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Abstract
In this paper, we show that a provision in antitrust law to allow patent settlements 
with a later market entry of generics than the date that is expected under patent liti-
gation can increase consumer welfare. We introduce a policy parameter for deter-
mining the optimal additional period for collusion that would incentivize the chal-
lenging of weak patents and maximize consumer welfare. While in principle, later 
market entry leads to higher profits and lower consumer welfare, this can be more 
than compensated for if more patents are challenged as a result.

Keywords  Antitrust · Collusion · Patent challenges · Patent settlements · Pharma

1  Introduction

It is a well-established empirical insight that patent offices grant many patents that 
are later found invalid when challenged in court (Allison & Lemley, 1998; Lemley, 
2001; Lemley & Shapiro, 2005). Patents that are granted erroneously might lead to 
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unjustified market power that harms consumers through higher prices. Invalidating 
patents through patent litigation is an important instrument for solving this problem 
(Ayres & Klemperer, 1999; Lemley & Shapiro, 2005; Shapiro, 2003); but this raises 
the question of whether firms have socially optimal incentives to challenge poten-
tially invalid (‘weak’) patents.

Since challenging a patent is costly (with costs of, e.g., searching for prior art, 
attorneys, courts or patent office fees, lengthy proceedings), this creates an under-
lying externality that results in fewer patent challenges: Potential challengers are 
not fully internalizing the positive effects of their patent challenge for society—in 
particular, in terms of the additional consumer surplus that is generated from mar-
ket entry.1 The literature has discussed instruments to address this issue such as: 
the subsidization of patent challenges; the creation of cash-bounty programmes to 
encourage private patent examinations; or the reduction of costs for patent revoca-
tion (Farrell & Merges, 2004; Miller, 2004; Thomas, 2001).

In addition to this general problem, a pattern has emerged in the pharmaceutical 
industry whereby patent holders pay firms (usually generics) not to challenge their 
weak patents (‘reverse payments’) through patent settlements. These ‘pay-for-delay’ 
agreements have the consequence of delaying market entry and price competition. 
Patent settlements can therefore be an instrument for undermining the usefulness of 
patent litigation as a tool to solve the weak patent problem. Competition authorities 
in the U.S. and the E.U. have challenged a number of patent settlements with reverse 
payments in the pharmaceutical industry for violating antitrust rules.

The objective of this paper is to analyse whether the incentives to challenge weak 
patents should be considered in the antitrust assessment of patent settlements with 
reverse payments. Beyond all controversial discussions of the details, the basic 
arguments on the potentially anticompetitive effects of patent settlements with high 
reverse payments are widely accepted in the economic and legal discussion (Elhauge 
& Krüger, 2012; Shapiro, 2003; Willig & Bigelow, 2004; Woodcock, 2016) and 
were accepted by the Supreme Court in its 2013 Actavis decision (FTC v. Actavis 
2013). According to this view, patent settlements do not violate antitrust laws if they 
do not lead to lower consumer welfare (through later market entry of generics) than 
the level that could be achieved through patent litigation.

The basic idea of the model that we are presenting in this paper is to analyse 
the trade-off between allowing later market entry in patent settlements (with higher 
profits for the originator and the generic firm) and the positive effects on consumer 
welfare from the greater incentives for generics to challenge a larger number of weak 
patents. We can show that incorporating consideration of patent-challenge incen-
tives into the antitrust assessment under certain conditions increases consumer wel-
fare by allowing an additional period of collusion – which is stipulated by a newly 
introduced policy parameter.

1  The general problem of firms’ not taking into account externalities through their market entry was 
already analysed by Dixit and Stiglitz (1977). In their model, there is a trade-off between the gains in 
consumer welfare from an additional differentiated product and the loss of economies of scale from 
spreading production across a larger variety of products.
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The paper is structured as follows: In Sect. 2, we present a brief overview of the 
legal and economic discussion of the antitrust assessment of patent settlements and 
explain our basic approach. The model is presented in Sects. 3–5 (model framework, 
equilibrium analysis, and welfare analysis). Section 6 provides our analyses of com-
parative statics, while Sect. 7 addresses the policy parameter’s impact on innovation 
incentives. In Sect. 8, we briefly discuss the results and some conclusions.

2 � Patent Settlements, Antitrust, and Incentives for Patent Challenges 
in the Pharmaceutical Industry

Since the prices of pharmaceutical products sharply decrease after the entry of 
generics, any unjustified delay in generic firms’ entry can lead to high additional 
health costs for consumers and society. For that reason, the U.S. Federal Trade 
Commission (FTC) has challenged patent settlements with reverse payments in the 
pharmaceutical industry since 1999 (FTC 2002). In particular, patent settlements 
in which the (patent-holding) originator firms pay large sums to generic firms—
‘reverse payments’—and agree on future entry dates of generics have been the 
object of competition and antitrust law proceedings.

The main discussion in U.S. antitrust law has focused on the question of whether 
the existence of a large reverse payment—larger than the patent-challenge litiga-
tion costs—should be sufficient to presume the illegality of a patent settlement or 
whether a broader rule-of-reason approach should be applied. Particularly impor-
tant was the ruling of the U.S. Supreme Court in the Actavis case, in which it was 
decided that patent settlements with high unexplained reverse payments can be a 
signal of the weakness of patents and therefore of the anticompetitiveness and ille-
gality of such patent settlements; the Court concluded that a rule-of-reason approach 
was appropriate (FTC v. Actavis 2013; Edlin et al., 2015).

The European Commission has also investigated patent settlements and viewed 
agreements with restrictions on market entry and reverse payments as potentially 
anticompetitive and requiring close scrutiny by competition law.2 The Commission 
decided in several patent settlement cases with reverse payments that such settle-
ments violate Art. 101 TFEU. Especially important are the Lundbeck and Servier 
cases, in which the General Court of the E.U. confirmed that such patent settlements 
can be anticompetitive agreements according to Art. 101 TFEU.3

In the economic discussion, there is a broad consensus that patent settlements 
with reverse payments from originators to generics can be an effective instrument 
to protect weak patents from invalidation through patent challenges. In addition, 
the criterion of Shapiro (2003)—patent settlements should not lead to lower con-
sumer welfare than the level under patent litigation—has been broadly accepted in 

2  See European Commission DG Comp (2009, p. 254).
3  See General Court Case T-467/13—Arrow Group and Arrow Generics v Commission, General Court 
Case T-691/14—Servier and Others v Commission.
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the economic and legal discussion as a relevant normative criterion for the antitrust 
assessment of patent settlements.4

Basic models of the price effects of patent settlements show that reverse pay-
ments that are larger than litigation costs lead to an entry date of generics that is 
delayed beyond the expected entry date under litigation: the benchmark of the 
litigation solution (Elhauge & Krüger, 2012; Frank & Kerber, 2018; Shapiro, 
2003). While this result strongly supports the concerns about reverse payments, 
subsequent economic analyses have shown that under less simple and more real-
istic assumptions about the negotiation situation—e.g., information asymmetries, 
risk aversion, multiple entrants, etc.—the conclusions about reverse payments are 
less clear, although the basic entry-delaying effect of reverse payments still exists 
(Dickey et al., 2010; Frank & Kerber, 2018; Willig & Bigelow, 2004).

A serious problem with this discussion is that it has so far almost exclusively 
focused on the effects of patent settlements on consumer welfare via price effects: 
on the question of whether patent settlements lead to delayed generic entry, with 
negative effects on consumer welfare. However, patent settlements can also affect 
consumer welfare through two additional channels: effects on innovation incen-
tives; and effects on patent-challenging incentives (Frank & Kerber, 2018).

To date, only Elhauge and Krüger (2012), Manganelli (2014), and Woodcock 
(2016, 2017) have taken the innovation incentive effect into account when analys-
ing the effects of patent settlements. Although we should be cautious about draw-
ing excessively far-reaching conclusions from their models, their results suggest 
that competition authorities do not need to worry too much about negative effects 
on innovation incentives.

With respect to patent-challenging incentives, some scholars are concerned 
about an excessively restrictive policy towards patent settlements. The argu-
ment is that the possibilities for generics to make profits from patent settlements 
through reverse payments would decrease their incentives to challenge patents or 
hinder procompetitive settlements (e.g., Dickey et  al., 2010, p. 399). Addition-
ally, in the abovementioned Actavis ruling of the U.S. Supreme Court, Chief Jus-
tice Roberts states in his dissenting opinion that putting limits on the possibility 
to engage in patent settlements with certain entry dates reduces the incentives 
to challenge patents (FTC v. Actavis 2013, Roberts dissenting, p. 17). Manga-
nelli (2014) develops a model in which allowing reverse payments can lead to 
additional generic entry and could offset the direct entry delay effect of reverse 
payments because higher industry profits imply higher incentives for generics to 
enter the market.

What is the economic intuition behind our approach? According to the Shapiro 
criterion, patent settlements violate antitrust rules if they lead to a negotiated market 
entry of generics that is later than the expected entry date under patent litigation. 
The basic idea of our model is to introduce a policy parameter that allows longer 

4  In competition and antitrust policy in the U.S. and the E.U., the effect on consumer welfare (and not 
total welfare) is the relevant normative criterion.
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collusion between patent holders and generic entrants beyond this expected entry 
date under litigation in antitrust assessments.

This means that we address the externality problem of costly patent challenges 
through larger profits for the patent holders that are shared via reverse payments 
with the generic entrant. As a result, patents that previously would not have been 
challenged are challenged. We show in our model that under certain conditions, the 
increase in consumer welfare through the challenging of additional weak patents can 
be larger than the additional costs to consumers from later generic entry than what 
would be expected under litigation.

The structure of our model is partly based upon the model of Gratz (2012), who 
was the first to offer an integrated analysis of price and challenge incentive effects 
with regard to patent settlements. In her model, judicial errors (due to information 
problems in the application of the rule of reason) lead to overall positive effects on 
consumer welfare through erroneously allowing later generic entry than that in the 
benchmark litigation solution.

In contrast to her approach, we introduce a policy parameter and analyse the opti-
mal additional delay (compared to the litigation solution) that would maximize con-
sumer welfare if challenging incentives are also taken into account. In addition, we 
analyse the effect of such an optimal policy parameter on innovation incentives and, 
in a comparative statics analysis, how this optimal policy parameter depends, e.g., 
on the quality of patents and on the challenge costs.

3 � Model Framework

Our model follows the basic framework introduced by Gratz (2012). In this frame-
work, an originator ( O ) holds a patent that expires at t = 1 , where t ∈ [0,∞] denotes 
time. The patent strength is described by � ∈ [0, 1] , which allows us to interpret � as 
reflecting the probability that the patent is found valid in court. We assume that � is 
a random variable that follows a twice continuously differentiable CDF H(�) with 
density h(�) . It is assumed that all patents have the same value and that the realiza-
tions of � are common knowledge.

A generic company ( G ) acts as a potential entrant in the market by considering 
a challenge to a patent at t = 0 with challenge costs fg > 0.5 The challenge costs 
include the costs of preparing the challenge as well as firm investments for entering 
the market: technology and marketing investments to overcome market entry barri-
ers.6 Potential litigation costs are assumed to be equal to zero. In the event of a chal-
lenge, the outcome depends on the court’s decision: If the patent is declared invalid, 
G enters at t = 0 ; if the patent is held valid, market entry occurs at t = 1.

5  In our model we assume that only one entrant exists. This implies that we do not take into account the 
‘multiple challenger problem’: the public good problem that emerges if several generic entrants could 
simultaneously challenge a patent, or any strategic interaction between the generics.
6  Note that we assume that any market entry prior to the expiration of the patent implies a challenge.
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This implies that G ’s expected entry date under litigation is 
tlit
g
= � ⋅ 1 + (1 − �) ⋅ 0 = � , so that the firms’ expected litigation profits are given by 

�lit
o
= tlit

g
�m +

(
1 − tlit

g

)
�d
o
 and �lit

g
=
(
1 − tlit

g

)
�d
g
= (1 − �)�d

g
 , where �m describes 

the originator’s monopoly profit, while �d
o
 and �d

g
 denote the firms’ profits after G ’s 

market entry. Hence, the generic challenges all patents for which 
�lit
g
(�) − fg = (1 − �)�d

g
− fg ≥ 0.

If G challenges a patent, both parties can settle their patent dispute through a pat-
ent settlement with an agreement on a specific (potentially delayed) generic entry 
date—tset

g
∈ [0, 1] – and a reverse payment—rpset ≥ 0 – from the originator to the 

generic. We assume that there are no settlement costs and that tset
g

 as well as rpset are 
endogenously determined during the settlement negotiations.

If the firms agree on a settlement, the originator can reap monopoly profits �m for 
period 

[
0, tset

g

)
 , whereas for 

[
tset
g
, 1
]
 , the originator and generic generate duopoly prof-

its �d
o
+ �d

g
= �d . After patent expiration, all profits are assumed to be equal to zero 

because of perfect competition: �c = 0 . Consumer welfare under the different mar-
ket structures is denoted by CWm , CWd , and CWc . We assume that 𝜋m > 𝜋d > 𝜋c 
and that CWm < CWd < CWc , which corresponds to standard conditions under com-
petitive markets. Fig. 1 summarizes this situation.

The firms’ profits under a settlement are given by 
�set
o

= tset
g
�m +

(
1 − tset

g

)
�d
o
− rpset and �set

g
=
(
1 − tset

g

)
�d
g
+ rpset , which corre-

sponds to a joint settlement profit of

If we assume that market entry is delayed beyond the date under the litigation 
outcome—that tset

g
> tlit

g
 – the joint settlement profit exceeds its litigation counterpart: 

Πlit = tlit
g
�m +

(
1 − tlit

g

)(
�d
o
+ �d

g

)
 . In particular, this ‘settlement surplus’—the gain 

from settling instead of litigating—is given by

The delayed market entry reduces the generic’s profit by 
(
tset
g

− tlit
g

)
�d
g
 . Hence, we 

assume that the generic demands compensation for this loss. In addition, we 

(1)Πset = tset
g
�m +

(
1 − tset

g

)(
�d
o
+ �d

g

)

(2)s = Πset − Πlit =
(
tset
g

− tlit
g

)(
𝜋m −

(
𝜋d
o
+ 𝜋d

g

))
> 0

Fig. 1   Market structure, profits, and consumer welfare in the settlement solutions
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explicitly assume that the firms equally share the settlement surplus.7 The reverse 
payment from O to G is therefore given by rpset =

(
tset
g

− tlit
g

)
�d
g
+ s∕2 , so that indi-

vidual settlement profits become

Given Equation (4), we know that the generic challenges all patents for which we 
have

Note that in a litigation-replicating settlement, the firms would avoid any entry 
delay compared to the entry date under litigation: They would agree on tset

g
= tlit

g
 . On 

the other hand, under the most collusive settlement, they would maximize the settle-
ment surplus by deferring market entry until the end of the original patent duration; 
that is, we would have tset

g
= 1 . This would be the natural outcome if firms were 

allowed to settle without any legal restrictions. According to the criterion of Sha-
piro, competition authorities would prohibit all patent settlements through which 
consumers are harmed by generic entries that are later than the date expected under 
litigation. This implies that the firms are not allowed to specify entry dates beyond 
tlit
g
= �.
However, deviating from Gratz (2012), we introduce a policy parameter t̃ that 

explicitly allows competition authorities to grant the parties an additional time 
period for collusion. In particular, O and G can agree to share monopoly profits until 
tset
g

= tlit
g
+ t̃ = 𝛾 + t̃ , which implies that the firms can choose any tset

g
≤ tlit

g
+ t̃ . We 

assume that the competition authority has to commit to t̃ before � is realized. As the 
original remaining patent duration is equal to one, t̃ can be interpreted as a percent-
age share of the original remaining patent duration that is additionally granted for 
collusion. We illustrate this in Fig. 2.

(3)�set
o

= tset
g
�m +

(
1 − tset

g

)
�d
o
−
((

tset
g

− tlit
g

)
�d
g
+ s∕2

)
= �lit

o
+ s∕2

(4)�set
g

=
(
1 − tset

g

)
�d
g
+
(
tset
g

− tlit
g

)
�d
g
+ s∕2 = �lit

g
+ s∕2

(5)
(
1 − tset

g

)
�d
g
+
(
tset
g

− tlit
g

)
�d
g
+ s∕2 − fg ≥ 0

Fig. 2   Policy parameter t̃  as a share of the original remaining patent duration

7  If the bargaining process results in a smaller share of the settlement surplus’s being given to the 
generic, the challenging incentives would be negatively affected. However, the corresponding impact 
would only quantitatively change our results. Hence, the implications of our model would not change.
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As long as we strictly interpret t̃ as being an additional time period of collusion, 
we have to restrict t̃ to values between zero and one because we cannot have negative 
amounts of collusion. Later, however, we will take a broader analytical perspective 
that allows for a more general interpretation of t̃ : As t̃ = 0 clearly corresponds to the 
litigation benchmark, we know that t̃ > 0 generally represents all cases in which we 
have generic entry delays beyond the expected entry date under litigation. For the 
entrant, the effect of a positive policy parameter can be compared to the instrument 
of directly subsidizing the patent challenge so that more patents are challenged as 
a result. The difference from our solution would be that a subsidy does not lead to 
collusion between the generic entrant and the originator firm and the corresponding 
generic entry delay.

In our model, negative values of t̃ also have a meaningful interpretation: t̃ < 0 
generally refers to all cases in which generic firms would be forced to (hypotheti-
cally) enter the market prior to the expected entry date under litigation. This refers to 
situations where many patents are already challenged naturally—challenge costs are 
sufficiently low—and forcing earlier entry would be more beneficial than encourag-
ing even more patent challenges. Using this interpretation, we will describe some 
important policy implications in Sect. 5.

Overall, our model setup corresponds to a sequential game with the following 
timing of actions: (1) The competition authority commits ex ante to policy param-
eter t̃ without knowing the realization of � ; (2) Nature draws � , and its realization 
becomes common knowledge; (3) The generic decides whether to challenge at t = 0 ; 
(4) If a patent is challenged, the generic makes a settlement offer that contains rpset 
and tset

g
≤ 𝛾 + t̃ ; and (5) The originator accepts or rejects the offer. If O rejects the 

offer, the litigation outcome is realized.8

4 � Equilibrium Analysis: The Optimal Policy Parameter

Since competition authorities do not challenge settlements with tset
g

≤ tlit
g
+ t̃ , G opti-

mally offers O to choose the corner solution, that is, to choose tset
g

= tlit
g
+ t̃ = 𝛾 + t̃ 

in equilibrium. This maximizes the settlement surplus, which is then equally shared 
between the firms. As we know from Equation (3) that the originator’s settlement 
profit is higher than its litigation counterpart, the originator accepts the offer. This 
implies that all cases are settled, so the settlement subgame immediately ends, and 
litigation never occurs. Our results are to some extent in line with the findings of 
Priest and Klein (1984), where settlement equilibria result from savings in litigation 
costs. However, the mechanism in our model is different, as the incentives to settle 
exclusively result from the allowed market entry delay.

8  With respect to the treatment of time in our model, we stick to the assumption of Gratz (2012) that 
a patent dispute is triggered and resolved at the same point in time. This is in contrast to, e.g., Shapiro 
(2003) and Elhauge and Krueger (2012), who assume that there is a litigation period. Introducing a liti-
gation period would postpone the firms’ entry dates accordingly. This, however, would have no qualita-
tive impact on our results.
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Using (1) and tset
g

= 𝛾 + t̃ , we know that the joint settlement profit under t̃ is 
described by

This holds for all challenged patents: for � ∈
[
0, �set

g

]
 , where �set

g
 denotes the criti-

cal level of patent strength at which G is indifferent between challenging a patent or 
not. Following (2), the generated surplus compared to litigation is therefore given by

which allows us to determine the critical level of patent strength.
As we know that tset

g
= 𝛾 + t̃ , we can show that Condition (5) becomes 

(1 − �)�d
g
+ s∕2 − fg ≥ 0 . Hence, we find that �set

g
 is determined by

Note that for t̃ > 0 , we have that G ’s net expected profit from litigation is smaller 
than zero, which may raise concerns about the credibility of the firm’s incentive to 
challenge patents. However, we can easily show that due to the settlement surplus, 
the originator’s settlement profit strictly exceeds the expected profit from litigation. 
Following our assumption that negotiations between the parties take place before 
trial, we know that even for t̃ > 0 , generic challenges constitute a credible strategy 
because the generic anticipates that the originator will in any case agree to a settle-
ment once a patent has been challenged.

Given Equation (8), we can conclude that G challenges patents for � ∈
[
0, �set

g

]
 , 

which leads to the following market structures: If G does not challenge any pat-
ents—for � ∈

(
�set
g
, 1
]
 – the originator’s monopoly covers the entire remaining patent 

duration. For � ∈
[
0, �set

g

]
 , G enters the market, so the originator holds a monopoly 

for tset
g

− 0 = 𝛾 + t̃ . Then, G enters at tset
g

 , creating a duopoly for the time period 
1 − tset

g
= 1 − 𝛾 − t̃.

Following our assumption that the policy-maker has to commit to a policy with-
out being informed about � , we know that consumer welfare under t̃ is described by

(6)Πset = (𝛾 + t̃)𝜋m + (1 − (𝛾 + t̃))
(
𝜋d
o
+ 𝜋d

g

)

(7)s = t̃
(
𝜋m −

(
𝜋d
o
+ 𝜋d

g

))

(8)(1 − �)�d
g
+ s∕2 − fg = 0 ⇔ �set

g
= 1 −

fg − s∕2

�d
g

(9)

CWset(t̃) =

𝛾set
g
(t̃)

∫
0

�
(𝛾 + t̃)CWm + (1 − 𝛾 − t̃)CWd

�
h(𝛾)d𝛾 +

1

∫
𝛾set
g
(t̃)

CWm h(𝛾)d𝛾

=

⎡
⎢⎢⎢⎣

�
1 − 𝛾set

g
(t̃) − t̃

�
H
�
𝛾set
g
(t̃)
�
+

𝛾set
g
(t̃)

∫
0

H(𝛾)d𝛾

⎤
⎥⎥⎥⎦

�
CWd − CWm

�
+ CWm
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Maximizing Equation (9) with respect to t̃ yields

The interpretation of (10) is straightforward: If competition authorities are more 
generous with patent settlements, the joint settlement profit increases, and hence, the 
generic company challenges more patents. This is reflected by the incentive effect, 
which captures the positive externality that arises from G ’s market entry because G 
ignores the consumer surplus benefits in its private entry calculation. In particular, G 
additionally challenges 𝜕𝛾set

g

/
𝜕t̃ patents, for which we have an increase in consumer 

welfare of CWd − CWm for the period after market entry under the marginal settle-
ment: for 1 − tset

g
= 1 − 𝛾set

g
− t̃ . This effect is more pronounced if the realization of 

�set
g

 is more likely to occur: if h
(
�set
g

)
 takes higher values.

However, due to G ’s delayed market entry, consumer welfare decreases by 
CWd − CWm for all of the patents that would have been challenged anyway. Here, 
H
(
�set
g

)
 indicates the probability that � ∈

[
0, �set

g

]
 . This entry delay effect basically 

reflects a negative externality that accompanies each settlement: When settling a 
case, O and G ignore the negative impact on consumer welfare that results from G ’s 
delayed entry. Instead, in equilibrium, they fully exploit the allowed time period of 
collusion as this maximizes their private joint settlement profit.

Thus, the optimal policy t̃
opt

 is implicitly determined by the point where these 
two opposing effects marginally compensate for each other: 𝜕CWset∕𝜕t̃ = 0 . If we 
consider a specific example where � ∼ U[0, 1] , we can show that the optimal policy 
is explicitly given by

Note that in our model the optimal policy is independent of consumer welfare. To 
explain this result, we need to recall that a marginal change in t̃ induces incentive 
and entry delay effects. In particular, we can see from (10) that additional challenges 
increase consumer welfare by CWd − CWm . However, these additional challenges 
result from the allowed market entry delay, and any generic entry delay affects con-
sumer welfare by CWm − CWd = −

(
CWd − CWm

)
 . Hence, in terms of consumer 

welfare, these proportional effects have the same magnitude with opposite signs. 

(10)

𝜕CWset

𝜕t̃
=

𝜕𝛾set
g

𝜕t̃

(
1 − 𝛾set

g
− t̃

)(
CWd − CWm

)
h
(
𝛾set
g

)

�����������������������������������������������������������������
Incentive Effect

−H
(
𝛾set
g

)(
CWd − CWm

)
�������������������������������

Entry Delay Effect

(11)t̃opt =
4
(
𝜋d
g

)2

− 2fg

(
𝜋m + 𝜋d

g
− 𝜋d

o

)
(
𝜋m + 3𝜋d

g
− 𝜋d

o

)(
−𝜋m + 𝜋d

g
+ 𝜋d

o

)



513

1 3

Optimal Incentives for Patent Challenges in the Pharmaceutical…

Therefore, CWd − CWm equally impacts the incentive and entry delay effects, so it 
cancels out in the optimum.9

With respect to the second-order condition, we find that 𝜕2(CWset)
/
𝜕(t̃)2 < 0 if 

h�
(
𝛾set
g

)
<
(
2 + 𝜕𝛾set

g

/
𝜕t̃
)

�����������������
>0

(
h
(
𝛾set
g

))2
/

H
(
𝛾set
g

)

�����������������������������
>0

.

Hence, we can conclude that t̃opt is a maximum solution if H(�) is not too 
convex.10

5 � Welfare Analysis

To show that the implementation of t̃opt is beneficial for consumers, we have to com-
pare our results to the benchmark case of the litigation solution. Using Equation (9), 
we can compute consumer surplus under litigation by evaluating CWset(t̃) at t̃ = 0 . 
Hence, consumer welfare under litigation is given by CWset(0) , whereas consumer 
welfare under the optimal policy is determined by CWset

(
t̃opt

)
.

Our results are summarized in Proposition 1:

Proposition 1:  The implementation of the optimal policy weakly increases consumer 
welfare: CWset

(
t̃opt

) ≥ CWset(0) . If challenge costs are sufficiently high—if 

fg ≥ fg = H
(
𝛾set
g

)/
h
(
𝛾set
g

)
⋅ 2

(
𝜋d
g

)2
/(

𝜋m − 𝜋d
o
− 𝜋d

g

)
> 0—then t̃opt ≥ 0 . Other-

wise, t̃opt < 0.

Proof:  See Appendix 1.

Proposition 1 shows that the implementation of t̃opt is indeed welfare-increas-
ing for consumers. Except for the case of t̃opt = 0 , this result holds in general: for 
t̃opt > 0 as well as for t̃opt < 0 . Note that our results require no additional assump-
tions with respect to the mode or the intensity of competition.

Given the paper’s focus, it is a very important result that t̃opt can be positive or 
negative. As we can show that fg > 0 , we know that t̃opt > 0 requires challenge costs 
to be strictly positive and sufficiently high. The main intuition behind this result is as 
follows: If challenge costs are small—if 0 < fg < fg—the generic challenges a large 
number of patents under litigation anyway, so additional monetary incentives in 
terms of t̃opt > 0 are not necessary. If, however, challenge costs are sufficiently high, 
the generic’s challenging incentives are too small from a consumer welfare perspec-
tive. Hence, we need t̃opt > 0 to induce more challenges, which, as we stated before, 

9  However, this result is an artefact from our simple setting with one generic entrant. In an earlier work-
ing paper version, we considered a framework with two generic entrants. As a result, the welfare expres-
sions did not cancel in the optimality condition.
10  We discuss the uniqueness of this solution in the proof of Proposition 2.
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allows for the interpretation of t̃opt > 0 as the equivalent of a subsidy on patent 
challenges.

Our finding that t̃opt can be positive or negative implies that we have to distin-
guish two cases. In Case 1 ( fg < fg ), consumer welfare would be maximized for 
t̃opt < 0 . Here, due to small challenging costs, the challenging incentives provided 
under the litigation solution are already relatively high, making G challenge a corre-
spondingly large number of patents without additional incentives. This leads to a 
situation in which the negative externality in terms of the entry delay effect domi-
nates the marginal benefits from the incentive effect for all t̃ ≥ 0 . Therefore, induc-
ing additional challenges by allowing generic entry delay beyond the litigation 
benchmark in the settlements—t̃ > 0—would not be beneficial for consumers and 
clearly be anticompetitive.

Instead, consumer welfare could be increased by (hypothetically) enforcing 
earlier generic entry (that is, an entry date prior to the entry date under litigation) 
in the settlements, which would require t̃opt < 0 . Recall that, as mentioned above, 
in this case the entry delay effect dominates the incentive effect for all t̃ ≥ 0 . By 
introducing t̃opt < 0 , we would, on the margin, create a stronger incentive effect 
because consumers would benefit for a longer period of time from generic entry 
resulting from additional challenges. At the same time—and with the assump-
tion that all cases would still be settled—the resulting reduction in the settlement 
profits would make challenges less attractive, thereby mitigating the entry delay 
effect. However, as long as the law does not limit the parties’ rights to litigate, 
competition authorities cannot enforce earlier market entry than the date under 
litigation, since firms would no longer settle a case but instead prefer to litigate. 
Hence, the case of t̃opt < 0 remains a hypothetical consideration because it cannot 
be implemented as an equilibrium solution.

In Case 2 ( fg > fg ), the situation is entirely different: If t̃opt > 0 , challenging 
incentives under litigation are inefficiently small, which creates a situation in 
which the incentive effect dominates the entry delay effect for some t̃ > 0 . There-
fore, inducing additional patent challenges by allowing a longer period of collu-
sion benefits consumers. Since generic entry delay is only possible if the generic 
obtains a share of the settlement surplus, competition authorities have to allow 
reverse payments to a certain extent. Hence, our analysis shows that allowing 
more collusion in patent settlements (with reverse payments) can be procompeti-
tive. However, this holds only for Case 2: for t̃opt > 0 . In addition, note that mar-
ket entry cannot be delayed beyond the original patent duration. This requires that 
tset
g

≤ 1 , which holds in any case if t̃opt ≤ t = 2fg

/(
𝜋m + 𝜋d

g
− 𝜋d

o

)
.

To explain the intuition behind the results of Proposition 1, we first have to 
analyse the impact of t̃opt on the range of challenged patents. Since we focus on 
t̃opt > 0 , we know that the optimal policy allows more collusion: delayed market 
entry of the generic. Indeed, we can show that the market entry date tset

g
= tlit

g
+ t̃ 

is extended beyond its counterpart under litigation: tset
g

> tlit
g

 . Therefore, the settle-
ment surplus is strictly positive, which induces the generic to challenge more pat-
ents. Hence, we have that 𝛾set

g
> 𝛾 lit

g
 , which allows us precisely to identify incen-

tive and entry delay effects.
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In particular, for all � ∈
[
0, � lit

g

]
 , consumer welfare is negatively affected by the 

entry delay effect, as all of these patents would have been challenged anyway 
under litigation. However, at the same time, consumers benefit from the generic’s 
incentive effect: the additional patents that are now challenged under the optimal 
policy. These patents are characterized by � ∈

(
� lit
g
, �set

g

]
 . For the case of very 

strong patents—for � ∈
(
�set
g
, 1
]
 – we do not observe any effect because these pat-

ents are not challenged under litigation nor under t̃opt.
Thus far, our analysis has focused on consumer welfare maximization. How-

ever, it could be argued that the policy-maker should aim instead to maximize 
social welfare. The social welfare function includes expected consumer welfare 
as well as the expected joint profits of the firms. Hence, social welfare is given by

SWset(t̃) =

𝛾set
g
(t̃)

∫
0

�
(𝛾 + t̃)CWm + (1 − 𝛾 − t̃)CWd

�
h(𝛾)d𝛾 +

1

∫
𝛾set
g
(t̃)

CWm h(𝛾)d𝛾

+

𝛾set
g
(t̃)

∫
0

�
𝛾𝜋m + (1 − 𝛾)𝜋d

o
+ s∕2

�
h(𝛾)d𝛾 +

1

∫
𝛾set
g
(t̃)

𝜋m h(𝛾)d𝛾 +

𝛾set
g
(t̃)

∫
0

�
(1 − 𝛾)𝜋d

g
+ s

�
2 − fg

�
h(𝛾)d𝛾

=

⎡⎢⎢⎢⎣

�
1 − 𝛾set

g
(t̃) − t̃

�
H
�
𝛾set
g
(t̃)
�
+

𝛾set
g
(t̃)

∫
0

H(𝛾)d𝛾

⎤⎥⎥⎥⎦
𝜑 + CWm + 𝜋m +

�
s − fg

�
H(𝛾)

, 

where � = CWd − CWm + �d
o
+ �d

g
− �m denotes the difference between the gain in 

consumer welfare and the reduction in the firms’ joint profits that result from market 
entry. We assume that 𝜑 > 0.

Maximizing SWset with respect to t̃ yields

which can be interpreted as follows: If t̃ marginally increases, G additionally chal-
lenges 𝜕𝛾set

g

/
𝜕t̃ patents, from which consumers benefit by CWd − CWm as a conse-

quence of market entry; at the same time, the firms are hurt by the reduction in their 
joint profits: �d

o
+ �d

g
− �m . In addition, the generic has to pay fg for all additionally 

challenged patents. This describes the net incentive effect. On the other hand, a mar-
ginal increase in t̃ allows more collusion, so consumers face a reduction in their 
welfare by CWd − CWm for all patents that would have been challenged anyway. 
However, here, the firms benefit from the higher settlement surplus, which increases 
by �m − �d

o
− �d

g
 . This reflects the net entry delay effect.

By rewriting (12), we find that the optimal policy is now determined by 
𝜕SWset

𝜕t̃
=

𝜕𝛾set
g

𝜕t̃

[(
1 − 𝛾set

g
− t̃

)
−

fg

𝜑

]
h
(
𝛾set
g

)
− H

(
𝛾set
g

)
= 0 , whereas under consumer 

welfare maximization, we know from Equation (10) that 
𝜕CWset

𝜕t̃
=

𝜕𝛾set
g

𝜕t̃

(
1 − 𝛾set

g
− t̃

)
h
(
𝛾set
g

)
− H

(
𝛾set
g

)
= 0.

(12)
𝜕SWset

𝜕t̃
=

𝜕𝛾set
g

𝜕t̃

[(
1 − 𝛾set

g
− t̃

)
𝜑 − fg

]
h
(
𝛾set
g

)

���������������������������������������������������
Net Incentive Effect

− 𝜑H
(
𝛾set
g

)

�������
Net Entry Delay Effect
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A comparison of these two optimality conditions shows that both equations differ 
only in the expression −fg

/
𝜑 < 0 . This expression represents the negative impact 

from the challenge costs, which constitute a welfare loss from an overall welfare per-
spective. In addition, note that −fg

/
� still includes welfare and profit expressions, 

so the socially optimal policy depends on consumer surplus benefits, which is in 
contrast to our findings from the first part of our analysis but in line with economic 
intuition. In particular, larger welfare benefits for consumers would reduce −fg

/
� in 

absolute terms, which thereby increases t̃opt.
As the optimal policy now accounts for the negative impact of challenge costs, 

the policy parameter takes lower values under social welfare maximization. How-
ever, apart from this quantitative impact, the implications of our model do not 
change. Therefore, we focus on consumer welfare maximization for the remainder 
of this paper.

6 � Comparative Statics

In this section, we analyse the comparative statics of the optimal policy parameter 
t̃opt under consumer welfare maximization.11 We will ask what the effects on the size 
of the optimal policy parameter are if a) the quality of patents (operationalized as a 
change in the distribution of patent strength) changes, b) the challenge costs change, 
and c) the generic`s profit under duopoly increases.12 For steps b) and c), we use the 
specific example where � ∼ U[0, 1].

6.1 � The Effects of a Change in the Distribution of Patent Strength

It is an important objective of many patent offices to increase the quality of the 
granted patents. Since the quality of patents can be operationalized as the probability 
of a patent not being invalidated in patent litigation, the distribution of the strength 
of the patents in our model is a good proxy for the quality of the patents granted by 
a patent office. Successes of patent offices in increasing their patent quality would 
therefore translate into a systematic change of the distribution function. Would such 
a change in patent quality lead to a higher or lower optimal policy parameter for the 
permitted collusion period in patent settlements?

Let H1(�) and H2(�) be two different cumulative distribution functions of the pat-
ent strength � . Then, we can analyse the impact of a shift from H1(�) to H2(�) on the 
optimal policy parameter.

Our findings are presented in Proposition 2.

11  As we have found that Case 1, where the optimal policy parameter is smaller than zero, strictly results 
in litigation, we restrict our analysis to Case 2: the case of a positive optimal policy parameter.
12  Note that in principle, one could also analyse comparative static changes in the originator’s profit 
under monopoly as well as under duopoly. However, the corresponding results are ambiguous, and we 
feel that our analysis would not benefit from including them. Hence, we omit these results.
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Proposition 2:  The optimal policy weakly increases if H2(�) stochastically dominates 
H1(�) according to the reverse hazard rate order: if h2(�)∕H2(�) ≥ h1(�)∕H1(�) for 
all � ∈ [0, 1] . If the opposite holds, the optimal policy weakly decreases.

Proof:  See Appendix 1.

To understand the logic behind the results of Proposition 2, we have to recall 
from our model setup that the generic’s challenge decision takes place after � has 
been drawn from the distribution of patent strength. Hence, the generic’s challenge 
calculus is not affected by changes in the distribution, which implies that the critical 
level of patent strength, �set

g
 , remains unchanged if H(�) shifts. Instead, a change in 

H(�) affects only the ex ante rationale of the policy-maker when deciding on t̃opt at 
stage 1 of our model.

Here, we specifically see from Eq. (10) that h
(
�set
g

)
 and H

(
�set
g

)
 have a crucial 

impact on the optimal policy. On the left-hand side of this equation, h
(
�set
g

)
 indi-

cates the likelihood of drawing a patent from the distribution that is among those 
patents that would be additionally challenged if t̃ were marginally increased; on the 
right-hand side of (10), H

(
�set
g

)
 determines the overall probability that � ≤ �set

g
 : The 

patent strength that is drawn is one that would have led G to challenge anyway. 
Hence, if h

(
�set
g

)
 takes higher values, it becomes more likely that a case for which 

the generic ignores the positive externality from market entry occurs. Therefore, cet-
eris paribus, t̃ needs to be larger. However, for higher values of H

(
�set
g

)
 , the entry 

delay effect would become more relevant, which would result in t̃ being smaller.
If we now consider a shift in the distribution, so that we have reverse hazard rate 

dominance (RHRD) of H2(�) over H1(�) , we immediately know that RHRD implies 
first-order dominance: H2(�) ≤ H1(�) for all � ∈ [0, 1] and therefore 
H2

(
�set
g

) ≤ H1

(
�set
g

)
 . Hence, patent validity must have increased: The average pat-

ent has become more valid. This reduces, ceteris paribus, the entry delay effect, 
which positively affects the optimal policy as it decreases the marginal costs of more 
collusion.

On the other hand, we could have h2
(
�set
g

) ≥ h1

(
�set
g

)
 or h2

(
𝛾set
g

)
< h1

(
𝛾set
g

)
 : 

The realization of an additionally challenged patent may have become more or less 
likely under H2(�) . However, as we know that H2

(
�set
g

) ≤ H1

(
�set
g

)
 , RHRD requires 

that h2
(
�set
g

)
 has either increased or at least decreased less than H2

(
�set
g

)
 . Hence, 

even if the incentive effect becomes less beneficial because of a decreasing h2
(
�set
g

)
 , 

this decrease is smaller than the benefit from the reduction of the entry delay effect. 
Therefore, t̃opt increases.
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6.2 � The Effects of an Increase in Challenge Costs

As we already know that challenge costs have a crucial impact on the optimal pol-
icy, we now want to examine how t̃opt changes in fg . The corresponding result is 
given in Proposition 3:

Proposition 3:  The optimal policy parameter t̃opt is strictly increasing in fg.

Proof:  See Appendix 1.

The intuition behind Proposition 3 is as follows: A marginal increase in fg makes 
patent challenges more costly. Hence, ceteris paribus, the generic would challenge only 
relatively weaker patents: patents with a smaller � . Therefore, we have that the critical 
level of patent strength �set

g
 is strictly decreasing in fg , which in turn has an impact on 

the incentive effect: Since �set
g

 decreases, tset
g

(
𝛾set
g

)
= 𝛾set

g
+ t̃ decreases as well: Firms 

would, ceteris paribus, agree on earlier market entry under the marginal settlement. 
Hence, consumers benefit from CWd for a longer period of time: The positive external-
ity from market entry increases. As this increase in the positive externality is ignored 
by the generic, t̃ needs to be larger to induce more challenges.

In contrast to the incentive effect, we find that the entry delay effect strictly decreases 
because the range of patents that would be challenged anyway, ceteris paribus, dimin-
ishes. This outcome is intuitive: The entry delay effect for consumer welfare is based 
on a larger extent of collusion for all � ∈

[
0, �set

g

]
 . Since �set

g
 decreases in fg , the entry 

delay effect also decreases, making additional collusion less costly in terms of con-
sumer welfare. Consequently, with respect to the marginal impact of t̃ on CWset , a mar-
ginal increase in fg makes additional collusion more beneficial and less costly. Hence, 
we find that the optimal policy in terms of allowed collusion is strictly increasing in 
challenge costs.

6.3 � The Effects of an Increase in the Generic’s Profit under Duopoly

In addition to fg , the generic’s challenge decision is crucially determined by the profit 
after market entry. This profit may change, ceteris paribus, for several reasons: For 
instance, a profit shift may result from changes in the generic’s production costs or 
from changes in consumers’ perception of the substitutability between the generic’s and 
the originator’s product.

Proposition 4 summarizes the impact of a change in �d
g
 on the optimal policy:

Proposition 4:  The optimal policy strictly decreases if the generic’s profit under 
duopoly marginally increases.

Proof:  See Appendix 1.
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Based on our explanation for Proposition 3, the argument behind Proposition 4′s 
result is intuitive: On the one hand, the increase in �d

g
 makes patent challenges, cet-

eris paribus, more attractive. Hence, we can show that the generic initially challenges 
more patents: �set

g
 increases if �d

g
 grows, which reduces the incentive effect. On the 

other hand, the entry delay effect from allowing more collusion is increasing because 
the range of initially challenged patents: �set

g
 has increased. As a result, we find that at 

the margin additional collusion becomes less beneficial and costlier, so that t̃opt strictly 
decreases.

The results of our comparative static analysis are summarized in Table 1:

7 � The Policy Parameter’s Impact on Innovation Incentives

Thus far, our analysis has exclusively focused on the trade-off between price effects 
and challenging incentive effects. However, another important question is the extent 
to which the implementation of t̃opt has an impact on the originator’s innovation 
incentives. While we do not model optimal innovation incentives, our model still 
allows for an analysis of the originator firms’ profits. We assume that a higher profit 
for the originator leads to higher innovation incentives.13 Our approach is to use the 
example where � ∼ U[0, 1] and to compare the originator’s profit under t̃opt to the 
corresponding profit under litigation, which is given by Πset

o
(0) . This allows us to 

determine the changes in innovation incentives.
With respect to the critical level of patent strength, we can derive the originator’s 

profit in the case of collusion, which is described by

Table 1   Summary of 
comparative statics results

‘+’/‘−’ indicates that the absolute values of the effects increase/
decrease
*Indicates that we consider a marginal shift where the shifted dis-
tribution dominates according to RHRD. The impact of the remain-
ing parameters has been analysed under the example of a uniform 
distribution

Marginal impact on t̃opt Parameters

H(�)∗ fg �d
g

Incentive effect  + / −   +   − 
Entry delay effect  −   −   + 
Overall effect  +   +   − 

13  An alternative argument would be that higher profits conditioned on having a weak patent would 
imply that firms have greater incentives to develop weak patents. Following this argument, our analysis 
would show that the implementation of the optimal policy would reduce these incentives to invest in 
weak patents.
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At the point in time when the originator decides on innovation-related invest-
ments, the patent strength, and hence the realization of � , are unknown. Therefore, 
we have to determine the originator’s ex ante expected profit. Given Eq. (13), this 
profit can be expressed as.

To determine the impact of the policy parameter on the originator’s profit, we 
take the derivative of Πset

o
(t̃) with respect to t̃ , which yields

Interpreting this derivative shows that a marginal increase in t̃ basically affects 
Πset

o
(t̃) in two different ways: First, the incentive effect leads to 𝜕𝛾set

g

/
𝜕t̃ additionally 

challenged patents for which the originator realizes only duopoly profits instead of 
monopoly profits for the time period after market entry. Second, however, this effect 
is compensated for to some extent by a stronger entry delay effect because a mar-
ginal increase in t̃ leads to an increase in the surplus and hence to stronger benefits 
for the originator resulting from more collusion. As these two effects have opposite 
signs, the overall impact on Πset

o
(t̃) is ambiguous and depends on the value of t̃.

As we want to inquire about the impact of the optimal policy parameter on the 
originator’s innovation incentives, we assume in the following that t̃opt > 0 has been 
implemented.

We summarize our findings in Proposition 5:

Proposition 5:  For fg > 0 and t̃opt ∈
[
0, t

]
 , it strictly holds that Πset

o
(0) > Πset

o

(
t̃opt

)
.

Proof:  See Appendix 1.

Proposition 5 implies that the originator’s expected profit under the optimal pol-
icy parameter strictly falls below the benchmark level under litigation. Since this 
profit is supposed to reflect indirectly the level of the firm’s innovation incentives, 
we conclude that these incentives are always negatively affected by the implemen-
tation of t̃opt > 0 . However, as our model does not account for the social benefits 

(13)Πset
o

=

⎧
⎪⎨⎪⎩

��m + (1 − �)�d
o
+ s∕2 for � ∈

�
0, �set

g

�
,

�m for � ∈
�
�set
g
, 1
�
.

Πset
o
(t̃) =

𝛾set
g
(t̃)

∫
0

[
𝛾𝜋m + (1 − 𝛾)𝜋d

o
+ s∕2

]
d𝛾 +

1

∫
𝛾set
g
(t̃)

𝜋m d𝛾

=

[
𝛾set
g
(t̃) −

𝛾set
g
(t̃)2

2

](
𝜋d
o
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of innovation, we do not know anything about the optimality of the initial innova-
tion incentives. Hence, in terms of the trade-off between the social gains from mar-
ginal innovation versus the welfare benefits for consumers, we cannot determine 
whether this reduction is detrimental, neutral, or beneficial from an overall welfare 
perspective.14

Nevertheless, our model allows for a comparison of the reduction in the origina-
tor’s profit and the gain in consumer welfare from the implementation of the optimal 
degree of collusion. To analyse this relationship, we have to determine the gain in 
consumer welfare, which is expressed by CWset

(
t̃opt

)
− CWset(0) > 0 , as well as the 

absolute value of the reduction in the originator’s expected profit, which is given by 
Πset

o
(0) − Πset

o

(
t̃opt

)
> 0.

We compare these two expressions and summarize the corresponding results in 
Proposition 6:

Proposition 6:  For 𝜋m −
(
𝜋d
o
+ 𝜋d

g

)
> 0 , 𝜋m,𝜋d

o
,𝜋d

g
> 0 and t̃opt ∈

[
0, t

]
 , it holds 

that CWset
(
t̃opt

)
− CWset(0) > Πset

o
(0) − Πset

o

(
t̃opt

)
 if CWd > CWd∗.

Proof:  See Appendix 1.

Proposition 6 contains an important theoretical implication: For specific param-
eter constellations—in particular for those cases where duopolistic competition 
after market entry is sufficiently strong—the gain in consumer welfare that results 
from the implementation of t̃opt > 0 strictly exceeds the reduction in the originator’s 
expected profit. This allows us to conclude that, in principle, it would be possible to 
re-establish the initial level of the originator’s innovation incentives by redistribut-
ing part of the consumer welfare gain to the originator firm. This means that the 
decline in innovation incentives is more than compensated for by the increase in 
consumer welfare that results from more patent challenges and lower prices. In such 
a case, consumers are still strictly better off, while the originator is at least indiffer-
ent between the litigation benchmark and the implementation of the optimal policy 
parameter.

8 � Discussion and Conclusion

In our model, we have analysed the trade-off between entry delay and incen-
tive effects in patent settlements between originators and generics. The entry 
delay effect can be interpreted as a negative externality from later generic mar-
ket entry, whereas the incentive effect reflects a positive externality that results 
from additional challenged patents. By introducing a policy parameter, we 
explicitly allow a longer period of collusion in antitrust law, which can have a 
positive impact on consumer welfare. Our key result is that under very general 

14  This trade-off has, for instance, been analysed in the seminal work of Nordhaus (1969).



522	 E. Böhme et al.

1 3

conditions, there exists an optimal specification of the policy parameter—which 
can be positive or negative—where consumer welfare is higher than its level 
under the benchmark case of litigation.

A positive optimal policy parameter means that challenging incentives are 
inefficiently small and can be compensated for by allowing later generic market 
entry and a longer collusion period (see Case 2 in Sect. 5 where the challenge 
costs are sufficiently high). This provides an additional reason why some patent 
settlements with reverse payments might not harm consumers and would there-
fore not be anticompetitive.

A negative optimal policy parameter implies that the settlement-related 
date of generic market entry is inefficiently late and consumer welfare can 
be increased only by stipulating earlier generic market entry than would be 
expected under litigation (see Case 1 in Sect.  5 where the challenge costs are 
sufficiently low). In this case, the interplay of incentive and entry delay effect 
leads to a situation where forcing earlier market entry—and thereby discourag-
ing some patent challenges—proves more efficient than encouraging additional 
patent challenges by allowing later generic entry. As in reality and in our model, 
parties can always choose to litigate, this result is purely theoretical. However, it 
clearly shows that taking into account challenge incentives can lead to the con-
clusion that patent settlements without reverse payments can also harm consum-
ers and be anticompetitive.15

We additionally show—when the optimal policy parameter is positive—that the 
parameter increases with the size of challenge costs and when patents are on average 
more valid, and decreases with an increase in the generic’s profit under duopoly.

Our model also allows us to analyse how the innovation incentives of an orig-
inator are affected by the optimal policy parameter. By analysing the originator’s 
profit in the case of t̃opt > 0 and by using the example of the uniform distribution, we 
show that this profit and therefore the originator’s innovation incentives decline. Our 
result is a previously undescribed counterargument for using innovation incentives 
as a defence for longer collusion. We can also show for specific parameter constella-
tions that this reduction in the originator’s expected profit is more than compensated 
for by the gain in consumer welfare that results from t̃opt > 0 . Under these assump-
tions, it would therefore be possible to maintain the level of innovation incentives 
for the originator—by redistributing rents to the originator—while making consum-
ers strictly better off.

What conclusions can be drawn from our results, and what limitations do we 
see? We primarily provide an integrated analysis of the trade-off between price 
effects and challenging incentives but analyse, to some extent, the effects on inno-
vation incentives. However, a comprehensive model that simultaneously analyses 
all three groups of effects on consumer welfare and derives optimal solutions for 
antitrust limits on patent settlements is still missing. In addition, we do not model 

15  Schankerman and Schuett (2017, p. 19) similarly argue that there can be excessive patent challenges 
from a consumer welfare perspective since private gains from challenging patents might exceed social 
gains or challenging might even be wasteful in the case of valid patents.
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the multiple challenger problem: There might be several generic entrants that simul-
taneously decide to challenge patents, with the ensuing public good problem.16 To 
date, only a few models include the phenomenon of multiple generic entries in the 
economic analysis of the antitrust treatment of patent settlements.17

Another question is whether the results of our model on the trade-off between 
price and challenging incentive effects also hold under less restrictive assumptions. 
For example, we assumed that: (i) all patents have the same value; (ii) the true pat-
ent strength is common knowledge; and (iii) the challenge costs are the same for all 
patents. Under more relaxed assumptions, our specific results and the optimal policy 
parameter would certainly change, but it is not clear why this should change our 
main results on the existence of an optimal policy parameter and the possibility of 
a trade-off, which leads to the conclusion that a longer period of collusion might be 
justified. For the case of sequential entry of two generics and—presumably—more 
than two entrants, we do not expect our results to change qualitatively as long as a 
similar structure of sequential entry decisions is assumed.

We show that implications from our model are robust to the inclusion of litiga-
tion costs (see Appendix 2). Whereas under litigation, challenging incentives would 
be smaller due to litigation costs, under settlement litigation costs are saved. In our 
model, this leads to smaller reverse payments since the outside option (to litigate) 
becomes less attractive for the entrant. Correspondingly, challenging incentives do 
not change. We also show that our results are robust to the maximization of social 
welfare instead of consumer welfare for determining the optimal policy (see Sect. 5). 
In this case, the optimal policy parameter takes lower values, but all implications of 
our model remain unchanged.

What conclusions can be drawn for the initial question of how to deal with the 
weak patent problem? For competition policy, it is a clear result from our model that 
the consideration of challenging incentives can help to optimize the antitrust assess-
ment of patent settlements. We also provide further understanding of the interde-
pendencies of all channels of patent settlement effects (price, innovation, and patent-
challenge effects; see also Frank & Kerber, 2018).

It is still necessary to search for other solutions as part of the general problem of 
the optimal patent system’s design. Important proposals for improving patent exami-
nation procedures in patent offices or by private parties, facilitating and strengthen-
ing patent opposition and patent litigation procedures—by joint challenges, and pro-
moting subsidization of patent challenges—can be found in Thomas (2001), Miller 
(2004), Farrell and Shapiro (2008), and Encaoua and Lefouili (2009). We see from 

16  In the United States, the Hatch–Waxman Act grants the first successful generic challenger 180 days of 
marketing exclusivity before other entrants are allowed to enter the market (FTC 2011, p. 138; Hemphill 
2006). This regulation addresses the incentive problems that result from the public good problem.
17  Some authors have discussed scenarios of multiple generic entries in specific frameworks. However, 
they have not analysed the public good problem (Edlin et al. 2015; Kobayashi et al. 2015). Padilla and 
Meunier (2015) analyse a scenario with multiple entrants that includes one credible litigation threat. 
Palikot and Pietola (2019) analyse settlement externalities in a setting with multiple potential entrants 
and strategic considerations of the patent holder (entry delay of generics, licensing, and litigation).
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our model that these different instruments can be intertwined from a consumer wel-
fare perspective and hence should be part of an integrated balancing approach.

Appendix 1: Proofs

Proof of Proposition 1  The proof for the first part of Proposition 1 simply follows 
from the fact that t̃opt maximizes CWset

(
t̃
)
 . In addition, we know that t̃opt ≥ 0 if

which holds for fg ≥ fg = H
(
𝛾set
g

)/
h
(
𝛾set
g

)
⋅ 2

(
𝜋d
g

)2
/(

𝜋m − 𝜋d
o
− 𝜋d

g

)
> 0 . For 

0 < fg < fg, t̃opt < 0

Proof of  Proposition 2  We know from Equation (10) that the optimal policy is 
implicitly determined bywhich can be rewritten as

As 𝜕𝛾set
g

/
𝜕t̃ does not depend on t̃ , we can show that for the LHS of (14),

For the RHS of (14), we have

This implies that the LHS of (14) is strictly decreasing in t̃ , so that a unique solu-
tion requires that the RHS be strictly increasing in t̃ , which holds for 

h�
(
𝛾set
g
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(
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/
H
(
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 . This ensures that the two curves intersect 

exactly once, thereby uniquely determining t̃opt.
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Now, it is easy to see from (14) that a shift from H1(�) to H2(�) affects only the 
RHS of this optimality condition, while the LHS remains unchanged. This allows us 
to conclude that t̃opt weakly increases if the RHS takes weakly smaller values for any 
given t̃ . Hence, t̃opt weakly increases if H2(�)∕h2(�) ≤ H1(�)∕h1(�) for all � ∈ [0, 1] . 
This condition is equivalent to h2(�)∕H2(�) ≥ h1(�)∕H1(�) for all � ∈ [0, 1] , which 
proves our result. If H2(�)∕h2(�) ≥ H1(�)∕h1(�) , we find the opposite.

Proof of  Proposition 3  Using Equation (11), we can show that for 
𝜋m −

(
𝜋d
o
+ 𝜋d

g

)
> 0 and 𝜋m,𝜋d

o
,𝜋d

g
> 0,

Proof of Proposition 4  By using Equation (11), we find that

Now, we can show that for 𝜋m −
(
𝜋d
o
+ 𝜋d

g

)
> 0 as well as for 𝜋m,𝜋d

o
,𝜋d

g
> 0 and 

t̃opt ∈
[
0, t

]
 , it always holds that 𝜕t̃opt

/
𝜕𝜋d

g
< 0.

Proof of  Proposition 5  We find that the firm’s profits are 

Πset
o
(0) = 1∕2

(
�m +

(
fg
)2(

�m − �d
o

)/(
�d
g

)2

+ �d
o

)
 and 
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(
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)
= 1∕2

(
2fg + 𝜋m − 4𝜋d
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(
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)2
/(

3𝜋d
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)2

+ 𝜋d
o

)
 . Then, we 

can show that for fg > 0 as well as for t̃opt ∈
[
0, t

]
 , it never holds that 

Πset
o
(0) ≤ Πset

o

(
t̃opt

)
.

Proof of  Proposition 6  The proof consists of two steps. First, we determine 
CWset

(
t̃opt

)
− CWset(0) and Πset

o
(0) − Πset

o

(
t̃opt

)
 . Then, respecting all existence 

conditions, we show that CWset
(
t̃opt

)
− CWset(0) > Πset

o
(0) − Πset

o

(
t̃opt

)
 holds for 

CWd > CWd∗ . The expression for CWd∗ has been obtained in Mathematica and is 
omitted because of complexity.

Appendix 2: Extension

Introducing Litigation Costs

We now assume that the originator and generic have to pay litigation costs l > 0 if 
the patent challenge is resolved by a court decision. Hence, the firms’ litigation prof-
its become �lit

o
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�lit
g
=
(
1 − tlit

g

)
�d
g
− l = (1 − �)�d

g
− l , so that the generic challenges patents until 

�lit
g
− fg = (1 − �)�d

g
− l − fg = 0 ⇔ � lit

g
= 1 −

(
fg + l

)/
�d
g
.

If the firms agree on a settlement, litigation costs are saved, and the settlement sur-
plus is now given by s =

(
tset
g

− tlit
g

)(
�m −

(
�d
o
+ �d

g

))
+ 2l . Again, we assume that 

the generic is compensated for the net change in its profit compared to that under litiga-
tion, which is now 

(
tset
g

− tlit
g

)
�d
g
− l . In addition, firms equally share the surplus. 

Therefore, the reverse payment from O to G is given by rpset =
(
tset
g

− tlit
g

)
�d
g
− l + s∕2 , 

and the generic’s settlement profit becomes 
�set
g

=
(
1 − tset

g

)
�d
g
+
(
tset
g

− tlit
g

)
�d
g
− l + s∕2 = �lit

g
+ s∕2 . This corresponds to

which is perfectly equivalent to Equation (4), since litigation costs cancel out.
Therefore, the generic’s challenging incentives under the settlement regime 

remain unchanged compared to our original assumption where l = 0 . This is not sur-
prising because the generic’s savings in litigation costs are one-to-one offset by a 
lower reverse payment. Hence, the critical level of patent strength �set

g
 and t̃

opt
 do not 

change.
The only aspect that changes is that consumer welfare under litigation no longer 

corresponds to the case where t̃ = 0 . Instead, we find that for t̃ = 0 , 𝛾set
g

> 𝛾 lit
g

 : The 
challenge incentives under litigation are strictly smaller than those under the worst 
settlement (that is, a settlement without entry delay), because of the litigation costs. 
Consequently, we can show that CWlit = CW

(
𝛾 lit
g

)
< CWset

(
𝛾set
g

)
= CWset(t̃ = 0) , 

which would be even more pronounced for the implementation of the optimal 
policy.
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