen. Thus, it only
remains to show that the GCP cannot occur if the stable equilibrium is pooling when b* € [b**) 1). Suppose
that the stable equilibrium is pooling when b% € [b*(*) 1), then the L—type brand-name firm will charge
price pMH  not facing generic entry, in the signaling period; while in the full-information period, the L—type
brand-name firm will charge price p5* and face generic entry. Note by (18) that b7 (2) (b*) is strictly increasing
in b and b (bL) =1 at b* = b=, Therefore, b" @ (L) > 1 so that b < b (bL) for bL € (b 1). Then,
it follows from (B.3) that if b* € (b*™), 1), there is a price decrease (i.e., p5* < pM*) after the generic entry
so that the GCP does not occur.

Third, suppose to the contrary that the brand-name firm is L—type and b* € (0,6*®), but b ¢
(bH @) (b)), min{b" ) (b¥),1}). In such cases, there can be either a separating or a pooling stable equilibrium,
depending on b™. If b € (min{b"” ) (b%),1},1), by Proposition 1, the stable equilibrium is a separating equi-
librium where the L—type brand-name firm allows entry and charges pB%, which is lower than its monopoly
price p¥*. Thus the GCP does not occur. On the other hand, if b € (b*,b"(?)(b)], by Proposition 1, the
stable equilibrium is a pooling equilibrium where the L—type brand-name firm charges the price pX# in the
signaling period and p2% in the full-information period. By (B.3) and b < b#2) (b)), pbL < pMH and there
is a price decrease after the generic entry so that the GCP does not occur. [

Proof of Proposition 2. Supposing that b* € (0,1) and b € (b*, min{b”® (b%),1}) (i.e., the stable equi-
librium is pooling) and the brand-name firm is L—type, we prove each part of the proposition separately.

Part (i): Note that the representative consumer has the same consumption profile (i.e., ¢z and gg)
throughout the signaling period. Given ¢p and qg, the consumer surplus in the signaling period is equal
to fOT e U (qp,qc)dt = (1 — e T U (g5,q9¢)/p, where U*(gp,qe) is the representative consumer’s net
utility as given by (1). Thus, to analyse the impact of information asymmetry on consumer surplus in the
signaling period when the brand-name firm is L—type, and b* € (0,1) and b € (b%, min{b” V) (b¥),1}), it is
enough to compare the representative consumer’s net utility per-unit time, U* (g3, qz), with and without the
information asymmetry.

By Proposition 1, with information asymmetry, the brand-name firm is a monopoly in the market, and
the amount of the brand-name drug that the representative consumer purchases per-unit time at price

pMH s equal to ¢¥ = ap — bEpMH when b € (0,1) and b € (b, min{b”) (b%),1}) and the brand-name
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firm is L—type. As a result, the consumer surplus per-unit time under information asymmetry is given by
St(gy',0) =U"(q%',0).

On the other hand, without information asymmetry, by condition (11), the generic firm enters the market
and competes with the brand-name firm when the brand-name firm is L—type. Consequently, in absence of
information asymmetry there is a duopoly in the signaling period, and the amount of brand-name and generic

drugs that the representative consumer purchases per-unit time, at prices pE~ and p2*, is respectively equal

L DL

to ¢g5* and g8 as given by (B.1). The consumer surplus per-unit time without information asymmetry is
equal to ST (qBY, qB%) =U (¢B%,q5").

Next, to determine the impact of information asymmetry, we compare the consumer surplus per-unit
time with and without information asymmetry, i.e., S*(¢¥,0) with S*(¢5%,¢5"%). To that end, we define

AS =St (gBr, q¢8%) — 5% (¢ ,0), and then obtain that

V)

- - 1 1 3(ak
3208 = —4b* (37 — c) 36k (57 —¢) + 18apdk (1 — 57 ) +O1(0) - % (B.4)
where &% := ap — bFc, and
0, (b = 3(ak)? 402, dag(ag +vyak)  (a5)? +bka? — 2blyacak
1 : b (2 — bEq2)2 2 — blry? bL(1 — bEq?)

We can find that (B.4) is a quadratic and concave function of 1/b%, and AS =0 has two different real
roots, 1/b73)(bL) and 1/b%®)(b%), since AS > 0 when b = bL. Then, AS > 0 if, and only if, 1/b" €
(1/67G3)(b1),1/bEG) (b%)), where b3 (bF) and bZ3) (bY), respectively, satisfy
20 ag
dap —2bFc+ /DO, (bL)’
20  ap
dog —2bLe — /bL O (bh)

b (bF) = (B.5)

b3 (bh) =

(B.6)

Since (i) AS >0 when b =b", and (ii) 1/b7®) (b%) and 1/bP®)(bF) are the two different positive roots
of AS =0 (with respect to 1/b") and AS is the concave and quadratic function of 1/b%, it follows that
/673 (L) < 1/bF < 1/6FG)(bL), i.e., b3 (bL) > bE > PG (bL). Hence, given b € (b*,1), AS <0 so that
the consumer surplus increases under information asymmetry if, and only if, b7 ) (b%) < b < 1.

Note that b¥M(bL) > b (bL) > b by Lemma A.8(i) and that 7@ (b)) < 1 if, and only if, b* €
(0,62®) by Lemma A.8(ii), where b*(®) € (0,1) is the unique value of b" that satisfies b3 (b%) = 1. This
implies that, when the brand-name firm is L—type and, b* € (0,1) and b € (b*, min{p"”™® (b),1}), the
consumer surplus increases under information asymmetry, i.e., AS < 0, if, and only if, b* € (0,b*®)) and
bH € (b3 (bF), min{p7 M) (bE), 1}).

Part (ii): By Proposition 1, with information asymmetry in the signaling period: the brand-name firm is a

monopoly in the market, and the amount of the brand-name drug that the representative consumer purchases

H is equal to ¢ = ap — b*pMH# when b € (0,1) and b" € (b*, min{b” M (b%),1})

per-unit time at price pM
and the brand-name firm is L—type. As a result, the consumer surplus per-unit time in the signaling period
is given by S*(q},0) =U"(¢¥,0), and the total firm profit per-unit time is given by I} (p¥#) = (py* —

c)(ap — b p¥ ) where py ¥ is given by (4). Whereas, in the full-information period, by condition (11), the
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generic firm, by incurring the fixed capacity cost K, enters the market and competes with the L—type brand-
name firm. Hence, there is duopoly in the full-information period, and the amount of brand-name and generic
drugs that the representative consumer purchases per-unit time, at prices p5* and p5* is, respectively, equal
to g% and ¢S5 as given by (B.1). Then the consumer surplus per-unit time in the full-information period is
equal to S*(q5*,¢5%) =U*(q5*,¢5*), and the total firm profit per-unit time is given by I8 + 115, where
IIP* is, respectively, given by (9) and (10), for j € {B,G}. Therefore, when there is information asymmetry

in the signaling period, the total social welfare Wg over both periods is given by
Wo= [ et (sh a0 EHO Y [T e (845 a8+ 1B g ar - KT (B)
0 T
On the other hand, without information asymmetry in the signaling period, by condition (11), the generic
firm, by incurring the fixed capacity cost K, enters the market and competes with the brand-name firm at the
beginning of the signaling period. Then the generic and brand-name firms compete as duopoly throughout
both the signaling and full-information periods. Consequently, the amount of brand-name and generic drugs
that the representative consumer purchases per-unit time at prices pE~ and pg* is, respectively, equal to g5~
and g2 as given by (B.1). Then the consumer surplus per-unit time is equal to S*(¢5%, ¢5%) =U*(¢5*,qB"),
and the total firm profit per-unit time is given by IIZ* + II5%, where IIP* is, respectively, given by (9)
and (10), for j € {B,G}. Therefore, without information asymmetry, the total social welfare Wy over both
periods is given by

Wi = / et (SL(qu, gBL) + IIR% HgL)dt ~K. (B.8)
0

Then, by using (B.7) and (B.8), we obtain

1—e*T
W = Wi == (S*(a3,0) + T (b ™) = 5" (a§"a8") ~ TIR" ~TIZ" +F)
1—e "7 L/OB 2 L
—W<—4b (57 =) +6:( )+32k), (B.9)
where k= pK, and
oyt MEEP | ok dac(hah—3ac) | T(@h) +bha} — 2 yiba)
2 : b (2 — bLy2)2 2 — bLa? bE(bEvy2 — 1)

By (B.9), Ws — W is a concave and quadratic function of 1/6%. Moreover, by (A.1), ©2(b*) >0, and thus
Ws — Wp =0 has two different real roots with respect to 1/b7, with one being negative and the other being
positive. Therefore, we obtain that Ws > Wy if, and only if, 0 < 1/b" < 1/b7® (bE), i.e., b > @ (b)),
where 1/b%®) (bL) is the larger root of Ws — Wy =0 and satisfies
bH(4)(bL):: 205b" -
Yot B3 T 0,07
Furthermore, by Lemma A.8(i) and (iii), b*) (%) > b for b* € (0,1) and b" ¥ (b%) < 1 if, and only if, b* €
(0,6%9)), where b*(®) is uniquely determined by b4 (b*(®)) = 1. Then it follows from that, when the brand-

name firm is L—type and, b* € (0,1) and b” € (b, min{b” ) (b*),1}), the information asymmetry increases

the social welfare, i.e., Ws > Wr, if, and only if, b* € (0,b%®) and b¥ € (b7® (bL), min{b"? M) (b),1}). O
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C. Information Asymmetry on Production Cost

In contrast to our base model in the paper, we now assume that consumers’ relative price sensitivity is
common knowledge and the brand-name firm possesses private information solely on its unit production
cost at the start of the signaling period. We drop the superscript ¢ and use b for consumers’ relative price
sensitivity. The brand-name firm’s unit production cost can be either high (c¢*) or low (c*). The generic firm
believes that the brand-name firm’s unit production cost is ¢ with probability A. and ¢ with probability
1 — .. Similarly, we refer to the brand-name firm as H—type and L—type when its unit production cost is
¢ and c*, respectively, and use superscript m € {H, L} to denote the brand-name firm’s type. All the other

model setup is identical to that in our base model in the paper.

Monopoly setting. The monopoly prices and profits of m—type brand-name firm in this case is,

respectively given by: ,
"« ag —bc™
p]élmzi—"—i and H}J;I'm: ( B )

2 2 4b
Duopoly setting. Lemma C.1 characterizes the equilibrium prices of the two types of drugs when the

, me{H,L}. (C.1)

brand-name firm and the generic firm compete in the market. The proof of all results in this appendix is

given in Appendix C.3.

LemMA C.1 (Duopoly). For m € {H, L}, the m—type brand-name firm and the generic firm compete as

duopoly and the optimal prices of brand-name and generic drugs are, respectively, given by:

m L. —ap agy m 1 m 20
Py 2<C +b2_b72>,p8 4(304G043’Y+b0 72_1)72), (C2)
if, and only if, )
byag ™ aq(4—3by?) ™
max{ag,m—kbc }<OZB<W+IJC . (Cg)

By using Lemma C.1, we obtain the profits of brand-name and generic firms in the duopoly setting when

the brand-name firm is m—type, respectively, as follows:

[2ag — by(ag +apy) —be™ (2 — by?)] ?
85(2 — by?)(1 —by?) ’

[(a5 = be™)(2 = 72)y — aa(4 = 3072)]”
16(2 —by2)2(1 - by?) '

Further, to ensure there is competition so that both drugs exist in the market when the brand-name firm

IE™ =% (pp™) = (C.4)

g™ =115 (pg™) = (C.5)

is H— or L—type (i.e., condition (C.3) is satisfied for m € {H, L}), we restrict our analysis in this appendix
to cases where the following condition is satisfied:

o 2
ag=3b7) g e <08 ,
(2 —-b7v%) b 2-by?

A necessary condition. Akin to the necessary condition in (11) in the paper, the following condition

ap YOG

(C.6)

ag < oap <

is necessary for the GCP to occur:
(1= A)IEF + A IIE7 <k <T 5", (C.7)
The above condition (C.7) ensures that the generic firm enters the market only when he knows the brand-

name firm is H—type and stays out otherwise. It further implies that the generic firm earns more profits

when facing an H—type brand-name firm than when facing an L—type one, which is always valid by (C.5).
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C.1. The Stable Equilibrium and The GCP

We use backward induction to characterize the perfect Bayesian equilibrium (PBE) of the sequential game
between the brand-name and the generic firm in pure strategies. In line with Section 4 in the paper, we focus
on the equilibrium outcomes in the signaling period, since the equilibrium results in the full-information
period are straightforward. Specifically, in the full-information period, all information is revealed to public
and, by (C.7), the generic firm, if he has not already, enters the market if, and only if, the brand-name firm
is H—type.

Proposition C.1 characterizes the stable equilibrium, which survives the Intuitive Criterion. In preparation,

we define the following threshold values:

Q. ae @ ac =30 @) 97 —16by —2VA,
T2 T T (2092 T T (826092 + 116%91)/(206)
ny . esy—ac) +VA - pey _as 70
c = ¢ B _ ’
b(2—b7?) b 2-by?

where

Ay :=2byas (20 — agy) (1 —by?),

Ay :=b(36 — T5by? +49b%y* — 10634°).
Also see (C.13) for the definition of the threshold ¢,

PropPoOSITION C.1. Suppose that (C.6) and (C.7) are satisfied.

(i) Forby?<4/5, max{ag,al'} <ap<a'?, HW < <A@ and b € (0,cD), the stable equilibrium
is a separating equilibrium, in which in the signaling period, the H—type brand-name firm charges its duopoly
price p5™, while the L—type brand-name firm charges its monopoly price pM*.

(ii) For c* € (max{0,c*M} cH), the stable equilibrium is a pooling equilibrium, in which in the signaling
ML

period, H— and L—type brand-name firms charge the price py

Proposition C.1 shows that the stable equilibrium is pooling when the gap between ¢ and ¢’ is small enough,
whereas the stable equilibrium is a separating equilibrium when consumers’ valuation for the brand-name
drug is sufficiently large and two brand-name firm types are sufficiently different (i.e., ¢” is small enough
(ck € (0,cEM)) and ¢ is large enough (¢ € (™M ¢H#())). The intuition behind the stable equilibrium
in Proposition C.1 is similar to that of Proposition 1 in the paper. Specifically, to prevent entry of the
generic firm, the H—type brand-name firm mimics the L type and charges its monopoly price in a pooling
equilibrium. Doing so is profitable for the H type only when L type’s monopoly price pH¥* is not too low,
i.e., when the two types of brand-name firm are sufficiently similar.

It should be noted that, slightly different from the base model, consumers’ valuation for the brand-name
drug affects the stable equilibrium in this appendix. When consumers’ valuation for the brand-name drug is
relatively high (i.e., max{ag,ag)} <ap< ag)), the demand for the brand-name drug is very high and the
competition does not reduce it significantly. As a result, in such cases, to deter generic entry in cases when the

brand-name firm types are very different, the H—type brand-name firm needs lower its price substantially.
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Instead, the H type allows generic entry and competes with the generic firm by charging its duopoly price.
Hence, both brand-name firm types choose different prices and reveal their types when consumers’ valuation
for the brand-name drug is high enough and the two types of the brand-name firm are different enough. In
contrast, when consumers’ valuation for the brand-name drug is not sufficiently high, competition from the
generic firm significantly reduces the demand for the brand-name drug, and thus the H type always prefers
pooling and mimicking the L type to deter the generic entry.

Next, by using Proposition C.1, Theorem C.1 identifies cases where the GCP occurs in stable equilibrium.

THEOREM C.1. In the stable equilibrium in Proposition C.1, the GCP occurs if, and only if, the brand-name
firm is H—type, by? < 4/5, max{ag,ag)} <ap< ag), 5795 < ! <@ and " € (max{0,c-M}, M

agy )
2—by2

Theorem C.1, similar to Theorem 1 in the paper, shows that the GCP will occur only when the brand-name
firm is H—type and the gap between c¥ and c” is small, but not too small. The key intuition behind Theorem
1 is similar to that behind Theorem 1.

C.2. Welfare Implications

After characterizing the stable equilibrium and identifying the cases where the GCP can occur, we further
investigate the impact of information asymmetry on consumer surplus and social welfare. Proposition C.2

summarizes our results. (See the proof of Proposition C.2 in Appendix C.3 for the definitions of v, M,

cHB)  cH@) and ¢b.)

PROPOSITION C.2. Suppose that the brand-name firm is H—type and c* € (max{0,c*M},cf) (i.e., the
stable equilibrium in Proposition C.1 is pooling).

(i) The consumer surplus in the signaling period under information asymmetry increases relative to that

under complete information if v < by? < ‘ﬁ L
2 1 bM
2\_[5;02 <ap<a?, AP <M <MD gpd max{0,c*M} < ¢t < g<a3 = 6).
(ii) The social welfare in the signaling period under information asymmetry increases relative to that under

complete information if v < by? < F L

}< ap <at? H® < <min{c?® a5/(2b)}, and max{0,c"M} < " <.

Akin to Proposmon 2 in the paper, Proposition C.2 shows that both consumer surplus and social wel-
fare can benefit from the information asymmetry in the signaling period. This indicates that the welfare
implications in our base model continue to hold.

C.3. Proofs of the Results in Appendix C.

Proof of Lemma C.1. Using backward induction, we characterize the equilibrium demand for brand-name
and generic drugs in a duopoly setting by assuming positive demand for each, and then establish conditions
for this positive demand to ensure competition between the two. By the similar procedure to the proof of
Lemma 1 in Appendix B, for m € {H, L}, we obtain ¢5™ and ¢5™ as below:

pm_ (2=b07%)(ap —bc™) —byag pm (4= 307?) — (ap —bc™) (2 —by?)y
e 4(1-b72) and ¢g™ = 12—02) (1= by?) R CR)
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Given the fact ap > ag, both ¢g5™ and ¢&™ being positive for V m € {H, L} is equivalent to
ag(4—3by%)
Y(2-07?)

b
max{ag, % +bcm} <ap <

+bc™, Vme{H, L}, (C.9)
which completes the proof. [

Proof of Proposition C.1. To obtain the stable equilibrium, we firstly identify the L—type brand-name
firm’s dominant strategy in equilibrium, and then use this to obtain the unique equilibrium. For the unique
equilibrium, it is clear that it must survive the Intuitive Criterion and thus is the stable equilibrium. Note
that, when the equilibrium is unique, the Pareto dominance criterion is no longer needed.

Firstly, we show that charging the monopoly price p¥* in (C.1) is the L—type brand-name firm’s dominant
strategy. Suppose that the L—type brand-name firm charges its monopoly price p¥ %, then there are two
possible outcomes based on the response of the H—type brand-name firm, i.e., the H—type brand-name firm
charges the same or a different price from p¥ . If the H—type brand-name firm charges the same price as
p¥E then by (C.7), after observing the price, the generic firm will not enter the market. Thus, the L—type
brand-name firm will earn its monopoly profit II¥* as given by (C.1), which is the best it can earn. On
the other hand, if the H—type brand-name firm charges a price different from p¥*, the generic firm can
distinguish between H— and L—type brand-name firms after observing their prices. Thus, when observing
price pyL, the generic firm will realize that the brand-name firm is L—type and will stay out of the market
by (C.7). As a result, by charging the price p¥*, the L—type brand-name firm can still obtain its monopoly
profit, which is the best it can earn. Therefore, in both cases, the L—type brand-name firm always earns the
monopoly /best profit, which is larger than that from charging any other price. This means, charging price
pME is the L—type brand-name firm’s dominant strategy, and thus is the L—type’s strategy in equilibrium.

Secondly, based on the L—type brand-name firm’s dominant strategy of charging its monopoly price p¥*,
there will be a pooling equilibrium in which the H—type charges the same price, if and only if

Up(H,p¥ ", {H,L}) > max Ilz(H,pg, H). (C.10)

pp#pM L
Note that by charging the same price p}*, according to (C.7), the H—type brand-name firm can deter entry
of the generic firm. Condition (C.10) ensures that the H—type brand-name firm earns more profits when
charging the price p¥* to deter generic entry than the best it can obtain by charging any other price and

revealing its type. Then condition (C.10) is equivalent to

ap —bp2H — by(ag — p2H
(P = ) am — i) 2 (g — ) 2B (00 ZIG), (©1)

The left-hand side of (C.11) is increasing in c* for c* < ¢, and (C.11) strictly holds when c* = ¢”. Moreover,

when ¢* =0, (C.11) holds if and only if F;(c;b) > 0, where

Fi(c™;b) :=2ag(ap —2bc™)(2 - by*) (1 — bv*) — [2a5 — by(ag + apy) —be™ (2 — IWQ)]Q. (C.12)

It shows that F;(c;b) is concave in ¢, and F,(0;0) = —by [byaZ — 2apag(2 —by?) +va%(2 — by?)] > 0 for
ap that satisfies (C.3) in Lemma C.1. Thus, solving F;(c;b) > 0 yields 0 < ¢ < (),
Recall from (C.6) that we only focus on the market where ag < ap < ag), and 0 < c? < ¢, To identify

the conditions such that F;(c;b) > 0, we need to compare ¢! with ¢7(?). It shows that ¢7() > (2 if,
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and only if, ap < o', For ap > ol and ¢7®) < ¢ < ¢#® | (C.11) holds if, and only if, & € (cFW) ety

where ¢V is given by

1 2ba2 (ap — bcH)2 = 2byag(ap — bet) + ba
M) = cH—\/ib\/(aB—bcH)?-i—z_bf;? + = Wil b <, (C.13)

Next, by comparing the upper bound a'?) of a given in (C.6) with o' we obtain that o)’

<ol B 1f and
only if, 0 < by? < 4/5.

Therefore, for the parameter space specified by (C.6), the equilibrium is a pooling equilibrium if, and only

(1) 4/5<by? <1, ag<ap<a) 0<c <@ and cf € (0,c7), or (i) 0< by? <4/5, ag < ap <a'?),
0<cf <c?® and c* € (max{0,ct!M}, cf); the equilibrium is a separating equilibrium if, and only if,
0< b2 <4/5, max{ag, 0} <ap <al), H® < < 2@ and & e (0,cEM).

Note that both the pooling and separating equilibrium are the unique equilibrium, and hence they are the

stable equilibrium. [
Proof of Theorem C.1. Based on Proposition C.1, when the brand-name firm is L—type, there is no
generic entry both in the signaling and full-information periods, and thus the GCP cannot occur. When the
brand-name firm is H—type and the stable equilibrium is separating, the price of the brand-name drug will
decrease from its monopoly level p¥*# to the duopoly level pB¥ at the beginning of the signaling period and
then will remain unchanged, i.e., the GCP does not exist either. Therefore, the GCP could only occur when
the stable equilibrium is pooling and the brand-name firm is H—type.

Therefore, based on Proposition C.1, we only need to focus on the situation where the brand-name firm
is H—type, and c* € (max{0,c*(M}, cf), with (C.6) being satisfied. In such cases, by Proposition C.1, both
the L— and H—type brand-name firms charge the same price p¥¥* in the signaling period, and generic entry
does not occur. Whereas, in the full-information period, since the brand-name firm’s type is observable to
the generic firm, by (C.7), the generic firm will enter the market to compete with the H—type brand-name
firm. Hence, the H—type brand-name firm will optimally choose its duopoly price p5* in the full-information

period. Thus, the emergence of the GCP is equivalent to pM* < p2¥ i.e., by (C.1) and (C.2),

H acy L H agy
—2_b72>c and ¢ >2—b'y?' (C.14)

ML (

To identify the conditions such that py* < p2 ., (C.14) is satisfied), we analyze the following two cases.

Case (i):4/5 <2 <1, ag <ap <o, 0<c? <cH® and ¢ € (0,c¢H): In this case, we have ap < aly) <

o' By the condition on ¢ in (C.14), it requ1res M € (5159, ¢"®)) for the GCP to occur, which implies

that ¢7(®) > o <3, i.e., it requires ap > aB , being a contradlctlon of ap < ag) < ag) Therefore, the GCP
does not exist in this case.

Case (ii): 0 < by? <4/5, ag < ap <o, 0<c <@ and ¢ € (max{0,c“M},c"): In this case, we have

cH@) > "szz if, and only if, ap > aB) Since inequality (C.11) strictly holds when ¢* = ¢! b 2, we have
D < et — 2a7. Therefore, given the conditions in this case, there is GCP if, and only if, max{ag, B)} <
ap <af, 2‘1@” <ctt <@ and ¢ € (max{0,ctM}, c — F¢%). O

Proof of Proposition C.2. Supposing c* € (max{0,c*M},c#), with (C.6) being satisfied (i.e., the stable
equilibrium is pooling in the signaling period under information asymmetry) and the brand-name firm is

H—type, we prove each part of the proposition separately.
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Part(i). Note that in this appendix, we drop the superscript ¢ for b’ and use b in the representative
consumer’s net utility as given by (1), writing it as U(gp,qg). The representative consumer has the same
consumption profile (i.e., ¢z and gg) throughout the signaling period. Given ¢z and gq, the consumer surplus
in the signaling period is equal to fOT e " U(qp,qc)dt = (1 — e *T)U(qp,q:)/p- Thus, to analyse the impact
of information asymmetry on consumer surplus in the signaling period when the brand-name firm is H—type
and c* € (max{0,c*M}, M), with (C.6) being satisfied, it is enough to compare the representative consumer’s
net utility per-unit time, U(gp, go), with and without the information asymmetry.

By Proposition C.1, with information asymmetry, the brand-name firm monopolizes the market, and the
amount of the brand-name drug that the representative consumer purchases per-unit time at price p¥* is
equal to §p = ap —bp¥*. As a result, the consumer surplus per-unit time under information asymmetry is
given by S(ds,0) =U(ds,0).

On the other hand, without information asymmetry, by condition (C.7), the generic firm enters the market
and competes with the brand-name firm when the brand-name firm is H—type. Consequently, in absence of
information asymmetry there is a duopoly in the signaling period, and the amount of brand-name and generic

drugs that the representative consumer purchases per-unit time, at prices p5# and p2, is respectively equal

H DH

to g5 and g5 as given by (C.8). The consumer surplus per-unit time without information asymmetry is

equal to S(g5™,q8") =U(g5",q5").

Next, to examine the impact of information asymmetry, we compare the consumer surplus per-unit time
with and without information asymmetry, i.e., S(Gg,0) with S(¢52%,¢5*). To that end, letting dp = ap —

bcf | we define AS :=S(¢5¥,¢58") — S(Gs,0), and then obtain that

39AS — M 3aB i 4aZ, dag(ag+vap) @4 +baZ —2byagds (C.15)
b b (2 —by?2)2 2 —by? b(1 —by?) '
=:Mg

By (C.15), AS is a concave and quadratic function of c*. Note that when c* = c¢#, AS > 0 always holds true.
This, also by the assumption that ¢ < ¢, implies that AS > 0 if, and only if

1( _ \/bMG
p\"ET Ty

><cL<cH,

2

2vbag
2—by2

in which * (aB — Y bMG) is the smaller root of AS =0 with respect to c’. In addition, + (aB — Y bQMG) >0
if, and only if, ap > and c” > ¢ where ¢ is the unique c” value that satisfies 4o — bMg =0

and cH®) < H@),

Furthermore, for the stable pooling equilibrium as described in Proposition C.1, i.e., for the situation

ct € (max{0,c*M} M) and (C.6) being satisfied, under the conditions such that %(aB — bQMG) >0, we

obtain that %(aB — 7”72/”6) > ¢ if and only if v < by? < 1, where v is the unique solution to
64 — 352+/b72 + 96> + 232b2 4% — 40b%+* — 6b3 5 — 3345 =0

with respect to by2. Therefore, we obtain that the consumer surplus increases under information asymmetry,

e., AS <0, if, and only if,

13—1 2vb 1 bM
V<b’72 < \/; s 2\_[;; <aB<Ozg), G <ot <CH(1); and max{och(l)}<CL< 6(0”3_ 2 6)’
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2vbag
2—by2

is the unique solution to

where ~ 1371

—a?) =0 with respect to by2.

Part(ii). By Proposition C.1, with information asymmetry in the signaling period: the brand-name firm
monopolizes the market, and the amount of the brand-name drug that the representative consumer purchases
per-unit time at price p¥’ is equal to §g = ap — bp¥~. As a result, the consumer surplus per-unit time
in the signaling period is given by S(Gz,0) =U({z,0), and the total firm profit per-unit time is given by
I H (pYE) = (py*E — ™) (ap — bpi ™), where pi© is given by (C.1). Whereas, in the full-information period,
by condition (C.7), the generic firm, by incurring the fixed capacity cost K, enters the market and competes
with the H—type brand-name firm. Hence, there is duopoly in the full-information period, and the amount
of brand-name and generic drugs that the representative consumer purchases per-unit time, at prices pB¥
and p5* is, respectively, equal to ¢5¥ and g5 as given by (C.8). Then the consumer surplus per-unit time
in the full-information period is equal to S(gg™,¢8") =U(¢5",q5"), and the total firm profit per-unit time
is given by TIZ" +TIg", where TIP" is, respectively, given by (C.4) and (C.5), for j € {B,G}. Therefore,
when there is information asymmetry in the signaling period, the total social welfare Ws over both periods
is given by

T oo
W = /O e (S(ds,0) + Y (p™) )t + /T e (S(aB™, qf") + B + 1B Yat — Ke . (C.16)

On the other hand, without information asymmetry in the signaling period, by condition (C.7), the generic
firm, by incurring the fixed capacity cost K, enters the market and competes with the brand-name firm at the
beginning of the signaling period. Then the generic and brand-name firms compete as duopoly throughout
both the signaling and full-information periods. Consequently, the amount of brand-name and generic drugs
that the representative consumer purchases per-unit time at prices p5* and p2* is, respectively, equal to g5
and g8 as given by (C.8). Then the consumer surplus per-unit time is equal to S(g57,¢8") =U(q5",q8"),
and the total firm profit per-unit time is given by IIZ" +IIg", where IIP" is, respectively, given by (C.4)
and (C.5), for j € {B,G}. Therefore, without information asymmetry, the total social welfare Wy over both
periods is given by

W = / et (u(ng, gBH) + TIBH 4 HgH)dt ~K. (C.17)
0

Then, by using (C.16) and (C.17), we obtain

1—eT
W= Wi = 22 (1, 0) + T 03 7) ~U(a 08" B T2+ 1)
1—erT Lo
where k= pK, and AW(c*;c?) is given by
AW(c";e™) = —4b(cF)? + 8¢5 (2bc™ — ap) — 5b(c™)? —6c ap + T, + 4o
) . B B b (2 — b’}/2)2
_dagBag —vap) | T(a +bal —2byagag)
2 —by? b(by? —1)

This, by (C.18), indicates that the social welfare tends to be larger with asymmetric information than that

without information asymmetry in the signaling period, when the generic firm’s fixed capacity cost is higher.



Cui, Arifoglu and Zhan: Generic Competition Paradox and the Role of Information Asymmetry

manuscript no. 29

Next, we identify the sufficient conditions such that Ws > Wp. To this end, by (C.18), we only need to show
the sufficient conditions such that AW(c*; c?)+ 32k > 0. Suppose that 2bc < ap. Then AW(cb; ) + 32k >
0 if, and only if, AW(0;c®) + 32k > 0 and

0< b <abimopi _ OB 2\1/5\/11:523 32k 40 4dag(3ag —vag) | T(a% +bad —2byagag)

b (2 —bvy?)? 2—by? b(by? —1)
We further identify the sufficient conditions such that AW(0;c™) + 32k > 0, for k that satisfies (C.7). Note
that AW(0; c) is concave in ¢. Then by some algebra, we obtain that AW(0;¢) > 0if (i) v < by? < @,

(i) max{a'® 22‘15;,?5 }<ap<al?, and (iii) 2@ < ¢ <min{c?®) ap/(2b)}, where 2@ < ¢HG) and

HO)HE) B1-by2  2-072(3-69?) 2-by? 1-b2
b(5+ =)

1—by2

443672 byag(16—9by2) 12\/11042 ~ Sbag(2ag-apn) _ T(ah+abaZ —dbyapac)
B

(C.19)

Finally, by further incorporating the condition 0 < ¢* < ¢* and the condition such that the stable equilibrium

is pooling in Proposition C.1, we complete the proof. [

D. Dual Sources of Information Asymmetry

In this appendix, we analyze the impact of information asymmetry on both the brand-name firm’s unit
production cost and consumers’ relative price sensitivity. As in our base model, consumers’ relative price
sensitivity is either b% or b¥. The brand-name firm has private information about this sensitivity, while the
generic firm is unaware of the actual relative price sensitivity and his prior probability that the relative price
sensitivity is b is denoted by \,. Similarly, the unit production cost of the brand-name firm is either high,
cf, or low, c¥; moreover, the brand-name firm knows its unit production cost, while the generic firm does not
have this information. We let A, denote the generic firm’s prior probability that the unit production cost is
equal to c. For simplicity, we assume that the unit production cost and consumers’ relative price sensitivity
are independent. Letting ¢ € {H, L} and m € {H, L}, respectively, denote the type of the brand-name firm
in consumers’ relative price sensitivity and unit production cost, we use the superscript “im” to denote the
overall type of the brand-name firm. There are four brand-name firm types in this case. Letting \'™ be the
generic firm’s prior probability that the brand-name firm’s type is im, we have A7H = A\, A, AL = X\, (1—N,),
A = (1 — X)) Ae, and AEE = (1 — A,)(1 — A.). All other aspects of the model setup remain the same as in
Section 3 of the paper.
The monopoly price and profit of the im—type brand-name firm in this case is, respectively given by:

Mim _ € QB Mim _ (s = b'c™)?
= ~ and II = -
Pe =5 Ty 5 4bi
Lemma D.1 characterizes the duopoly prices of brand-name and generic firms and specifies the conditions

,i€{H,L}, me{H,L}. (D.1)

under which they compete when the brand-name firm is of the im—type.

LEMMA D.1 (Duopoly). In the duopoly setting, for i,m € {H,L}, the im—type brand-name firm and
the generic firm are competing in the market, and the optimal prices of brand-name and generic drugs are,

respectively, given by:

) 1 le’ le’ ) 1 ) 2
Dim __ m B G’Y Dim __ 1 .,m G -
P =4 <c + = _2—bi72>’ Dé —4(3ag—o¢37+bc 7_2—bi'y2>’ i,me{H,L}, (D.2)

if, and only if,

b . 4 — 3biy?
1904 e} < < U= W)

— L piem, D.3
Y(2-b?) (B-3)

max {Oéc,

2—b



Cui, Arifoglu and Zhan: Generic Competition Paradox and the Role of Information Asymmetry

30 manuscript no.

By Lemma D.1, the optimal profits of brand-name and generic firms are, respectively, given by
[2ap —b'y(ag 4+ apy) —bc™ (2 —b'vy?)] 2

8bi(2 — biy2)(1 — biy?) ’
[(ap —bie™) (2= by*)y — ac(4 3672

16(2 — b*y2)2(1 — biy?) '

Dim — im Dim\ __
Iy =11 (pp™) =

15 = () =

It is evident that the profit II5™™ decreases with ¢™, while the profit II5*™ increases with ¢™, i.e., I < IIE
and T2 > TI5* for ¢ € { H, L}. Similar to our base model (see Section 3.5 in the paper), to ensure that the
GCP can occur, we restrict our analysis to cases where the generic firm earns more profits when consumers’
relative price sensitivity is low. Lemma D.2 derives a sufficient condition for IIZ*™ > II2#™ for m € {H,L}

and thereby shows that there are cases where our results in this appendix apply.

LEMMA D.2. For m € {H,L}, the generic firm earns more when facing Lm—type brand name firm than

when facing Hm—type brand-name firm, i.e., IIZL™ >TIEH™ for all 0 <b® <b" <1, if
2c" g < ag(4—3792)

(2c —72ch)(2-9%)
+ <ap< +c* and ag >
¥y T T (29 ¢ 29(1-9?)

(D.4)

For illustration purpose, we only focus on scenarios where LL—, HH—, and LH—type brand-name firms
have incentives to mimic the HL type. We acknowledge that there can be other scenarios where the GCP
can happen. To this end, we assume that the (discounted) capacity cost k and the prior probability A“™
satisfy:

YooY AR <k <min{TIY TIZHY. (D.5)

i€{H,L} me{H,L}
Condition (D.5) ensures that the generic firm does not enter the market when he knows the brand-name
firm is HL—type or the price of the brand-name drug observed in the signaling period is uninformative.
Throughout this appendix, we restrict our analysis to cases where conditions (D.4) and (D.5) hold true.

D.1. The GCP in Equilibrium

Similar to Section 4 of the paper, we use backward induction to characterize the PBE of the sequential game
between brand-name and generic firms in pure strategies. The equilibrium strategies in the full-information
period can be easily characterized. By (D.5), the generic firm will not enter the market when he knows that
the brand-name firm is H L—type, or when the price observed is uninformative. Thus, if the generic firm
has not yet entered the market in the signaling period, he will not enter the market in the full-information
period when the brand-name firm is H L—type, thus enabling the brand-name firm to maintain its monopoly
status. Otherwise, he will enter the market and compete with the HH—, LL—, or LH—type. On the other
hand, if the generic firm has entered the market in the signaling period, he will continue to be in the market,
and thus the brand-name and generic firms continue competing as a duopoly.

We next focus on the signaling period and characterize the stable equilibrium in Proposition D.1. In

reparation, we let ap :=ap —b*cf and
b

1
apV/2bE \/2 — b2 T blr2 + ap

~ 1 202 (@py—ag)? cT—c
BEOD (b, ) = 1/(7 - c 5 )
b bL
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PROPOSITION D.1. Suppose that the discounted fized capacity cost satisfies the condition (D.5). In the
stable equilibrium, in the signaling period, the prices of HL— and H H—type brand-name firms are the same

and equal to pEH = pHL = pMHL

o {pgﬂ, if b € (b, min{b7 M (b, ™), 1}),

, while the price of Lm—type brand-name firm m € {H,L} is given by:
Ps pEE™. otherwise.
Moreover, in the signaling period, the generic firm stays out when observing py'* and enters the market by

charging price pBX™ when observing po*t™.

Proposition D.1 shows that, in the stable equilibrium, the H L—type brand-name firm always charges its
monopoly price. This is the HL—type’s dominant strategy since after observing this price, by (D.5), the
generic firm does not enter the market regardless of whether other types mimic the HL—type or not. The
H H—type brand-name firm always mimics the HL type by charging its monopoly price and thereby deters
generic entry. The cost of mimicking the HL type is not significant for the HH type because HL type’s
monopoly price p¥ 7% is reasonably high.

In addition, because it has the same unit production cost as the HL—type, LL—type brand-name firm
only needs to consider the gap between b” and b* when determining whether to mimic the HL—type.
Akin to the equilibrium strategy of the L—type brand-name firm characterized in Proposition 1 in Section
4.3 of the paper, when the types HL and LL are sufficiently different (i.e., the gap between b and b* is
sufficiently large), the LL—type brand-name firm chooses its duopoly price to separate from the H L—type
and thus allows generic entry. However, when the HL and LL types are sufficiently similar, i.e., b7 €

(bL,min{/l;H(l)(bL,cL), 1}), the LL—type brand-name firm mimics the H L—type by charging its price p¥ L~

which is lower than the LL—type’s own monopoly price p¥ ¥ (i.e., limit pricing). That is, LL—type uses limit
pricing as an anticompetitive practice to deter generic entry by hiding.

Lastly, the LH—type brand-name firm behaves significantly different from the HL type, and both b7
and c¥ play a role in its equilibrium strategy. Different from the LL and HH types, the LH—type brand-
name firm differentiates itself from the H L—type in two aspects: the LH type has a lower consumer price
sensitivity (i.e., b*) and a higher unit production cost (i.e., ¢®). Thus, as shown by Proposition D.1, the
LH—type brand-name firm prefers to mimic the HL type by charging its price pX L only when the gap
between b and b" is sufficiently small by taking into account the cost difference between ¢” and c* (i.e.,
b e (b", min{gH(l) (b, c"),1})). In such cases, although the pooling price p¥ ¥~ is lower than the LH —type
brand-name firm’s own monopoly price (i.e., limit pricing), it is not significantly low due to the small gap
between b and b%. Therefore, the LH—type brand-name firm gains from pooling, instead of revealing its
type and allowing generic entry.

Proposition D.1 also shows that, compared to the LL type, LH—type brand-name firm uses limit pricing
in less cases (i.e., b (b, c) < b7 (M) (- L)), The intuition is as follows. The post-entry price of the brand-
name drug is higher for the LH type than LL type (i.e., pBX¥ > pBLL). Therefore, a smaller gap between
b and b* can guarantee a relatively high pooling price (i.e., pX#%) for the LH type, so that it is profitable

to mimic HL type and deter the generic entry.
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Finally, Theorem D.1 characterizes the conditions under which the GCP occurs. In preparation, we define

PH2) — bH(2) = 1/( L %) '

In addition, 5*® € (0,1) uniquely solves b7 (bE, c) =1 with respect to b%, and b¥® is defined in Section

4.4 of the paper.

THEOREM D.1. In the stable equilibrium in Proposition D.1, the GCP occurs if, and only if, (i) the brand-
name firm’s type is LL, b* € (0,6*®), and b" € (b (b*), min{b"” ) (b c*),1}), or (ii) the brand-name
firm’s type is LH, and b" € (0,6*@) and b" € (b7 (b%, =), min{b" D (b", c7),1}).

Akin to Theorem 1 in the paper, Theorem D.1 shows that the GCP still occurs when the brand-name
firm has private information about consumers’ relative price sensitivity and its own unit production cost.
Utilizing Theorem D.1, and upon comparing the LL— and LH —type brand-name firms, it is observed that
for an LH—type brand-name firm, a relatively smaller gap between b7 and b% can trigger the GCP, i.e.,
EH(Q)(bL,cL) < b (bl). This occurs because the post-entry price of the LH —type brand-name firm in the
full-information period, p5=# | is higher than that of the LL type, p5%¥, reducing the necessary gap between
bH and b* for the GCP to occur when the brand-name firm is of the LH —type.

D.2. Information Asymmetry and Welfare Implications

Next, following a similar procedure as in Section 5 of the paper, we examine how the information asymmetry
affects consumer surplus and social welfare when there are two sources of information asymmetry. To ensure
a fair comparison, we assume both conditions (C.3) and (D.4) are satisfied. Proposition D.2 summarizes our
results. As a preparation, suppressing their dependence on b”, we define the thresholds: Az :=a% + bla? —

2blvyagag, and

2 ~ ~9 2 ~
ey [ 2L age A | Abraclactrap) | 8 Fbrag — 2bMyachs )
bl ap 2blag (2 —bLy2)2 2 —bly? 1—bEn?
~ 2cH — ck 1 4bt a2 bl ag(yap — 3ag) A
H(4) — -~ L el c\vas G 3
b 1/( g \/llaB FBWE o s )

In addition, setting ¢ = c* for b7 (b*) and b¥ @ (b%), respectively, given by (20) and (21), we obtain that
B3 (b, cb) = bHG) (BE), bH® (b, cb) = b (b1), 56 = b and BH®) = pH(©). Similarly, setting ¢ =
for b7 (bL) given by (20), we obtain that b7 (bE, ¢L) = bTM) (BL), f.e., bTW (BL L) =bH D (bL L), All the

other threshold values are defined in Online Appendix C.

PROPOSITION D.2. Suppose that the discounted fized capacity cost satisfies the condition (D.5).
(i) The consumer surplus in the signaling period with information asymmetry increases relative to that
without information asymmetry if:
(a) b" € (0,6%)) and b € (b73) (b, cL), min{b" D (b%, cF),1}) when the brand-name firm is LL—type;
(b) max{b*, b7 3} < b7 < min{b" M (b%, "), 1} when the brand-name firm is LH— type.
i e social welfare in the signaling period with information asymmetry increases relative to that withou
i) Th jal wel in the signali jod with i ti try i lative to that without

information asymmetry if:
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(a) v < bH~? < */f’l, max{ag),%} <ap <a?, HO® < < min{c?@® ag/(267)} and

max{0,c*M} < ¢ < & when the brand-name firm is HH—type;
(b) bE € (0,b5®) and b7 € (bT® (b% L), min{b” W (b", c%),1}) when the brand-name firm is LL—type;
(¢) BT < b7 < min{b? D (b%, "), 1} when the brand-name firm is LH—type.

Similar to Proposition 2 in the paper, Proposition D.2 shows that both consumer surplus and social
welfare can benefit from the information asymmetry in the signaling period. This indicates that the welfare
implications in our base model continue to hold. Specifically, when the brand-name firm is LL—type, the
impact of the information asymmetry on consumer surplus and social welfare reduces to that in Proposition
2 of the paper for ¢ = c’. Thus, the intuition follows from that of Proposition 2.

When the brand-name firm is HH—type, due to a stricter restriction on ap as given in (D.4), consumers
lose from the information asymmetry, whereas the impact of information asymmetry on social welfare reduces
to that shown in Proposition C.2(ii) in Online Appendix C for b = b". Finally, when the brand-name firm
is LH—type, although the unit production cost ¢ also plays a role, both consumers and the society can
still benefit from the information asymmetry, depending on how similar H L— and L H—types of brand-name
firms are. When the brand-name firm is LH —type, consumers benefit from the information asymmetry
in more cases than when the brand-name firm is LL—type. This is because in the signaling period, with

both LH or LL types, consumers face the same price for the brand-name drug (i.e., pX¥ %) when there is

information asymmetry; however, with L H —type brand-name firm, they pay a higher price p5** when there
is no information asymmetry. Lastly, we discuss the impact of additional source of information asymmetry
on consumer surplus and social welfare in Section 6.2 of the paper.

D.3. Proofs of the Results in Appendix D

Proof of Lemma D.1. Using backward induction, we characterize the equilibrium demand for brand-name
and generic drugs in a duopoly setting by assuming positive demand for each, and then establish conditions

for this positive demand to ensure competition between the two. By the similar procedure to the proof of

Dim Dim

Lemma 1 in Appendix B, for i,m € {H, L}, we obtain ¢5'™ and ¢5'™ as below:

: 4-3by?) — (ap —b'e™) (2= b'y?)y
d goim = 2l . D.
e e 42 -b192)(1 - b'y?) (D6)

Dim _ (2-b9?)(ap —be™) —byag
% 4(1 - biy?)

Given the fact ap > ag, both ¢5*™ and ¢5"™ being positive for V i,m € {H, L} is equivalent to

ag(4—3b"?)
7(2-b?)

b'yac

m +bicm, VLTI’LE{H,L}, (D7)

max{ac, +bicm} <ap<

which completes the proof. O
Proof of Lemma D.2. The proof is similar to that of Lemma A.3 in Appendix A.3. O
Proof of Proposition D.1. To obtain the stable equilibrium, we firstly identify the H L—type brand-name
firm’s dominant strategy in equilibrium, and then use this to obtain the unique equilibrium. For the unique
equilibrium, it is clear that it must survive the Intuitive Criterion and thus is the stable equilibrium. Note
that, when the equilibrium is unique, the Pareto dominance criterion is no longer needed.

MHL

Firstly, we show that charging the monopoly price pg is the HL—type brand-name firm’s dominant

strategy. Suppose that the HL—type brand-name firm charges its monopoly price py 7 ~. Based on (D.5),
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mimicking type HL is the only strategy for a brand-name firm (other than type HL) to deter generic entry.
We can obtain that, if the LH-type is willing to pool with the HL—type, both the LL— and HH —type
must be willing to pool with the HL—type (by backward induction, this statement is true based on each
player’s best response in equilibrium). Therefore, there can be five possible outcomes: (i) all the other types
mimic the HL—type, (ii) only LL— and HH—types mimic the HL—type, (iii) only LL—type mimics the
H L—type, (iv) only the H H—type mimics the H L—type, and (v) no one mimics the H L—type. By (D.5), in

all five cases, the generic firm’s expected revenue per unit time is less than the discounted fixed capacity cost,

and hence will not enter the market when observing the price pX %, Therefore, by charging the monopoly
price p¥ 7L whether being mimicked or not, the HL—type brand-name firm can always earn its monopoly

profit, which is the maximum it can obtain. That means, charging p¥“* is the H L—type brand-name firm’s

dominant strategy.
Secondly, based on the HL—type brand-name firm’s dominant strategy of charging its monopoly price
MHL

py Y, we consider the HH—, LL—, and LH —type brand-name firm’s strategy in equilibrium respectively.

For the LL—type brand-name firm: The analysis is the same as that of Proposition 1, just replacing ¢ with

ct'. Thus, the LL—type brand-name firm’s strategy in equilibrium is characterized by that of the L—type
brand-name firm in Proposition 1 of the paper.

For the H H—type brand-name firm: The analysis is similar to that of Proposition C.1. To deter generic

entry, the HH—type brand-name firm can only choose p¥ % to mimic type HL. With slight abuse of

notation, let im denote the generic firm’s expectation of the type of the brand-name firm when observing

price p¥ L. Therefore, the HH —type brand-name firm is willing to pool with the H L—type, if and only if
s (HH,pY"" im)> max Tz(HH,ps, HH). (D.8)

ppApYHL
Then condition (D.8) is equivalent to
. prgHH . bH’y(aG _ngH)
1—0bHA2
MHL

in which p¥ % and pPH# | j € {B, G}, are respectively given by (D.1) and (D.2). The left-hand side of (D.9)

J

«
(D7 — )y — DY) > (pRIH — )2

, (D.9)

is increasing in ¢ for ¢* < ¢, and (D.9) strictly holds when ¢* = ¢”. Moreover, when ¢* =0, (D.9) holds
if and only if F;(c?;0%) > 0, where F;(c”;b") is defined by (C.12) in Appendix C and is increasing in c”.

When ¢ =0, we have
Fi(0;6™) = =by b 70 —2a5a6(2 = b7?) + 70 (2 = b79%)] >0

for ap satisfying condition (D.4) in Lemma D.2. Thus, inequality (D.9) always holds, and thus the HH —type

brand-name firm is always willing to pool with the HL type.

For the LH—type brand-name firm: The L H —type brand-name firm can only choose p¥¥ £ to mimic type

H L. Therefore, the LH —type brand-name firm will choose to pool with the H L—type brand-name firm in

equilibrium if and only if

s (LH,pY " im)> max Igz(LH,pg, LH). (D.10)
ppFEpY HL
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Then condition (D.10) is equivalent to

L, DLH DLH
B—b"pp )

—b"v(ac —pg
1—bln2? ’
in which py#* and pP**", j € { B, G}, are respectively given by (D.1) and (D.2). Given 0 < b* <b" <1 and

c’ < ¢ inequality (D.11) holds true if and only if pM#~ > pp, i.e., if and only if b7 SEH(l)(bL,cH), where

(PMHL _ cH)(qp — bEpMHLY > (pDLH _ ¢ )a

(D.11)

Op:=ap—btc and
1 1 N ct —ct 202, (Apy—ag)? _  ap +HHM) (BT, cH) L
/I;H(l)(bL’CH) L ap apV20L \| 2 — b2 1—bly2 ' Pp = 2/b\H(1)(bL,cH) .

For simplicity, let b7 ZEH(l)(bL ¢). Then 1/b#M — 1/bH() s increasing in c“ for ¢* € (0,c¥), and
1/67M =1 /b7 when ¢ = ¢7; thus we have b7 > 7MW je, p7W (L cF) > b7(D) | It can be further
verified that pg < p5*#. Thus, the equilibrium is a pooling equilibrium if and only if b* € (b*, rnin{?)\"*’u)7 1}).

The above equilibrium is unique, and hence it is the stable equilibrium. In the equilibrium, the generic
firm’s posterior belief (note that the probability that the brand-name firm is of type ¢m when observing the

HL ;\im ( MHL)

price p¥ Py
(i) For b € (b%, min{b” (™, 1}): the generic firm can only observe the price p#, and then A\™ = \im:
(i) For b7 € (b7 min{b" M (b%, cF),1}): when the generic firm observes the drug price pM % Xim =

NS iy A if im # LH, and ALH = 0; when the generic firm observes the price pB=H | \LH (phLHY) = 1,

= \"") is given by:

(iii) For b € (min{b" ™ (b", c"),1},1): when the generic firm observes the brand-name drug price p¥# %

NHL — NHL J(\HL L NHH) NHH _ \HH [(\HL 4 \HH) and \LL — \LH — (); when the generic firm observes the
drug price p2~™, m e {H, L}, then A’ (pRt™)=1. O
Proof of Theorem D.1. When the brand-name firm is HH—type: The GCP, i.e., pMHE < pBHH means

' —ct> % and ¢ (2 —b79?) > agy. (D.12)

Based on (D.12), the occurrence of GCP demands the condition ¢ (2 —b#+2) > gy, which contradicts with

(D.4) in Lemma D.2. Therefore, the GCP does not exist.

When the brand-name firm is LL—type: The analysis is similar to the proof of Theorem 1, just replacing

¢ with c*.
When the brand-name firm is LH —type: The GCP, i.e., pM#E < pBLH occurs if and only if b% € (0,b%(4)
and b7 € (b7 min{p7 M, 1}), where

1 .7chcL+1 agy
PHR) T agp bl ap(2—bly2)’

and b € (0,1) is the unique b% value that satisfies b(2) = 1. It is obvious that 5”7 < p#@ (pL). O
Proof of Proposition D.2. We analyze consumer surplus and social welfare change for each type of brand-
name firm separately. Note that the information asymmetry does not play a role when the brand-name firm
is H L—type, since this type of brand-name firm always charges its monopoly price, and generic entry never
occurs regardless of information asymmetry.

When the brand-name firm is H H—type, based on the proof of Theorem D.1, the GCP does not happen.

This means that in the signaling period, consumers must bear a higher price of the brand-name drug than
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that under complete information. Thus, consumers must lose from information asymmetry. In addition, the
analysis on social welfare can be obtained by following the proof of part(ii) of Proposition C.2 in Appendix
C.

When the brand-name firm is LL—type, the results of consumer surplus and social welfare can be obtained
by following the proof of Proposition 2 in Appendix B.

When the brand-name firm is LH —type, we obtain the results for consumer surplus and social welfare,

using the same methods in the proof of Proposition 2 in Appendix B. 0O

E. Multiple Generic Firms

In this appendix, we extend our base model in the paper by considering N < oo identical generic firms with
the same fixed capacity cost K. As in Section 3.1 of the paper, consumers’ relative price sensitivity to the
brand-name drug is either high (b") or low (b"). At the beginning of the signaling period, the brand-name
firm knows while all generic firms do not know the consumers’ relative price sensitivity, and all generic firms
have the same prior belief A, € (0,1), which is the probability that the consumers’ relative price sensitivity
is b,

We consider a similar sequence of events to that in Section 3.4 of the paper, in which all generic firms
move simultaneously. In this appendix, our analysis will concentrate on the symmetric perfect Bayesian
equilibrium, and shall later probe into the asymmetric equilibrium when there are two generic firms with
different fixed capacity costs considering to enter the market in Appendix F. Since all generic firms are
identical, in the symmetric equilibrium, if it is optimal for one generic firm to enter (respectively, not enter)
the market, it is also optimal for all other generic firms to enter (respectively, not enter) the market. Similar
to Kong (2009) and Ferrara and Missios (2012), we assume that, if generic firms enter the market, they
engage in Cournot (quantity) competition among themselves while they engage in price competition with
the brand-name firm. Consequently, all generic firms will choose the same price for their drugs. All the other
model setup is the same as that in our base model in Section 3 of the paper. We use superscript N for the

results in this appendix and defer the proof of all results in this appendix to Appendix E.3.

Monopoly setting. The monopoly price and profit of i—type brand-name firm in this case is, respec-

tively given by: o
Mmi_ € 9B mi_ (s —b'c)
=—+_—and Iy =—"——"
Pp =5 ¥ op ¢ e b
Competition. By assuming that all generic firms learn the type of the brand-name firm once they are

,ie{H,L. (E.1)

in the market as in Section 3 of the paper, Lemma E.1 characterizes cases where brand-name and all generic

firms are in the market and compete against each other.

LEmMA E.1 (Competition). Suppose that there are N identical generic firms considering to enter the
market. For i € {H,L}, the i—type brand-name firm and N generic firms compete in the market, and the

optimal prices of brand-name and generic drugs under competition are, respectively, given by:

1 a Nao 1 /(2+N)a (ap —bic) Na
Ni B G Ni G B Y fel
=35 = T AT 1. o d = — - — E'2
if, and only if,
Nb'yag ; ac 21+ N)— 2+ N)b'v?] .
max{a@m—kb c}<a3< SAF N —bn2) +b'c. (E.3)
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Akin to Lemma 1 in the paper, Lemma E.1 characterizes the equilibrium prices of the brand-name and
generic drugs when all generic firms are in the market and compete with the brand-name firm. Lemma E.1
reduces to Lemma 1| for N =1.
By using Lemma E.1, we obtain the profits of the brand-name firm and each generic firm under competi-
tion, respectively, as follows:
Ni [(aB —bic)(1+ N —bin?) — Nbivozc]2
B 4bi(14+ N)(1+ N —big2)(1 —big?)
[aa(2(1+ N) = (24 N)b'y?) — (ap — be)(1+ N - biy?)r]?
414+ N)2(1+ N —bi92)2(1 — biy?) ’

Ni _
15" =

A necessary condition. Akin to the necessary condition in (11) in the paper, to focus on the cases
where the GCP can occur in symmetric equilibrium (i.e., all generic firms take the same action in equilibrium),
we need the following condition:

(1= X)IIZE + NIISY <k < TISE. (E.4)

The above condition ensures that, when there are IV identical generic firms, all generic firms enter the market
if they know the brand-name firm is L—type and stays out when the brand-name firm’s price is uninformative
so that generic firms cannot update their prior belief about the type of the brand-name firm. For the latter
case, even only one generic firm is considering to enter the market, the expected revenue still cannot cover
the capacity cost. The condition (E.4) also ensures that this extension is comparable to the base model, i.e.,
the fixed capacity cost K (or k) is identical for this extension and the base model. Thus, k satisfying (E.4)
also satisfies (11) in Section 3.5 of the paper. Furthermore, the condition in (E.4) also requires that each
generic firm earns more profits when facing an L—type brand-name firm than when facing an H—type one,
e, IIYE > TN, because (1 — ) IIZY + NIIEH > TINH for VA, € [0,1] and N > 1.

Next, akin to Lemma A.3 in Appendix A.3, Lemma E.2 characterizes the scenarios where IINY > IIN# for
all 0 <bf < b < 1. In preparation, we define o, and a,, respectively, as follows:

ag[2(1+N)+ (N? —3N —4)7y2+ (2+ N)~*] 2
2 S EEE (=1
¢ (1+N)1+N—-+2)(2—~?)

46 T Ny 21+ N)—2(3+N)

LEMMA E.2. Suppose that there are N identical generic firms considering to enter the market. Fach
generic firm earns more profits when facing an L—type brand-name firm than when facing an H—type one
(i.e., INE >TINH) for all 0 <b* < b7 <1, if

20 2c ag2(1+N)— (24 N)y?]
7(1+N)+?} = Y1+ N =72
E.1. The Stable Equilibrium and The GCP

+cand ag > ag. (E.5)

maX{a@ g,

We use backward induction to characterize the perfect Bayesian equilibrium (PBE) of the sequential game
between the brand-name and all generic firms in pure strategies. As in Section 4 of the paper, we focus on
the brand-name and generic firms’ equilibrium strategies in the signaling period because their equilibrium

strategies in the full-information period are straightforward. For example, (i) if all generic firms are already
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in the market at the beginning of the signaling period, the brand-name and generic firms will continue
competing by charging prices p&* and pX* in the full-information period when the brand-name firm’s type is
1€{H,L}, and (ii) if the generic firms are not in the market at the beginning of the signaling period, they will
stay out of the market and the brand-name firm will charge its monopoly price p¥# in the full-information
period when the brand-name firm is H—type, while generic firms will enter the market, and brand-name
and generic firms will compete by, respectively, charging prices p§* and PY* in the full-information period
when the brand-name firm is L—type.

Similar to Section 4 of the paper, there are two possible types of equilibrium, namely, separating and pooling

equilibrium. Then applying Intuitive and Pareto dominance criteria, we characterize the stable equilibrium as

in Proposition E.1 below. In preparation, we define the thresholds b¥# (1) (b%) € (b*,1) and b¥*(V) as follows:

pVHD (ph) = apb” (E.6)
(ap—bLlec)(14+N—-bL~y2)(2ag—v( —ch))—N'ybLoz2 ’
A5~V bL”\/ - (M A0 (1T N 5772/ .
and for b € (0,1), b¥(M € (0,b) uniquely satisfies
2
[(043 _ bNL(l)C)(l +N— bNL(l)’yQ) _ NbNL(l)’}/OzG
a2 (1 —bNVEMWY2 = (qp — VLM )2 - (E.7)

(T M)+ N — DY) (1 = pVE2)
ProrosITION E.1 (The Stable Equilibrium). Suppose that there are N identical generic firms consid-
ering to enter the market and (E.4) is satisfied.
(i) For b" € (0,6NLM) and b € [pNHD (b1), 1), the stable equilibrium is a separating equilibrium, in which

the price of H— and L—type brand-name firm in the signaling period is, respectively, given by p2 =p¥H and

PE=py"
(i) For b* € (0,1) and b € (b*, min{bN* (M) (bF),1}), the stable equilibrium is a pooling equilibrium, in

MH

which both H— and L—type brand-name firms charge the same price pp = pp

Similar to Proposition 1 in the paper, Proposition E.1 shows that the stable equilibrium is pooling when
the gap between b and b* is sufficiently small (i.e., when the types of the brand-name firm are sufficiently
similar), whereas the stable equilibrium is separating when the gap between 0¥ and b” is sufficiently large
(i.e., when the types of the brand-name firm differentiate significantly). Note that Proposition E.1 reduces
to Proposition 1 in the paper for N =1, and thus, follows from the same intuition.

Next, equipped with the stable equilibrium in Proposition E.1, we characterize the cases where the GCP
can occur. In preparation, we define the threshold values b¥# () (b%) and b¥*(*) | respectively, as follows:

bNH(Q)(bL): agbt(14+ N —bly?) | E£8)
ag(l4+ N —blqy2) — Nblyag

Nyac +ap(l+ N +72) =/ (Nyac + an(l+ N +72))” —4(1 + N)y203

27%ap .

THEOREM E.1. Suppose that there are N identical generic firms considering to enter the market. In the

bNL(4) _

(E.9)

stable equilibrium in Proposition E.1, the GCP occurs if, and only if, the brand-name firm is L—type, and
bt € (0,6NEW) and bH € (BNHP) (BE), min{pNH D) (bE), 1}).

Akin to Theorem 1 in the paper, Theorem E.1 shows that, when there are N identical generic firms, the
GCP will occur only when the brand-name firm is L—type and the gap between b” and b* is sufficiently low,
but not too low (i.e., the two types of brand-name firms are not extremely similar). The intuition behind

Theorem 1 in the paper and Theorem E.1 above is the same.
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E.2. Welfare Implications

Now, through a similar analysis in Section 5 of the paper, we study the impact of information asymmetry on
consumers and the society when there are N identical generic firms. We summarize our results in Proposition

E.2. In preparation, we define M; and M, respectively, as follows:

_ bLN2a2 2bLNaG(NaG+&L’y) (&L )2+bLo¢2 72bL5¢Lan’y ~L\25+2N(5+2N)
My = TFN—t572 T (M TN 8y T (AT 5i7)/ N2 +(a5) 1+n)z (E.10)
Mo — NZa2, 2a¢q ('y&gf(2+N)ag) N((&g)2+bLaé72bL'y&LBaG) 1+6N+4N2 E11
2= TEN-btm? T EMAFNtam/N T e DAty e ager (B

where &% := ap — blc is the absolute advantage of consumer valuation for the brand-name drug. Also we

define the thresholds bN# () (bF) and bN# ) (b)), respectively, as follows:

OéBbL
2ap —ble— /M1 —4(ak)?

bL
pNH@) (pLy — s , E.13
(®%) blc+VbE/BNpK + M, (E.13)

and we let b¥ () and bV be unique b* values that, respectively, satisfy b¥ () (bF) =1 and bNH ) (b1) = 1.

HVHE) (ply = , (E.12)

PrROPOSITION E.2. Suppose that there are N identical generic firms considering to enter the market and
that b* € (0,1) and b" € (b*, min{b¥# M) (bL),1}) (i.e., the stable equilibrium in Proposition E.1 is pooling)
and the brand-name firm is L—type.

(i) The consumer surplus in the signaling period under information asymmetry increases relative to that
under complete information if, and only if, b* € (0,bNF®)) and b € (BNHE) (BL), min{bNH M) (b)), 1}).

(i) The social welfare in the signaling period under information asymmetry increases relative to that under

complete information if, and only if, b* € (0,bNF©)) and b € (BNH® (bL) min{pN 7D (bF), 1}).

Proposition E.2 is akin to Proposition 2 in the paper and indicates that the welfare implications of the
information asymmetry with a single generic firm extend to cases with multiple generic firms.

E.3. Proofs of the Results in Appendix E.

Proof of Lemma E.1. We use the backward induction to solve the brand-name firm’s and N identical
generic firms’ optimization problem. First, given the prices pp and pg of the brand-name and the generic
drugs, the representative consumer maximizes his/her utility given in (1). We then obtain the total demand
for each type of drugs below (note that we firstly assume that the demands both are strictly positive, and

finally will identify the sufficient and necessary conditions to guarantee this):

(ap —b'pp) —bv(ag —pa)

: = E.14
45 (PB:Pc) b2 : (E.14)
i (ag —ps) —v(ap —b'ps) S ni
96(PB,pc) = 1—bin? = ;qc . (E.15)
Second, we analyze each generic firm’s best response. By (E.15), the price of the generic drug is
N
pG:aG—(1—b’72)2qgl—’y(a3—bzp3). (E.16)

n=1
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For the generic firm with index n, by substituting the price pe in (E.16) into the profit function, his profit
per unit time is given by

N

¢ (q8') = paqs = (ac — (=0 g5 —v(ap - bipB))q?f.

n=1
Then solving the first-order condition of II% (¢2') with respect to ¢ gives

ag—(1=by?) S qn' —~(ap —bps)
2(1-b?) |

(B.17)

a5 =
Since generic firms are identical, we have ¢ = ¢ for Vn #n/, and hence by solving (E.17), we obtain that
for each generic firm with index n, n=1,--- | N,

g = g = ac— (ap —b'pp)y
G G (1+N)(1—bin?) °

(E.18)

As a result, by plugging (E.18) into (E.16), we obtain that the price of the generic drug in equilibrium is a

function of the price of the brand-name drug, i.e.,

Qg — (OéB - bipB)7

= E.1
Pc I+ N (E.19)
Third, by plugging pe in (E.19) into the brand-name firm’s profit, we obtain
: 1+ N —b'pp) —b'y*(ap —bpg) — NV
113 (py) = (py — o) L2 =) — V(e — D) = WG (E.20)

(14+ N)(1—0b4?2)
Then solving the first-order condition of II¥?(pg) with respect to pp yields the optimal price of the brand-

name drug, which is given by

o1 @ Na
P A R
Pz 2(C+ b 1+ N —bin2/)
Thus, by plugging p¥‘ into (E.19), we obtain the price of the generic drug, which is given by
Nizl((z'i_N)aG_(aB_biC)’)/_ Nag )
Pe =5\ 14N 1+N  1+N-b2/)

Therefore, by considering the condition on oz such that p¥* > ¢, we obtain the lower bound of ap in (E.3)
in Lemma E.1. By further considering the condition on ap such that p&* > 0, we obtain the upper bound of
ap in (E.3) in Lemma E.1, which completes the proof. [

Proof of Lemma E.2. The proof is similar to that of Lemma A.3 in Appendix A.3.

Proof of Proposition E.1. To obtain the stable equilibrium, we firstly identify the H—type brand-name
firm’s dominant strategy in equilibrium, and then use this to obtain the unique equilibrium. For the unique
equilibrium, it must survive the Intuitive Criterion and thus is the stable equilibrium. Note that, when the
equilibrium is unique, the Pareto dominance criterion is no longer needed.

Firstly, we show that charging the monopoly price p¥ as given in (E.1) is the H—type brand-name
firm’s dominant strategy. Suppose that the H—type brand-name firm charges its monopoly price p¥# | then
there are two possible outcomes based on the response of the L—type brand-name firm, i.e., the L—type
brand-name firm charges the same or a different price from p}¥. If the L—type brand-name firm charges

the same price as p¥* | then by (E.4), after observing the price, all generic firms will not enter the market.

Thus, the H—type brand-name firm will earn its monopoly profit II%# as given in (E.1), which is the best it



Cui, Arifoglu and Zhan: Generic Competition Paradox and the Role of Information Asymmetry

manuscript no. 41

can earn. On the other hand, if the L—type brand-name firm charges a price different from p¥* all generic

firms can distinguish between H— and L—type brand-name firms after observing their prices. Thus, when
observing price py ¥, each generic firm will realize that the brand-name firm is H—type and will stay out of
the market by (E.4). As a result, by charging the price p¥* the H—type brand-name firm can still obtain
its monopoly profit, which is the best it can earn. Therefore, in both cases, the H—type brand-name firm
always earns the monopoly /best profit, which is larger than that from charging any other price. This means
that, charging price p¥# is the H—type brand-name firm’s dominant strategy, and thus is the H—type’s
strategy in equilibrium.
Secondly, based on the H—type brand-name firm’s dominant strategy of charging its monopoly price py
there will be a pooling equilibrium in which the L—type charges the same price if, and only if,
Up(L,py® {H,L})> mag/(]HHB(L,pB,L). (E.21)

PBFPR
Note that by charging the same price p¥ ™, according to (E.4), the L—type brand-name firm can deter entry
of all generic firms. Condition (E.21) ensures that the L—type brand-name firm earns more profits when
charging the price p¥# to deter generic entry than the best it can obtain by charging any other price and
revealing its type. Then condition (E.21) is equivalent to

ap —blpy" — bt y(ag —pgt)
1—bty2 ’
where for j € {B,G}, p* is given by (E.2). By solving (E.22) with respect to b”, we obtain that b" €

(b*, min{b¥# M 1}), where b¥# () is defined by (E.6). Furthermore, b* < bN#™M) < 1 if and only if b* €
(0,68 where bV (D is defined by (E.7).

(P —c)(ap —b"py™) > (pE" — o)

(E.22)

Therefore, for the parameter space specified by (E.4) and (E.5), the equilibrium is a pooling equilibrium
if and only if b* € (0,1) and b € (b*, min{b¥# ) 1}), in which both H— and L—type brand-name firms
charge the same price p¥¥ and all generic firms will not enter the market after observing the pooling price
pMH: the equilibrium is a separating equilibrium if and only if b* € (0,6N*™M)) and b € [pN7 () 1), in which
the H—type brand-name firm will charge the price p¥ and all generic firms will not enter the market after
observing the price p¥# | while the L—type brand-name firm will charge the price p¥* and all generic firms
will enter the market after observing the price p}*=. The pooling and separating equilibrium is, respectively,
the unique equilibrium, and hence they are the stable equilibrium. O
Proof of Theorem E.1. According to Proposition E.1, when the brand-name firm is H—type, there is
no generic entry both in the signaling and full-information periods, and thus the GCP cannot occur. When
the brand-name firm is L—type and the stable equilibrium is separating, the price of the brand-name drug
will decrease from its monopoly level p¥* to the competition level p¥* at the beginning of the signaling
period and then will remain unchanged, i.e., the GCP does not exist either. Therefore, the GCP could only
occur when the stable equilibrium is pooling and the brand-name firm is L—type. Based on Proposition
E.1, we equivalently focus on the situation where the type of the brand-name firm is L, and b" € (0,1) and
bH € (b*, min{b¥# 1) 1}). Then by (4) and (E.2), we have

l/a « Nrvya 1 1 Nya 1
NL _ MH _ + (% &3 G . e oL G _.
P —Pp _Z(bL b 71+N7bL72)>01fand only if o <bL on (I EN—bE7) — pvam "
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The above condition is equivalent to b > bV#(2) where b¥#(2) is a function of b*, i.e., bBNH(2) = pNH ) (pL),
Next, since we focus on the pooling stable equilibrium in Proposition E.1, i.e., b € (b%, min{b¥# M) 1}), for
the GCP to occur, we need to show that bN7(2) < pNH (1) By a few algebra, we can find that b7 () < pNH 1)

is equivalent to Fs(ap) > 0, where
Faolap) = (1+N-=b"+*)((ap—b"c)(2ac+b"cy—apy)(1+ N —b"~+*) —b"NvyaZ) — Nb"vag,(1+ N)(1—b"~?).

We can check that Fo(ag) >0 for all ap that satisfies
I bt <ap < SRUEN O
of which (E.5) is a subset. Thus, for ap that satisfies (E.5), we must have Fy(ag) >0, i.e., bNH2) < pNHO),
Finally, we identify the sufficient and necessary conditions such that ¥N#(2) < 1, when (E.5) is satisfied.
By solving bV#(2) < 1 with respect to b", we obtain that b¥%(2) < 1 if, and only if, b* € (0,b6N**)), where
bNEM) € (0,1) and its definition is given by (E.9). This completes the proof. [

+bte,

Proof of Proposition E.2. The results for consumer surplus and social welfare are obtained by following

the procedure in the proof of Proposition 2 in Appendix B. O

F. Sequential Generic Entry

In the appendix, we expand our base model by including two generic firms with high and low fixed capacity
costs. The fixed capacity cost for the ‘low-cost’ generic firm is normalized to zero, and for the ‘high-cost’
generic firm is represented by K > 0. At the beginning of the signaling period, both generic firms are equally
informed about the market but are unaware of the brand-name firm’s actual type. Specifically, A\, denotes
low- and high-cost generic firms’ prior probability that consumers’ relative price sensitivity is b¥ so that
the brand-name firm is H—type. As in Appendix E, generic firms engage in quantity competition between
themselves while they engage in price competition with the brand-name firm (Kong 2009, Ferrara and Missios
2012). Thus, both generic firms will charge the same price once they enter the market and compete with the
brand-name firm. We use the superscript “7"” to denote results when three firms (the brand-name firm and
two generic firms) are in the market and compete against each other. All other aspects of the model setup

remain the same as described in Section 3 of the paper.

Triopoly setting: Using Lemma E.1 for N =2 and i € { H, L}, the i—type brand-name firm’s and two

generic firms’ prices in the triopoly setting are, respectively, given by:

o1 ag  2ag7y .1 (dag (ap—bic)y 20
5=z - dpii==(—— - _ . F.1
Pp =35 (” b 3-b2) P T3 3 3—biy? (F-1)

By Lemma E.1 for N =2, i—type brand-name firm and both generic firms will exist in the market so that

above triopoly prices are valid if, and only if,
2biyag ag (6 —4b'~?)
3= b7 B=677)

Furthermore, when the brand-name firm is i—type, the profit of brand-name firm and each generic firm, is

max{ag, —l—b’t} <ap< +b'c, ie{H,L}. (F.2)

given, respectively, by:

[(ap —bic)(3—bv?) — 2biyag] :
12b%(3 — biy?)(1 — bin?)

: 6 —4biy?) — (ap — bic)(3— b'v?)7] ?
i = Lol . (F.
; and Ilg 36(3 — biy2)2(1 — b'n?) (F-3)

Ti _
Iy =
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A necessary condition for the GCP: In this appendix, to restrict our attention to the cases where

the GCP can occur, we assume that the following necessary condition is satisfied:
(1= X)IEE + NIEH <k <TI5E. (F.4)

Condition (F.4) ensures that market entry is profitable for the high-cost generic firm only when the brand-
name firm is L—type, while it is unprofitable when the brand-name firm is H—type, or the price of the
brand-name drug is uninformative so that the generic firm cannot infer the brand-name firm’s actual type.
Regardless of the brand-name firm’s type, the low-cost generic firm enters the market at the beginning of the
signaling period since his fixed capacity cost is zero. Moreover, condition (F.4) ensures that the sequential
entry can occur. For example, the high-cost generic firm enters the market in the full-information period
when he knows the brand-name firm is L—type, as a result, sequential generic entry occurs.

Also, condition (F.4) requires that each generic firm earns more profit when facing an L—type brand-name
firm than when facing an H—type one, i.e., IEY > IIZ7. Lemma F.1 below provides a sufficient condition
and demonstrates that there exist cases where IT5? < IILL for all 0 < b* < b¥ < 1, ensuring the applicability

of our results in this appendix.

LEMMA F.1. Suppose that there is a low-cost generic firm with a fixed capacity cost of zero and a high-cost
generic firm with o fixed capacity cost of K > 0. Fach generic firm earns more when facing an L—type
brand-name firm than when facing an H—type one (i.e., IILF >TET ) for all 0 <b® < b <1, if
c3-7*)(2-7%)

27(6—5v%)/3

_~2 4 _A~2
max{ﬁ(l 7?) +4y +C(3_ )72& §}< < ac(6-47%)

<ap< +c and ag >
Y(B3=72)2/ag v 3y 42 F=9(3-12) ¢

. (F.5)

F.1. Equilibrium Analysis

We use backward induction to characterize the pure-strategy PBE of the sequential game between the brand-
name firm and two generic firms. The brand-name firm and two generic firms’ equilibrium strategies in
the full-information period are as follows. The low-cost generic firm enters the market at the beginning of
the signaling period since his fixed capacity cost is zero. By (F.4), the high-cost generic firm enters the
market only when he knows the brand-name firm is L—type. Then specifically, if both generic firms entered
the market in the signaling period, the brand-name firm and two generic firms continue to compete in the
full-information period by, respectively, charging their triopoly prices pL' and pZ, which are given by (F.1).
However, if the high-cost generic firm did not enter the market in the signaling period, as per (F.4), in the
full-information period: (i) when the brand-name firm is of the H—type, the high-cost generic firm stays out,
and the brand-name firm and low-cost generic firm compete as duopoly, charging pE* and p5¥ respectively;
(ii) when the brand-name firm is of the L—type, the high-cost generic firm enters the market, creating a
triopoly where the brand-name and generic firms charge prices pL* and pLh, respectively.

We next focus on the equilibrium strategies of firms in the signaling period. As noted above, the low-
cost generic firm always enters the market, ensuring that at least two firms compete during this period.
In the signaling period, only separating and pooling equilibria are possible. Proposition F.1 characterizes
the equilibrium strategies of brand-name and generic firms in the signaling period. (Refer to the proof of

Proposition F.1 for the definitions of the thresholds 5% () (b*) and b¥ (") (b*)).
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PRroOPOSITION F.1. Suppose there is a low-cost generic firm with a fized capacity cost of zero and a high-cost
generic firm with a fized capacity cost of K > 0. In the signaling period:

(i) the stable equilibrium is a pooling equilibrium, in which the low-cost generic firm enters the market,
charging price pB¥ , while the high-cost generic firm stays out, and both H— and L—type brand-name firms
charge the same price pR*¥ if, and only if, b* < b < min{b* D (bL), b (pL) 1};

(ii) otherwise, the stable equilibrium is a separating equilibrium, in which (a) when the brand-name firm
is of the H—type, it charges price pE*¥, the low-cost generic firm charges pS¥, and the high-cost generic firm

TL

stays out, and (b) when the brand-name firm is L—type, it charges price pL*, and both generic firms enter

the market and charge price pE*-.

Similar to Proposition | in the paper, Proposition F.1 shows that the stable equilibrium is pooling if,
and only if, the gap between b” and b" is sufficiently small (i.e., the two types of the brand-name firm
are sufficiently similar), whereas the stable equilibrium is separating when the gap between b and b" is
sufficiently large (i.e., the two types of the brand-name firm are sufficiently different). In a stable pooling
equilibrium, the low-cost generic firm (with zero fixed capacity cost) always enters the market at the beginning
of the signaling period, regardless of the brand-name firm’s type, and immediately learns the brand-name
firm’s actual type. Then, by (F.4), as the high-cost generic firm will not enter if it cannot distinguish between
H and L types, the L—type brand-name firm can pretend to be the H—type by charging the H—type’s
(duopoly) price to prevent the entry of the high-cost generic firm. However, this can only happen if the
low-cost generic firm tacitly colludes and also prefers to charge a duopoly price as if the brand-name firm
is H—type, which is higher than the triopoly price pL* (see Corollary 1 below). This is profitable for both
the L—type brand-name firm and the low-cost generic firm if, and only if, the H type’s and low-cost generic
firms’ duopoly prices p5* and p5* are not too low, i.e., the two types of the brand-name firm are sufficiently

similar.

COROLLARY 1. Suppose that the stable equilibrium as characterized in Proposition F.1 is pooling, i.e.,
bt < b < min{b? M (bL),bH () (bL) 1}. The low-cost generic firm charges the duopoly price pB*, which is

always higher than the triopoly price pGt.

Then using Proposition F.1, Theorem F.1 characterizes cases where the GCP occurs. In preparation,
let us define 6™ (b") and b*(?, respectively, as the unique b and b* values that, respectively, satisfy
pLE =pBH (b)) and P (bL) =1.

THEOREM F.1. Suppose that there is a low-cost generic firm with a fized capacity cost of zero and a
high-cost generic firm with a fized capacity cost of K > 0. In the stable equilibrium as characterized in
Proposition F.1, the GCP occurs if, and only if, the brand-name firm is L—type, and b* € (0,b)) and
b7 € (b7 (b)), min{b7M (b%), b7 (b1),1}).

Similar to Theorem 1 in the paper, Theorem F.1 demonstrates that the GCP can occur in the case of
sequential entry. Note that in this extension, we generalize the definition of GCP to include the phenomenon

of price increase of the brand-name drug when an extra generic firm enters the market, not necessarily the
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entry of the first generic firm, as empirically identified in the literature, such as Regan (2008) and Ching
(2010). Specifically, as the low-cost generic firm enters the market at the beginning of the signaling period,
whereas the high-cost generic firm only enters the market if he believes the brand-name firm to be L—type,
the GCP occurs if, and only if, the stable equilibrium is pooling and the gap between b and b* is small,
but not too small (i.e., the H— and L—type brand-name firms are similar but not extremely similar). The
underlying intuition is similar to that presented in Theorem 1 in the paper.

F.2. The Impact of Information Asymmetry

Next, as in Section 5 of the paper, we examine the effects of information asymmetry on consumer surplus and
social welfare in this appendix. Given the challenge of analytically characterizing the impact of information
asymmetry in this case, we rely on numerical analysis. Figure F.1 depicts the influence of information
asymmetry in consumer relative price sensitivity on consumer surplus and social welfare during the signaling
period in a numerical instance. As observed in Figure 1(a), the consumer surplus in the signaling period
with information asymmetry is higher compared to the scenario without information asymmetry when the
two types of brand-name firms are sufficiently, but not significantly, different. Additionally, Figure 1(b)
indicates that social welfare in the signaling period with information asymmetry is greater relative to the case
without information asymmetry when the two types of brand-name firms are not too similar. All these results
corroborate our paper’s main conclusion regarding the impact of information asymmetry on consumers and

society.

B GO BE@) L) BE2) L)

bH
bH

[ISocial welfare increases
[ Social welfare decreases

I Consumer surplus increases
[0 Consumer surplus decreases

[ bt

(a) Consumer surplus (b) Social welfare
Figure F.1 The impact of information asymmetry on consumer surplus and social welfare, when ag = 1160,
ag =1000, c=0.5, and v=0.87

Note. Region S, i.e., the darkest gray region, corresponds to the separating stable equilibrium, while the other gray

regions correspond to the pooling stable equilibrium. The GCP occurs in the light gray region above the dashed line.
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F.3. Proofs of the Results in Appendix F

Proof of Lemma F.1. Lemma E.2 reduces to Lemma F.1 when N =2. 0O

Proof of Proposition F.1. To obtain the stable equilibrium, we firstly identify the dominant strategies of
the H—type brand-name firm and the corresponding low-cost generic firm, and then use this to obtain the
unique equilibrium. Note that the unique equilibrium must survive the Intuitive Criterion and thus is the
stable equilibrium. In addition, when the equilibrium is unique, the Pareto dominance criterion is no longer
needed.

Firstly, we show that, charging, respectively, the duopoly prices p2¥ and p5* as given by (7) in Section
3.3 of the paper, is the H—type brand-name firm’s and the low-cost generic firm’s (who faces an H—type
brand-name firm) dominant strategy. Since the low-cost generic firm has zero fixed capacity cost, he will
always enter the market. Thus, at best the H—type brand-name firm and the low-cost generic firm can,
respectively, charge prices pE* and p5*¥, and they earn duopoly profits II5# and IIZ¥ as respectively given
by (9) and (10) in Section 3.3 of the paper.

Now suppose that the H—type brand-name firm charges its duopoly price p27 and then the low-cost
generic firm who faces an H—type brand-name firm also charges the duopoly price p2#. Then there are two
possible outcomes based on the responses of the L—type brand-name firm, i.e., the L—type brand-name firm
charges the same or a different price from pE¥. Specifically, if the L—type brand-name firm charges the same
price as pB¥ | then after observing the price, the high-cost generic firm cannot update his belief. But the
low-cost generic firm will always enter the market. Then if the high-cost generic firm observes a price p2
charged by the low-cost generic firm, the high-cost generic firm will not enter, whether he can confirm this
price is from the low-cost generic firm who faces an H —type brand-name or cannot distinguish the brand-
name firm types, since he expects to earn negative profits by (F.4). Therefore, the H—type brand-name firm
will earn duopoly profit IT8¥ | and the low-cost generic firm facing an H—type brand-name firm will also
earn duopoly profit IIZ# | which are respectively the best they can obtain. On the other hand, if the L—type
brand-name firm charges a different price from p5* | then after observing the price p5¥, the high-cost generic
firm can immediately update his belief and realize that the brand-name firm is H—type, and then will not
enter. Therefore, the H—type brand-name firm will earn duopoly/best profit IT8#  and the low-cost generic
firm facing an H—type brand-name firm will also earn duopoly/best profit II5¥. This means, charging the
duopoly price is the dominant strategy for both the H—type brand-name firm and the low-cost generic firm
who faces an H—type brand-name firm.

Secondly, based on the dominant strategy of the H—type brand-name firm and the low-cost generic firm
who faces an H—type brand-name firm, there will be a pooling equilibrium in which the L—type charges the

DH

same price pg" as the H—type if, and only if, the L—type brand-name firm and the low-cost generic firm

who faces an L—type brand-name firm both prefer to mimic the H—type, which is characterized by

HB(Lang>{H7 L}) Z max HB(LapB7L)7 (FG)
pp#pBH
e (L,pS™,{H,L}) > max Ilg(L,pg,L). (F.7)

pa#p2H
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Condition (F.6) indicates that for the L—type brand-name firm, mimicking the H—type brand-name firm
to deter entry of the high-cost generic firm makes more profits than allowing generic entry. Condition (F.7)
shows that the brand-name firm’s mimicking should be in line with the low-cost generic firm’s interest,
otherwise the low-cost generic firm will reveal the brand-name firm’s type. Then, with p;‘-FL and j € {B,G}
being given by (F.1), conditions (F.6) and (F.7) are, respectively, equivalent to

ap —bipp" — b y(ac —pg") ap — b pi" — by (ae —pg")

W2 o) e > (phE — ) o , (F.5)
pu %c _ng - ’Y(OZB - prgH) > L ag _ng B ’Y(OZB — prgL) (F 9)
¢ 1—bLry? -l 2(1 — bLly2) ’ '

It can be verified that (i) Iz (L,p5",{H, L}) (i.e., left-hand side of (F.8)) firstly increases and then decreases
in b and is negative when b” = 2/~2; (ii) by (F.9), the demand for the generic drug in a pooling equilibrium
is convex in b (iii) by (7), p5* (b =1) > 0, and the demand for the generic drug in a pooling equilibrium is
(mathematically) negative when p2#(b¥) = 0. Further, the inequalities (F.8) and (F.9) are strictly satisfied
when b = b, and thus there exists a unique b7 (b%) (and b (b)) such that (F.8) (and (F.9)) holds if,
and only if, b* < b <min{b" (@ (b¥),1} (and b* < b” <min{b” ™M) (b¥),1}), in which b7 (b%) and b7 V) (b%)
are, respectively, the unique values of b such that the equalities in (F.8) and (F.9) are satisfied. Therefore,
the condition on b” derived from (F.6) and (F.7) is b* < b <min{b" (@ (b%), "M (p¥),1}. O
Proof of Corollary 1. Suppose that the stable equilibrium in Proposition F.1 is pooling, i.e., b* < b <
min{b7© (%), b7V (b%) 1}. Note, by the proof of Proposition F.1, that (F.9) is satisfied if, and only if,
bt < b <min{b" M) (b*),1}. Hence, given b” € (0,1), if there exists b” > b* such that inequality (F.9) does
not hold when b” = b then we must have b > min{b" ™ (b%),1}.

We firstly show that the inequality (F.9) does not hold when p2# = pZF. Since p2¥ is decreasing in b
and p27 > pTF when b" = b", there exists a unique b” > b” such that p2¥ = pL* when b = b". Next, by

(E.19), we obtain that
pr_ 208" tyos—ac g 3pE"t+y0s—ac

g Jans0o, - (F.10)
Then when p2* = pZL, (F.9) being violated is equivalent to
bry(2pp™ — pLt) — (yas — ag +p5EF) <0. (F.11)
By substituting p5¥ and pL* in (F.10) into (F.12), we obtain that (F.12) is equivalent to
—2(b" = ") (yap — ag +2p57) /b7 = —2(b7 - b")ypEH <0, (F.12)

which must be true since pE# > 0 and b¥ > b*. Thus, when pg¥ =pZ*, (F.9) must be violated, which implies
b" > min{b” ™ (b*), 1}. Therefore, (F.9) being satisfied implies b < b¥. In addition, since p27 is decreasing
in b7, we obtain that p2¥ > pZ* when (F.9) is satisfied. This proves that when the stable equilibrium in
Proposition F.1 is pooling, the price charged by the low-cost generic firm, i.e., p5¥, is larger than pZ=. O
Proof of Theorem F.1. According to Proposition F.1, when the brand-name firm is H—type, there is no
generic entry both in the signaling and full-information periods, and thus the GCP cannot occur. When the

brand-name firm type is L and the stable equilibrium is separating, the price of the brand-name drug will
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decrease from p¥* to pLL at the beginning of the signaling period and then will remain unchanged, i.e., the
GCP does not exist either.

Therefore, the GCP could only occur when the brand-name firm is L—type and the stable equilibrium
is pooling. Based on Proposition F.1, we equivalently focus on the situation where the brand-name firm
is L—type, and b € (b%, min{b*® (b%), b (1) 1}). To prove the proposition, we firstly show that when
pp® =pLF, inequalities (F.8) and (F.9) are strictly satisfied. The emergence of GCP means pp# <pLF, i.e.,

o _0s 2067 0y
bL bH - 3_bL’)’2 2_bH’)’2.

(F.13)

Then, by (F.13), for b € (b*,2/~?), there exists a unique b”(? (b") such that pE¥ < pLF if, and only if,
bH € [b?)(bF),2/~?), where b% (2 (bL) is defined by

-1
BHC) () M+ / My + M2 _ Mz — / My + M2 (F.14)
4btap(3 — bky?) 272 [ap (3 — bEq2) — 2bFagy]’ .

My = 8b apy?(3 — biy?) [2b ey — ap(3 —bEY?)], and M5 := ap(3 — bEy?)(2 + bEy?) — bragy(1 + bhy?).
By (F.14), we obtain that (i) for b* € (0,1], b7 (b%) > b* and is increasing in b, and (i) b7(?)(0) = 0. Thus,
there exists a unique b* € (0,1) such that b(® (b%) <1 if, and only if, b* € (0,b*(2).

Then, to prove the existence of the GCP, we only need to show that inequalities (F.8) and (F.9) strictly
hold when pB# = pTl (i.e., when b# = b"(2) (b)), Firstly, we directly obtain p2# > pLl when pB¥ = pLt
and thus inequality (F.8) strictly holds when b = b7 () (bF). It also implies that inequality (F.9) is strictly
satisfied. Therefore, the generic competition paradox occurs if, and only if, the brand-name firm is L—type,

bL € (0,6%@), and b7 € (b7 (bF), min{b" () (b), 7 () (pF),1}). O

G. Proofs of the Results in Section 6 of the Paper

Proof of Proposition 3. In preparation, we define the following values that will be used in this appendix.
Prices and profits of the b—type brand-name firm and the generic firm in the monopoly and duopoly setting
are, respectively, the same as those in Sections 3.3.1 and 3.3.2 of the paper when b’ is set to b. That is,
py’=py" and IIY* =TI} as given by (4), and pP® =p?* and 1P =117* for j € { B, G} as given by (7), (9)
and (10) when b =b. Also, condition (8) for b* =b is still sufficient to ensure the competition between firms
in the duopoly setting. The threshold value b*(*) € (0,5") is uniquely determined by b (b%()) = 1, where
bH M (b) is given by (14) in the paper when b* is set to b.
We restrict our attention to the partial-pooling equilibrium, where

1
., TI2db
%<k<ﬂg°. (G.1)

In addition, b® is uniquely determined by
H(1) ((2)
fm Mg (G.2)
bH) (h(2)) — b(2) - )

Similarly, we rewrite b2 (b%) and b3 (bl) in Sections 4.4 and 5 of the paper, respectively, as a function

of b, i.e., as b¥ ) (b) and b7 ) (b), by replacing b* in b7 (b¥) and b7 ) (bF) with b.
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Given the condition (G.1), we formulate the conjecture that there exist b and b such that in PBE: (i)
each type of brand-name firm will charge price p (b) and the generic firm will not enter, when b e (b, 1];
(ii) each type of brand-name firm will charge price p2(b) and there will be generic entry, when b e (0,b();
(iii) each type of brand-name firm will charge price p¥ (3(2)) and there is no generic entry, when b € [lA)(l) , 5(2)].

Firstly, we show that the generic firm’s expected profit/revenue (per unit time) must be less than k& when

the pooling price p (b)) is observed, i.e.,

HCN.
26 TG HGA(b)db <k (G.3)
b2 _ b1

This must be true, otherwise the pooling part in the partial-pooling equilibrium will collapse since market
entry is profitable for the generic firm when observing a pooling price.

Secondly, we show that the pooling price must be p¥ (3(2)). Suppose that a pooling price is p¥ (3(2) —¢) and
€ > 0. Then, the brand-name firm with type b= b® must be better off by deviating from the pooling price
pg(?)@) —¢) to the price pg(l;(z) +¢), for a sufficiently small real number e > 0, which ruins the equilibrium.
Thus, it should be indifferent for the brand-name firm with type b= b between pooling and separating.

Third, we show that b® = b7 (b)), Based on the proof of Proposition 1, we must have b2 < b1 (h1).,
We further show that 5@ = b#® (b)) < 1. Suppose that b2 < b#®) (h(M) < 1, then there exist b1 < b
and b)) = (b#M)=1(h()) such that the types of brand-name firm b € (b, b)) will be better off by deviating
to the price p¥ (). Note that (b”1))~1(b) is an inverse function of b1 (b). This breaks the equilibrium,
and thus we have b® ="M (b)), Similarly, if b7 (b)) > 1, the equilibrium will also be broken.

Next, given that the inequality (G.3) holds, we show b =@ . Based on the analysis above, we obtain

that if and only if b < b2V e, )
D
7fbbi”_i§ flb))db <k, (G.4)

for V b € [ b)) the equilibrium specified above is a partial-pooling equilibrium. Moreover, any equi-
librium specified above with b € (b, b=(1) is dominated by the equilibrium with 51 = b2,

Finally, we characterize the generic firm’s belief on and off the equilibrium path. Define the generic firm’s
expected postentry profit (per unit time) after observing the price pg as E[Ils(+)|ps]-

For the belief on the equilibrium path, the expected profit E[Il;(-)|ps] =I2° > k when pp € (pgb(z) ,pR0).
This is because in this partial-pooling equilibrium, when b € (0,5(?)), each type of the brand-name firm

reveals its type by charging its duopoly price upon the true type. When pg = p¥ (b7 () (5?))) = pﬂgbml)(bm)

we have E[IIs()|pg] =k by (G.2), and as a result the generic firm will not enter the market. When pp €
(pgl,pg[bml)(bm)), we have E[IIs(+)|pg] < k, and thus the generic firm will not enter the market.

For the belief off the equilibrium path, we specify that the generic firm believes that: (i) b < b(? with
probability 1 when pp > ph°, and thus E[ll4(-)|ps] > k, (i) b> b1 (b(2)) with probability 1 when 0 < pg <
pM1 and thus E[llg(-)|ps] < k, and (iii) b < b7 (b(?)) with probability 1 when pg € (png(l)<b(2)),pfg’b(2))7
and thus E[ll¢(-)|pg] > k. O
Proof of Theorem 2. By Proposition 3, for b € (0,5()), the generic firm enters the market at the beginning

of the signaling period and the price of b—type brand-name firm will decrease from its monopoly level p¥®
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to the duopoly level pE® (note that p® > pE® by Lemma A.1(i) in Appendix A.1). As such, the GCP cannot
happen for b € (0,b®). For b€ (b1 (b(2)),1], by Proposition 3, the generic firm stays out of the market in

both the signaling and full-information periods, and hence the GCP can never occur.
Thus, the GCP can only occur when b € [0, 571 (b(2))]. In such cases, by Proposition 3, in the signaling
MpH ) (p(2))

period, the generic firm stays out of the market and the b—type brand-name firm charges price pg ,

where
MbH(l)(b(Q)) o E ap
b T2 T IO (p@)

b?) is uniquely determined by (G.2), and b”(})(b) is given by (14) in the paper when b” is set to b. Whereas,

(G.5)

in the full-information period, the generic firm will enter the market if, and only if, he can earn positive
profits, i.e., b€ [b® b)), where bV is the unique value of b such that 15> = k. Thus, for b € [bP ()] the
generic firm will enter the market in the full-information period with the brand-name firm charging price
pB?, which is given by

¢  apg gy

=S+

T2 20 4—2b02 (G.6)

Then by (G.5) and (G.6), we obtain that

Db Mmb__ 4B 1_ agy B 1 _ap 1 3 1
Pe =P T (b (2-b0y?)as bH<1>(b<2>)>_ 2 (bH<2>(b) bH(l)(b(2))>’ (G.7)

where b%(2)(b) is given by (18) with b" being replaced by b. Then by (G.7), ph® > pM® if, and only if,
b2 (b) < bW (H(D). Since b (b) is strictly increasing in b, b2 (b) < b7V (b)) is equivalent to b < b <
b3 = (b)) LM (5®)), where (b7(2))~1() is the inverse function of b7(2) (b). Note that by Theorem 1 in
the paper, 0 < b® < b®). Therefore, for b € [b(?), b(1)), the GCP occurs if, and only if, b € [b®), min{b™*),p()}).

Lastly, for b€ [b®) b7 (p()] by Proposition 3 and II2° < k, the generic firm stays out of the market in

both the signaling and full-information periods, and hence the GCP does not exist. [

Proof of Proposition 4. Suppose the brand-name firm’s type b € [b(2 b7 (b))]. For b € [bV), b7 D) (5(2))],
the generic firm stays out of the market in the signaling regardless of the presence of information asymmetry,
by Proposition 3 and II5° < k. In the signaling period, the brand-name firm of type b charges price p]ng(l) )
as given by (G.5) under information asymmetry; whereas the brand-name firm will charge price p¥* under
complete information in the signaling period, where p}° = p¥* as given by (4) with b* being replaced by b.
Note by b € [b®, b7 (p(2)] that pM® > pgbml)(bm) > c. Therefore, both consumer surplus and social welfare
benefit from the information asymmetry in the signaling period.

Next, we consider the cases where b€ [b®, (1)), and prove each part of the proposition separately.

Part (i): Following the proof of Proposition 2(i) in Appendix B, to analyse the impact of information
asymmetry on consumer surplus in the signaling period when b € [ b(1)), it is enough to compare the
representative consumer’s net utility per-unit time, U°(qz, q¢), with and without the information asymmetry,
where U*(qp,qc) is given by (1) with superscript ¢ of b being dropped.

By Proposition 3, with information asymmetry, the brand-name firm is a monopoly in the market, and
the amount of the brand-name drug that the representative consumer purchases per-unit time at price
pgbmn ) i equal to ¢¥ = ap — bpng(l)(b(Z)) when b € [0 b)), As a result, the consumer surplus per-unit

time under information asymmetry is given by S®(¢¥,0) =U®b(¢¥,0).
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On the other hand, without information asymmetry, since II5® > k, the generic firm enters the market and
competes with the brand-name firm when b € [b(®), b(1)). Consequently, in absence of information asymmetry,
the amount of brand-name and generic drugs that the representative consumer purchases per-unit time, at
prices p5® and p5®, is respectively equal to ¢5° and ¢5° as given by ¢5* and ¢5° in (B.1) with & being
replaced by b. The consumer surplus per-unit time without information asymmetry is equal to S®(¢5%, ¢5°%) =
U(a5",95")-

Next, to examine the impact of information asymmetry, we compare the consumer surplus per-unit time
with and without information asymmetry, i.e., S®(¢¥,0) with S*(¢5°,¢5"). To that end, we define AS :=

Sb(qE?, ¢5%) — S®(¢},0), and then obtain that

ap 2 ~ ap ~ 1 1
(G.8)

where &k := ap — be, and ©1(b) is given by (A.16) when b" is set to b. Following the analysis on (B.4)
in the proof of Proposition 2(i) in Appendix B, we obtain that AS < 0 so that the consumer surplus
increases under information asymmetry if, and only if, b7®)(b) < bV (D) < 1, where b3 (b) is given
by (A.14) with b" being replaced by b. Since b3 (b) is strictly increasing in b € (0,1), for b € [b(® b)),
b (b) < bW (h(D) is equivalent to b < b < b := (bHE)) =1 (pH M) (b)), where (b¥(3))~1(b) is the inverse
function of b7 (b). Note that b € (b (). Thus, for b € [b® b)), the consumer surplus increases under
information asymmetry if, and only if, b € [b®, min{b(*) p(V)}).

Part (ii): By Proposition 3, with information asymmetry in the signaling period: the brand-name firm
is a monopoly in the market, and the amount of the brand-name drug that the representative consumer
purchases per-unit time at price png(l)(b@)) is equal to ¢¥ = ap — bpfgbml)(b@)) when b € [b b)), As a
result, the consumer surplus per-unit time in the signaling period is given by S®(q¢¥,0) =U®(¢¥,0), and the

total firm profit per-unit time is given by

H(1) ((2) H(1) (3(2) H(1) (3(2)
' es" " ) =5 = as—tp" ).

Whereas, in the full-information period, since II2® > k when b € [0 (1)), the generic firm, by incurring
the fixed capacity cost K, enters the market and competes with the b—type brand-name firm. Hence, there
is duopoly in the full-information period, and the amount of brand-name and generic drugs that the repre-

sentative consumer purchases per-unit time, at prices p5® and p5° is, respectively, equal to ¢5° and ¢5° as

given by ¢5* and ¢2% in (B.1) with b° being replaced by b. Then the consumer surplus per-unit time in the
full-information period is equal to S®(¢5%, ¢5%) =U"(¢5?, q5"), and the total firm profit per-unit time is given
by TI5° + 115", where II7* is, respectively, given by (9) and (10) with b* being replaced by b, for j € {B,G}.
Therefore, when there is information asymmetry in the signaling period, the total social welfare Ws over

both periods is given by

]

T
Ws:/ efpt(Sb(qu70)+Hgb(png( >(b(2))))dt+/
0 T

On the other hand, without information asymmetry in the signaling period, since I15° > k when b €

et (Sb(ng, &)+ 15"+ Hgb>dt —Ke T, (G.9)

[b), (M) the generic firm, by incurring the fixed capacity cost K, enters the market and competes with the
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brand-name firm at the beginning of the signaling period. Then the generic and brand-name firms compete
as duopoly throughout both the signaling and full-information periods. Consequently, the amount of brand-

name and generic drugs that the representative consumer purchases per-unit time at prices pB® and p2°

is, respectively, equal to ¢5° and ¢5°. Then the consumer surplus per-unit time is equal to S®(¢5°,¢5°) =
U (qh,¢B"%), and the total firm profit per-unit time is given by T2 + ITI2%. Therefore, without information

asymmetry, the total social welfare Wy over both periods is given by
Wi = /Oo et (Sb(ng,ng) +H§b+Hgb)dt—K. (G.10)
0
Then, by using (G.9) and (G.10), we obtain
ws—szlggppT(— (b},%fb(m—c)%@gb)mzk), (@G.11)
where k= pK, and ©,(b) is given by (A.17) when b” is set to b. Following the analysis on (B.9) in the proof
of Proposition 2(ii) in Appendix B, we obtain that Wg > W if, and only if, b7 (b(2)) > p7* (b), where
b (b) is given by (A.15) with b being replaced by b. Since b¥(4)(b) is strictly increasing in b € (0,1), for
be [b@ b)) pH (b) < bHD (H(D) is equivalent to b2 < b < b®) := (b7 H)~1(HHMD) () where (b *))~1(b)
is the inverse function of b7 (b) and b € (b, bM)). Thus, for b € [b® b(V)), the social welfare increases
under information asymmetry if, and only if, b € [b®, min{6® b(M}). O
Proof of Proposition 5. We compare the dual-source information asymmetry situation with the base
model where information asymmetry is only on consumer price sensitivity. To ensure fairness in comparison,
we suppose that: (i) in the base model, the unit production cost for the brand-name firm can be either high
or low and is known to the generic firm, and (ii) the two situations have the same fixed capacity cost.
Then we identify the existence of the same fixed capacity cost in the two situations. For the condition (11)

in Lemma A.2, considering that there are two types of unit production cost, we rewrite the condition as

when the unit production cost is ¢”: (1 — X\, )TIS" + N\ JIZHH < k < TIEHH, (G.12a)

when the unit production cost is ¢”: (1 — X\, )IIS*Y + N\ II27F < k <TI5"E. (G.12b)

When there are dual sources of information asymmetry, the condition on the (discounted) fixed capacity cost
and the prior is given by (D.5) in Appendix D or (23) in the paper. Note that we have I5*# > IT5HH > [TRHE
and HZT > TI5EE > TIEHE | by (D.4). Clearly, (D.5) is a subset of (G.12b), and the intersection of (D.5) and
(G.12a) is empty.

We then analyze the impact of dual sources of information asymmetry on the generic entry, the GCP, the
consumer surplus, and social welfare, respectively.

Generic Entry: When the brand-name firm’s unit production cost is ¢, for k that satisfies (D.5), it must
be smaller than the lower bound of (G.12a). Thus, when the information asymmetry is only on consumers’
relative price sensitivity, generic entry must happen at the beginning of the signaling period and the price of
the brand-name drug will decrease from its monopoly level to its duopoly level, whether the consumer price
sensitivity is b7 or b. However, when there are dual sources of information asymmetry, by Proposition D.1,

the H H—type of brand-name firm can deter generic entry by mimicking the H L—type. There are also some
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cases where the LH —type brand-name firm mimics the HL—type to deter generic entry. When mimicking
the HL—type, both the HH —type and LH —type brand-name firm will charge the H L—type’s monopoly
price, which is lower than their own monopoly price (i.e., limit pricing).

When the brand-name firm’s unit production cost is ¢, for k that satisfies (D.5), we have shown that it
must satisfy (G.12b). Thus, when the information asymmetry is only on consumers’ relative price sensitivity,
by Proposition 1, the LL—type brand-name firm can deter generic entry by mimicking the HL—type in
some cases in the signaling period. When there are dual sources of information asymmetry, by Proposition
D.1, the LL—type can also deter generic entry by mimicking the H L—type in some cases in the signaling
period. Similarly, when mimicking the H L—type, the LL—type brand-name firm will charge the H L—type’s
monopoly price, which is lower than its own monopoly price (i.e., limit pricing).

By comparing the two situations where the brand-name firm’s unit production cost is, respectively, ¢ and
cl', we obtain that there are more cases of the brand-name firm utilizing limit pricing to deter generic entry
in the signaling period when there are dual sources of information asymmetry than when the information
asymmetry is only on consumers’ relative price sensitivity.

The GCP: Firstly, consider that the brand-name firm’s unit production cost is ¢¥. As we have analyzed
above, the GCP cannot occur when the information asymmetry is only on consumers’ relative price sensitivity
since the generic firm will enter the market at the beginning of the signaling period and the price of the brand-
name drug must decrease. Whereas, when there are dual sources of information asymmetry, by Theorem
D.1, the GCP can occur in some cases when the brand-name firm type is LH. Secondly, consider that the
brand-name firm’s unit production cost is ¢*. By comparing Theorem 1 and Theorem D.1, we can find that
the GCP occurs in the same cases when the information asymmetry is only on consumers’ relative price
sensitivity or there are dual sources of information asymmetry.

By comparing the two situations where the brand-name firm’s unit production cost is, respectively, ¢
and ¢, we obtain that there are more cases of the GCP occuring when there are dual sources of information
asymmetry than when the information asymmetry is only on consumers’ relative price sensitivity.

The Consumer Surplus: Firstly, consider that the brand-name firm’s unit production cost is c¢. As
we have analyzed above, generic entry must happen at the beginning of the signaling period when the
information asymmetry is only on consumers’ relative price sensitivity. As such, the information asymmetry
has no impact on the consumer surplus. However, when there are dual sources of information asymmetry, by
Proposition D.2, consumer surplus in the signaling period increases under information asymmetry (relative
to that without information asymmetry) in some cases when the brand-name firm is H H— and/or LH —type.
Secondly, consider that the brand-name firm’s unit production cost is ¢. By comparing Proposition 2 and
Proposition D.2, we can find that the consumer surplus increases under information asymmetry (relative
to that without information asymmetry) in the same cases when the information asymmetry is only on
consumers’ relative price sensitivity or there are dual sources of information asymmetry.

By comparing the two situations where the brand-name firm’s unit production cost is, respectively, ¢
and c¥, we obtain that there are more cases of information asymmetry benefiting consumers when there are
dual sources of information asymmetry than when the information asymmetry is only on consumers’ relative

price sensitivity.
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The Social Welfare: The results are obtained by comparing Proposition 2 with Proposition D.2. [
Proof of Proposition 6. As the number of generic firms N increases, that the L—type brand-name firm
uses limit pricing and deters generic entry in more cases, means that the threshold b¥# (1) (b%) is increasing in
N. Similarly, for an increasing N: that the GCP occurs in fewer cases, means that the threshold bV (2 (pl)
is increasing; and that consumers benefit from information asymmetry/limit pricing in fewer cases, means
that BN ) (b1) is increasing. Therefore, to prove Proposition 6, we only need to prove that all b¥ (1) (pE)

bNH2) (BL) and bNHB) (L) are increasing in N. For ease of exposition, define M3 as follows:
o = (@5 =D)L N — 0?20 — (o —bEe) — Nbhad -
° T (1+N)(1—bLy2)(1+ N —bly2)/N ‘ '

Then based on (E.6), b¥# (1) (b) is increasing in N if, and only if, M3 is increasing in N. Without loss of

generality, assume that N is continuous. By (G.13) and condition (E.3) in Lemma E.1, then

dMs  ~/(1+N)? 20 blacNy L blagN~ L
AN b1 O‘B_(i_HN—bwﬁbC) QB_(1+N—bL72+bC) > 0.

Therefore, M3 is increasing in N, and hence this implies that b7 (1) (b%) is increasing in N. In addition, it

is straightforward that b¥*(2)(b) is increasing in N.
Finally, by (E.12), b¥N#®)(bL) is increasing in N if, and only if, M, is increasing in N. We then, by (E.10)
in which &% := ap — blc, obtain
dM,  —2N(ah)? 2N((a5)?+b aZ —2b akacy)
dN (I+N)3 (1+N)3(1—0bEv2?)
208 N2a2, 208 Nag(ag — aky) 2bhag[N (24 N)ag + aky]
(14+N—=bE42)3  (1+N)1+ N —bly2)? (I+N)2(14+ N —bty2)

As shown above, 441 is a convex and quadratic function of &%, then we obtain that

dN
AMy My TN (AN = 1)(L-692) + 2N (1 bR92) (9 - 2b79?) +ANP(5 - 3b")
i = ,
AN L dN AN(1+ N)(1+ N —biq2)4/ [braZ (1 — bry?)]

i.e., M is increasing in N, and hence b7 3)(b") is increasing in N, which completes the proof. [
Proof of Proposition 7. The collusion between the low-cost generic firm and the L—type brand-name firm

follows from Proposition F.1. [
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