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Abstract

Since the patent system relies on private litigafior challenging weak patents, and patent
settlements might influence the incentives for lemajing patents, the question arises whether
the antitrust assessment of patent settlementsldstadso consider their impact on the
incentives to challenge potentially invalid paterRatent settlements in the pharmaceutical
industry between originator and generic firms hbagen scrutinized critically by competition
authorities for delaying the market entry of gecgand therefore harming consumers. In this
paper we present a model that analyzes the tratbedfieen limiting the delay of generic
entry through patent settlements and giving genkmcs more incentives for challenging
weak patents of the originator firms. We show thlédwing patent settlements with a later
market entry of generics than the expected marnkiey @inder patent litigation can increase
consumer welfare under certain conditions. We duoe a policy parameter for determining
the optimal additional period for collusion that wld maximize consumer welfare and show
that the size of this policy parameter dependsersize of the challenging costs, the intensity

of competition, and the duration between the gesemarket entry decisions.
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1. I ntroduction

It is a well-established empirical insight that guatoffices grant many patents that are later
found invalid when challenged in court (Lemley/Siha2005, Lemley 2001, Allison/Lemley
1998). Hence, patents do not grant an ironcladtrig exclude”, but a weaker “right to try to
exclude” (Shapiro 2003, p. 395). Therefore, ecostenhave developed the notion of
"probabilistic patents"”, which defines the strengtra patent as the probability that a patent
can be upheld in patent litigation (Lemley/ShapR605). Patents which are granted
erroneously lead to unjustified monopolies thathaonsumers through monopoly prices. In
addition, they might also block further innovati@ince society has an interest in weeding
out these unjustified patents (Ayres/Klemperer 198apiro 2003, Lemley/Shapiro 2005),
patent systems usually have procedures for paggmsition and patent litigation, in which
other firms can sue for invalidation of patentsac®, however, the patent systems rely on
private litigation for patent challenges, the gimstemerges whether firms have socially
optimal incentives for challenging potentially itida("weak™) patents. One specific incentive
problem for challenging patents is that the chdgjileg firm cannot internalize all the benefits
for invalidating a patent, because other firms (ahtbugh more competition also the
consumers) can benefit from removing an unjustifrexhopoly. This has been described as a
public good problem of challenging patents (ortes "imultiple challenger” problem), which
can lead to inefficiently small challenging inceet for individual firms (Farrell/Merges
2004, Farrrell/Shapiro 2008). Obvious solutionsif@fficiently small challenging incentives
are spending more money for better examinatiorthenpatent offices or granting subsidies
for firms that challenge weak patents. However,atditional costs would have to be borne
by the taxpayer (Miller 2004).

Another well-known problem for solving the issuewdak patents is that patent holders try to
defend their unjustified patents through patentleseents. Here, they pay firms for not
challenging their weak patents with the consequesfcdelaying market entry and price
competition (pay-for-delay agreements) and thusnivay consumers. Patent settlements can
therefore be an instrument for undermining patgigiation as an instrument for solving the
weak patent problem. In this paper, we want toyaealvhether the problem of inefficiently
small challenging incentives should be considerethe antitrust policy dealing with such
patent settlements. Particularly in the pharmacaltndustry, patent settlements have been
scrutinized critically by competition authoritiesth in the U.S. and the EU. Since prices for
pharmaceutical products are sharply decreasing tfte entry of generics, any unjustified
2



delay of the generic firms’ entry can lead to haglditional health costs for consumers and
society. Especially patent settlements, in whieh(fhatent-holding) originator firms pay large
sums to generic firms ("reverse payments") andeagrefuture entry dates of generics have
been the object of competition and antitrust laacpedings. Competition authorities in the
U.S. and the EU have taken action against suchmipagttiements in a number of cases (as,
e.g., the “Lundbeck” case in the EU (Case AT.3922bundbeck)). Particularly important
was the ruling of the US Supreme Court in the “Aigtacase, in which it decided that patent
settlements with high unexplained reverse paymeats be anticompetitive and violate
antitrust law (570 U. S. _ (2013) FTC v. Actawvis

The basic arguments about the potentially anticaditije effects of patent settlements with
high reverse payments are widely accepted in tbaauic and legal discussion. However,
there is still much controversy about the spe@isessment criteria for patent settlements in
the pharmaceutical industry and to what extent reevgpayments may also be justified
(Shapiro 2003, Willig/Bigelow 2004, Elhauge/Krud&12, Woodcock 2016a). In economic
models, it could be shown that under specific ¢irstances also patent settlements with
reverse payments might not harm consumers or nmegbh be necessary for achieving
efficient settlement (see Section 2). One of theceons about a too restrictive antitrust policy
against patent settlements is that prohibiting rgateettlements with reverse payments
(beyond litigation costs) would decrease the gesenncentives for challenging weak

patents.

In this paper, we are presenting a model that aealyhe tradeoff between, on the one hand,
the negative price effects of longer collusion lesw originator firms and generics through an
agreed later generic entry (including reverse pays)eand, on the other hand, the positive
effects on consumer welfare through incentivizing thallenging of more weak patents by
generics. Such a solution would also have the ddganthat the costs of challenging more
weak patents would be borne by the consumers ohpweutical products who benefit from
the removal of unjustified patents. Following thegionale, we introduce in our model a
policy parameter that stipulates the additionalusidn time that competition authorities can
grant to the parties of patent settlements in adimenaximize consumer welfare.

In the model, we can show that there exists am@btpolicy parameter which would lead to
a higher consumer welfare than under the litigaolution (without a settlement), which so

far has been used as a normative benchmark fariiteust assessment of patent settlements

3



(Shapiro (2003)). Therefore, the consideration lddllenging incentive effects can lead to a
different assessment of patent settlements, anlieogang incentives can be another well-
founded reason for the justification of patentlsatents with later generic entry and reverse
payments. However, our model also proves that jedds on parameter constellations, as,
e.g. the size of challenging costs, whether thex@tpolicy parameter is indeed positive or
whether it is negative. The latter case would imfiigt even patent settlements without
reverse payments can lead to an inefficiently looldusion period, i.e. leading to inefficiently
strong challenging incentives, and therefore rendethem anticompetitive. Therefore, our
results show that the consideration of challengmzentives changes the criteria for the
assessment of patent settlements. However, theyndb necessarily lead to the
recommendation of a longer period of collusion atgmt settlements and to the justification
of reverse payments. For the case of a positivémaptpolicy parameter, we show in
comparative statics analysis that this policy pat@mwould increase with rising challenging
costs, with a longer lag between the genericsyetécisions, and with a higher intensity of

competition on the market for pharmaceuticals.

The paper is structured as follows: In Section &,discuss, how the problem of challenging
incentives has so far been considered in the comiethe legal and economic discussion
about the antitrust assessment of patent settlsmi@enthe pharmaceutical industry. In
addition, we explain the basic idea of our appro&ugtctions 3 - 5 present the basic model.
After explaining the model framework in Sectiona& derive the optimal policy parameter in
Section 4. Afterwards, we conduct a welfare analysiSection 5 that shows that the optimal
policy parameter maximizes consumer welfare, bsib dhat it can be positive or negative.
Section 6 provides our analyses of comparativecstalin Section 7, we briefly discuss the

results and potential conclusions.

2. Patent Settlementsand Incentivesfor Patent Challenges

In the U.S., patent settlements with reverse paysnenthe pharmaceutical industry were
challenged by the Federal Trade Commission (FT@¢esil999, because they could be
collusive behavior between originators and genddacslelaying market entry of generics and
therefore harming consumers (FTC (2002)). The md&nussion in the U.S. focused on the
guestion whether the existence of a large reveagenpnt (i.e., larger than litigation costs)
should be sufficient for a presumption of the illety of a patent settlement, or whether a

broader rule-of-reason approach should be appliéé. latter would require a more case-
4



specific analysis of the efficiency-enhancing antdc@ampetitive effects of patent settlements
and therefore allow for easier justifications faatgnt settlements with reverse payments.
After contradictory decisions by U.S. courts, th&sUSupreme Court decided in "Actavis"
that large, unexplained reverse payments in pasetitements can be a signal for the
weakness of patents and therefore for the anticotivemess and illegality of such patent
settlements (570 U. S. _ (2013) FTC v. Actawwever, it also insisted on a rule-of-
reason approach. In the EU, the European Commisdgmviewed patent settlements with
restrictions of market entry and reverse value sfiens as potentially anticompetitive
agreements that require a close scrutiny by comgetilaw. In the meantime, the
Commission has decided in several patent settlecesds with reverse payments that they
are violating Art. 101 TFEU. In the recent "Lundkécaase, the European Court has
confirmed the Commission (General Court Case T-4%7/Especially relevant for our
research question is that the Commission emphasizets competition guidelines about
patent settlements that society also has an interegmoving wrongly granted patents to
promote competition and innovation (Guidelines be application of Article 101 of the

Treaty on the Functioning of the European Uniotetdinology transfer agreements, p. 44).

In the economic discussion, there is a broad causethat patent settlements with reverse
payments from originators to generics can be aectife instrument for protecting weak
patents against their invalidation through patemallenges. In addition, the criterion of
Shapiro (2003), which states that patent settlemnshbuld not lead to lower consumer
welfare than under patent litigation, has been disoaccepted in the economic and legal
discussion as a relevant normative criterion fer @htitrust assessment of patent settlements.
In the basic settlement model about the price tffed patent settlements on consumer
welfare, it has been shown that if reverse paymargslarger than litigation costs, patent
settlements lead to an entry date of genericsishdelayed beyond the expected entry date
under litigation, i.e. compared to the benchmarkthed litigation solution, consumers are
harmed (Shapiro (2003), Elhauge/Kruger (2012), lgteerber (2016)). This result strongly
supports the concerns about reverse payments. How&awsequent economic analyses have
also clarified that under less simple and moreisgalassumptions about the negotiation
situation (e.g., information asymmetries, risk aw@mn, multiple entrants etc.), the conclusions
about reverse payments are less clear. On the am& kthere might be economically well-
founded reasons for why patent settlements withelareverse payments might also be

efficient and not harm consumers. On the other haatdent settlements without reverse
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payments can also be anticompetitive. Therefoeegettistence of reverse payments might not
be such a clear criterion for identifying anticortifpee patent settlements, and hence in most
cases a deeper investigation might be necessariligigigelow (2004), Dickey et al.
(2010)).

A serious problem of the current discussion is thhas so far almost exclusively focused on
the effects of patent settlements on consumer veeifea price effects, i.e. on the question,
whether patent settlements lead to an inefficietdlg generic entry and therefore to an
inefficiently late start of price competition thiglu generics. However, patent settlements can
also affect consumer welfare through two additiactzinnels (Frank/Kerber (2016)). Since
antitrust limits for patent settlements also infloe the profits of the originators, the question
emerges whether these limits to patent settlememght have negative effects on the
innovation incentives for originators and therefareght harm consumers through the
development of fewer pharmaceuticals. So far, @&ihauge/Kriger (2012) and Woodcock
(2016a, 2016b) have taken this innovation incendiffect into account when analyzing the
effects of patent settlements. Although we shouéd dautious about too far-reaching
conclusions from their models, their results suggest competition authorities don’t have to
worry too much about negative effects on innovatinoentives. The second additional
channel is the effect of antitrust limits of pateettlements on the challenging incentives for
generics. For example, in the above-mentioned “Astauling of the U.S. Supreme Court,
Chief Justice Roberts states in his dissentingiopithat putting limits on the possibility to
engage in patent settlements with certain entrgsdatéduces the incentives to challenge
patents (570 U. S. _ (2013) FTC v. Actavis, Rehe.J. dissenting pp. 17). In addition,
other scholars are also concerned that a too cwgtripolicy in regard to the possibilities of
generics to make profits from patent settlementsuigh reverse payments would decrease
their incentives to challenge patents (e.g. Diokesl. (2010, p. 399)).

These concerns about the generics’ challengingntnes suggest that there might be a
tradeoff between limiting the delay of generic gritirough patent settlements for ensuring
early price competition and offering generics mioeentives for challenging additional weak
patents of originators. In our model, we want todgtthis trade off and analyze whether
consumer welfare increases, if competition autlesritvould grant an additional period of
collusion (beyond the expected entry date of tiigaliion solution) in order to incentivize the
challenging of additional patents. The economiaitidn is, that the additional costs for

consumers of pharmaceutical products from a lad@edc entry (in form of a later decrease
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in prices) might be smaller than their additionahéfits from the challenging of more weak

patents, which otherwise would allow their owne@poly profits until their expiration.

The structure of our model is partly based uponntleelel of Gratz (2012), who was the first

to offer an integrated analysis of price and cimglieg incentive effects in regard to patent
settlements. In her model, she finds that a spadifi tailored rule-of-reason assessment of
patent settlements, where reverse payments fronorigaator to the generic are allowed,

leads courts to erroneously uphold anticompetipe¢ent settlements. This increases joint
settlement profits and hence the challenging ineestfor generics. Therefore, in her model
judicial errors (due to information problems in thgplication of the rule-of-reason) lead to

overall positive effects on consumer welfare thioegoneously allowing later generic entry

than in the benchmark litigation solution. In castrto her approach, we introduce a policy
parameter and analyze the optimal additional dédaynpared to the litigation solution) that

would maximize consumer welfare if challenging imiees are also taken into accotks

in the model of Gratz (2012), we also suppose Kigtence of two generic entrants that can
challenge the patent and sequentially enter th&ehat two endogenously determined dates
with an exogenously given lag between the entrysd@t of the first and the second generic.
Therefore, we do not model the public good probteat emerges if several entrants could
simultaneously challenge a patent (multiple chaigrproblem as well as we do not model

strategic interaction between generics.

3. Modéd Framework

Our model follows the basic framework introduced ®satz (2012). In this framework, an
originator (O) holds a patent with remaining patent duratieit , wheret D[O,]], and patent
strength y, which is a random variable following a continuausform distribution over the
unit interval, i.e.y~U [0]] . Hence, we can interprgt as reflecting the probability that the
patent is found valid in court. It is assumed thidpatents have the same value and that the

realizations ofy are common knowledge. Two generi€3 @ndG,) are potential entrants in

! Compared to the policy parameter in our modelgtiners which courts make in applying the rule<dson in
the model of Gratz (2012) have a different effdmtcause this error always leads to higher chalhengi
incentives for generics, while our policy paramédteradditional collusion can be positive or negati
2 |n the U.S., the incentive problems resulting frtme public good problem were addressed by the HHatc
Waxman Act, which grants the first challenger a #89s marketing exclusivity of generic entry, befather
entrants are allowed to enter the market (FTC (291138), Hemphill (2006)). Therefore, sequentiairy of
generics has some similarities to the consequenfctdss U.S. regulation, although we do not inteadnodel
the specific conditions of the U.S. Hatch-Waxmaarphaceutical sector regulation.
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the market by challenging the patent at a spetifie with challenge costs . G, and G,
make their entry decisions in a fixed sequence dagending on the situation, it is possible
that both enter, onlys, enters, or none enters. The generics’ challendeusions are based
on the rationale whether the generated net profits such a patent challenge are greater
than zero. It is assumed that firms maintain thi&aogo litigate and hence to reap, in addition
to the settlement surplus, their expected litigatfwofits. G, decides on challenging the
patent att =0, whereasG, decides to challenge at=A, where A D(O,l). If the patent is
declared invalid, entry by the first generic wouldcur att=0 and entry of the second
generic att = A . In case the patent is held valid, entry by baheagics would occur at=1.
This implies thatG,’s expected entry date under litigationtfs = y1+(1-)[0=y, while
G,’s expected entry date t§2 = yEl+(1— y)/I >t'gl. Hence,G, always enters prior tG, .

If a generic challenges a patent, the originata e generic can settle their patent dispute
through a patent settlement with the agreement gpeaific future entry date and a potential
payment from the originator to the generic (revgragment). We assume that the settling
firms equally share the settlement surplus.

The parties’ actual entry dates under a settlemegrfﬂ, and tg’;t, are endogenous with
t5'0[0,1 and t35'0[A,]. Since market entry occurs sequentially, the paigir can reap
monopoly profits 7™ for the period [O,t;i‘), whereas for[t;it,tgsgt), originator and first

1], the firms

realize triopoly profitsrz, + 27, = 77, where 7z, > 77‘g The resulting consumer welfare is given

generic generate duopoly profit§ +7z5 = 7, where 7, = 77, Finally, for [tse‘

g2’

by CW™, CW‘, and CW', respectively. We assume that™>7">7" as well as
CW™ < CW* < CW, which corresponds to standard conditions undempetitive markets.

Fig. 1 summarizes this situation.

Figure 1: Market structure, profits, and consumezifare in the settlement solutions

monopoly duopoly triopoly
" i /s
. cw" | cwe | cw | o
I I I | > 1
0 tset tset 1

g1 g2

According to the criterion of Shapiro, competiti@uthorities would prohibit all patent

settlements through which consumers are harmed dnerg entries that are later than
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expected under litigation. This implies that then§ are not allowed to specify entry dates

lit lit

beyondt;, =) andtg, y+(1— y))l . However, deviating from Gratz (2012), we introeuc
policy parametef , which explicitly allows the competition authoeisi to grant the parties an
additional time period for collusion. In particulad and G, can agree to share monopoly

set

profits until 37 =t ; +f = y+{, wherety' denotes the (certain) entry date ®f under this
policy parameter. Since the original remaining patkuration, i.e. the remaining duration for
t=0, is equal to onef can be interpreted as a percentage share of ihi@arremaining

patent duration that edditionally granted for collusion. We illustrate this situatio Fig. 2.

Figure 2: Policy parametet as a share of the original remaining patent duratio

| | | | .
| | | | t

0 th tor 1
%/_/
f

4, Equilibrium Analysis: The Optimal Policy Parameter

Since competition authorities will not challengétisenents Withtgitst +f, O and G, will

optimally choose the corner solution, i.e. theyas®t;y' =t +{ = y+{. This implies that
the corresponding entry date of a second settleinef§ =t + (l—tgsle)A. Hence, the joint
settlement profits unddr are given by

(y+f)ﬂ"‘+(1—(y+f))[/1 (77;j +7T;)+(1—/1)(7T(§+ 277‘)] foryD[Oyset]
(y+0) "+ (1=(y+0) (72 + 75) for v O (vgv.

where ygsf‘ and g‘;t denote the critical levels of patent strength,vitwich generic companies

(1) rl set -

are indifferent between challenging a patent or. nidierefore, the generated surplus

compared to litigation is
(2) s =f(ﬂm—/](7'[0d+ﬂ;)—(l—/1)(ﬂ;+27T;)) foryD[Oysej

(3) sz=f(n’“—(nf+n;))foryD(ygsf‘ygl}

which allows us to determine the critical levelgatent strength. Respecting that the relevant
expected litigation profits folG, and G, are given by ( ) ( ~ty )ndg =(1-y)r, and

Ty, () = (1—t'gz)n‘g =(1-y)(1-A) 7, we find thaty;;' and y;; are determined by



it — et _ g
(4) 77;1(y)+%_fg_o < ysgl =1- 7732,
Y
it i_ = - et_ g 3 sel
(5) T3, (y) + 3 f,=0 1- —(1 /1);7;<y91'

Given Equations (4) and (5) we can conclude tGatchallenges patents foyD[O, ygsf‘],

et
g2

while G, challenges foryD[O ] which leads to the following market structures: |

neither G, nor G, challenges any patents, i.e. fgnD( ] the originator’'s monopoly

set

covers the entire remaining patent duration. Fﬁr( 42 ,ygl] only G, enters the market, so

set

the originator company holds a monopoly f@fr‘—O— y+t. Then,G, enters at;,

creating
a duopoly for the time periodl-t;;' =1~ y—t . However, foryD[O Et] we find thatG,
additionally enters the market. Therefore, monopalsts forts‘Et O=y+t, duopoly for
t;;t toy'=(1-y-t)A, and triopoly forl-t%5 =(1~y~-f)(1-A). Hence, respectin@w",
cwe, and CW' , we know that consumer welfare undeis described by

ve3(0)
(6) cw(1) = j [(y+i) CW™+(1-y - A CW'+(1-1) cwﬂ 7

o

+ [ [(r+E)ewn+(1-y-)cw' | g+ [ cw ¢
v i)

= {(1—{) yer (f) —@}(cwd— CWT)+ Ccw'

+[(1—f)y;§t(f)—%(f)zl(l—ﬁ)(cwt - CcW)

Maximizing Equation (6) with respect to yields

(7) acavty - ag: 21—y -T)(cwe- cwn) -y cwe- cw
Incentive Effect - G Entry Delay Effect- G
Vset (1 y5et_t)( )(CWI_ CWd) ygs;t(l /])( CW- CVVJ).

Incentive Effect G, Entry Delay Effect - G

10



The interpretation of (7) is straightforward: Ifrapetition authorities are more generous with
patent settlements, the joint settlement profitsraase and hence generic companies
challenge more patents. This is reflected by theentive effects. In particularG,
additionally challenge@ygf‘/af patents, for which we have an increase of consuvedare

by (CWd - CV\/“) for the period after market entry under the malsettlement, i.e. for
1-t5; =1-yg - . However, due td5,’s delayed market entry, consumer welfare decreases
by (CWd - C\N‘“) for all ygft patents, which would have been challenged anyWag.same
logic applies toG,. Hence, the optimal policy is determined by théenpahere these two
opposing effects marginally compensate each otleerit is determined bpCW** /3t =0.
Obviously, we find that a marginal increasefincreates a tradeoff between incentivizing
more patent challenges and creating more collusidwe. next step is to find the optimal

policy, which is denoted b, .

Since we have that

oy (7 -(m+m)) oy (7-A(m e m)-(1-4)(m+ 2))
® % = 2’ and (O~ = 3(1-1)7 ’

we find thatt

opt

can be explicitly described by

¢,(cwm - cw) §
2(m)

g

(10) T = {wa’ - CW'-( CW - CW)(1-4)+

(owr—cw) § g (cw-cv) f (cw- cW g}/

z 3(1-2)(%)’ 7%

g

(oW -cw)(g,+4m) (#)(cw- cw) 2p,( cw oW |
i) o(1-2)() o

g

where ¢, :ﬂ‘“—/l(n;j‘+n§)—(1—/l)(n;+2n;) and ¢, :n’“—(n;‘+n;). As we know that
CW"< CW'< CW, A0(0,1) and@,,4,,7 7, > 0, we can show that

o(ow=)’/a(1)" =(cw'~ cw)(~(o./(4(m) ) -,/ ]
+(cw - ow )(a-)(~(6)"/(9(1-)' (7)) - 2,/( 4 = 2) ) < ¢

Hence, we can conclude thigf is a uniqgue maximum solution.
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5. Weéfare Analysis

In order to show that the implementation ©f, is beneficial for consumers, we have to
compare our results to the benchmark case of tigatlon solution. Using Equation (6) we
can easily compute consumer surplus under litigaby evaluatingcwse‘(f) at f=0.

Hence, consumer welfare under litigation is givgn@iNset(O) ., whereas consumer welfare

under the optimal policyt_, is determined b}Cwset(T;,pt). Our results are summarized in

opt

Proposition 1:

Proposition 1. For f,, # 0 the implementation of,

oo Strictly increases consumer welfare, i.e.

we have thaCWS‘*t(T;th) > CW*(0). For the special case whefg, =0, we obviously have
that CW**(%,,,) = CW**(0).
Proof: See Appendix A.

Proposition 1 shows that the implementation prﬁ is indeed welfare increasing for
consumers. Except for the casefgf=0, this result holds in general, i.e. it holds fgy >0
as well as forf,,, <0. In Appendix B, we show that Proposition 1 als¢dedor the case of
one generic entrant. Therefore, our results dodepend on the specific assumption of two
generic entrants. In addition, note that our resnétither require any additional assumptions
with respect to the mode of competition nor witBpect to the intensity of competition.
Given the paper’s focus, it is also a very impadrtegsult that, depending on parameter
constellations, the optimal policy paramefg,[ can be positive or negative. However, firms
would never accept any settlement profits that lakger than profits under litigation.
Therefore, a requirement of competition authoritlest the entry date in a settlement should
be prior to the expected entry date under litigatioould make settlements impossible and
lead to the litigation solution. In addition, marlemtry cannot be delayed beyond the original
patent duration, i.e.f,, <1. Hence, in our model framework feasible solutidos patent
settlements requirg, 0[0,1], which holds forf, D[ig,fg], where
£, =[-8(1-2) (oW - cw (1-2) - owa)(m) (m)°| /| 28.( cve= o) ()
-3(1-1) 7 ( 2(cw? - cw)(72)" -( cw - cw)(g, +277) ngt)}
— 2
f, =|(cwe - cw)(m) (4(4.) +24,(1-2) 7 ) - o £ 1)
(¢2(cwd—cvv“)(¢2+4n;)+( CW- CW+A( cwW- C\)‘)')(%d)z)(ngt)z}/
[a(ml(cwd - ow)() - 3(1-2) 7 (4 cw- cw)(z) +( cw- cw)(g, +2m) n;))}
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Note that we can show that< f; < f_g , which implies thafopt >0 requires challenge costs to
be strictly positive and sufficiently high. In ca#®at challenge costs are below the lower
threshold level, the optimal policy would resultﬁ)g[ <0, i.e., firms would strictly prefer to
go for litigation. If challenge costs are above thgper threshold, we would havg, >1.
Hence, we end up with the corner solution wrfg&e: 1.

Our finding thatf,
(seeFig. 3). In Case 1 {,<f,), consumer welfare would be maximized ffg,[;t<0.

- can be positive or negative implies that we haveistinguish two cases
Economically, this would imply that the optimal dabdf generic entry is even prior to the
expected entry date under litigation. Here, thdlehging incentives provided in the litigation
solution are inefficiently high. Hence, reducingaltenging incentives would be welfare-
increasing for consumers. In addition, we can amtelthat all settlements that specify an
entry date beyond the one under litigation arerbleanticompetitive. However, as we have
seen above, as long as the law does not limit #réieg' rights to litigate, competition
authorities cannot enforce earlier market entryrthader litigation. In Case 2f( > f ), the
situation is entirely different. Iff , >0, challenging incentives under litigation are
inefficiently small. Therefore, allowing for a loagperiod of collusion benefits consumers.
Since generic entry delay is only possible if teagyics get a share of the settlement surplus,
competition authorities have to allow reverse payiseo a certain extent. Hence, our
analysis shows that allowing for more collusiorpatent settlements (with reverse payments)
can be procompetitive. However, this only holdsGarse 2, i.e. fof,, >0.

Figure 3: Impact oft,, on consumer welfare

Case 1:fg<fgjtopt<0 cw Case 2., >Ig :>‘79W>0 cw
»CW’J“(O) - CW'(ZX

(i)

~+
]
(=
~
2
]
(=]
1
~

opt

In order to explain the intuition behind the resuf Proposition 1, we have to analyze the

impact off , on the range of challenged patents at first. Smedocus ont,, >0, we know

opt

that the optimal policy allows for more collusiore. for a delayed market entry of both
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generics. Indeed, we can show that the market edtes t'=t;+{=y+{ and

toy =tg + (1—tgsf)/1 are extended beyond their counterparts undealfitig, i.e. we have that

tes >t as well astyy >t Therefore, the settlement surpluses are strimitive, which
induces both generics to challenge more patentscéjehe critical level of patent strength

et lit lit

under such a settlement is larger than under fitigai.e. )i >y, and y;; > y,, (see
Fig. 4).

Figure 4: Entry delay and incentive effects unq,gr> 0

entry delay effect
entry delay G,, entry delay

incentive effectG no effect
effect G,, G, effect G, '

incentive effectG,

I I
I I
0 Ve o o1

Fig. 4 refers to the case dgpt >0 and depicts entry delay and incentive effectsditfierent
intervals of patent strength. These intervals anend by the critical levels of patent strength
under litigation as well as undéy,. Thus, we can derive for which patent strengtiesritive
and entry delay effects are relevant and to whitbre they affect consumer welfare. As we
can see fronfFig. 4, G, would challengeyg‘2 patents under litigation, whil&, challenges
Vg > V5, patents. HenceG, strictly challenges more patents th@). This result is a
consequence from the assumption of sequential etgcysions of the parties: Sindg,
always decides first about entry, it can reap munafits and a broader range of patent
challenges is feasible. As we already know, thiécatilevels of patent strength undgy, are

5> and yg;r , where we findy;' > y7 for the same reason.
Analyzing the incentive and entry delay effects, eem see irFig. 4 that for yD[Oy';Z]
both generics would challenge these patents umigation anyway. Hence, in this interval

the implementation of

opt

induces an entry delay effect @, and G,, which negatively
affects consumer welfare. quﬂ](y'@;‘2 ge;] we find thatG, additionally challenges patents
that would not have been challenged under litigatiwhich describess,’s incentive effect.
However, this patent range would still have beeallehged byG, under litigation, i.e. we

have an additional entry delay effect fG{. Hence, foryD(Vg"z, g‘;‘] we find two effects,

which affect consumer welfare in opposite directioRor yD( e yg';{], G,’s entry delay
effect is still present, while there is no effeesulting fromG,, since she does not challenge

these (or stronger) patents. Hoﬂ(y';l gﬂ, we have thaG, additionally challenges patents

14



under the optimal policy. This describés 's incentive effect, which positively affects
consumer welfare. For the remaining valueyoi.e. for yD( gft,l], we do not observe any

effects, because these patents are neither chedlangler litigation nor undéy,,.

6. Comparative Statics

In this chapter, we analyze the comparative statiche optimal policy parametefgpt. Since
we have found that,, <0 strictly results in litigation, we restrict our @ysis to Case 2, i.e.

to the case of . >0. We will analyze howt

opt

ot IS changing if i) the challenging cost
increase, ii) the lag between the generics’ enagigions increases, and iii) the intensity of
competition on the pharmaceutical market incredsasthe analyses ii) and iii), we introduce

a specific competition model.

The Effects of an Increase in Challenging Costs

As we already know that challenge costs have aiarimpact on the optimal policy, we

examine at first, how,, changes inf . The challenge costs include costs for preparieg t

opt
challenge as well as firm investments for entethmg market, i.e. technology and marketing
investments to overcome market entry barriers. Theresponding result is given in

Proposition 2:

Proposition 2: The optimal policy parametdy, is strictly increasing inf, .
Proof: See Appendix A.

In order to interpret the result of Proposition We recall thatt = was determined by

opt
Equation (7). Analyzing (7), we find by using (8)da(9) that a marginal increase fij does
not have an impact ody;'/df and dy;; /of, as we have thaby;; /otof, =0 and

0 g‘;‘/afafg =0. However, a marginal increase ifj makes patent challenges more costly.
Hence, ceteris paribus firms would only challenglatively weaker patents, i.e. patents with
a smallery . Therefore, we have thagf; and y;; are strictly decreasing ifi;, which in turn
has an impact on the incentive effects: Formalipaaginal increase i increases consumer
welfare by(ay;“/af)(l— ygsf‘—f)(CW - CW“), which describes the incentive effect @f.

If f, increases, this incentive effect is stronger, beea/; decreases. The interpretation is
intuitive: Since ;" decreasest;ft( ygsft) =y, +t decreases as well, i.e. firms would ceteris

paribus agree on earlier market entry in the maitgsettiement. Hence, consumers benefit
15



from CW° for a longer period of time. As this holds for augft/af additionally challenged
patents as well, a marginal increasefirhas a stronger impact d@W*" if f, marginally
increases. The same logic appliesGgs incentive effect, where a marginal increasef in
positively affectsCW** by (6 v fot )(1— Voo =t )(1—/\)(CW — CWd) . This incentive effect
for G, is also stronger iff, increases, becausg; decreases. Hence, an increasef in
compensates for fewer patents being challengeccassequence of an increasifig
Apart from the incentive effects, we also haveatketinto account the entry delay effects for
consumer welfare resulting from a marginal incraéask, i.e. from allowing for a marginally
delayed market entry. In particular, we find thac&use ofG,’s delayed entry, consumer
welfare decreases bwW* - CW" for all yD[O, yg‘f‘]. In case ofG,, we have that consumer
welfare marginally decreases t(;l—/l)(CWt—CV\f‘) for all yD[O, g?]. As we have
already seen, a marginal increasefjnleads to lower values for the critical patent rafites

& and y;;. Hence, the entry delay effectsygft(CWd— CW’“) for G, and

g‘;t(l—/\)(CW‘— CW") for G,, respectively, strictly decrease, because theerafigatents,
which is challenged anyway, ceteris paribus deeseabhis outcome is intuitive: The entry
delay effect for consumer welfare is based on gelaextent of collusion betwee[rO,ygit]
and [0, ggt] . Since both patent strength ranges decreadg,ientry delay effects fo6, and
G, also decrease. Consequently, with respect to theginal impact oft on CW*, a
marginal increase irf, leads to an increase in the generics’ incentitecef, whereas entry
delay effects for both generics decrease. Hence,olgously find thatt,, is strictly

increasing inf,.

Introducing a Specific Competition Model for PardereAnalysis

The remaining exogenous parameters of our modebeattivided into two different groups:
While A is an independent exogenous variable, we knowAfiatr® = 777 + 1), 7' = 71, + 71

as well asCW™, CW* and CW! are related as they all depend on the market steieind the
mode of competition. Hence, the comparative stanhalysis of these “market-specific”
parameters is very complex and requires many c&sti assumptions. For instance, an
increase in7" might stem from additionally exploited consumerpdus (which implies a
decrease of£W™) or from a higher market demand (which affe€@/™ as well as welfare
and profits under duopoly and triopoly). In ordercope with these issues, we introduce a
specific competition model where i) firms compete prices and ii) products are

heterogeneous with a variable degree of substitilyaWe expect assumptions i) and ii) to
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adequately reflect the characteristics of real onarkets for pharmaceutical products. The

details are summarized in Example 1.

Example 1. We consider a special case of the model presentldckner (2000) for the case
of n firms wheren{1,2,3 . In particular, we suppose the existence of aesprtative
consumer with the utility function

U(q,l):zn:qi —%[ y (q)2+2dzn qu+|

i=1 i=1 i=1i #

where ¢ denotes firmi’'s quantity, | represents the consumption of other goods, wéile
reflects the degree of substitutability. We resttiee analysis tod D[O,l), l.e. to the case
where the products are substitutes.dlE O, the products are independent (i.e. firms have
monopoly power), whereas far=1, the products are perfect substitutes (i.e. we lpgrfect
competition). By solving the consumer’s maximizatiproblem subject to the budget
constraintz p.g+ p I=m, where p denotes the price of produc¢tm denotes income and
p, =1, we obtain firmk's inverse demand function, which is

Py zl_qk_5 Z q; -

i=1,j#k
We assume that firms compete in prices and find fiha k's profit-maximizing prices and
guantities in equilibrium are given by
[8*(n*=5n+5)+35(n- 2+ 2]—5%[5( n- 3+ 1
- i=1
* [3(n-3)+2][6(2n- 9+ 2

{[52(n2—5n+ 5)+3(n- 2+ 2]—52[5( n- 23+ ﬂ[d( n-2+1
i=1

@O o3+ 2[o(n-+q[o(a- 3+ 3
If we focus on the case under consideration, inethe case oh(1{1,2,3 , we finally obtain
m=t, m=m=(1-0)/[(2-0) (w9)], #=r=(1-5")/[4(25+)] as wel as
cw" =4, cw?=1/[(1+0)(-2+0)°], oW =[3(1+3)(1+ ¥+ 27)] /[ § ¥ 2)°]. Note
that in our model feasible solutions requifg,t >\t .y "V »>1(01). Under Example 1, this
holds for f, D[ig,?g], o0[3.1),andA0[0,4 |, whered = 0,747€ and

A =(1792+ 2560 - 4736°- 934F+ 3808+ 10846~ 1204 583
+11550° + 1554° - 698"~ 14"+ 9B~ W'+ B')/(- 256 1586 182

-16640° + 5280* + 5376° - 2280P- 6024+ 158%+ 1364 69
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120" + 930" - 3@+ FY).

Example 1 generates feasible solutions &m[é,l), i.e. for those cases where the firms’
products are sufficiently close substitutes. Oudelas therefore particularly relevant for the
pharmaceutical industry, because consumers terkrceive generics as being close (but

imperfect) substitutes to the originator’s product.

The Effects of an Increase in'&Entry Decision Date

The entry decision of the second generic entradeimted byl . We can also directly link
this to the actual entry of the second generigesia later entry decision will lead to a later
entry. Therefore, the parametdr can be interpreted as reflecting competitive pres$rom
the second generic on the already present firmsu¥éeExample 1 to analyze the impact of

Aont

o Which requires studying the influence afon y;* and y;; at first. Our findings

are summarized in Lemma 1:

Lemma 1: The settlement surplus in case of two genericaetdys , is strictly decreasing in
A, i.e. we have thatds /04<0. In addition, we find thataygf‘/a/l =0 as well as
ayg‘;‘/c'M <0, which implies thatG, is not affected, whilés, strictly challenges less patents
if A marginally increases.

Proof: See Appendix A.

The intuition behind Lemma 1 is based on two argusieFirst, the settlement surplss is
decreasing ind, which might seem somewhat puzzling at first ganeecause in general
firms are able to reap a higher surplus from desatint in case that market entry of potential
entrants is delayed. Indeed, we find that an irsrda A ceteris paribus shifts the entry
decision and hencé,’s actual entry datet’s = y+f +(1-y~)A, to a later point in time.
However, a marginal increase ih also affectsG,’s expected entry date under litigation,
which is ty, = y+(1-y)A. As we have thabt;, /01 >dt%; /04, we find that the marginal
impact on the entry date is stronger under litmatiTherefore, the surplus decreasesiin
Secondly, it is easy to see that the denominatoryffi=1-(f,~(s/3))/(1-1)7, is

decreasing inM , which reflects that triopoly profits from entegithe market are realized for

et

a shorter period of time. Thu&,’s critical level of patent strengthy;,

is decreasing im ,

because settlement surplus and triopoly profitsedese, making a patent challenge ceteris
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paribus less attractive. Based on Lemma 1's resuiscan study the overall impact af on

t,,- Our findings are given in Proposition 3:

Proposition 3: Under Example 1, the optimal policy parameigris strictly increasing im ,
/0A>0.
Proof: See Appendix A.

i.e. we have thadt

opt

To understand this result, we use Equation (7)ntlyae the different effects of a marginal
at )CW*/01=0. In general, we can

change inA on dCW**/a T, which determined
conclude from Lemma 1 and from Equation (7) thatremneasingA influencestWSQt/af

opt

through the incentive- and through the entry dedéfect of G, only. The corresponding
effects for G, remain unaffectedG,’s entry delay effect, given in (7) by the expressi
“(1-A)(Cw'-Ccw), is decreasing ind, because we know from Lemma 1 that
dyg‘;‘/aA <0. Hence, we can conclude that the overall entrgiydeffect of the second generic
is lower in casel increases, which in any case positively affefgfs This result holds in
general, i.e. it is independent from Example 1.
In addition, we have to analyz@’'s impact on G,’s incentive effect which is given by
(ayg‘;t/af)(l— ygsgt—f)(l—/l)(CW — CWd) in Equation (7). Here, we find that the effectaof
marginal increase imM on this expression is ambiguous: Since we alrdaxbyv that yj‘j‘ is
decreasing ind, we find thatA’s marginal impact on the incentive effect is anuimgs,
because(l—A) decreases, Whereé]s— yé‘;t—f) increases. This ambiguity holds in any case,

i.e. it is independent from the sign ay;;t/afa/l. In order to understand this outcome, we

et

analyze the second generic's actual market ente dar );,, which is given by

t;‘;t(ygsg‘t) = ygszet+f+(1— ygze‘—f)/l . As we know from Lemma 1 thgt; is decreasing ini,

set

the overall effect ort;?(ygz) is ambiguous. Hence, af; it is not clear whether the second
generic actually enters earlier or later as a reaaif an increase il . This, however, seems

to be in sharp contrast to how we previously argnddemma 1, where we found that a later
entry decision ofG, corresponds to later market entry and hence taménighing critical

patent strengt g‘;‘. The difference results from the different natofg/: When we described

set

the influence ofA on the range of patents challenged @y, tg,

was determined by a

randomly drawn and hence exogenguswhich doesiot depend om . On the other hand, if

set

we analyzeG,’s incentive effect, we have to take into accotmat t;; depends ory;;, since

92°
the incentive effect is endogenously determinedg®cific patent strength values.
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Overall, we can conclude that the entry delay éffec G, is strictly decreasing iml , while
the impact on the incentive effect is ambiguousndée we cannot determine the overall
impact onft,, in general. However, under Example 1, we can sttt the effect of an
increase inA on the incentive effect is not ambiguous anymarstead, we can show that
6[(6 g‘;‘/af)(1—y;§‘—f)(1—)l)]/a)l > 0,2 which allows us to conclude th&,’s incentive
effect strictly increases iml . Since we know that the entry delay effect is atvatrictly
decreasing inl, it is easy to see thd}, is in any case positively affected from a marginal

increase i . This explains our findings in Proposition 3.

The Effects of an Increase in the Intensity of Gatitipn

The final step of our analysis addresses the inflaeof & on the optimal policy. Sincé

measures the degree of substitutability betweerotiggnator’'s and the generics’ products, it

can be interpreted as reflecting the intensity amhpetition on the market. Again, we study
t

the impact on the critical levels of patent strénge. ony;: and 53, at first. Our findings

are given in Lemma 2:

Lemma 2: Under Example 1, the critical levels of patenesgth are strictly decreasing i,
i.e. we have thady;'/00<0 as well asdy;;/05<0. In addition, it always holds that
0y /0fad >0 anddy;/otad >0, i.e. the number 06,’s and G,'s additionally challenged
patents resulting from an increaseins strictly increasing i) .

Proof: See Appendix A.

Analyzing the intuition for Lemma 2 reveals severaights about the impact of an increase
in 0. Sinced can be interpreted as reflecting the intensitgahpetition, it is easy to see
that duopoly profits7z) (3), 775 (), and triopoly profits 77, (J), m,(J) decrease, while
consumer welfare under duopoly and triopoly, C&v“ (J) and CW' (), increases ir . If

we focus onG, at first, we can immediately conclude that du¢ht® decreasing profit under
duopoly, the joint settlement surplug,(d), is strictly increasing. This effect ceteris pasb
has a positive impact opg7'(9) :1—( f, —(32(5)/2))/77‘; (0). At the same time)7'(9) is
negatively affected, becaus%‘ (5) i.e. G,’s profit after market entry, is decreasing. Since

we know from Lemma 2 thaﬂygf‘/65<0, we can conclude that the overall impact on

et

*7'(0) is negative. This is not surprising, beca@eis directly affected from the decrease

% The proof has been established in Mathematica.cbneesponding code is available from the auth@snu
request.
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of 75(0), while the increasing settlement surplus is egustiiared with the originator. The
same argument holds f@3,.

In addition, we know from Lemma 2 thalygsft/af65>o, which also results from the
decreasingng (5) In general, a marginal increasefinaffects G, in two ways: On the one
hand, iff marginally increases3, benefits from a longer period of collusion and defrom
higher settlement profits. On the other ha@g’'s market entry is marginally delayed, which
reduces the individual profit from entering the kedr However, ifd increases, the overall
effect is strictly positive: Sincenr(J) decreases, the settlement surplus increases, i.e.
collusion is more valuable under a more competithggket. At the same time, the decline of
7, (8) makes an additional delay of market entry lesslgdsr G,. Hence,G,’s number of

additionally challenged patents resulting from agiraal increase of is strictly increasing

in & . Again, the same logic holds f@, .

Given the results from Lemma 2, we can finally gmalthe overall impact o® on the

optimal policy parameter. The result is summarireBroposition 4:

Proposition 4: Under Example 1, the optimal policy paramefggris strictly increasing inJ,
i.e. we have thadf,, /00>0.
Proof: See Appendix A.

In order to explain the result of Proposition 4, again use Equation (7). Once more, we
distinguish entry delay effect and incentive effechich determine the impact of our policy
parameter on consumer welfare. If we consi@eat first, it is easy to see that the difference
CW‘(d)- CW" is increasing ind . Since this expression enters both the incentivet the
entry delay effect of5,, we ceteris paribus find a countervailing combieéféct. Hence, we
have to examine the influence ¢f;'(J) on the incentive- and the entry delay effect. We
already know from Lemma 2 th@t;ﬁgf‘/05<0, which has two effects: At first,’s entry
delay effect decreases, since the costs of coliysie. CW* (5) - CW", apply to less already
challenged patents. In addition, the incentive atffacreases, because the benefit of higher
consumer welfare through additional patent chabsng realized for a longer period of time,
since G,'s market entry under the marginal settlement takslace earlier, i.e.
t;i‘( ygsft) =y, +t decreases. Both effects positively influerige. Moreover, we have found
in Lemma 2 thataygsft/af65>0, which has an additional positive impact on theeirtive

effect. Hence, we have thgf, is strictly increasing ind . For the second generic the same
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logic for incentive- and entry delay effect in @pplies. Our result in Proposition 4 implies
that for f,, >0, the competition authorities should grant mordusibn on markets that are
more competitive, which is not what we would norypaxpect, since collusion is more
harmful on competitive markets. However, in our ®ipdhe benefits from additionally

challenged patents (the incentive effects) outwéhghcosts of more collusion.

The results of our comparative static analysissaramarized in Table 1:

Table 1: Summary of comparative statics results

Marginal Impact Parameters
on tyy f| ) 5
Incentive Effect + +* +*
Entry Delay Effect - - _*
Overall Effect + +* +*

“+” and “-* indicate that the absolute values o thffects increase/decrease.
“* indicates that the effects can be shown undearBple 1.

7. Discussion and Conclusion

In the model, we have analyzed the tradeoff betwer@ny delay- and incentive effects in
patent settlements between originators and gendicsntroducing a policy parameter, we
explicitly allow in antitrust law for a longer ped of collusion, which negatively affects
consumer welfare. However, the provision of moralleimging incentives for potentially
unjustified (weak) patents has a positive impacttonsumer welfare. We show under very
general conditions that there exists an optimati§ipation of the policy parameter, and our
key result is that consumer welfare under thismogltipolicy parameter is higher than under
the benchmark case of litigation.
However, it is also a crucial result of our modstt depending on parameter constellations
(as, e.g., challenging costs), this optimal pofi@yameter can be positive or negative. If the
optimal policy parameter is positive, limiting thellusion of originators and generics through
antitrust law to the expected entry date of thigdiion solution would lead to inefficiently
small challenging incentives for generics. Henceloager collusion period would be
beneficial from a consumer welfare perspective.réfoge, another implication of our model
is that the consideration of challenging incentifes generics can provide an additional
22



reason why patent settlements with reverse paynmight not harm consumers and are
therefore not anticompetitive. In addition, we hawewn for this case df , >0 that (under
certain assumptions) the optimal policy parametergases with the size of challenging costs,
the lag of the second generic’'s market entry decjsand with the intensity of competition
between originators and generics after generigentr

If, however, the optimal policy parametdy, is negative (i.e. challenging costs are
sufficiently low, f, < f , see Case 1 iRig. 3), then the expected entry date under litigation
would be inefficiently late, i.e. the marginal dealging incentives provided in the litigation
benchmark solution would be too large. Howevernulag from an antitrust perspective that
the rights of the parties to litigate should beitgd, might lead to a serious conflict between
antitrust and patent law. This possible case cégative policy parameter shows nonetheless
that taking into account challenging incentives daad to the conclusion that patent

settlements without reverse payments can also hanmsumers and be anticompetitive.

What conclusions can be drawn from our results?a lsomprehensive analysis of the
economic literature about patent settlements, Fkartker (2016) have shown that a correct
antitrust analysis of the effects of patent setdeta requires a deep understanding of the
interaction between patent and antitrust law, &edefore an integrated economic analysis of
the effects of patent settlements on both innomasind competition. Therefore, the current
main focus on price effects is not sufficient ami,addition, the effects on innovation
incentives and challenging incentives have to yaed. Our model provides an integrated
analysis of price effects and challenging incerstie@d shows that a tradeoff between both
can exist, which is relevant for the antitrust assgent of patent settlements. Regarding the
analysis of price effects and innovation incentigiects, results of the research by
Elhauge/Kruger (2012) and Woodcock (2016a/2016bins® suggest that in this case there
might be no tradeoff, i.e. an antitrust policy thiges the expected entry under litigation as a
benchmark would not lead to inefficiently small @avation incentive§. Therefore, innovation
incentive arguments might not support claims fdowing longer collusion periods (and
therefore reverse payments). Models that try toukBneously analyze all three effects of

antitrust limits for patent settlements on consumelfare are still missing.

* See also Frank/Kerber (2016, pp.12) where a afitialysis of the model of Elhauge/Kriiger (2012) be
found, and, from a much broader perspective, tlseudsion of the proportionality principle in regax
probabilistic patents for innovation incentivesHarrell/Shapiro (2008) and Encaoua/Lefouili (2009).
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Another question is whether the results of our rhalte also hold under less restrictive
assumptions. For example, we assumed that i) &hmahave the same value, ii) there is a
uniform distribution of patent strength in the danum of all patents, and iii) the challenging
costs are the same for all patents. Under moregdlassumptions, our specific results and
the optimal policy parameter would certainly chgngat it is not clear why this should
change our main results about the existence optimal policy parameter and the possibility
of a tradeoff with its conclusion that a longerlasion might be justified. Another assumption
in our model is that originators and generics knibw true patent strength. In previous
research, the consequences of wrong and/or asymrbetiefs about the strength of patents
have been analyzed. Allowing for such more realiaisumptions can change the settlement
ranges in different ways, and can lead to a nunobgrroblems with respect to achieving
efficient settlement solutions. Although this makles antitrust assessment considerably more
difficult and would presumably influence the siZetlee optimal policy parameter, we do not
expect our results to change qualitatively. Anospecific assumption is the existence of two
generic entrants that make sequential entry dewsieith an exogenously assumed lag
between first and second generic. Since we haverrstibat the results also hold for one
entrant (Appendix B), they do not depend on thecifipeassumption of two entrants. In
addition, they presumably also hold for more thaa entrants, as long as a similar structure
of sequential entry decisions is assumed. Howeverdo not model the multiple challenger
problem, i.e. that there might be several genentraats that simultaneously decide on
challenging patents with the ensuing public goodbfam. So far, we are not aware of a
model that includes this public good problem in #®onomic analysis of the antitrust
treatment of patent settlementt.is clear that a more explicit analysis of tteets of the
interaction and competition between potential genemtrants is one of the important gaps in
previous research. Therefore, there are still gelanumber of important questions for future

economic research.

What conclusions can be drawn for the initial gisesbf how to deal with the weak patent
problem? Taking challenging incentives into accounthe antitrust assessment does not
change the necessity of a very critical antitrugtny of patent settlements with reverse
payments for eliminating an easy way for originattw protect potentially unjustified and

weak patents that can harm consumers. The consate challenging incentives can help

® Some authors have discussed scenarios of muijgrieric entries in specific frameworks. Howeveeythave
not analyzed the public good problem (Edlin e{20.15), Kobayashi et al. (2015)).
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to optimize the antitrust assessment of patenesathts, but it is also clear that this can only
contribute to a limited extent to the solution loé tweak patent problem. Therefore, it is still
necessary to search for other solutions as pattieofyeneral problem of the optimal patent
system’s design. Important proposals about impviatent examination procedures in
patent offices, facilitating and strengthening adtgmt opposition and patent litigation

procedures, e.g. by joint challenges, and promatirgsidization of patent challenges can be
found in Miller (2004), Farrell/Shapiro (2008), akdcaoua/Lefouili (2009).
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Appendix A: Proofs

Proof of Proposition L:

Given Equation (6) we find that

(11) Cw(t,) - cw=(0) =
(cwe —cw) g(m) ~3(1-a)m(2 cw- cw) ) +(g,( oW cw)

27! ((cwe - cwr) §+( cw- cw(1-4)- C\/\’ﬂ)rrd))ﬂﬂz/
2(1-2)() () (4(0) (oW - cwe) (72) + 24, oW~ cwi)(+4) () 7,
+9g, (CW* - cW")(1-1) (¢, + 4775)(;19‘)2”

Since we have thaEW' > CW' > CW', A10(0,1) as well asg,,4,,7, >0, we can show that

CWSGt(tpt)—CWS‘*‘(O)EO, because the single-roofedumerator in (11) is nonnegative,

while the denominator is strictly positive. Sincer fi,, =0 it obviously holds that
Wse‘(gpt) CW*(0), we can conclude thalwse‘(topt) Wse‘(0)>0 for £, # 0.

Proof of Proposition 2:

Using Equation (10) we can show that f@w'> CW > CW", AD[O,l) as well as
¢,.¢,,7 .71, >0 it holds that

(ew!-cwr)(g, +2) ¢(CcW- cW) cw-cw

o 2{r) ()]
of,  g,(cw'-cw)(g,+4n) (s)'(cwW- cwW) 2p,( cw- cw
() swam)

Proof of Lemma 1:
Since 77, + 715 > 11, + 27, andf >0, it is easy to show that
ds, /0 :f(—(nf +n§)+(n§+2n‘g))<

® The proof has been established in Mathematica.chesponding code is available from the authpu
request.
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In addition, we see that does not enter Equations (3) and (4), so we Hmzleﬂiyjf‘/a/l =0.
Moreover, we know thatl?yg‘;t is given by Equation (5). Taking the derivativetwiespect to
A yields

o [50-N)m(1,-3)(-m)]
or (1-a) ()

which is strictly smaller than zero, becauge>0, A10(0,1), f, % >0 and 3 <O0.

Proof of Proposition 3:

By plugging Example 1's expressions for profits amelfare into Equation (10) we obtain
f,,:(9), which is given by
(12) t~opt(5):[24(—2+5)2 (1+0)C246 H0§ (20-0°F (20 (4 8 )
—(-2+ 0 (1+0)(1+ D) 320+0 € 8960 656 B (1760 (4
+0(64+0(-99+0 (43+0 (22 £ 5J X 25 9 ),
+(24(-24 0V C1+OY (HOV (1220 (240 (90 25 8+ & ) @ &
(-1792+ 0 46080 £ 3845 (9088 B (21#0 —( 2688 — ( ¢
+0(296+0 (1+ 0)(225+0 € 9% J £ 460 (42 { 14 9) )M A
—24(-2+0F F1+O°VEMH DE 4L D+ N7
[«(—2+0)*(1+0)*(3776+ 0 (5376-0 £ 114720 « 25646 03 (+& (97
+0(3159+0 366A 3 { 3840 (2460 (I —( ¥3 32 NN

(—2+8)(1+ 5)(21248 5 (25608 5 910085
(-172160+ & (102088 & (1071365 —( 11720 - ( 83224 - ( 1709(18824

+3(-701+ 5 19425 (40% 35 (525 « 19 & )~ 64(+0 (-4
+35(-4- 50+ )4+ F 4+ 3 3T P (15 ))(285 (28 3 83 I @I)) .

Based onf

Opt(5) we computedf,, /04. We omit the details, because the corresponding

expression is very complex. Then we can show that:ft >t vy >1(0.1) as well as

/04>0.

for f,0[ f,., ], 00[8,1), andA0[ 0,4 | we have thabt

opt

Proof of Lemma 2:

Using Example 1's expressions for firms’ profitsEquations (4) and (5) we know that

" The proof has been established in Mathematica.cbneesponding code is available from the auth@snu
request.
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ayst (-2+0)(1+(-1+0)0)( 8, )
00 4(-1+0)° ’

oy 2491, - 2(p,+ 8- 1 0 (1 5+ B)A)
95 3(-2+0)(-1+3)°(1+3)°(- 1+ )

where ¢3:(—2+5)3(1+5)(1+5+52). Then we find that fort’' t 5\t <y 50(01) as

g1 '"g2

well as for f 0] f,,f,], 00[d1), and A0(0,4) we have thatdys'/ofas>0 and
0y55/0ta5>0.

Moreover, we know from (8) and (9) that under Ex#ripwe have that
et 1 1
~gl =— 1_5+ )
ofoo 4 (-1+9)°

oyis _ 24,+16(-1+5)° (1 + B°)
0t00  3(-2+0)’ (-1+0) (1+0)* (- 1+ A)

We can show that ford[0,1) and A0(0,) it always holds thatdyS'/6fa5>0 and
0y55/0ta5>0.

Proof of Proposition 4:

We already know that under Example 1 the optimalcpqoarameterfopl(é') is given by
Equation (12). Based on (12) we comp@fg:pt/ad. Again, the details are omitted due the

output’s complexity. We can show that faff',t35\f ,.yo Y »1(01) as well as for
f,0[ f,.f, ], 00[8.1), andA0(0,7) it holds thatof,, /04 >0.

opt

Appendix B: Optimal policy in case of one generic entrant

The case of one generic entrant is equivalentdécspecial case of our model Wheyrgt =0.

Hence, we can immediately conclude from Equatigrii{&t consumer welfare is given by

et

Cwse‘:{(l—f)y;ft(i)—%f)zl(cwd— CW+ CW.

Maximizing CW**" with respect td yields
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aCWset _ aysl
ot ot

(1- 2 -f) (cw- cwm) -y cw- cw),

Entry Delay Effect - G

Incentive Effect - G
so that by respecting (8) we find that

_2p,f, +af - 4(nt)

9

(¢2) +4¢2 o]

opt ~

Comparing consumer welfare under litigation andsconer welfare under the optimal policy

yields

(cw - cw)(¢, §+2( §-m) )

set(§ ) — c\We! —
o (oo o)

for which we can show thatCWS‘*‘(i,pt)—CWSE‘(O)zo, because CW‘ > CW" and
é,.m, >0.
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