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Abstract

This thesis consists of four essays on (real and alleged) cartels. The first one
analyzes cartel pricing dynamics. It gives an unified explanation for the gradual
rise of prices, their constant phase, price wars and cartel breakdowns. The driving
forces are the consumers’ reference-dependent preferences and the uncertainty over
an external fringe’s efficiency. Consumers are unwilling to pay much more than
their (endogenous) expected price, so firms cannot set the monopoly price in the
first period. As long as the fringe does not behave too efficiently, consumers
become more pessimistic over the price, which allows firms to raise it gradually.
This increasing price path is bounded from above by the presence of the fringe.
If the fringe behaves efficiently during a sufficient number of periods, collusion
is not sustainable, which triggers price wars and/or a breakdown of the cartel.
Evidence from the Vitamin C cartel is consistent with the model. The second,
third and fourth essays analyze the (neglected) pro-competitive effects of reverse
payments in the pharmaceutical industry. Reverse payments are payments from
a patent-holder to a generic manufacturer to settle a patent litigation over the
validity or infringement of the patent. They typically delay generic entry and
have often been treated as Antitrust violations per se by the European Commission
and the FTC. In the second essay I show that this should not be the case when
the parties’ investment decisions are considered. Reverse payments increase the
industry profits, which increases the generic manufacturer’s incentive to invest.
This increases the litigation rate, which increases consumer surplus. There also
exists a tension in the originator’s incentives to invest, absent from the patent
literature, that can increase his investment too. The third essay analyzes the
possibility of the generic entrant’s bankruptcy. Banning reverse payments pushes
the weak entrants out of the market, which reduces consumer surplus both before
and after patent expiry. The overall impact of banning them can be negative and
it is larger when the patent is strong, the economy is in a downturn and tacit
collusion is sustainable among few players. The fourth essay analyzes the impact
of reverse payments when the entrant’s ability to compete is unknown and he may
have to incur additional investments to be competitive. Reverse payments reduce
the entrant’s incentive to invest, which increases welfare when the investment cost
is high enough. Under general conditions and several bargaining rules, reverse
payments should be treated in a more lenient way when the technology is difficult.
When the originator chooses whether to use a reverse payment, independently
from how the surplus is split, and the technology is difficult, there is an irrelevance
result: the cap on the generic entry date has no effect on welfare, as the negative
effect of a later entry is exactly compensated by a lower probability of using a

reverse payment.
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Introduction

This thesis focuses on real and alleged cartels. Cartels are considered the worst
and most evident Antitrust crime. Their welfare effects are well known: a transfer
of surplus from consumers to producers and a deadweight loss. Competition Au-
thorities have been active in fighting them and they have have been searching for
elements that signal a collusive industry. Some of these elements are: a gradual
price rise, followed by a constant phase, price wars and cartel breakdowns. The
theories addressing the first question have been developed by Harrington (2004,
2005) and Chen-Harrington (2006). The second question is addressed by Green
and Porter (1984), who explain price wars through imperfect information between
the firms in the cartel, Rotemberg and Saloner (1986), Kandori (1991) and Halti-
wanger and Harrington (1991), who explain temporary price wars by assuming a
difference between current and future demand. I try, in my first essay, to provide
a theory that explains all these facts in a unique framework.

Afterwards, I consider an alleged anticompetitive behavior that is usually as-
sociated with cartels: reverse payments in the pharmaceutical industry. Reverse
payments are payments from a patent-holder to a generic manufacturer to settle a
patent litigation over the validity or infringement of the patent. They have often
been treated as Antitrust violations per se by the European Commission and the
FTC, as they normally delay generic entry until the patent expiration. I analyze
the neglected pro-competitive effects of these payments, pointing out that they

differ in substantial ways from the typical cartels.

The thesis is structured into four essays. The first one provides an unified
explanation for the cartel facts. The second, third and fourth essays analyze
reverse payments. The second essay considers the impact of reverse payments on
the parties’ incentives to invest and on consumer surplus. The third essay analyzes
their impact on consumer surplus when the generic manufacturer can have liquidity
problems. The fourth essay considers their impact on welfare when the generic

manufacturer may have to incur additional investments to be competitive.

The first essay analyzes cartel pricing dynamics when a cartel is formed. It
gives an unified explanation for the gradual rise of prices, their constant phase
thereafter, price wars and cartel breakdowns. The driving forces are the reference-
dependent preferences on the consumers’ side and the uncertainty over an external
fringe’s efficiency. Differently from the previous literature about the gradual rise
of prices, consumers are fully rational and understand which equilibrium is be-
ing played.! Consumers are unwilling to buy at a price much higher than their

(endogenous) expected one, so firms cannot directly jump to the monopoly price.

'In Chen and Harrington (2006) the gradual rise of prices is due to the probability of being



The uncertainty over the fringe’s efficiency shapes the consumers’ price expecta-
tions: as long as the fringe does not behave too efficiently, consumers become more
and more pessimistic over the price. This allows the firms to raise it gradually.
This increasing price path is bounded from above by the fringe’s presence. If the
fringe behaves efficiently during a sufficient number of periods, collusion becomes
not sustainable anymore, which triggers price wars and/or the breakdown of the
cartel. Evidence from the Vitamin C cartel is consistent with the model: the
world’s largest producers kept maintaining cartel policies even after the entry of
some small Chinese firms. These firms acquired more and more market shares
over time (they behaved efficiently), until the cartel eventually broke down due to

their competitive pressure.

The second essay moves on to the pharmaceutical industry and analyzes the
relationship between reverse payments and incentives to invest. The Antitrust
Authority can allow or ban them. If it allows them, it can also choose a latest en-
try date for the generic manufacturer. This is the same as setting a cap on reverse
payments. Allowing reverse payments increases the industry profits, because the
firms can agree on letting the originator be the monopolist until the latest entry
date and share the additional profits through the reverse payment. This increases
the generic manufacturer’s incentive to invest. This increases the litigation rate
when there is some ex ante uncertainty over the probability that the patent is
invalid or not infringed. This, in turn, increases consumer surplus. Reverse pay-
ments delay entry but increase entry and litigation. There is also a tension in
the originator’s incentives to invest from allowing reverse payments, absent from
the traditional patent literature. When the latest entry date is sufficiently late,
allowing reverse payments makes the entrant offer a better settlement to the orig-
inator. The reason is that the higher industry profits make him less willing to risk
litigation. This increases the originator’s incentives to invest too. Under several

parameter sets, allowing reverse payments increases consumer surplus.

The third essay shows another reason why reverse payments should not be
banned per se. When the possibility of the generic manufacturer’s bankruptcy is
taken into account, banning reverse payments pushes the weak generic manufac-
turers out of the market. This reduces consumer surplus both before and after
patent expiry through the reduction of the number of competitors. The negative
effect of banning reverse payments is larger when the patent is strong, the econ-
omy is in a downturn and tacit collusion is sustainable among few players. The

stronger is the patent, the better it is to allow reverse payments: a strong patent

fined, which depends on the difference between past and present prices. This creates an incentive
for raising prices slowly, in order to avoid fines. Buyers are not rational players: they are just

assumed to become suspicious when they observe anomalous pricing.



delays entry when the settlement does not involve a reverse payment, but the ben-
efit of reverse payments (keeping the weak generic manufacturers on the market)
is unchanged. The fact that economy is in a downturn is modeled through an in-
crease in the probability that the entrant is weak. The larger the fraction of weak
entrants, the better it is to allow reverse payments. Tacit collusion among few
players also plays a role: if an additional manufacturer makes consumer surplus

increases by much, it becomes more useful to allow reverse payments.

The fourth essay shows that reverse payments should not be banned per se
when the entrant’s ability to compete is unknown and he may have to incur ad-
ditional investments to be competitive. The competitive ability of the entrant is
his private information and the investment can occur only prior to the settlement
stage. Allowing reverse payments reduces the entrant’s incentive to invest and
this saving can be higher than the welfare loss due to late entry. Allowing them
with a later entry date further reduces his incentives to invest, as the equilibrium
reverse payment will be higher. When the difficulty of the technology (the proba-
bility that the entrant is not competitive) is low enough, we have a pure strategy
equilibrium where the originator offers a reverse payment and the entrant never
invests. When the difficulty of the technology is high enough, we have a mixed
strategy equilibrium where both the originator offers a reverse payment and the
entrant invests with positive probability smaller than one. Reverse payments re-
duce the entrant’s incentive to invest, which increases welfare for an investment
cost high enough. Under general conditions and various bargaining rules, the
threshold for the investment cost is decreasing in the difficulty of the technology,
so reverse payments should be treated in a more lenient way when the technology
is difficult. When the originator chooses whether to use a reverse payment and
the technology is difficult, there is also an irrelevance result: the cap on the lat-
est generic entry date has no effect on welfare, as the positive effect of an earlier
entry is exactly compensated by a higher probability of settling through a reverse
payment (independently from how the surplus is split).

To conclude, the first essay gives an unified interpretation for the most common
cartel facts. The second, third and fourth ones deal with reverse payments in the
pharmaceutical industry. They show that reverse payments should not be banned
per se when a more complete picture is considered. Investments to be on the
market, to be productive and liquidity problems give sufficient reasons not to ban

reverse payments per se.



1 Chapter 1: Cartel Pricing Dynamics, Price
Wars and Cartel Breakdown

I provide an unified explanation for three of the principal facts of the cartel
literature: (i) prices gradually rise, then remain constant, (i) some cartels even-
tually break down and (iii) there can be temporary price wars. Consumers have
reference-dependent preferences (RDPs) and the efficiency of a competitive fringe
is not publicly observable. In the best collusive equilibrium, RDPs may make con-
sumers unwilling to buy at a price too high compared with their price expectations:
firms’ prices then increase over time together with consumers’ price expectations.
This increasing price path is bounded from above by the presence of the fringe. If
the fringe sets a low price during a sufficient number of periods, collusion is not
sustainable anymore, which triggers price wars and/or a breakdown of the cartel.

Evidence from the Vitamin C cartel is consistent with the model.

1.1 Introduction

The analysis of discovered cartels in the last decades has shown that: (i) prices
have a transitory phase during which they gradually rise and eventually remain
constant; (ii) some cartels succeed in reaching stability, while others eventually
break down; (iii) some cartels suffer temporary price wars. The first fact has been
found in many of the largest discovered cartels, both for intermediate products?,
as well as for final products.®> The second and the third fact are documented
both from an empirical (Levenstein (1997)) and from a theoretical point of view
(Green-Porter (1984), Rotemberg-Saloner (1986), Kandori (1991), Haltiwanger-
Harrington (1991)).

2Like the Citric Acid and the Lysine cartel (see Connor (2001) and Levenstein-Suslow (2001)).
3Like the French mobile cartel (2000-2002, see

http://www.autoritedelaconcurrence.fr/pdf/avis/05d65.pdf), the Italian pasta cartel and the
German coffee cartel (see

http://www.bundeskartellamt.de/wEnglisch /download /pdf/Fallberichte /B11-019-08-
ENGLISH.pdf. This cartel served also bulk customers, like hotels and vending machine

operators.



Figure J. ADM U.S. lvsine price, Jaouary 1982—Tune 1995,

Figure 1 shows the dynamics of lysine’s price between 1992 and 1995. In June
1993 it reached the lowest level. In July the cartel was constituted and price began
to rise until November 1993, when it remained stable during ten months. After
another price rise, the cartel collapsed. The price dynamics of other cartels show
similar patterns.*

The objective of this chapter is to answer to (i) why prices have not directly
jumped to the maximal level, (ii) why cartels can suffer temporary price wars and
(iii) why cartels can eventually break down.

The theories addressing the first question have been developed by Harrington
(2004, 2005) and Chen-Harrington (2006). Harrington (2005) analyzes the impact
of different Antitrust policies on cartel price dynamics. He shows that higher
damage multiple and probability of detection lower the steady-state price, but
also that the level of fines does not alter it. Furthermore, a more competitive
benchmark to calculate damages can increase the steady-state price. All the results
are derived by assuming that the incentive compatibility constraints (ICCs) are
fulfilled and slack. Harrington (2004) generalizes the results above by allowing
the ICCs to bind. First, when they bind, the cartel may first raise prices and
then decrease them towards the steady-state level, in order to maintain the ICCs

fulfilled. Second, Antitrust laws may have a perverse effect, as in some cases they

4The pasta cartel, for example, shows the same feature, though with a less clear dynamics,
due to the high variance of durum wheat cost, the principal input in pasta production, over the

cartelized period, .



allow the cartel to eventually price higher. This is due to the fact that the risk of
being fined can stabilize a cartel and thereby allow it to set higher prices. Chen
and Harrington (2006) motivate the increasing prie trend with the probability of
being fined, which depends on the difference between past and present prices. This
creates an incentive for raising prices slowly, in order to avoid fines. Buyers are
not modeled as rational players and they are assumed to become suspicious when
they observe anomalous pricing.

The second question is addressed by Green and Porter (1984), who explain
price wars through imperfect information between the firms in the cartel, Rotem-
berg and Saloner (1986), Kandori (1991) and Haltiwanger and Harrington (1991),
who explain temporary price wars by assuming a difference between current and
future demand: this changes the incentive to deviate from one period to another,
so firms may prefer to reduce prices during “booms” in order to keep collusion
sustainable.

The present model gives an unified explanation for these facts, while assuming
rational consumers. Inter alia, they understand which equilibrium is being played.
Building on insights from the behavioral literature®, I assume that consumers
have reference-dependent preferences (RDPs). RDPs mean that consumers’ utility
depends on the comparison between the outcome and a reference point. Consumers
have RDPs in the price dimension, i.e. price expectations directly enter their
utility function: the higher the difference between the actual and the expected
price, the higher the utility loss (and vice versa).

Evidence of RDPs is widespread both in the experimental and in the empirical
literature. Thaler (1980) proposes this concept to explain why consumers often do
not behave as consumer’s theory predicts. Kahneman et al. (1991) enumerate a
number of biases that are not explainable by traditional economic theory, among
which loss aversion® (a particular case of RDPs), providing a series of experiments.
Kahneman and Tversky (1991) discuss other experimental evidence and propose
a model based on loss aversion that explains these biases by a deformation of the
indifference curves about the reference point. Further evidence came along in the
following years: with empirical data, Bowman et al. (1999) show the existence of
loss aversion in saving decisions, Genesove and Mayer (2001) in the housing market
and Haigh and List (2005) among professional traders. Novemsky and Kahneman
(2006) and Gill and Prowse (2012) provide experimental evidence. Finally, Fox

®Kahneman and Tversky (1979), Erickson and Johansson (1985), Winer (1986), Kahneman,
Knetsch and Thaler (1991), Chi-Kin-Jim and Kalwani (1992), Rotemberg (2004), Koszegi and

Rabin (2006), Ellison (2006), Heidhues and Koszegi (2008).
Loss aversion means that sensitivity to losses (w.r.t. a reference point) is greater than to

gains. RDPs are a more general concept, as they just assume a positive sensitivity to losses and

gains.



et al. (2007) investigate neural correlates of loss aversion and show that people
typically exhibit greater sensitivity to losses than to equivalent gains.

Koszegi and Rabin (2006) and Koszegi and Heidhues (2008) build formal mod-
els on it. Koszegi and Rabin (2006) analyze consumer behavior with loss aversion
and endogenous reference point and show that, when the outcome is uncertain,
the willingness to pay increases in the expected price, conditional on purchase.
Heidhues and Koszegi (2008) use loss aversion to explain the existence of focal
prices” in a static game.® Koszegi and Rabin (2007), Macera (2009) and Gill and
Stone (2010) consider dynamic games with loss aversion and endogenous reference
point in consumption plans, labor contracts and tournaments, respectively.

I will instead develop an infinite-time horizon dynamic game with endogenous
reference point that focuses on collusion. The basic ingredients are (i) RDPs and
(i) the existence of a competitive fringe. The reference point, i.e. the expected
price for the present period, is updated using the information coming from the
fringe. It can thus change in every period and consumers are fully rational.

The existence of small firms outside the cartel is common in cartel cases. The
Vitamin C cartel is an example: the world’s largest producers kept maintaining
cartel policies even after the entry of some small Chinese firms. These firms
acquired more and more market shares over time, until the cartel eventually broke
down due to their competitive pressure.”

The reference point is based on an exogenous probability that the fringe, whose
efficiency is unknown to both firms and consumers, sells the good at a low price.
The fact that its efficiency is unknown is consistent with new firms that (i) have
just entered the market, (ii) are more sensible than incumbents to exogenous
shocks, (iii) employ the strategy “hit and run”, etc. Consumers and firms have a
common prior!’ about the two possible probabilities that the fringe draws a low
marginal cost in the current period. If the fringe sets the high price, consumers
and firms update their beliefs by giving more weight to the possibility that the
fringe is inefficient. Thus, the larger the number of periods in which the fringe
sets the high price, the more consumers expect a high price in the future - they
become more and more pessimistic about the fringe’s efficiency. Depending on the
fringe’s cost draws, the reference point can rise, which reduces the effect of RDPs,
or fall, making the sustainability of collusion harder. Two key insights of the

model are that: (i) the effect of RDPs can make firms just gradually raise prices,

"Equal prices across differentiated goods, even if their production costs differ.
8Heidhues and Koszegi interpret the reference point as the consumers’ “lagged rational ex-

pectation” | but, since the setting is static, the reference point is exogenous.
9For more information, see http://www.nd.edu/ “mgrecon/datafiles/articles/vitamins.html.
10Nothing would qualitatively change if firms knew more than consumers about the fringe’s

efficiency, as long as they do not have a perfect knowledge. For the sake of exposition, I assume

that their beliefs are the same.



so as to keep consumers willing to buy, and (ii) firms can sustain collusion if and
only if the probability that the fringe is efficient is sufficiently low. As the fringe
continues setting the high price, consumers update their price beliefs upwards,
thus allowing firms to further increase prices. This process can continue up to
the maximal collusive price, that is the high cost of the fringe. The transitory
path is then over. On the other hand, if the fringe sets the low price during
a sufficient number of periods, firms rationally anticipate that the fringe is too
efficient to make continuation profits high enough to deter deviation. In this case,
firms revert to Nash pricing. If, afterwards, the fringe sets the high price during
a sufficient number of periods, firms can set the collusive price again. The Nash
pricing periods can be interpreted as temporary price wars or a cartel breakdown;
if the fringe does not set the high price during a sufficient number of periods again,
firms keep setting the one-shot price - the breakdown of the cartel.

The chapter is organized as follows: Section 1.2 presents the mechanism un-
derlying the cartel pricing dynamics. Section 1.3 explains temporary price wars
and cartel breakdown. Section 1.4 shows some simulations. Section 1.5 analyzes
the robustness of the model and discusses possible modifications. Section 1.6

concludes. All the proofs are in the Appendix.

1.2 Setup

Consider an infinite-time horizon Bertrand game. In each period, a unit mass of
consumers has unit demand for a homogeneous good, produced by n firms and by
a competitive fringe. Consumers have the same willingness to pay, which depends

on the intrinsic utility and RDPs. If they buy, they obtain:

up = v —pr = Ape — Elpi) (1.1)

The parameter v represents the maximal willingness to pay, absent RDPs; p; is
the price paid in period ¢t; A > 0 is the RDPs coefficient (the higher A, the higher
the utility gain/loss in paying a price different than the expected one); E;_1[p,] is
the expected price in ¢, given the information available up to (the end of) period
t — 1. If they do not buy, they get u; = 0.

Firms have a common and uniform marginal cost ¢. The competitive fringe’s
cost can change in every period: with a probability p, it is ¢, and with (1 — p) it
isc>c.

Neither consumers nor firms know this probability: they know that the true

probability j is u with probability p and fi with probability (1 — p).

10
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Figure 2

The fringe sets a price equal to its cost. Clearly, the maximal price that
collusive firms can set in equilibrium is ¢, as this is the maximal price set by the
competitive fringe.

The parameters (p, i , fi, ¢, ¢) are common knowledge. Firms’ only strategic

' For firm i = {1,..,n} and period ¢, each firm’s strategy is

variable is price.
pi : [p] — R4, where p, is the common updated belief in ¢ that the true probability
of a low price by the fringe is . Consumers’ decision is from which supplier, if any,
to buy. Their strategy can be described by oy : [py; Pits s Duts DFe) — [1, ., 1, B ]
Vt, i.e. they decide where to buy, if they do, given their belief p, over the fringe’s
efficiency and the price the fringe and firms ask for. In each period, consumers
buy the good with the lowest price, provided that their utility be at least equal
to 0. We assume, for simplicity, that if m < n firms and the fringe sets the same
price, consumers just split their demand among the m firms. So, denoting us
the consumers’ utility from buying from firm & in period ¢, firm k’s demand is
Dy, = % if pre = main{pat, .., Put, Pre} and uy; > 0, where m is the multiplicity of
firms with the lowest price, and Dy, = 0 if pr; > min{pis, ..., Dnt, Drt} OF ugy < 0.
The stage game profits are mp; = (prs—c)/m if pry = min{pi, .., pnt, pre} and
Ut > 0; w0 = 0 if pry # min{py, .., Put, DFe} OF Ugy < 0.
In the following subsections I explain the timing of the game.

1.2.1 Timing

Denote p, ,; the belief that the true i is p at the beginning of period ¢, after =
periods of low fringe’s price and ¢ periods of high price.
Int=0:

1. The probability that the fringe draws the low cost is p € {y, i}, where y =
 has probability p. Consumers form price expectation Eo[p;]. The cost for

the competitive fringe is ¢; € {c, ¢} where ¢ has probability .
2. The fringe draws ¢; and sets its price pp; = ¢;.

3. The firms observe ¢; and set their price.

1 To keep things simple, I assume that firms cannot invest, for example, in advertising to

influence consumers’ beliefs.

11



4. Consumers observe prices and do their purchase decision.

5. Stage game payoff are realized.

In ¢ > 1 all the steps are the same, except step 1 that becomes 1*) ¢, is redrawn
according to the probability ;4 drawn in ¢ = 1. Consumers update their beliefs

Py by observing the price of the fringe."

1.2.2 Firms’ Problem, Price Expectations and Prices

In each period, the cartel chooses a price to maximize the expected sum of dis-
counted profits. Denote pr; the price of the fringe in period ¢, p;(p, , ;) the price

of each firm in period ¢ for a belief p, , ; and 7 the expected profits. The cartel’s

problem is:
Mazp,mo(p, pr1) + Z 071Dy 7 4> DFt) (1.2)
t=1
s.t. Z 8" (Pyr s Pre =€) > N1 (Pyr s PPt = ©) (1.2a)
=0
pt<cVt (1.2b)
up >0Vt (1.2¢)

The ICC (1.2a) has a role in the cartel breakdown and price wars. If the
ICC is not fulfilled, firms would undercut the collusive price, so they just set the
competitive price p, = ¢. Note that this ICC varies over time, as it depends on
the updated belief p, . ; over the fringe’s efficiency p. I assume in the following
that the ICC is fulfilled and I analyze in Section 1.3 when this is not the case.
The constraint (1.2b) is due to the fringe: if firms set a price higher than the
fringe’s high cost, they sell nothing. This is the competitive constraint the fringe
exerts on the cartel, which limits its price increase. The constraint (1.2c) is the
consumers’ participation constraint. In order to make the problem interesting, I
do the following two assumptions.

ASSUMPTION 1. ¢ < v;

12T assume that firms know the current cost draw of the fringe because they have a good
knowledge of the industry. All the results would still hold if firms’ costs varied too, provided
that their range is sufficiently smaller than the one of the fringe. Assuming this consists in
assuming that firms are less vulnerable to industry-wide shocks, say because of economies of
scale, a better knowledge of the industry etc. For simplicity I assume that firms’ cost variation
is zero. Results would also hold if the firms did not know the fringe’s cost realization before

setting their own price.

12



ASSUMPTION 2. (i) Perfect collusion is sustainable if y = p is common
knowledge (p = 1), but not if y = i is common knowledge (p = 0). (ii) Perfect
collusion is sustainable for the initial belief p.

I consider equilibria where, if a firm deviates, firms revert to Nash equilibrium
forever (which constitutes the maximal punishment). In the best collusive equi-
librium, in £ = 1 consumers know that market price will be p; = ¢ if and only
if the fringe sets pgp; = c¢. From the consumers’ point of view, this occurs with
probability pu + (1 — p)fi. If, on the other hand, pr; = ¢, then firms set p; = pj,
where pj is the price that solves (2); this simply consists in maximizing the in-
dustry’s current profits. The current firms’ price, indeed, has no impact on the
consumers’ beliefs over the fringe’s efficiency - and so neither on future prices. In
the beginning of every period t > 2, consumers update their belief about p given
the information received from the fringe. The updated belief p, . ; has a crucial

role in the formation of price expectation.

Lemma 1 If consumers observe the fringe setting ppy = ¢ during T periods and

pre = € during t periods, independently from their order, the updated Diri 18

— pu (1= p)f
Pt = U=+ (- o) (1 — )i 43

Proof. See Appendix 1.7.1.

dpt,‘r.,f
dt
how the belief p, , ; over 1 evolves over time, after any sequence of fringe’s prices.

One can easily check that > 0 and % < 0. This Lemma explains
This will be one of the two driving forces of the results.'® In the best collusive
equilibrium 1) each firm maximizes its own discounted stream of profits, given the
fringe and the other firms’ behavior, 2) consumers maximize their own utility, given
the fringe and firms’ prices, 3) players’ beliefs are consistent with the equilibrium
played.

In particular, point 3 means that consumers know whether firms are colluding
or competing. This is a basic difference with Chen and Harrington (2006). There,
they assume that consumers do not have correct beliefs about the equilibrium
being played - they infer whether firms collude or not by observing price differences
over time: the higher the difference between the current and the past price, the
higher the consumers’ belief over collusion. Here, on the other hand, consumers

already know what equilibrium is being played.'*

13The other one being the sustainability of collusion, analyzed in Section 2.
14The presence of an AA to which consumers can report their (correct) belief that firms are

colluding would not change the results if hard proofs are needed to convict the cartel members.
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In the competitive equilibrium, RDPs and the uncertainty over the fringe’s effi-
ciency have no impact over the equilibrium outcomes, which remain the standard
Bertrand ones:

1) pfy = c Vi, t 2) Dy = L Vi t, 3) Ey_i[p] = ¢ VE.19

In the best collusive equilibrium, when collusion is sustainable:

1) p, = p; Vi,t, where p}, = p; := maz{plu, = 0,¢}, 2) Dy = - Vi,t. When
collusion is not sustainable, firms just maximize stage game profits: p}, = c Vi, t.!6
The difference between "competition" and "not sustainable collusion" is that,
under the second, if the belief p, . ; eventually becomes sufficiently high, firms
can set a supracompetitive price again. This is the idea of temporary price wars:
firms set p; = ¢ during some periods, as long as the belief p, , ; over the fringe’s
inefficiency is too low. If p, , ; never becomes sufficiently high again, firms keep
setting the competitive price. For an observer, this is a cartel breakdown - even if
there has been no deviation and firms would be willing to collude.

Any deviation from this makes firms revert to the competitive equilibrium
forever (grim trigger strategy). F;_1[p] is given by the following Lemma; this will

determine also the optimal price pj.

Lemma 2 In the best collusive equilibrium, the expected price in t is:

Eialpd = [perpp + (=D pdile+ [ =Py rgp — (1= Dor i) 1y (1.4)

wheret =7 +1+ 1.

Corollary 1 Combining (3) and (4), the expected price increases (decreases) after
a period with high (low) fringe’s price, that is dEtg—g[pt] > 0 and dEt;—;[pt] <0.

Every time consumers observe pp; = ¢, they expect to pay a higher price
in the future, because they (correctly) become more pessimistic over the fringe’s
efficiency. In other words, they give more weight to the lower probability that the
fringe sets the low price. Therefore, the firms can raise the price while keeping
consumers’ participation constraint binding. The higher the number of periods
during which consumers see the high fringe’s prices, the higher the expected future
price and so the actual firms’ price (and vice versa).

The following Lemma gives the expression for the first period collusive price.

15Dt = 1/n because we have assumed that, if the firms and the fringe sets the same price,

consumers just buy from the firms. Removing this assumption has no impact on the results.
Y6 Firms cannot temporarily reduce price to a supracompetitive level to make (1.2a) bind - this

is impossible, as will be explained later.
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Lemma 3 In the best collusive equilibrium, firms set the first period price equal

to:
v+ App+ (1 —p)ple,

T At (1= o (15)

pi = pr = min{

Proof. See Appendix 1.7.2.

. vtA[put(1-p)ilc
Call p; = T+ A [+ (1—p)i]

tory price" for period 1. A collusive price has a transitory phase if

(the first argument in the min operator) the "transi-

v+ pp+(1-p)Elc
1+Alpp+(1—p)f]
¢. The following Proposition gives a condition under which collusive prices have a

transitory phase.

Proposition 1 Collusive prices have a transitory phase if and only if customers’

willingness to pay v is not too large:

Alpp+ (1 = p)p](v + Alpp + (1 — p)jilc)
(L+App+ (1 =p)p)) +[1—pp— (1 —p)plc

Proof. See Appendix 1.7.3.

c<v<e(l+A)—

The intuition is that if the willingness to pay v is too large, firms can directly
jump to the maximal collusive level - the high fringe’s cost. When v is not that

big, firms can only raise prices smoothly, as long as the fringe sets the high price.

Lemma 4 The transitory phase price p; depends negatively on (i) the probabilities
w and [i that the fringe is efficient, (i) the size of RDPs \ and positively on the
belief p that the fringe is inefficient.

If consumers believe that the probabilities that the fringe sets the low price
are high (via p or p), then they expect a low price. This makes them suffer a high
utility loss when they pay a high price: this, in turn, forces firms to lower their
price in order to the consumers’ participation constraint binding. A high RDP
parameter \ yields an intuitive result: p; will be smaller for any price expectation,
as a higher A\ means that consumers suffer a larger utility loss. This forces firms
to lower prices too. When ¢ > 2, through Bayesian updating we get the following

proposition .

Proposition 2 In the best collusive equilibrium, after T low andt high prices from

the fringe, the collusive price firms set in period t is

pu” (1—p)* pu” (1—p)*

. _ min{v * )\[puf(l—ﬁ)“r(l—p)/ﬂ(l—ﬂ)fE +(1- pm(l—ﬁ)“r(l—p)m(l—ﬁ)f)’M]Q o)
Py = 14 )\[ p,u"(l—ﬁ)f n (1 B PﬂT(l_H)f )_] )
o (=) +(—pyur (=)t & o (=i (1—pyur (= H

(1.6)
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The left term in the min operator is the transitory phase price p; for a generic
period t. When p; = p;, the consumers’ participation constraint (1.2¢) is binding
and the fringe’s constraint (1.2b) is not. The price p, rises with # because, after
every pr; = C, consumers update their beliefs p, , ; upwards. This makes their
utility loss smaller and allows firms to increase their price while keeping the con-
sumers’ participation constraint (1.2c) binding. When p; = ¢, instead, the price
has reached its maximum level: now the binding constraint is the fringe’s one
(1.2b) and, typically, the consumers’ participation constraint (1.2c) does not.!”

The gradual rise of prices is a phenomenon that occurs when the fringe sets
the high price and firms collude. If the fringe sets the low price, market price
suddenly falls. Afterwards, if the fringe sets the high price again, market price
gradually rises again - consumers buy from the cartel for any price smaller than
¢ that fulfills u; > 0. So, there is an asymmetry in the market price’s behavior:
under collusion, the price slowly rises when the fringe sets the high price, but it

falls quickly when the fringe sets the low price. I discuss this in the next section.

1.3 Sustainability

Up to now this theory could have applied to a monopoly too, as the no-deviation
ICC (1.2a) is assumed to be fulfilled. By the first part of Assumption 2, we know
that the collusive price is sustainable if and only if p, . ; > p*, i.e. if and only if the
belief about the inefficiency of the fringe is sufficiently high. Finding a necessary
and sufficient condition is very cumbersome!® and we shall be content of having
both a sufficient condition and a necessary condition that assure that the ICC is

fulfilled. Here I analyze them and describe what occurs when they are violated.

Lemma 5 In a generic period t, a sufficient condition to fulfil the no-deviation

ICC (2a) of the firms” mazimization problem is:

n(l—46)—1+ndn
né (i — p)

ﬁt;r,f 2 IOZ' - (17)

Proof. See Appendix 1.7.5.
By the second part of Assumption 2, the initial p, . ; = p is above p*. Then

collusive price is sustainable and firms set the price as explained up to now. Every

1"The fact that p} reaches ¢ depends on the parameters. If y is sufficiently high, even an
arbitrarily high # will not make consumers so pessimistic that they accept to pay p; = ¢. In this

case, prices rise forever, at a slower and slower pace. For more details, see the Appendix.
18 A necessary and sufficient condition is difficult to obtain because the cap ¢ on prices makes

expected future prices weakly decreasing over time. In other words, Py - i 18 the best estimate for
the fact that p is the true probability, but p; is not the best estimate for future prices, because
of the cap ¢.
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time the fringe sets the low price, p, , ; is updated downwards - see (1.3). Intu-
itively, after a certain number of low fringe’s prices, p, . ; can become so low that
the collusive price is not sustainable anymore. In that case, as long as p, ,; is
smaller than p*, firms revert to the static Nash equilibrium price, because they

recognize that each one has an incentive to deviate.

Lemma 6 In a generic period t, a necessary condition to fulfil the ICC of the

firms’ maximization problem is:

n(l—46)—1+d0n

A > of 1.8
pt,T,t = PN 5(ﬂ _ H) ( )
Proof. See Appendix 1.7.5.
It is easy to check that % = —% < 0 and % = —% < 0, s0 a

higher § makes p% and p% smaller. The more patient the firms are, the more the
fringe can be efficient without the cartel breaking down.

When collusion is not sustainable, firms’ prices can eventually become higher
than costs again only if the fringe sets the high price during a sufficient number
of periods - a number of periods such that p, , ; becomes bigger than p*. However,
differently from Rotemberg and Saloner (1986) and Haltiwanger and Harrington
(1991),' when firms set supracompetitive prices, future prices are expected to be
smaller or equal than present ones. The reason is that in expectations p, . ; does
not change over time - so prices are expected to be the same over time - and the
fringe limits the possible price increases - making future expected prices possibly
smaller. Reducing prices, therefore, does not make the ICC easier to fulfill, because
future expected profits are smaller or equal than current ones for any p,, ;. So
firms, in the best collusive equilibrium, will just switch from the collusive price
to the competitive price and vice versa.?’ This consists in temporary price wars:
they are not, here, due to imperfect monitoring or to strategic price reductions
to keep collusion sustainable, but to the fact that firms recognize that each one

would have an incentive to deviate.

19Tn Rotemberg and Saloner (1986) demand is determined in an i.i.d. fashion in every period, so
future demand is independent from the present one. They show that the ICC is more difficult to
fulfill when the present demand is high, because the incentive to deviate is higher. In Haltiwanger
and Harrington (1991) the evolution of demand is deterministic and they show that collusion is
more difficult to sustain when future demand is low, because the foregone profits are lower. In
both these models future demand is expected to be different from the present one, which creates
the different incentives to deviate depending on the present state. In my model, when firms set
supracompetitive prices, future prices are expected to be not higher than current ones, so there
is no room for temporary price cuts to reduce the temptation to deviate and “wait for better
days”.

20When collusive price is not sustainable, consumers just expect E;_1[p;] = ¢; when a high

fringe’s cost makes collusive price sustainable, the price expectation is again the one in (1.4).
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All this analysis leads to the following Proposition:

Proposition 3 There exist parameter sets for which, in the best collusive equilib-
LU

1) prices have a transitory and then a constant phase,

2) firms can temporarily switch to competitive pricing,

3) the cartel can break down.

The following section provides a numerical example for each of these facts.

1.4 Numerical examples

Denote 0 the minimum discount factor such that the necessary condition (1.8)
is fulfilled for p, . ; = 1. Assume n =2, v =10, A =2,¢="7.68, c =2, p = 1/4,
f=1/2, 1 =1/8 and that § satisfies Assumption 2.

It is easy to verify that the conditions of Proposition 1 are fulfilled, so collusive
prices cannot directly jump to ¢. The following figures show how the price pattern

looks like for different realizations of the fringe’s cost.

7.8

7.6

-
-

7.4

A

7.2

7 7 =4—Fringe's Price

6.8 ——Firms' Price
6,6 | M IMarket Price

6.4
6,2

Figure 3. Simulation 1 (successful cartel): the fringe always sets the high cost

pry = €. Price rises until period £ = 5 and then remains constant and equal to c.

Simulation 1 represents the case of a cartel that always sells the good from
period 1 to 10. When the fringe always sets pr; = ¢, price rises from period 1
to period 5 and then remains constant. Between periods 1 and 4 it grows more

quickly than between periods 4 and 5: the reason is that between periods 1 and
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4 the binding constraint is the consumers’ participation constraint (1.2c), while
from period 5 onwards the binding one is the fringe’s one (1.2b). From period
1 to 4 firms make consumers pay the price that makes them indifferent between
buying or not (u; = 0 for ¢ = 1,2,3,4). Since period 5 onwards consumers are
so pessimistic that they lose so little utility in paying a high price that they are
willing to pay the maximal price p; = ¢ too. From that period on, the force that
constrains firms’ price is the competitive fringe.

Figure 3 resembles the actual rise of lysine’s price of Figure 1: there, we have
(i) some periods (from July to October 1993) in which price rose at an almost
constant rate, like in periods 1-4 of this simulation; then (ii) a much smaller
increase in November, like in period 5 of the simulation, and finally (iii) an almost
constant price during other ten months, like in periods 6-10; we have see the same
behavior, i.e. some periods of the transitory phase at an almost constant pace and
thereafter a constant price.

The next figure shows a price pattern for the cartel breakdown.

9
8 * 4 4 s :
T e— \‘\.
6
K \ —4—Fringe's Price
4 \ ——Firms' Price
3 \ Market Price
2 \' a—a—
1
0 T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10

Figure 4. Simulation 2 (cartel breakdown): after some periods of prr = ¢, the
collusive price is not sustainable anymore. Firms initially just lower the price;

afterwards, firms set the competitive price.

In this simulation the fringe sets the high price during five periods and then,
during the following five periods, it sets the low price. Firms’ price rises in the
first five periods in the way explained in simulation 1; then it gets lower, after
every period of low fringe’s price. At some point (depending on §), p; . ; is so low
that the ICC is not fulfilled, so collusive price is not sustainable and firms switch

back to competitive pricing.
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The following figure shows a price pattern for a temporary price war.
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Figure 5. Simulation 3 (price war): after some periods of low fringe’s price,

collusion is not sustainable anymore, but then it becomes sustainable again.

Simulation 3 shows the price path of a temporary price war. After some periods
of low fringe’s price, collusive price is not sustainable anymore, like in simulation
2; here, in period 9 the fringe sets the high price again, which makes p, . ; higher,
but still not sufficient to make the collusive price sustainable. A further period of
high price makes p, , ; sufficient to make it sustainable again, so firms increase their
price again according to the collusive price equation (1.6). As we can see from the
graph, there is a lag between the fringe’s price and the firms’ prices. The firms’
price follows the fringe’s price: when the fringe’s price falls, the firms’ price still
remains to relatively high levels (collusion remains sustainable, price falls slightly
to keep consumers on their u; = 0 level?!) and only after some periods it falls to
the competitive level. When the fringe raises its price, the firms’ price may remain
during some periods to the competitive level, until p, . ; raises to a level sufficient
to make collusion sustainable again. This resembles the price behavior of lysine in
the beginning of the cartel period, i,.e. around and few months before June 1993.

In that month the price fell down to the minimal level and then rose again.

21Firms set the price that would keep consumers to their zero-utility level, but consumers
buy from the fringe. However, firms have no reason to deviate from this price, given that any
deviation to p > ¢ would yield no profit, and any deviation to p < ¢ would yield negative profits.
If goods were differentiated, firms’ price reduction would be stronger, but the qualitative results

would remain the same.
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1.5 Robustness and discussion

In this section I discuss how results are qualitatively robust to a number of varia-
tions. The driving forces for the increasing prices are the RDPs and the uncertainty
over the fringe’s efficiency p and, for the price wars and the cartel’s breakdown,
simply the uncertainty over p.

I have assumed, for simplicity, that consumers have the same willingness to pay
and the same outside option. Heterogeneity in the consumers’ maximal willingness
to pay or heterogeneous outside option create similar results: firms would sell the
good to a possibly smaller mass of consumers, but the transitory phase of prices,
the temporary price wars and the cartel’s breakdown would remain qualitatively
unchanged. Heterogeneity in the RDPs \; or assuming differentiated products
makes the firms compute the new optimal equilibrium price, but the qualitative
results remain the same. The only slight change would be in the speed of price
fall when the fringe sets the low price, but not on the price increase. Price wars
and the cartel’s breakdown are not affected.

With adaptive (instead of rational) expectations on the consumers’ side?? prices
would still gradually rise and then be constant at ¢. This case is discussed in more
detail in Appendix 1.7.6.

The fact that firms do not know p has no importance for the transitory phase,
but it has for the breakdown of the cartel. If firms know u perfectly, then the
cartel is sustainable - or not - since the beginning of the game. In this case,
a low fringe’s price has no effect on the sustainability of collusion, because firms
would do no Bayesian updating at all. If firms know p imperfectly but better than
consumers, no qualitative change arises: the uncertainty on the consumers’ side
makes price increase possible, while the uncertainty the firms’ side makes price
wars (and cartel’s breakdown) possible. The fact that firms see the fringe’s price
before they set their own prices just simplifies the computation for the conditions
on the sustainability of collusion, but has no role on price dynamics.

If the fringe’s costs can take more than two values, price drops would be less
sudden, but still faster than the rises. The reason is that when the price increases,
the RDPs limit it and makesit smoother, while when it decreases this force is not
present. Moreover, the "zero-one" type of collusion remains: firms can perfectly
collude as long as their belief over the fringe’s inefficiency is sufficiently high, but
when the threshold is passed firms can only switch to competitive pricing.

The fringe can interpreted literally, like in the Vitamin C cartel, as a less ef-
ficient firms unwilling to enter the cartel, or as a firm using the “hit and run”

strategy: the fringe is taken as a “black box” that embeds all the external com-

22For example E;_1[p;] = min{p;_1,Pp,_1}, With consumers expecting to pay the price they

paid in the previous period.
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petitive pressure that the cartel faces. In all these cases, it is reasonable to assume
that consumers and incumbent firms are not sure of its efficiency, as the fringe
represent new firms on the market.

This model accounts for the fact that some cartels are successful in achieving
higher prices and reaching stability, while others are not. These two possibilities
are represented by the firms’ long run behavior when the probability of the low
cost p is, respectively, p and fi. Although price wars are always possible, in the
first (second) case, the fringe does not (does) exert sufficient competitive pressure
to make the cartel unstable in the long run. The model also accounts for price
wars followed by reversals to collusive pricing. If the fringe sets the low price
during a sufficient number of periods, firms revert to Nash equilibrium, while, if
the fringe sets the high price during a sufficient number of periods, collusive price
can become sustainable again.

This model addresses the issue of the dynamic reference point. The reference
point here is endogenous. Koszegi and Heidhues (2008) elegantly showed the effects
of loss aversion in a variation of the Salop model (1979) to explain the rationale for
focal prices in a static environment: their reference point is the “lagged rational
expectation” and they do not investigate how this is formed. Koszegi and Rabin
(2006) analyze how loss aversion impacts purchase and working decisions, taking
the rational expectation over outcomes as the reference point, but still in a static
environment. Koszegi and Rabin (2007) and Macera (2009) do consider a dynamic
game with loss aversion, but in a different framework.

This analysis is the first, at my knowledge, that deals with collusion and RDPs.
It is also the first one that explains the gradual rise of prices with rational con-
sumers holding correct beliefs over the equilibrium being played.

This model also gives some testable predictions, which can be compared to the
ones in Harrington (2004, 2005) and Chen and Harrington (2006). This model
predicts that the gradual rise of prices is independent from the existence of an
AA, while in the models above an AA is needed and the stronger it is (in terms
of probability of detection and damage multiples), the slower is the price rise.
One could test data from different countries and test whether different antitrust
policies have a different impact on the price path. Assuming the existence of an
AA, here, does not necessarily change the results: even if an AA is sure of the
existence of a cartel by looking at the price path, in order to convict its firms it
needs hard evidence.

This model also predicts that external competitive pressure can lead the cartel
to temporary price wars and eventually to break down. This is the case of the
Vitamin C cartel, where the Chinese manufacturers remained outside the cartel

and increased constantly their market share, until the cartel eventually broke
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down.

1.6 Conclusion

This model explains, through RDPs and uncertainty over the fringe’s efficiency,
the dynamic pattern of cartel prices, temporary price wars and cartel breakdowns.
The gradual rise of prices is well known in the cartel literature and up to now the
main explanations were based on the fear of Antitrust fines. My explanation is, on
the contrary, based on consumers’ tastes. Consumers dislike paying a price higher
than the expected one and this can force firms to raise prices smoothly. When
the external competitive pressure seems weak, (rational) consumers become more
pessimistic towards the price they will pay. This makes them willing to pay more,
as their utility loss due to RDPs is smaller. This allows firms to charge higher
prices. This process eventually ends when the price reaches the high fringe’s cost.
When the fringe, instead, sets the low price repeatedly, (i) consumers become more
optimistic and are willing to pay less and (ii) firms become more pessimistic about
the value of colluding, possibly leading to price wars and the cartel breakdown.
This model yields testable predictions, e.g. that an increased competitive
pressure may bring the cartel to breakdown. Empirical evidence from the Vitamin
C cartel seems to confirm this. Moreover, the Antitrust enforcement should have

a limited effect on the speed of the price rise.

1.7 APPENDIX
1.7.1 Proof of Lemma 1

The possibilities that make the fringe set pp; = ¢ are: 1) the true probability is
the low one (12 = ) and the high cost is drawn; 2) the true probability is the high
one (u = pu) and the high cost is drawn. On the other hand, the possibilities that
make the fringe set pp; = c are: 1) the true probability is the low one (u = p) and
the low cost is drawn; 2) the true probability is the high one (¢ = f1) and the low
cost is drawn.

By observing that in t = 1 the fringe sets, say, pr1 = ¢, consumers update their
belief about y: knowing that Pr(u = p) = p, Pr(p=p) =1—p, Pr(c, =c) = p,

Pr(c;, = ¢) = 1 — u, by applying the Bayes’ rule the updated belief about pu is
_ p(1—p)
PLo1™ pa—p+a-—p(-7

. . . PH
belief is PL10 = i —p-

We get the result by iterating this procedure.

7 On the contrary, if the fringe sets pr; = ¢, their updated
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1.7.2 First Period Price

Proof of Lemma 3. We have two different cases:
1) The consumers’ participation constraint (1.2c¢) slacks: u; > 0 when p; = ¢,
in which case p{ = ¢ (due to the constraint of the fringe);
2) The consumers’ participation constraint (1.2c¢) binds: u; < 0 when p; = ¢,

in which case p} = p;1, where p; is the price that makes u; = 0.2 In this case, we

v+AEg [pl]
1+

Given the expression (1.4) and substituting it here above, we get p; =

just have to solve for u; = 0. Using (1) we get p; =
v+Alpp+(1—p)ffc
1+Alpp+(1-p)p]
In general, the actual price pj is the minimum between ¢ and p; for three reasons.

First, a price higher than ¢ would yield zero profits due to the fringe; second,
v+Alpp+(1—p)ifc
1+Alpp+(1—p)p]

would buy, as u; < 0; third, a price lower than

a price higher than would yield zero profits because no consumer

v+A[pp+(1—p)filc d .
————- does not maximize
L+Alpp+(1—p) Q]

profits.

1.7.3 Transitory Phase

Proof of Proposition 1. The first inequality is Assumption 1 and the second one
impedes firms to directly jump to the maximal collusive price ¢. This condition
basically states that u; < 0 when p; = ¢, so pj will be equal to p;. We are in
this case if and only if ¢ < v < &(1 + A\) — AEy[p1]. Substituting Ey[p;| with its

expression (4), we get

c<v< 6(1 + /\) - A[pl,T,EH + (1 - pl,T,E)ﬁ]ﬁl + [1 — P1rit — (]‘ - pl,T,f)ﬂ]Q

v+A[pp+(1—p)filc

m), we get the result.

Using p; =

1.7.4 Duration of the Transition

Here I discuss the minimal duration of the transitory phase. Define T" as the period
in which firms reach the maximal collusive price when the fringe always sets the
high price. Formally, T = {t € N| p; = ¢, p;_; = pr—1 < &, pry = C Vt}

124

So T represents the minimal®* number of periods after which the high price

reaches ¢. Using (6), T is the solution of the following system of equations:

231f the fringe sets the low price, firms have no incentive to deviate to a lower price: they
make m = 0 by sticking to this strategy, they make 7 = 0 by matching the fringe’s price and

they make negative profits by undercutting it.
24Minimal because we assume here that the fringe always sets the high price.
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p(1—p)” p(1—p)"

v+ /\[p(l—H)T+(1—p)(17p’)T,u + (1 - p(lfﬁ)T+(lfp)(1*ﬁ)T)'B]Q > = 19
14 p(1—p)T 1 p(1—p)T =€ (1.9a)
T [ﬂ(l—g)T+(l—p)(1—ﬂ)Tu + (1~ ﬂ(l—g)TJr(l—p)(l—ﬂ)T)“]
p(1—p)T =1 p(1—p)T—1 _
v+ Mpmmgrmrapaprt + (U - samgrraspampr e

<¢  (1.9b)
p(1—p)T=1 p(1—p)T—1 _
L o mapark + (1 = samgrmra-pamr— )7

An explicit solution is quite cumbersome. Nevertheless, we can state some
properties of 7. If T" exists, it increases with (i) the efficiency of the fringe, (ii)
the importance of the RDPs and (iii) the fringe’s high cost; it decreases with (i)
the belief that the fringe is inefficient, (ii) the fringe’s (and firms’) low cost and
(iii) the willingness to pay v.

A higher p and lower p and i make T' smaller because, ceteris paribus, con-
sumers expect to pay a higher price because of the lower probability of the low
fringe’s price. Their utility loss due to RDPs is smaller and this makes the con-
vergence to ¢ faster. A higher » makes T' smaller too because it makes the utility
larger than zero in a shorter number of periods.

A higher RDPs parameter A makes T' larger, because it makes the utility loss
due to RDPs higher for any price higher than price expectations. A higher ¢ also
makes T larger. The reason why ¢ and ¢ have different effects on 7' is that ¢ directly
enters the expectation expression (1.4), while ¢ enters the system of disequations
(1.9a-1.9b) on the right side. So, firstly, ¢ does not impact the price expectation
in the transitory phase and, secondly, it requires a higher 7" to make the left hand

expression in (9a) greater than c.

1.7.5 Conditions for Sustainability

Proof of Lemma 6: Sufficient condition. Assume that, if the fringe sets
the low price pp; = ¢ in any period, continuation profits are zero. This clearly
reduces the continuation payoff with respect to their real value. Assume further
that profits are constant for any ¢ when the fringe sets the high cost pp; = .
This reduces the continuation profits too, given that we ignore the increase of
profits due to the fringe setting the high price. These two assumptions will yield,
therefore, a sufficient condition for sustainability. Define

oy == Prob(ppy = ¢) = 1 —p, , st — (1 = p; ;)i So the sufficient ICC becomes
nm < 7+ (175#)”. Using the definition of o and after some algebra, we get the
result.

Proof of Lemma 7: Necessary condition. The ex ante expected price is

not increasing over time, so expected profits do not increase either. A necessary
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condition for sustainability is that deviation yields lower profits than continuing
to set the collusive price when continuation profits are equal to the current profit
in each period. This is just necessary for two reasons. First, we know that ex
ante expected prices are non-increasing over time. Here we assume them (and so
the expected profits) to be constant over time, so we are possibly overestimating
the continuation profits from collusion. Indeed, we are not considering the cap on
prices (and profits) that the fringe exerts on firms. Second, we assume the collusive
price to be sustainable forever, if firms stick to the best collusive equilibrium. Both
assumptions make continuation profits after sticking to the collusive price higher
than they really are, so the condition is only necessary.?’

Assuming that perfect collusion is always sustainable and that expected future

profits are constant, the ICC is
nm <+ dar + 8*la(ar) + (1 — a)(am)] + ...

This yields 7 < 7 + (15—&5)77' After substituting for oy, we get the result.

1.7.6 Adaptive Expectations

All the results are robust to assuming that consumers have adaptive expectations.
Relax rational expectations and Bayesian updating on the consumers’ side and
assume that consumers now just expect to pay the price they paid in the previous

period, i.e. the smallest price among the firms’ and the fringe’s ones. Formally we

have Etfl[pt} = mm{p;pp?t—ﬁ-
U+)\Eo[p1]
1+A

there is no price prior to p;, we must assume an expected price for p;. Consumers

From u; = 0, we have p; = . Given adaptive expectations and that

know that they will never pay a price smaller than ¢ or larger than ¢, so, without
loss of generality, assume Ey[p;| = k, where ¢ < k < ¢. The objective is to show

that, for any k, results are qualitatively the same as under rational expectations.
v+Ak
A
price, consumers buy from the cartel at a price that makes their participation
V(L+N)FAv+A%k
(1+A)2

We get p; = In the best collusive equilibrium, when the fringe sets the high

constraint bind. So, using (1.1), we get ps = By iterating this
v L N0 T
- (14+N)E

t — 1 periods of high price by the fringe. When there has been at least one low

This is the price firms set after

procedure, we get p; =

price by the fringe, & is replaced by ¢ (consumers expect to pay the price paid in

the previous period, i.e. ¢).

25This condition is closer to be sufficient the farther the price is from & and the farther p is

from p*.
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It is easy to check that %trf > 0, so after every period of high fringe’s price,
firms’ prices rise. Still there is the cap ¢, due to the fringe, so prices can rise up
to ¢ and afterwards remain constant.

Nothing changes for the cartel breakdown either, because what matters is the
firms’ belief over the fringe’s efficiency. Given that we only changed consumers’
expectations, firms are still able to collude as long as p,,; > p* and revert to
competition (temporarily or permanently, depending on the fringe’s cost draws)

otherwise.
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2 Chapter 2: Reverse Payments and Incentives
to Enter

In the pharmaceutical industry, a reverse payment is a payment from the originator
to a generic entrant in exchange for a delay in his entry. In some recent cases,
especially when the delay is up to the patent expiry, the US and the EU Antitrust
Authorities have banned these agreements per se. This should not be the case
when the parties’ investment decisions are taken into account. Allowing reverse
payments increases the industry profits, which increases the generic manufacturer’s
incentive to invest. This, together with ex ante uncertainty over the probability
that the patent is invalid (or not infringed), increases the litigation rate, which
increases consumer surplus. Reverse payments delay entry to increase entry. This
positive effect is larger than the static negative effect of delaying entry given
the parties investment under many parameter sets. There is also a tension in
the originator’s incentives to invest from allowing reverse payments, absent from
the traditional patent literature, that can increase his incentives to invest. This

analysis suggests that a rule of reason is more suited than a ban per se.

2.1 Introduction

In the pharmaceutical industry, patents are the main assets of firms. Originators
have the right to enforce them by litigating in order to prevent other firms from ex-
ploiting their own inventive activities. An alternative to litigation is a settlement:
patent settlements, however, could cover cartel-like agreements if not scrutinised
by an Antitrust Authority (henceforth AA). A firm with a tiny patent could agree
to share its monopoly profits with a rival and cover it behind a settlement over
the (actual or potential) patent litigation. The simplest way to share monopoly
profits is a payment from the originator to the entrant in exchange for a delay in
its entry, i.e. a reverse payment.

In 2003, in the Bristol-Myers?® case, the Cardizem?’ case and the Valley Drug-
Geneva Pharmaceuticals®® case, and in 2006 in the Tamoxifen®® the incumbent
paid a potential generic competitor to avoid litigating over the patent and stay out
of the market until patent expiry. The FTC found these agreements anticompeti-
tive. In 2008, the European Commission launched an inquiry in the pharmaceutical
sector with "dawn raids" of originator and generic companies, with particular at-

tention on settlement agreements involving reverse payments. In June 2013, in the

26 Bristol-Myers Squibb Co., 135 F.T.C. 444 (2003).

27Cardizem CD Antitrust Litig., 332 F.3d 896 (6th Cir. 2003).

28Valley Drug Co. v Geneva Pharmaceuticals, Inc, 344 F.3d 1294 (11th Cir. 2003).
29 Tamoxifen Citrate Antitrust Litig., 466 F.3d 187, 200 (2d Cir. 2006).
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Lundbeck®® case, the European Commission fined Lundbeck and other companies
for delaying generic entry through the use of reverse payments. In 2006, however,
in the Tamoxifen and Valley Drug-Geneva Pharmaceuticals cases, respectively the
Sixth and the Eleventh Circuit reversed the initial judgement of the FTC and
found the agreements not to be illegal, as they did not extend beyond the original
patent terms. Originators, here, were given the full right of exclusion from their
patents. The main objection to this kind of judgement is that patents should be
considered only probabilistic property rights (Shapiro 2003, Lemley and Shapiro
2005). A patent may be later found invalid or the entrant’s product may be found
not to infringe it. In other words, the patent-holder does not have the right to ex-
clude a party from using its own patent, but only to try to exclude it. This makes
entry possible, if parties litigate. Shapiro (2003) suggests to allow for settlements
that leave consumers, in expectations, at least as well of as under litigation. He
shows, inter alia, that reverse payments are a clear sign of an anticompetitive
settlement. Lemley and Shapiro (2005) state that reverse payments should be
presumed anticompetitive, as they delay entry relative to continued litigation and
settlements not involving reverse payments. Willig and Bigelow (2004), following
Shapiro’s approach, deal with the reasons why a settlement with reverse payment
can be beneficial to consumers. Differences in (i) the information about the future
states of the market, (ii) the expectation of success in the litigation and (iii) the
impact that entry of another firm has on the incumbent and the entrant explain
why reverse payments can be procompetitive. However, the results crucially hing
on some caveats>' Gratz (2012) compares per se legality, illegality and rule of
reason. She finds that per se legality induces maximal collusion, per se illegality
entirely prevents it and the rule of reason induces limited collusion when antitrust
enforcement is subject to error. This limited collusion can be welfare enhancing,
as it increases the expected settlement profits, thus fostering generic entry. This

result, however, crucially depends on Antitrust Authorities making errors.

The aim of this essay is to contribute to the literature on reverse payments.
In particular, I consider the impact that the Antitrust policy on reverse payments
has on the parties’ incentives to invest and, finally, on consumer surplus. It is,
therefore, a dynamic analysis of the long-term effects of allowing reverse payments.
This essay shows that reverse payments should not be considered anticompetitive
per se. Reverse payments allow the parties to make the originator’s monopoly pe-

riod longer and compensate the entrant through the reverse payment. Reverse

30http://europa.eu/rapid /press-release  IP-13-563 en.htm
3In case (i), for reverse payments to improve CS, very high costs of litigation are needed: in

the example at footnote 6 of their paper, the incumbent’s litigation cost is as high as monopoly
profits. In case (iii), CS is higher only if the deadweight losses due to monopoly and duopoly

are close to zero.
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payments allow the parties to share the mnopoly profits in an easy way. This
delays the generic manufacturer’s entry and increases industry profits. This al-
ways increases the entrant’s profits and, at the same time, creates a tension in
the originator’s incentives to invest. The entrant’s incentives to invest always in-
crease, which increases generic entry and, when the patent strength is not common
knowledge, increases the litigation rate and consumer surplus. The originator’s
ones can increase or decrease. The originator’s incentives to invest can become
lower because the higher industry profits - due to reverse payments - can make the
entrant enter, which reduces the originator’s profits; but they can become higher
too, because the higher industry profits make the entrant keener on settling on
more favorable terms for the originator, in order to avoid litigation. On the other
hand, allowing reverse payments typically delays the generic manufacturer’s en-
try, which reduces consumer surplus for a given investment level. In other words,
reverse payments delay generic entry to induce more entry. So, the impact of al-
lowing reverse payments on consumer surplus is not trivial and deserves a careful
analysis. For several parameter sets, the pro-investment effect offsets the negative
static effect of delaying entry. This suggests that a rule of reason is more suited
than a ban per se. The optimal policy is derived.

From a more general perspective, the present paper contributes to the literature
of litigation and settlement. This issue has been studied by, among others, Salant
and Rest (1982), P’Ng (1983), Bebchuk (1984), Salant (1984), Reinganum and
Wilde (1986), Schweitzer (1989) and Daughety and Reinganum (1994). Almost
all these models assume that the bargaining process occurs sequentially, where one
part makes a take-it-or-leave-it offer and the other one accepts or rejects it. If the
responder accepts, the terms of the offer are enforced; if he rejects, parties litigate.
Except for Schweitzer (1989) and Daughety and Reinganum (1994), incomplete
information is one-sided. Some models assume that the party making the offer
is the informed one (P’Ng, Salant and Rest, Salant), in which case, due to the
transmission of private information through the offer, equilibria are typically very
numerous (a well known feature of signalling games), while Bebchuk assumes the
opposite, in which case the equilibrium is unique. Other models of bargaining as-
sume that the identity of the proposer is determined by a coin flip, like Rubinstein
and Wolinsky (1985, 1990), Gale (1986a, 1986b, 1987) and Binmore and Herrero
(1988a, 1988b), or that both parties make simultaneous announcements (Wolinsky
1990).

For the sake of simplicity, we stick to a one-sided incomplete information game,
where the uninformed party (the entrant) makes a take-it-or-leave-it offer. This
will let us avoid the multiplicity of equilibria of signalling games. Our results, as

will become clear, hold also for more general bargaining rules..
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2.2 The model

There are three players: an Antitrust Authority (AA), an originator and a generic
manufacturer (the entrant). Normalize patent length to 1 and current date to 0.3
In the first stage, the AA decides (i) whether reverse payments are banned per se
or not and, if they are allowed and used, (ii) a latest entry date D<1 upon which
generic entry must occur.®® In the second stage, the originator decides whether
to invest a sum Iy to enter the market. In the third stage, if the originator has
invested, the generic manufacturer can enter the market if he invests a sum /g.
In the fourth stage, the originator learns the true probability § € {6, 0}, where
0 <60 < 0 < 1, of winning the litigation. The probability of § = 6 is \.>* This
signal can represent the information that arrives from the national patent office or
from experts asked to evaluate the patent strength prior to the possible litigation.
I assume that the originator has better information about the patent strength
because he is the party that filed the patent application. Therefore, he is the
party knowing better the possible problems related to his patent. In the fifth
stage, if both the originator and the generic have invested, they can either litigate
or settle. The bargaining process is sequential: the entrant makes a take-it-or-

t.35 The offer consists of an

leave-it offer and the originator accepts or rejects i
entry date D < D and a payment R from the originator to the entrant, if reverse
payments are allowed and used, or just an entry date D (possiby greater than ﬁ)
otherwise. If the originator accepts the offer, D and R are enforced. If he rejects
it, parties litigate. D represents the fraction of the patent period in which the

entrant commits not to enter.
The timing is then the following:

1. Policy choice. The Antitrust Authority implements a policy p € {N, (R, D)}.3

32Date 0 is the date when the entrant is ready to enter, which is the same as when the parties
decide whether to litigate or to settle. This will be shown in the Appendix. The intuition is that

the entrant always prefers to enter as soon as he can.
33] do not consider the imposition of a latest entry date if reverse payments are banned or not

used. Doing so would complicate the analysis without adding relevant insights and, moreover,
no AA has ever shown concerns about the entry date for settlements that do not involve reverse

payments.
34Through the paper the patent’s strength refers both to validity and non-infringement.
35The fact that the entrant makes the take-it-or-leave-it offer (or, better, a take-it-or-leave-it

request) is not necessary for the result. Any form of bargaining that leaves the entrant with
some additional surplus from the settlement, with respect to his outside option (the litigation
payoff), gives our result. In other words, the only bargaining solution that is not compatible
with the results is the originator making the take-it-of-leave-it offer.

36 N means that reverse payments are banned and (R, ﬁ) that they are allowed with latest
entry date D.
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2. Originator’s investment. The originator decides whether to invest /o to

enter the market or not.

3. Entrant’s investment. The entrant decides whether to invest /g to enter

the market or not.
4. Originator’s signal. The originator receives the private signal § € {6, 0}.37

5. Entrant’s offer. If the entrant has invested, the entrant makes a settlement

offer.

6. Originator’s response. The originator accepts or rejects it. Rejection

implies litigation.

In case of litigation, the originator and the entrant bear, respectively, a cost of
litigation Cp and C.*® Define H the originator’s profits if he is the sole supplier
on the market for the entire patent period, L the originator’s profits if entry occurs
immediately and F the entrant’s profits if it enters immediately. Hence, L+ E are
the joint profits of the originator and entrant if entry occurs immediately. Assume
that H > L+ F, i.e. monopoly profits are larger than the industry duopoly profits.

The investment decisions of the originator and the entrant depend on their own
expected profits upon entry. The originator first computes whether the entrant will
enter; if he will, both players form expectations over the outcome in the litigation-
settlement subgame: they weight the probability that settlement will take place
times the settlement profits plus the probability that litigation will occur times
the litigation profits.

When reverse payments are allowed, it can be easily shown that industry profits
are higher than when they are banned (intuitively, because they are used only if
they delay entry, so that the pledgeable profits become higher - see Lemma 7).
Therefore (i) the originator can have more or less incentives to invest (more if the
higher profits make the entrant offer more favorable terms; less if they make enter
an entrant that would have otherwise stayed out), (ii) the entrant always has more
incentives to invest, and (iii) CS is lower for a given investment level. We will
show that there exist parameter sets where CS increases under p = R, even for
D =1, thanks to the pro-investment effects (i) and (ii).

In the following subsection we compute the litigation and settlement profits.

3TThe originator is assumed to learn the true probability of winning the trial. Results are
robust to variations to this assumption (e.g. the originator only receiving a noisy signal over the
true probability or the entrant getting a signal over the patent strength). The only necessary
feature is some asymmetric information between the originator and the entrant over the patent

strength.
38They can be seen as the incremental legal costs of litigation (i.e. those in excess of any legal

costs associated with settlement).
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2.2.1 Litigation-Settlement stage

The model will be solved backwards. Denote 6 the realization for which the orig-
inator is indifferent between litigating and settling and Fy[0]6 > 9] the Bayesian

updating of 6 given that the originator refuses the proposal based on 0.

If the parties litigate, they expect to obtain:
Originator: H + (1 —0)L — Cop
Entrant: (1 — Ey[f])E — Cg before the settlement offer;
(1 — Ey[0]0 > 0))E — Cf after the settlement offer if refused.

By litigating, the originator knows he has a probability 6 of winning the case,
in which case he gets H; with probability 1 — 6 he loses and gets only L. Whether
he wins or loses, litigation costs are Cp. The entrant, instead, knows ex ante that
he has a probability (1 — Ey[f]) of winning, in which case he gets E, otherwise
he earns nothing. If the originator refuses the settlement offer, this probability
becomes (1 — Ey[0]0 > 0]). His litigation costs are C'g.

If the parties settle, they obtain:
Originator: DH + (1 - D)L — R
Entrant: (1 - D)E+ R

By settling, the originator earns D H in the period before the agreed entry date
and (1 — D)L in the period until patent expiry - in which he competes with the
entrant. He also pays R to him. The entrant earns (1 — D)E if he enters at date

D and receives the payment R.

Solving the model backwards, in stage 6 the originator settles if and only if this
is more profitable than litigating, i.e. if DH+(1—D)L—R > 0o H+(1—600)L—Co,
which yields:

R<R'0)=(D—-0)H—-L)+Co (2.1)

The maximal reverse payment that the originator is willing to pay is an in-
creasing function of the difference (D —0)(H — L): a higher (D —6) means a longer
expected duration of the monopoly period, while a higher (H — L) makes it more
profitable to keep the entrant out. A settlement also allows the originator to avoid
paying the litigation costs Cp, so higher litigation costs makes him willing to pay

a higher reverse payment.

39The fact that each party bears his own litigation costs is the so called American rule. The
results of this paper are robust to changes in the allocation of litigation costs (like the British

rule, for example, which makes the loser party pay the litigation costs of both parties).
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When reverse payments are banned or not used, then R = 0 and firms only
bargain over D. For the originator, after setting R = 0 and rearranging terms,
settlement is preferred to litigation if:

D > D§(0) =60 — % (2.2)

The minimal entry date that the originator is willing to accept depends pos-
itively on 6: a higher patent strength makes the originator less willing to accept
early entry, so he accepts the settlement offer only for a sufficiently late entry date.
A settlement, on the other hand, makes the originator save litigation costs Cop.
Their relative magnitude with respect to the profits (H — L) the originator loses
has a negative impact on the minimal entry date, making the originator keener on

settling.

Note, first, that the entrant cannot write a menu of contracts and make the
originator truthfully reveal his type (see Appendix 2.5.5). The intuition is that the
originator’s settlement profits do not depend on his type. Therefore the contract
for the high type 6 must yield the same profits as the one for the low type € (in
order to keep the incentive compatibility constraints fulfilled). The entrant can
decide to make the participation constraint of the high type binding, in which
cases both originator’s types accept the settlement, or the one of the low type,
in which case the high type will litigate. In other words, given that # has only
2 possible realizations, § and 6, the entrant (provided that he invests) has only
two potential optimal strategies: one that leaves the originator indifferent between
litigating and settling when he draws # = # and one that leaves him indifferent
when he draws # = 6. Call the realization 6 € {0,0} that leaves the originator
indifferent between litigating and settling under the entrant’s offer the realization
"targeted" by the entrant. Denote 0" the equilibrium targeted realization under

A

the policy p. Upon entry, the entrant proposes an entry date D(f) and, possibly,
a reverse payment R(@) such that the originator is indifferent between accepting
the settlement or litigating when the realized 6 is 8.1 When reverse payments are
allowed, the only problem is the choice of the reverse payment. Indeed, we have

the following Lemma.

Lemma 7 Under p = (R, ﬁ), if the entrant has invested and asks for a reverse

payment, he proposes the latest possible entry date: DED = D,

Proof. See Appendix 2.5.1. The intuition is that a lower entry date implies

a lower reverse payment (see eq. (2.1)): a marginally lower D makes the entrant

40We assume that the originator, when indifferent between settling and litigating, decides to
settle.
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gain E through D and lose (H — L) through R. Being the loss in the originator’s
profits (H — L) higher than the entrant’s profits F, the optimal D is the latest
entry date D = D.

Note, moreover, the duality between the latest entry date D and an imposed

maximal reverse payment R.

Lemma 8 The choice of the latest entry date D is a perfect substitute for the

choice of a maximal reverse payment R.

Proof. See equation (2.1). There is a biunivocal correspondence between
R*(0) and D} (0), so it is sufficient to set a cap on only R or D.

The intuition is that the entrant finds it optimal to keep the originator in-
different between settling and litigating for a particular realization of the patent
strength 6”. When the AA sets a latest entry date D, the entrant chooses D = D
and leaves the originator with only his expected litigation payoff through the re-
verse payment R. If the AA sets a cap on R, the entrant asks for R if its "dual" D
is smaller than 1 and then leave the originator with his expected litigation payoff
through D (if the cap R is so high that its dual Dis larger than 1, the cap will not
be binding). We can therefore restrict our attention to a cap on D. This result is

valid also for the two next essays.

From Lemma 7, we know that if the parties settle with a reverse payment,
we can substitute D with D. Denote 7r£ ¢ the settlement profits of party i, where
i = E is the entrant and i = O is the originator, under policy p. Under p = (R, ﬁ),

if the parties use a reverse payment, the entrant obtains:

R.D ~ AR,D

0~ (1-D)E+R(H™") (2.3)

and the originator obtains

~R,D
0

7Bl — DH+(1-D)L—R@®") (2.3b)

If parties do not use a reverse payment, by settling the entrant obtains

AN

i =1 -D@O"E (2.4)

and the originator obtains

7 =DO")H +[1 - DV@" )L (2.4b)
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2.2.2 Profits and consumer surplus

Under p = (R, 15), when the entrant uses R, in eqqilibrium the originator will
accept the request D = D, R = R(@R’D) = (D — éR’D)(H — L) + Co if and only
if the realized patent strength is not larger than the targeted one: 6 < 9R’D (see
equation (2.1)). Under p = N or when the entrant does not use R, the originator

9N) = 0 — %o if and only if § < " (see equation

will accept the request D( H-T)

(2.2)). )

Denote (i) 742 (9™") and 2@
tively, the originator and the entrant get when the entrant proposes a settlement
with D = D and R = R(@R’D), and (ii) WN(é’N) and Wg(éN) their ex ante ex-
pected profits when the entrant proposes a settlement with D(@N). Given that

D
) the ex ante expected profits that, respec-

the originator is kept at his outside option level, when the entrant targets 6 the
originator gets ﬂg’f)(Q) =0H +(1—0)L — Co and, when the entrant targets 0, he
gets Wg’D(é) =0H + (1-0)L — Co.

Under p = (R, ﬁ), when the entrant targets 6, we have

72P@) = N(1— D)E+ (D — 0)(H — L) + Co] + (1 — N)[(1 — §)E — Cg] (2.5)

When the entrant targets 6, the parties settle if and only if the realized 0 is
. This occurs with probability A. With probability (1 — \), the realized 6 is 6,
which makes the originator prefer to litigate. Therefore, in case of litigation the
entrant too knows that the patent strength is § = 6, so both the entrant and the

originator compute their litigation payoffs accordingly.

Co 41
H—-L

When the entrant targets 6, which can occur only if D>0-— , we have

72P(@) = (1 — D)E + (D — 8)(H — L) + Cp (2.6)

In this case, litigation never occurs in equilibrium. When the entrant targets
the high realization, he is paying for an insurance: he is leaving some information
rent to the originator (in case the realized patent strength is weak) in exchange

for the certainty not to litigate.
Under p = N, when the entrant targets 8, we have

TR0 =210+ 0

=g L)E + (1 =N[(1—-0)E - Cgl (2.7)

The probability A and the use of @ in the litigation payoffs have the same

explanation as above.

417f this was not the case, the entrant could get higher profits by just offering to enter at

D = 9A— HCSL without a reverse payment. Assume, for simplicity, that D>0- HCL . Assuming
only D > 6 — HC_OL makes computations more complex (the entrant can use a reverse payment

when he targets 6 but not when he targets 6) and does not add any relevant insight.
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When the entrant targets 6, we have

_ . C
Wg(e):(1_e+H_OL

)E (2.8)

Before computing the subgame perfect equilibria, we establish the following

lemmas.

Lemma 9 The policy p= (R, D < D(§) =6 — HCSL) is equivalent to p = N.

Proof. Allowing reverse payments with such an early entry date is equivalent
to banning them, because the originator would accept to settle with entry date D

only if the entrant made a payment to him, i.e. R <0 (see (2.1)).

This means that the parties would be reducing industry profits with respect to
a settlement without a reverse payment, as entry would occur earlier than without
it. Therefore, the entrant does not use R and makes an offer only based on D.
Under p = (R, D>6-— Hcf -), the entrant asks for a reverse payment when they
are allowed, as this allows parties to increase industry profits and, therefore, the

entrant to reap a higher profit. Settling under p = (R, D>6— %) is therefore

more appealing than under p = N, both when he targets the low and the high

realization. We restrict our attention to p = (R, D>0- I{CfL) and p = N.12

Lemma 10 The entrant targets 0 = 6 under p = (R, ﬁ) if and only if

A > )\R,f)([)) _ (D_9)<H_L) (g_g)E+CO+CE

(D= 0)(H ~ L)~ (D= 0)E + Co + Cr
and, under p = N, if and only if

C

A> AN = — =
O-)E+ gL+ Cp

Proof. Compare (2.5) with (2.6) and (2.7) with (2.8). AP and AN are the
minimal probabilities of drawing ¢ such that the entrant prefers to target # under
p= (R,f)) and p = N.

Importantly, note that the AA can affect the targeted realization of the entrant,

as AP (D) is a function strictly increasing in D.*3

Corollary 2 A necessary and sufficient condition for ARD S AN s D >0+ %

12Gee footnote 41 for the case § — €2 < D < § — -£o

H—-L H-L"
43dNP(D) _ _ (0=0)(H-L)(H-L—E) <0
dD (D—8)(H—L)+(0—D)E+Co+Cg]? ’
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Proof. Just compare A\® and \".

This means that, for a sufficiently late entry date, if the entrant targets 6
under p = (R, 15) he will also target # under p = N, but not necessarily vice
versa. This result will be useful when the entrant must be incentivized to offer a

more favorable settlement to the originator in order to make him invest.

If a settlement takes place, consumer surplus (CS) is simply the monopoly CS
until the generic’s entry date D and the duopoly CS from that moment until patent
expiry (1— D). Denoting S the monopoly CS and S > S the duopoly CS, we have
CSs = DS + (1 — D)S. If litigation occurs, I follow Shapiro (2003) by assuming
that CS is equal to the probability that the originator wins the case times the
monopoly CS, plus the probability that the entrant wins times the duopoly CS.
Therefore we get C'Sy, = 0S + (1 —0)S.

Disregarding the investment decisions, it is easy to see that CS is higher under
p = N. A "aissez faire" policy p = (R,1) makes firms choose D = 1, while

~

banning them makes the entrant propose D() = @N — %, that is smaller than
1 for both realizations § € {6,0}. Being S > S, it is clear that CS is higher
when reverse payments are banned, provided that both firms invest. When they
are banned, the originator must allow the entrant to enter prior to patent expiry
to make him willing to accept the settlement. This supports the FTC and the
Commission’s opinion that reverse payments should be banned per se. However,
when considering the impact of both parties’ incentives to invest, banning reverse
payments can reduce CS. A ban on reverse payments, indeed, can reduce both
the originator and the entrant’s expected profits, making both parties less willing
to invest. The originator’s profits can be reduced because the smaller industry
profits can make the entrant more aggressive in his settlement proposal, while the
entrant’s profits are always reduced because of the smaller industry profits. When
the originator does not invest the CS falls to zero and when the entrant does not
invest litigation never occurs, which also reduces CS. For several parameter sets,

as will be shown, these two effects dominate the negative effect of late entry.

2.2.3 Subgame perfect equilibria

In this subsection, I compute the subgame perfect equilibria of the game. The
possible outcomes of the game depend on (i) the originator’s investment, (ii) the
entrant’s investment and settlement offer.*!

1) If Io > H, the originator does not invest and the game ends. Consumer

44 The originator’s investment decision is a "yes/no" variable, while the entrant’s decisions are:
(i) invest and target 0, (i) invest and target 6, (iii) do not invest; in (i) and (ii) the entrant

chooses whether to use a reverse payment or not, if they are allowed.
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surplus is C'S(O,y;) = 0. This is trivial: monopoly profits are smaller than the
investment cost, so the originator prefers to stay out of the market.

2) If 7o(f) < Ip < H, then the originator invests if and only if the entrant
does not enter, i.e. Iy > WpE(ép). The originator’s investment cost is so high that
he can make non-negative profits if and only if the entrant does not enter. In this
case consumer surplus is C'S(E,,;) = S, the monopoly outcome. If Iy < T%(@p),
the entrant would invest, which deters the originator from investing in the first
place. In this case consumers surplus is C'S(O,,;) = 0.

3) If mo(0) < Io < mo(f), then the originator invests if the entrant does not
enter or if he enters and targets 6. His investment cost allows him to enter only if
the entrant does not make an aggressive settlement proposal. The entrant enters
if and only if Iy < 72(8°). If Iy > 70,(0"), the entrant stays out and consumer
surplus is CS(F,,;) = S. If the entrant enters, under p = N he targets 0 if
A> MV and 0if 0 < A < A% under p = (R, D), he targets 6 if A > AL and @
if 0 < A < A®D 46 Note that, under p = (R, D), the targeted realization depends
on ﬁ, as D has a positive impact on ARD, Being this impact is positive, a higher
latest entry date D can make the entrant target 6, while he would otherwise target
6. The idea is that allowing for a longer monopoly period makes the entrant less
willing to risk litigation. He can, indeed, get a share of these higher profits through
the reverse payment. This can make him offer a better settlement to the originator
(i.e. target the high realization), giving the originator the incentives to invest in
the first place. For any policy, if the entrant would enter and target ¢, consumer
surplus is C'S(Ogyt) = 0, as the originator would not invest. Under p = N, if the

entrant enters and targets 6, then

Co _ Co _
H_L)§+(1—9+H_L)S

oSN (G) = (6 —

Under p = (R, ﬁ), if a reverse payment is used and the entrant targets 0,
then CSRPL(0) = DS + (1 — D)§ < €SN 47 Note that the policy choice, and in
particular the choice of D, has an impact not only on CS, but also on the entrant’s
profits. This impacts the entrant’s entry decision and the target decision, which
in turn can impact the originator’s investment decision.

4) If 0 < Ip < mp(0), then the originator invests for any choice of the entrant
and, therefore, for any policy. The entrant invests, as usual, if and only if Ip <
70(6"). If Iy > 75,(6"), he does not enter and consumer surplus is C'S = S. If he
enters, under p = N he targets 0 if A > \Y and 0 if 0 < A < A\Y; under p = (R,

45i.e. he offers D(0) = 0 — HCEL if \> A" and D(0) =0 — HCEL otherwise.
16i.e. he offers D =D and R = (D—8)(H—L)+Co if A > P and R = (D—6)(H—L)+Co
otherwise.

4TThis inequality is true because the entrant will use a reverse payment if and only if D >

0 — % (this argument is very similar to Lemma 9).
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lA)), he targets 0 if A > ABD and 0if 0 < A < )\R’f), as above. Under p = N, when

he targets 6, consumer surplus is

C C _ _ _
N(py _ _ o _ o _ _
CS(0) = A0~ 72 p)S + (1= 0+ 28]+ (L= NS+ (1 = D)
and, when he targets , consumer surplus is
CSN (@) = (0 — Co )S +(1—0+ Co )S

(H—-L) (H—-1L)

Consumer surplus for the low realization C'S™ () has this expression because
the originator draws @ with probability A, in which case he settles, and # with
probability (1 — A), in which case he litigates. In case of litigation, consumer
surplus is computed with the true probability that the originator wins, i.e. 6.4

Under p = (R, 15), if the entrant targets ¢, consumer surplus is

CS™P(9) = A[DS + (1 — D)S] + (1 — N)[BS + (1 — §)S]

A —

and, when he targets 6, consumer surplus is CS®2(8) = DS + (1 — D)S5.

From the analysis of these subgame perfect equilibria, we get to the main

result.

Proposition 4 There exist parameter sets where banning reverse payments re-

duces consumer surplus.

Proof and Explanation. Banning reverse payments reduces CS when (i) it
impedes generic entry that would otherwise take place, provided that the originator
invests, or (ii) it deters the originator’s investment, because the lower industry
profits make the entrant more aggressive in the settlement offer, which reduces the
originator’s profits. I show these two cases in detail. Recall that the originator’s

profits depend only on the realization 6 targeted by the entrant: we have 7o (0) =

3(0) = " (0) < o (B) = 7Y (0) = 75" (6).°

Case 1: more generic entry. Consider now A > A\¥ > AY. This means that
the probability that the patent is weak is so high that the entrant targets the low
realization under any policy. We know that a necessary and sufficient condition
for \B > AMVis D > 6+ €z (Corollary 2). Under p = (R, D), being D >

48No result would be qualitatively different if consumer surplus was computed with the ex-
pected patent strength A\@ + (1 — \)6.

49When the entrant targets the realization 9, the originator is kept at the same profit level
as under litigation when he draws 6. This feature is due to the fact that the entrant makes a
take-it-or-leave-it offer. A more general bargaining rules without this feature does not change

the qualitative results.
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0 + C—EP >0 — If_OL, the entrant will ask for a reverse payment. Consider now

the profit equations (2.5) and (2.7). Being the probability of settlement, the
probability of litigation and the litigation profits the same under both policies,
we can just compare the entrant’s settlement profits. The entrant’s settlement
profits under p = (R, ﬁ) are higher than under p = N when the entrant asks
for R: indeed the condition Wg’f)(Q) > 7N(6) boils down to D > 6 — %,
a necessary condition for parties to use a reverse payment, which is fulfilled as

B i) C 0 C, C,
D>9+FE>6—HSL>Q—ﬁ.

Consider now the costs of investment I and Ip. If Ip > 7T§7D(Q), the originator
never invests and the game ends. If 0 < Iy < Wg’D<Q), we have three cases:

If () 0 < Iy < 7% (0), then the entrant invests under both policies. This makes
CS higher under p = N, because D(f) = 0 — HCEL <6+ C—EE < D, i.e. entry occurs
earlier under p = N when a settlement takes place.

If (IT) 7R (0) < Ig < Wg’f)(Q), the entrant invests only under p = (R, D). CS is

therefore higher under p = (R, ﬁ), because it makes the entrant enter the market

and, when the originator draws 6 = 6, litigation occurs, which increases CS.?

If (I11) ﬂg’ﬁ(ﬁ) < Ig, the entrant does not invest under either policy. CS is
then the same under both policies.

The existence of case (II) completes the proof.”® The intuition is that if the
originator’s investment cost is not too high and the entrant’s cost is intermediate,
the originator invests but the entrant will not if reverse payments are banned (or
if the latest entry date D is too small). The entrant will invest if and only if
settlement profits are sufficiently high, which occurs when reverse payments are
allowed (with a sufficiently high ﬁ) This increases the size of the shareable profits,
making the entrant more willing to invest. Some of these investments will end up

in litigations, which increases CS.5?

Case 2: more originator’s investment. Consider now A" > A > \. Here

the probability of the low realization of the patent strength is such that the en-

®0When the possible realizations for 6 are n > 2 or 6 is continuous, the fact that the entrant
targets the lowest realization is not necessary for this case to exist. The only necessary condition
is that the entrant does not target the highest one. The idea is that there must be some
realization that triggers litigation.

°'We can show that this case holds, with small modifications, also for A > AV > A In this
case, of course, D <0+ %E, so we just need that 6 — PFEL <D<0+ %E The entrant still uses

R under p = (R,ZA))7 as D >0 — HC_OL, which makes his profits higher than under p = N. This
R,D

creates a similar wedge between 7 () and 75" (0), such that, if I lies between them, CS is
higher under p = (R, D).
52The fact that some investments end up in litigating depends on the assumption A > AE , l.e.

that, under p = (R, D), the entrant targets §. In a more general framework with N possible
realizations or a continuous €, however, the only necessary condition is that the entrant does not

target the highest realization of 6.
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trant targets 6 under p = N and # under p = (R,ﬁ). Therefore, in this case,
the originator obtains higher profits when reverse payments are allowed (and D
is sufficiently high). Like in the previous case, for ARD S AN 16 be true we need
D >0+ %3 When 7o(8) < Io < mo(f), allowing reverse payments makes the
originator invest, which increases CS. The intuition is that allowing reverse pay-
ments increases industry profits, which makes the entrant keener on settling on
more favourable terms for the originator, in order to increase the probabilities of
settling. This makes the originator’s profits higher, which in turn triggers the orig-
inator’s investment that, otherwise, would not have taken place. This, of course,
raises the consumer surplus, as it creates a market that would not exist otherwise.

This is another reason why reverse payments can increase CS.

These two cases show that a ban per se is, therefore, suboptimal.”® In the next
subsection I rank the possible outcomes of the game depending on their CS and,

in section 2.3, we provide one numerical example for each case.

2.2.4 Ranking of CS and optimal policies

Using the results of the previous subsection, we can rank these outcomes depending
on their CS in the following way.

1) The best possible outcome is that both parties invest, the entrant targets
and the policy is p = N. In this case entry occurs as soon as possible if parties

settle and litigation is possible. In this case, consumer surplus is

C, C _ _ _
N o _ O _ (@] _ -
C8Y(0) = A(0 — 25)8 + (1= 0+ =2=)8] + (1 = NS + (1~ )3]
2) If, under p = N, the entrant enters and targets 6, consumer surplus is
_ _ C - C =
N _ (0 _ 0 _ o 54
csY(0)= (6 H_L)§+(1 9—|—H_L)S

3) If, under p = N, the entrant does not enter because his profits are smaller
than his investment cost, then consumer surplus is the one under monopoly:
CSN(E,) = S. If the AA allows reverse payments with an entry date D that at

least equalizes the entrant’s investment cost and profits, then consumer surplus is
CSPL(9) = N[DS + (1 — D)S] + (1 — N[BS + (1 — 0)S]

when the entrant still targets 6, and CS®P(0) = DS + (1 — D)S if the entry

date D is such that the entrant now targets 6.°> Note that consumer surplus is

»The two effects of (i) more generic entry and (ii) more originator’s investment can coexist

in a more general model with N realizations for 6 or a continuous 6.
C

54C 8N () is smaller than CS™(0) if and only if A > @9’3%. We assume that this is the
-2 H-L

case.

?We know that a higher D makes \®P larger, which can make ARD larger than A.
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decreasing in the entrant’s investment cost, as a higher Iy requires a later entry
date to keep the entrant’s profits Wg’b(ﬁ) non-negative. °°

4) If, under p = N, the entrant enters and targets § and the originator’s
investment cost Ip is between the profits he would get with the low and the high
realization, the originator does not enter. Consumer surplus would, therefore, be
CSN(Ouut) = 0. If the AA allows reverse payments with an entry date such that
the entrant targets 6, then the originator invests. The entrant targets 6 if and
only if the probability A that the patent is weak is smaller than AL Under such
a policy, consumer surplus is CS®2(0) = DS + (1 — D)S.

5) If the originator’s investment cost I is higher than the profits mo(6) he
makes when the entrant targets 6, the originator never invests if the entrant even-
tually enters the market. If he eventually enters, therefore, the originator does
not invest in the first place and consumer surplus is CSY (O,y¢) = 0. If the AA
implements a policy such that the entrant’s entry cost I is larger than the prof-
its he makes by entering, then the originator invests and the entrant stays out.
Therefore CSY (E,,;) = S. In this case, therefore, the AA has an incentive to
reduce the entrant’s profits, to make the originator invest - a monopoly is better
than nothing.

6) If the originator’s investment cost /o is higher than the monopoly profits

H, the originator never invests. Therefore, C'SY(O,,;) = 0.

The objective of the AA is to maximise CS. The full characterisation of the
optimal policy is long and cumbersome (see the Appendix). Here I just focus on

the cases where allowing reverse payments is optimal.

Proposition 5 Allowing reverse payments is optimal when:

(1) 7o(8) < Io < 1o(0), (1.a) 0 < XA < AN and (1.a.i) 78 (0) < Ix < 7' ():
the optimal entry date is D = min{D s.t. Iy = wﬁ’b(é) & A= MY (1)
AV < X < ABL: the optimal entry date is D = max{D s.t. Iy = Wg’b(@), D s.t.
A= APV, This policy makes the originator invest.

(2) 0 < Ip < mo(0) and (2.a) AR5 < A < AN, then the optimal
entry date is D = min{f — Lo D st Ip = Wg’b(ﬁ) & A > )\R’ﬁ}); (2.b)
AV < X< ABY and Iy > (), then the optimal entry date is D = min{D s.t.
Ip = 72P(0)&\ > AP, D st Iy = 722 @)): if (2.¢) A > AP and I, > 7(0),
then D = min{D s.t. Iy = ﬂg’f)(ﬁ)). This policy makes the entrant enter.

Proof and Explanation. In case (1), the originator’s investment cost is such
that he invests if and only if the entrant has not invested or, having invested,

targets the high realization 0. Therefore, the objective of the AA is to make the

56The ranking CSN (6) > CSHL(0) is true as long as D > 6— % , otherwise it is reversed.
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entrant enter and target 6. In subcase (1.a), the probability of the low realization
is so small that the entrant targets 6 upon entry, which occurs if his investment
cost is sufficiently small. When Iy < 72 (6), the optimal policy is simply p* = N,
as the entrant’s investment cost is so small that he would enter anyway. But if his
investment cost is intermediate (1.a.i), then the AA must set a policy that allows
the entrant to recoup it: therefore the optimal policy is p* = (R, D= min{ D s.t.
Ip < Wg’ﬁ<9) & X = A1), This policy means that reverse payments are allowed
and the latest entry date is such that the entrant recoups his investment and keeps
on targetting the high realization 6.

In case (2), the originator’s investment cost is so small that he invest for any
realization the entrant eventually targets. Therefore, when the probability of the
low realization is sufficiently small (0 < A < AR’((;*%))W, an optimal policy is
p* = N: indeed, the entrant would target the high realization under both policies,
so it is better to make him target it when reverse payments are banned. But when
the probability of the low realization is slightly higher (2.a), it is better to allow

reverse payments combined with an early entry date. The entry date will be equal

to 0 — HC <+ if the investment cost is sufficiently low, and to the D that makes the
entrant just recoup it if it is higher, provided that it is not higher than the D that
makes \ = AP (otherwise the entrant would target the high realization, making
CS fall). For a higher probability of low realization (2.b), if the investment cost
is sufficiently low the optimal policy is p* = N, as it makes the entrant target the
low realization, and p* = (R, D = min{D s.t. Iy < ﬂg’b(ﬁ) & A > AP D st
Ip < Wg’b(é)&/\ < MEP1) otherwise. This policy makes the entrant recoup his
investment cost with the smallest entry date and keeps him willing to target the
low realization or, if it is impossible to make the entrant recoup his investment
and target the low realization, just sets the smallest possible entry date. For the
case (2.c), where the probability of the low realization is so high that the entrant
always targets it, an optimal policy is p* = N, provided that the entrant’s cost
is sufficiently low. For a higher investment cost, the optimal policy is p* = (R,

D=Dst. Iy= Wg’ﬁ(ﬁ)), so that the entrant can recoup it and compete with

A

the originator in the period (1 — D).

Note that the patent strength has no clear impact on the optimal policy (see
Appendix 2.5.4). The reason is that there are two opposite forces. On one hand,
allowing reverse payments is good when a patent is weak, because the additional

entry ending up in litigation has a higher probability of increasing consumer sur-

5"When D < (6 — %), one can check that CSN(0) < CSE(g). The intuition is that, for
such a low latest entry date, it is better to allow the entrant to use a reverse payment, that will
make him target the low realization, rather than banning reverse payments which will make the
entrant target the high realization. With such a policy, CS is higher thanks to the possibility of

litigation.
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plus: in other words, the benefit of reverse payments is high. On the other hand,
allowing them when the patent is strong induces just a small delay compared to
the expected entry date, because it would occur lately anyhow - the cost is small.
These two forces make the impact of patent strength on the policy implications

ambiguous.

2.3 Numerical examples

In this section I provide a numerical example for the two cases where reverse

payments increase CS.

Case 1: more generic entry. Assume [p =25, E =10, (H — L) = 20,
Cgp=0Cp =2, 0= 1 0= 2 y A= 2 . These values imply that A = % and
AV =0.47. Forany <D<1wehave)\>)\R>)\N

Under p = (R, D), the originator will (i) accept D = D, R(A) = (D — 6)(H —
L)+Cy for any realization of 6, and (i) accept D = D, R(0) = (D—0)(H—L)+Cj
if and only if 6 = 6.

Therefore we have
(i) 7£(0) = (D —0)(H — L) + Co
(if) 7f(8) = A[(D — 8)(H — L) + Co] + (1 = N)[(1 — ) E — Cg]

Under p = N, the originator will (a) always accept DV () = 0 — H o and (b)
accept DV () =0 — (H °r5 if and only if 6 = 0.

So, we have

() @) = (-0 + o) B )

(b) 7N(0) = M1 — 0 + OL))E +(1-MN[1-0)FE - Cg|

Substituting for the parameters assumed above, under p = (R, ﬁ) we get

78(0) = 20D —11.33 and 7&(0) = 13.33D — 2.67, therefore the entrant will target
the low realization®, as 7£(8) > 7&(f) for any D < 1, while under p = N we get
¥ (0) = 4.33, 7¥ () = 5.56, so the entrant will target the low realization too.>
The profits of the originator are 7o(6) = 31.33 and 7mo(#) = 26.89. Given
that the entrant targets 6 under both policies, the relevant comparison is between
Io and 7o (0). We have Ip < mo(6), therefore the originator invests under both

policies.

So we have three cases, depending on [g:

58i.e. he asks for D = D and R = R(# ) (D—-0)(H—-L)+ Co.

i.e. he will require D = D(f) = 6 — (H o -
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(I) 0 < Iy < 5.56 : the entrant invests both under p = (R, D) and under
p = N; the CS is highest under p = N, as when a settlement takes place entry
occurs earlier (D(0) = 0.23 < D = 1);

(IT) 5.56 < Iy < 10.67: the entrant invests only under p = (R, D) : the CS is

. = . - 3/p+8 P . .

highest under p = (R, D) with D = f(;r , as this is the earliest entry compatible
with the generic’s investment and litigation occurs with positive probability (the
probability (1 — A) = 1 of drawing 6);

(III) Ir > 10.67: the entrant does not invest in either case.

Note that even a "laissez-faire" policy p = (R, 1) yields a consumer surplus

strictly higher than p = N, because of the positive probability of litigation.

Case 2: more originator’s investment. Assume the same parameters as
above, but with 7o(0) < Ip < mo(f) and A = 1.

Under p = (R, D) we have 78(f) = 20D — 11.33, n(8) = 10D — 1.67. The
entrant, therefore, targets 6 if and only if D< %. Under p = N we get 73 (0) =
4.33, () = 4.5, so the entrant will always target @, which consists in requiring
D = D) =0 - (HCTOL) The profits of the originator are 7o(f) = 31.33 and
mo(0) = 28. Therefore, being mo(0) < Ip < mo(0), allowing reverse payments
with D > % makes the originator invest, which increases CS. The optimal policy
is exactly p = (R, D= %), so the originator invests and the monopoly period is
minimized. Also in this case, of course, a policy p = (R, D = 1) yields a strictly

higher consumer surplus than p = NN, because it makes the originator invest.

2.4 Discussion and conclusions

When the investment decisions of the originator and the generic manufacturer are
taken into account and there is uncertainty over the outcome of the litigation,
banning reverse payments can reduce consumer surplus. The reason is two-fold.
First, banning reverse payments reduces the industry profits, which reduces the
entrant’s expected profits. This reduces the entrant’s incentives to invest and
implies less entry. This, together with ex ante uncertainty over the probability that
the patent is invalid (or not infringed), reduces the litigation rate and consumer
surplus. This result is robust to any bargaining rule between the originator and
the entrant® (except when the originator makes a take-it-or-leave-it offer) and

to other types of asymmetric information - there is no need that the originator

60This result just requires the entrant to get some, however small, additional surplus from
the settlement, compared to litigation. Any bargaining rule that makes the entrant enjoy some
surplus makes the entrant keener on entering. A bargaining rule that makes the originator enjoy
some settlement surplus, moreover, would also increase the originator’s incentives to invest when

reverse payments are allowed.
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receives a private signal, this result holds also when it is the entrant who gets
a private signal. The only necessary feature is some asymmetric information,
otherwise litigation would never occur in equilibrium and the further entry due
to reverse payments would not increase consumer surplus. This positive effect is
larger than the static negative effect of delaying entry given the parties investment
under many parameter sets. Second, banning reverse payments creates a tension
in the originator’s incentives to invest. It makes industry profits smaller, which
can make (i) the entrant not willing to enter, which increases the originator’s
incentives to invest, but also, provided that the generic invests, it can make (ii) the
entrant less keen on settling on favorable terms for the originator, which reduces
the originator’s profits and his incentives to invest. This result is robust to any
bargaining rule between the originator and the entrant.®! If the second effect is
stronger than the first one, the originator may be deterred from investing, which
makes CS fall to zero.

This model shows that allowing reverse payments delays generic entry in
order to increase it: when reverse payments are actually used, entry is delayed,
but the very possibility of using them increases it. This suggests that a rule of
reason is more suited than a ban per se. Note that in many cases (like in the
two numerical examples discussed above) even a laissez-faire policy that allows
reverse payments and does not specify a latest entry date is superior to a ban per
se. Finally, note that the patent strength has an ambiguous impact on the optimal
policy. Two forces are present: on one hand, a reverse payment on a weak patent
makes it likely that a litigation ends up in generic entry; on the other one, a reverse
payment on a strong patent involves a small cost, given that the additional delay
is small. Results hold for both strong and weak patents, though no clear policy
implications can be derived over the patent strength (see Appendix 2.5.4).

For a practical enforcement, in order to know which agreements should be
banned, the AA should have a rough estimate of I, Io, m(0), ﬂg’f)(é) and
To(f). These estimates can be recovered from the expenses in R&D (for Ip),
bioequivalence studies and marketing authorizations (for /) and from the profits
in the market object of analysis and from the settlement agreements for similar
products (for 7o(8), 7N(6), ﬂg’b(@) and 7o(f)). The AA can also estimate the
parties’ profits by analyzing the expected price decline due to competition. This

can be done by analyzing the price pattern of similar products when generic entry

61 Any other bargaining rule that gives some settlement surplus to the originator still yields
the tension explained above. This rule would reduce the negative impact on the originator’s
incentives to invest when the entrant enters (because the originator is now able to extract some
additional surplus from the settlement), but it would also reduce the willingness of the entrant to
settle on favorable terms to the originator (exactly because the entrant, now, enjoys less profits).

Qualitatively, therefore, the tension for the originator still exists.
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has occurred. With this estimate of the competitive price, the AA can estimate
the profits 7% (9) and 7o(f) and compare them to the estimated investment costs
Ig and Ip. The closer the estimated investment costs are to the estimated par-
ties’ profits, the more the AA should be lenient towards settlements with reverse

payments.

2.5 Appendix

2.5.1 Reverse payment and late entry

Proof of Lemma 7. Compare the profits the entrant obtains from offering the
latest entry date D® = D with its reverse payment R(@R’D) = (D - @R’D)(H —
L)+ Co (eq. (2.1)) and from offering an earlier entry date D <D with its
reverse payment R(@R’D) = (D - 9R’D)(H — L) + Cp. Note that R(@R’D) is the
optimal R for the earlier entry date, as it keeps the originator indifferent between

accepting and refusing the offer for the (possibly new) optimal targeted realization
~R,D

0 . Consider, first, the case where the entrant targets the same realization:
~R,D  ~RD e e e .
0 = 6 . The probability of litigation is, therefore, the same, so we can just

~ _sRD. .
compare the entrant’s settlement profits from the offer {D, R(0 "~ )} with the ones

from the alternative offer {D < D, R(éR’D)}. Note that a lower entry date implies
a lower reverse payment (see eq. (2.1)): a marginally lower D makes the entrant
gain F through D and lose (H — L) through R. Being the loss in the originator’s
profits (H — L) higher than the entrant’s profits F, the optimal D is the latest
entry date D = D. Consider now the case where the entrant, as a consequence of
lowering D from D to D, targets a different realization 9R7D #* 9R7D. Even under
this different target, D < Disnot optimal, because the entrant could now raise D
to D and extract the additional originator’s surplus through R. Again, therefore,

the optimal D is D. It is easy to show that under any bargaining rule this Lemma
holds.

2.5.2 No Entry Delay

Here I show that the entrant will enter as soon as he can (footnote 32). Change
the notation in the following way: 0 is now the date when the entrant is ready
to enter and T' the entry date actually chosen by the generic. D and 1 remain,
respectively, the latest entry date and the patent expiry date. The entrant now

can also choose the moment 7" when he will decide, with the originator, whether

62The larger is D, the longer the monopoly period - it is in both parties’ interest to make it

as long as possible.
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to litigate or to settle. In order to simplify the notation, just assume that the

patent strength is common knowledge.%

Now, if the parties litigate, they expect to obtain:
Originator: TH + (1 —T)[/H + (1 —0)L] — Co
Entrant: (1-7)(1—-0)E —Cg

The only additional element, here, is T": the larger 7', the higher the monopoly

profits the originator earns before the settlement-litigation decision.

If the parties settle, they obtain:
Originator: TH + (1 - T)[DH +(1—-D)L] — R
Entrant: (1-T7T)(1-D)E+ R

The originator settles if and only if this is more profitable than litigating, i.e.
if

TH+(1-T)DH+(1—-D)L]—R>TH+ (1-T)[0H + (1 —0)L] — Co.
Substituting D with D, we have:

R<R(T)=(1-T)D-6)(H—-L)+Co (2.9)

The maximal reverse payment the originator is ready to pay is a decreasing
function of T'. The larger the time elapsed between the moment when the entrant
is ready to enter and the moment when he actually enters, the lower the amount
the originator is ready to pay. This means that waiting is counterproductive for
the entrant, as it only reduces the amount he can get. When reverse payments are
banned or not used, then R = 0 and firms only bargain over D. For the originator,

after setting R = 0 and rearranging terms, settlement is preferred to litigation if:

Co
(1-T)H-1L)
The minimal entry date that the originator is willing to accept depends nega-

D>D'T)=0— (2.10)

tively on T'. The higher the time between the moment when the entrant is ready
and the moment when he discusses the settlement with the originator, the earlier
he can actually enter (in case of settlement) relatively to the remaining (lower)
patent validity. This positive effect for the entrant must be weighted with the later
moment 7" when the settlement is discussed. Substituting D*(7") in the entrant’s
profits, we get 7% = (1 —T)(1 — 0 + %)E Its derivative with respect to
T is % = —1+ 6 < 0, therefore the entrant prefers to enter as soon as possible.

Both when reverse payments are allowed and when they are not, the entrant

will set "= 0 and enter as soon as possible.

63Tt will be clear that results do not depend on this.
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2.5.3 Optimal Policy

Here I give the full characterisation of the optimal policy.

Proposition 6 An optimal Antitrust rule®* is the following:

if (1) Io > H, any policy is ineffective;

if (2) m0(0) < Io < H, then p* = N;

if (3) mo(0) < Io < mo(0), then if (3.a) 0 < A < AV and (3.0.i) 0 < Iy <
7N(8) then p* = N; if (3.a.i) 7N (0) < Iy < 7'(), then p* = (R, D = min{D
s.t. Igp = Tg’[)(é), D s.t. A= XY if (8.a.iii) Ip > 7' (9) then any policy is
ineffective; if (3.b) AN < X < A then p* = (R, D= max{D s.t. Iz = ’/Tg’b(é),
D s.t. X= M) if (3.¢) X > M then any policy is ineffective;

if (4) 0 < Iop < 7o(8), then if (4.a) 0 < A < AEOSE2D) fhen p* = N; if
(4.0) NPOS2D) < X < AN then p* = (R, D = min{0 — € D st. I =

TBP(0)&A = MNPV if (f.0) AV < X < AL then p* = N if Iy < 7 (0) and
p* = (R, D = min{D s.t. Iz = 7P@)&\ > NP D st. Iy = 78P(6)})
if Ip > w8(0); if (4.d) X > M then p* = N if Iy < 7¥(0) and p* = (R,

D =min{D s.t. Iy = Wg’D(Q)) if I > 7 (0).

Proof and Explanation. Case (1) is the case where the originator’s invest-
ment cost is higher than monopoly profits: trivially, nothing can be done to push
him to invest. In case (2), where the originator’s investment cost is smaller than
monopoly profits but higher than the profits he makes when the entrant is present,
the AA needs to deter the generic’s entry. This makes the originator reap as much
profits as possible, in order to make him willing to invest. The originator’s invest-
ment cost is, indeed, higher than the profits he would get if the entrant entered
- even if he targeted the high realization 6. By reducing the entrant’s profits as
much as possible, through p* = N, some marginal entrants will not invest, mak-

t.9 This case highlights the negative impact of reverse

ing the originator inves
payments on investment, which is absent from the traditional patent literature.
In case (3), the originator invests if and only if the entrant has not invested or,
having invested, targets the high realization §. Therefore, the objective of the AA
is to make the entrant enter and target §. In subcase (3.a), the entrant targets 0
upon entry, which occurs if his investment cost is sufficiently small (3.a.i): in this

case the optimal policy is p* = N. If the entrant’s investment cost is intermediate

647 write "an" optimal Antitrust rule, instead of "the" optimal, because there can be other
policies that yield the same CS. For example, in case (2), any policy other than p = N yields

the same CS if Ix > max{wg’l(é), wg’l(g)}, because the generic would not enter in any case.
5No policy can be better than p* = N in deterring the generic’s entry. With any other policy

p= (R, 15), the generic manufacturer can choose between using a reverse payment or not. He
will choose to use it only if it makes him get higher profits, while he will not choose it otherwise.

It is therefore not possible to reduce the entrant’s profits through a policy p = (R, ﬁ)
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(3.a.ii), then the AA must set a policy that allows the entrant to recoup it. In this
case the optimal policy is p* = (R, D = min{D = min{D s.t. Iy = Wg’b(é), D
s.t. A = M®1). This policy means that reverse payments are allowed and the
latest entry date makes the entrant recoup his investment and target the high
realization 0. If the entrant’s investment cost is high (3.a.iii), then any policy is
indifferent, because the generic manufacturer would never enter and the originator
would invest anyway (getting H > Ip). In case (4), the originator’s investment
cost is so small that he would invest for any realization the entrant may target.
Therefore, when the probability of the low realization is sufficiently small (4.a)%
an optimal policy is p* = N. The entrant would target the high realization under
both policies, so it is better to make him target it when reverse payments are
banned. When the probability of the low realization is slightly higher (4.b), as ex-

plained in the main text, it is better to allow reverse payments combined with an

Co
H—-L

low and to the D that makes the entrant just recoup it if it is higher, provided
that it is not higher than the D that makes A\ = AP (otherwise the entrant would
target the high realization, making C'S fall). For a higher probability of low real-

early entry date. This will be equal to 6 — if the investment cost is sufficiently

ization (4.c), an optimal policy is p* = N. It makes the entrant target the small
realization, if his investment cost is sufficiently low, and p* = (R, D= min{ D s.t.
Ip < Wg’b(ﬁ)&)\ > \PP Dt Ip < Wg’D(é)&)\ < AP otherwise. This policy
makes the entrant recoup his investment cost with the smallest entry date and
keeps him willing to target the low realization, or just sets the smallest possible
entry date if it is impossible to make the entrant recoup his investment and target
the low realization. For the case (4.d), where the probability of the low realization
is so high that the entrant always targets it, an optimal policy is, like for case
(4.c), p* = N, provided that the entrant’s cost is sufficiently low. AFor a higher

investment cost, an optimal policy is p* = (R, D=Dst. Ig= WS’D(Q)), so that

~

the entrant can recoup it and compete with the originator in the period (1 — D).

2.5.4 Patent Strength and Optimal Policy

This paragraph shows the ambiguous impact of the patent strength 6 on the
optimal policy. Recall that there are two opposite forces: 1) a weak patent makes
the additional entry ending up in litigation have a higher probability of increasing

consumer surplus; 2) a strong patent makes reverse payments induce just a small

66When D < (6 — %), one can check that CS™(0) < CST(g). The intuition is that,
for such an early latest entry date, it is better to allow the entrant to use a reverse payment
(which will make him target the low realization) rather than banning reverse payments (which
will make the entrant target the high realization). With such a policy, CS is higher thanks to
the possibility of litigation.
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delay, because the expected entry under litigation is already late. I will show how
each area of the optimal policy changes after an increase in the patent strength.
Assume that an increase in the patent strength consists of an increase of  and 6
of the same size: for simplicity, call it an "increase in 6".

In Area (1) of Proposition 6 nothing can be done to induce the originator to
invest, so the patent strength has no impact on this area.

In Area (2) it is optimal to ban reverse payments: the condition 7o (0) < Ip <
H characterizing this area can be rewritten as 0H + (1 — )L — Cp < Ip < H, so
it becomes smaller.

In Area (3) the optimal policy depends on the size of A and Ig: it can be rewrit-
tenas 0H+(1—0)L—Cop < Ip < OH+(1—-0)L—Cp. Note, first, that an increase
in 6 has no impact on its size -both sides increase by the same amount. When
(3.a) 0 < A < A", which can be rewritten as 0 < A < @_@E(gc_‘f)“fégarc&_m%,
an increase in 6 has no impact either. When (3.a.i) 0 < Iy < 7% (6), that can be

rewritten as 0 < Ip < (1 — 0+ %)E . An increase in 0 reduces the area and in
this area it is optimal to ban reverse payments. So, like in Area (2), an increase in
0 reduces the parameter region where a ban on reverse payments is optimal. This,
however, is not the case when (3.a.il) 7% (9) < Iy < 7i'(#), that can be rewritten
(1—0+ F2)E < Ip < (1—0+ 2)(H — L). Here an increase in § makes this
area smaller, like above, but here it is optimal to allow reverse payments. This
means that the parameter region where allowing reverse payment is optimal is re-

duced. The area that, therefore, grows is the one where (3.a.iii) Ix > 7' (6), i.e.

Ip>(1-0+ HC ©-)(H — L): in this area any policy is ineffective, as it is impossible
to induce the generic manufacturer to enter. When (3.b) MV < X < A which

can be rewritten

ECo+ (H — L)Cg (1—-0)(H—-L)—(1-0)E+Co+Cg

(0 0)EH L)+ ECo+ (H-L)Cs ~ " S0 —0)(H-L)—(1—0)E+Co+ Cs

the optimal policy is to allow reverse payments and an increase in 6 reduces the

. 1-6)(H—L)—(1-6)E+Co+C .
area. When (3.c) M < A < 1, ie. El—Q;EH_—L;—El—égEICZICE < A <1, no policy

can make the entrant target the high type 6, which means that the originator will

never enter at the first place. An increase in 6 makes this area larger.

In Area (4), i.e. when the originator’s investment cost is very low, when (4.a)
0< A< )\Rﬁ*% the optimal policy is to ban reverse payments and an increase
in 6 makes the area larger. When (4.b) AT < ) < AV, it is optimal to
allow reverse payments and an increase in # makes the area larger too. But when
(4.c) AN < X\ <1 an increase in 0 has an ambiguous effect: when ((4.c.i)&(4.d.i))
0 < Ix < 7 (0), the optimal policy is to ban them and an increase in § makes the
area of the originator’s investment cost larger, but the areas of A and the entrant’s

investment cost smaller; and when ((4.c.ii)&(4.d.ii)) Ir > 78 (), the optimal
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policy is to allow reverse payments and an increase in # makes the originator and

the entrant’s investment costs areas larger, but the area of A smaller. The overall

effect is therefore ambiguous and no strong policy implications on the patent

strength can be derived.

The following table resumes the results. The arrows (and the equality signs)

in the last column represent the impact of the patent strength on the areas of,

respectively, the originator’s investment cost /o, the probability of the low patent

strength realization A and the entrant’s investment cost .

Area || Ip A I o %

1 [H, +00) any any ind. =

2 [7o(6), H] any any N ]

3ai | [mo(8), mo(0)] A<MV [0, 7N ()] N (==l
3aii | [1o(8), mo(0)] A< AV [N, 7820)] R | (==1])
.aiil | [1o(0), To(0)] A <AV [m5' (0), +00)  ind. 1 (==1)
3b | [mo(8), mo(f)] AV <A <A any R (=l
3.c [mo(8), To(0)] M\ < A any ind. T (=7)
ta |0 mo@®)] A< ARED any N 1()
4b | [0, 70 ()] MISED < A <AV any R 1(1,=)
4ci | [0, mo(8)] AV < X< 2B [0, TN(0)] N 7?1
4cii | [0, mo(8)] AV <X < 2B [TN(@), +00) R 7 (1,11
4.di | [0, mo(8)] AL <) [0, 7N ()] N 7 (L)
4.d.ii || [0, mo(0)] ML <\ [TN(@), +00) R 7 (1,11

2.5.5 (INo) Menu of Contracts

This Appendix shows that the entrant cannot write a menu of contracts to extract

a higher rent from the originator and avoid litigation. Consider a candidate menu
of contracts {(D, R), (D, R)}, where (D, R) is designed for the low type and (D, R)

for the high type. The constraints to fulfill are:

DH+(1-D)L-—R>DH+(1-D)L—-R

DH+(1-D)L-R>DH+(1-D)L—-R

DH + (1 - D)L —

=
V4

0H + (1 -0)L — Co

DH+(1—D)L—R>6H + (1—6)L — Co

(1Cp)
(1Ch)

(PCp)

(PCy)

The first two inequalities are the incentive compatibility constraints to make

each type prefer not to pretend to be the other type. Note that their true type
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does not enter these equations - their type only enters their litigation payoff (their
outside option). So, the only way to fulfill them is to make them have the same
value. We have, therefore, DH + (1 — D)L — R = DH + (1 — D)L — R, that yields

(D-D)H—-L)>R-R (ICy = ICy)

The third and the fourth inequalities are the participation constraints to make
each type prefer not to litigate. Given that their LHS must the same (1C5 = 1Cy),
only the inequality with the larger RHS can bind. This is PCj, as 0H + (1 —0)L —
Co is larger than 0H + (1 — )L — Cp because (§ —)(H — L) > 0. Therefore, type
0 is left with no rent and type @ enjoys an information rent. Consider now the
entrant’s profits. Recall that ) is the probability that the type is #. The entrant’s

problem is:

max _ 7g = A[(1-=D)E+(D—0)(H—L)+Co]+(1-\)[(1—D) E+(D—0)(H—L)+Co)]

(D,R),(D,R)

The derivatives of 7z w.r.t. D and D are % = %%E— = H—L—FE > 0, therefore

the entrant asks for the maximal possible entry dates. This makes D = D = D.
The reverse payments R and R associated with these entry dates are equal to
the one that makes PCj binding: R = R = (D — 6)(H — L) + Cp. Given that
D = D and R = R, the candidate menu of contracts reduces to a single contract
that leaves some information rent to the #-type. This contract is exactly the same
as the one that "targets" 6 (see the main text). When the probability that the
originator has type 6 is too small, it is optimal to "shutdown" this type and only
offer a contract based on # that extracts all his rent. This is exactly the contract

that "targets" ¢ in the main text.
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3 Chapter 3: Reverse Payments and Liquidity

Constraints

This chapter shows another reason why reverse payments should not be banned
per se. When the possibility that the generic manufacturer goes bankrupt is taken
into account, banning reverse payments can reduce consumer surplus. Banning
them reduces the generic entrant’s profits, not allowing him to stay on the market
in case of liquidity problems. This reduces consumer surplus both before and after
patent expiry through the reduction of the number of competitors. The negative
effect of banning reverse payments is larger when the patent is strong, the economy

is in a downturn and tacit collusion is sustainable among few players.

3.1 Introduction

This essay focuses on the liquidity problems of (generic) pharmaceutical firms.
From an empirical point of view, Hall (2002) shows that small and new phar-
maceutical firms, as generic producers often are, experience high costs of capital,
which can lead to - and worsen - liquidity problems. Pisano (2006) shows that new
biotechnology firms are financially constrained and that some drug development
failures can lead to bankruptcy. From a policy oriented perspective, Arve (2012),
in the context of a public procurement auction, provides a rationale for policies
that help financially weak players.

The present essay analyzes the impact that the treatment of reverse payments
has on consumer surplus when the generic producer may have liquidity problems.
Liquidity problems can be due, for example, to drug development failures or to
unexpectedly high investment costs.

The framework and the timing are similar to the previous chapter, with the
difference that the entrant, who still makes the take-it-or-leave-it offer, is now the
informed party.5” In particular, he is informed over his own financial strength.
Competition in the post-expiry period is considered too (in a reduced form).

I show that reverse payments should not be considered anticompetitive per
se. 1 assume that a generic manufacturer with liquidity problems needs to earn
a minimal amount of profits to remain on the market. Banning reverse payments

does not allow the parties to delay the generic manufacturer’s entry, which reduces

07T assume the entrant to make the offer because we need the entrant to grasp some additional
surplus from the higher industry profits due to reverse payments. Results would still hold for
any bargaining rule that gives the entrant some additional surplus when reverse payments are
allowed. The only bargaining rule incompatible with the results is the originator making the

take-it-or-leave-it offer. This is exactly the same as in the previous chapter.
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the industry profits. This reduces the generic manufacturer’s expected profits,
making the weak entrants go bankrupt. This reduces consumer surplus both
before and after patent expiry through the reduction of the number of competitors.
The trade-off of allowing reverse payments is (i) having more competitors on the
market, at the cost of (ii) a later entry date. This trade-off is similar to the one
of chapter 2. There, reverse payments increase generic entry and possibly the
originator’s investment too; here, they make weak players able to stay on the
market and compete. In both cases, reverse payments delay entry, but the very

possibility of using them increases the competition on the market.

For several parameter sets, the positive effect of allowing reverse payments
offsets the negative effect of delaying entry. The positive effect of allowing reverse
payments is stronger when the patent is strong, the economy is in a downturn and
few players are able to tacitly collude. This result suggests that a rule of reason

is more suited than a ban per se.

3.2 The model

There are three players: an Antitrust Authority (AA), a originator and a generic
entrant. In the first stage, the AA decides (i) whether reverse payments are banned
per se or not and, if they are allowed and used, (ii) a latest entry date D € [0, 1]
upon which generic entry must occur. We normalize patent length to 1 and current
date to 0. D, therefore, represents the fraction of the patent period in which the
entrant commits not to enter, like in the previous chapter. In the second stage,
the entrant learns his type 7 € {r,7}, where 7 = 7 with probability u € [0,1].
The type 7 = 7 means that the entrant is weak: if the originator and the entrant
do not settle with a reverse payment above a treshold k, the is not able to compete
and exits the market immediately.%® If the entrant is strong, he can remain on
the market in any case. In the third and fourth stage, the originator and the
entrant can litigate or settle their dispute. The bargaining process is sequential:
in the third stage the entrant makes a take-it-or-leave-it offer and, in the fourth

t.69

stage, the originator accepts or rejects i The offer consists of an entry date D

and, possibly, a reverse payment R from the originator to the entrant. If a reverse

68 This can represent a situation where the entrant goes bankrupt or simply prefers to abandon

that market.
09The fact that the entrant makes the take-it-or-leave-it offer (or, better, a take-it-or-leave-

it request) is not necessary for the result. Any form of bargaining that can leave the entrant
with some additional surplus from the settlement with respect to his threat point (the litigation
payoff) gives our result - for the framework in the main text, any form of bargaining that makes
the equilibrium reverse payment equal to or bigger than k gives our result. In other words,
the only bargaining solution that is not compatible with our claim is the originator making the

take-it-of-leave-it offer, like in the previous chapter.
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payment is used, the entry date D must be smaller or equal to D. If the originator
accepts the offer, D and R are enforced. If he rejects it, parties litigate. In the
fifth stage, if parties litigate or if the reverse payment is below k, the weak entrant

exits the market.
The timing is then the following:

1. Policy choice. The Antitrust Authority implements a policy p € {N, (R, f))}
2. Entrant’s type. The entrant learns his type.

3. Entrant’s offer. The entrant makes a settlement offer.

4. Originator’s response. The originator accept or rejects it.

5. Entrant’s exit decision. The entrant decides whether to exit the market.

The main differences from this timing and the one in the previous chapter is
that here, before the settlement offer, (i) the entrant draws a private signal over
his financial strength (in the previous chapter, the originator draws his private
signal over the patent strength) and (ii) investment decisions are not taken into
account.” The notation is like in the previous chapter. The originator’s patent
has strength 6. Differently from the previous chapter, patent strength is common
knowledge here: parties agree over the likelihood that the originator wins in a
litigation.”™ In case of litigation, the originator and the entrant bear, respectively,
litigation costs Cp and Cg. In the pre-expiry period, denote H the originator’s
profits if he is the sole supplier on the market for the entire patent period, L if
entry occurs immediately and E the entrant’s profits if he enters immediately.
Hence, L + E are the joint profits of the originator and entrant if entry occurs
immediately. Like in the previous chapter, we assume H > L + E: monopoly
profits are larger than industry duopoly profits. In the post-expiry period, denote
h the originator’s profits if the entrant has exited the market, [ the originator’s
profits if the entrant is still on the market and e the entrant’s profits if he is still
on the market. Denote S the consumer surplus (CS) in the pre-expiry period
when only the originator is active, S the pre-expiry CS when also the entrant is
on the market, s the post-expiry CS when the entrant has gone bankrupt and s

the post-expiry CS when the entrant is still on the market. We assume S > S and

"0Tf we had kept the investment decisions, taking into account the possibility of the entrant’s
liquidity constraints lowers the threshold for the originator’s investment, but does not add any

relevant insight.
"I This simplifies the analysis, but results also hold when parties can have different beliefs over

the patent strength.
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5 > s. The weight of the post-expiry period, both in the parties’ profits and in CS,
is 0. Note that, as the post-expiry period can be much longer than the pre-expiry
one, 6 does not need to be smaller than 1.7

The basic tradeoff for CS is that under p = (R, ﬁ), when the latest entry date
D is sufficiently high, the higher industry profits can allow the entrant to remain
on the market. This increases CS both in the pre-expiry and in the post-expiry
period. On the other hand, allowing reverse payment typically makes the parties
agree on a later entry date in order to make the originator’s monopoly period
longer. This lowers the CS in the pre-expiry period if the entrant is strong. I will
show that there are several parameter sets where the positive effect of allowing
them offsets the negative one, even for D=1.

In the following subsection I compute the litigation and settlement profits in
the pooling equilibrium where both entrant’s types use the same strategy at the
settlement offer and response stages.”™ In subsection 3.2.4 I explain why separating

equilibria are not relevant in this setting.

3.2.1 Litigation-Settlement stage

If the parties litigate, they expect to obtain:
Originator: u(H + 6h) + (1 — p)[0H + (1 — )L — Co + 4]
Entrant: [(1 —0)E — Cg| + de if he is strong, 0 otherwise

By litigating, the originator knows that with a probability p the entrant is
weak, in which case refusing to settle drives him out of the market. In this case,
the originator enjoys the full monopoly profits in the pre-expiry period, H, plus
the post-expiry profits with one competitor less, h. If the entrant is strong, he
remains on the market: the originator has a probability 6 of winning the case, in
which case it gets H, and probability 1 — 6 of losing it and get L; in both cases,
he pays litigation costs Cp and gets 0/ from the post-expiry period. The strong
entrant knows that he has a probability (1 — ) of winning, in which case he gets
E| otherwise he earns nothing. His costs of litigation are C'z. The weak entrant,
on the other hand, knows that he cannot stay on the market if they litigate, so he
exits. His litigation payoff is therefore 0.

If the parties settle with a sufficiently high (R > k) reverse payment, they

obtain:

"2For example, the patent could expire in two years from the settlement offer, while the drug
is not expected to be replaced by better drugs in the following ten years. Future, i.e. the post

expiry period, can therefore have a much higher value than the present.
"3This is not, therefore, a pooling equilibrium in a strict sense: when the originator litigates

and the entrant is weak, in stage 5 the entrant exits, while when he is strong he remains. It is

pooling only in the offer and response stages, i.e. stages 3 and 4.

o8



Originator: DH + (1 — D)L — R+ 4l
Entrant: (1 — D)E + R + de independently from his type

By settling, the originator enjoys DH in the period before the agreed entry
date and (1 — D)L in the period after it until patent expiry. He pays R to the
entrant and, finally, obtains 6/ from the post-expiry period. The entrant earns

(1 — D)E, receives the payment R and obtains de after patent expiry.

If the parties settle with a null or small reverse payment (0 < R < k), their
expected payoff is:
Originator: u(H + 6h) + (1 — p)[DH + (1 — D)L+ 6l — R
Entrant: (1 — D)E + R + de if he is strong, R otherwise

When reverse payments are allowed, the originator will accept the entrant’s
settlement offer if and only if settling is more profitable than litigating. When
R > k, the originator accepts if and only if DH + (1 — D)L — R+ 6l > p(H +
0h) 4+ (1 — p)[0H + (1 — 0)L — Co + 6l], which yields

R<R'(D)=(D—0—p+pd)(H—L)+(1—p)Co—pud(h—1),  (3.1)

The maximal reverse payment acceptable for the originator R*(D) is increasing
in D: a later entry date allows him to earn higher profits, thus making him willing
to pay a higher reverse payment. It is decreasing in the patent strength 0: a
stronger patent makes it more appealing for the originator to litigate, reducing
his willingness to pay. It is decreasing in the probability p that the entrant is
weak: the higher the probability that the entrant is weak, i.e. that he would
exit the market in case of litigation, the less the originator is willing to pay a
reverse payment that keeps him on the market. In order to make the problem
interesting, we assume that R*(1) > k. This means that the maximal reverse
payment acceptable for the originator R* associated with entry date upon patent
expiry (D = 1) is higher than the amount &k the weak entrant must get to remain

on the market.

If the AA sets p = N, then R is constrained to be equal to 0 and firms can only
bargain over D. For the originator, after setting R = 0 and rearranging terms,

settlement is preferred to litigation if

. C
DZD_Q—(H—_OL) (3.2)

The minimal acceptable entry date is increasing in the patent strength 6 (for
the same reasons as above) and decreasing in the ratio between the originator’s
litigation costs and the profit loss in case of entry: a settlement makes the orig-

inator save Cp, whose importance must be weighted over the incremental profits
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(H — L) due to keeping the monopoly. The probability p that the entrant is weak
plays no role, because a settlement without reverse payments does not make a
weak entrant survive.

The following two Lemmas will simplify the analysis.™

Lemma 11 Under p = (R, lA)), if the entrant asks for a reverse payment, he asks
for the latest entry date D = D.

Proof. Compare the profits the entrant obtains from the offer D = D, R =
R*(D) = (D=0 —p+pb)(H— L)+ (1 — 1)Co — pd(h — 1) and from an alternative
offer D=D < D, R=R*(D) = (D—0—p+pb)(H—L)+ (1 —p)Co— ud(h—1).
Note that R* (D) is the optimal reverse payment given the entry date D, as it keeps
the originator indifferent between accepting and refusing the settlement offer. A
lower D implies a lower R (see eq. (3.1)): a marginally lower D makes the entrant
gain F through D and lose (H — L) through R. Being (H — L) > FE, the optimal
D is D = D. Therefore, if the parties settle by using a reverse payment, D = D.

From Lemma 11, we know that if the parties settle with a reverse payment,
we can substitute D with D. Denote 7T£ ¢ the settlement profits of party i, where
i = F is the entrant (independently from his type), ¢ = sFE is the strong entrant
and i = O is the originator, under policy p. Under p = (R, 15), if the parties use

a reverse payment R > k, the entrant, independently from his type, obtains:

TRZED — (1= D)E+ (D =0 — i+ pf)(H — L) + (1 — ) Co — pd(h — 1) + be (3.3)

Under p = (R, 15), when 0 < R < k, the strong entrant’s profits ngg’D are as

in eq. (3.3) above, while the weak’s ones are 0.
Under p = N (and under p = (R, D) if firms do not use a reverse payment), if

firms settle the strong entrant obtains
ms.s = (1 — DH)E + e (3.4)
and the weak entrant gets 0. The originator is always kept at his outside option
level, his litigation payoff.
3.2.2 Minimal entry dates

By setting R*(D) of eq. (3.1) equal to k, the minimal entry date for which the

originator accepts a settlement with R > k is equal to:

"™Lemma 11 is the simplified version of Lemma 7 of the previous chapter (simplified because

here the patent strength is common knowledge).
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Co Co+56 (h — l)
TH- L H L H-1 (3:5)
Note that D?2F is strictly higher than D}, (compare this expression with (3.2))
and it is an increasing function of x. The higher the probability that the entrant

D=k =9

+pu(l—0+

is weak, the later must be the entry date to convince the originator to pay R > k,
as this will keep the weak entrant on the market.

If D > DB2F_ then the entrant can offer a sufficiently late entry date D such
that the originator is willing to pay R > k, allowing therefore the weak entrant to
survive.

Now consider the strong entrant’s incentives. By comparing his settlement
profits with and without reverse payments, the strong entrant will propose a set-
tlement with a reverse payment if and only if the latest entry date is at least equal

to:

~ Go +u[(1—9)(H—L)+Co+5(h—l)]
H-L H-L-F
Note that DR=V is strictly higher than D}, and increasing with p too. If

DF=N — ¢ (3.6)

D > DR=N then the strong entrant prefers a settlement with a reverse payment.

In order to make the problem interesting, we assume that D#=V < 1.

Consider now the weak entrant’s offer. He needs a reverse payment of at
least k to remain on the market™, so his incentive to ask for a reverse payment is
stronger than for the strong entrant. But the originator knows that, if D < D=V
the strong entrant prefers not to ask for a reverse payment, so the originator
understands that the entrant is weak if he asks for R > k. The originator knows
that, by litigating against a weak type, he gets the full monopoly profits H+dh, so
no settlement would ever take place. In other words, if the weak entrant asks for a
reverse payment when the strong type would not, he is revealing that he is weak.
Therefore the originator will always litigate, driving him out of the market. The
weak entrant has, then, no better option than just mimicking the strong entrant’s
strategy. That is the reason why we just refer to the "entrant", regardless of his
type, in the following analysis.

Note that DF=* > DE=N if and only if

E
k> k* K

> k= m[(1—9)(H—L)+CO+5(h—l)]

We assume that the weak entrant needs a sufficiently high reverse payment to avoid bank-
ruptcy - an early entry date is not sufficient. This assumption just simplifies the analysis:
allowing the entrant to remain on the market also for a sufficiently early entry date does not
change the main conclusions. The only feature needed for the results is that a settlement with

reverse payments yields higher profits than a settlement without it.
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When £ > k*, we have three possible outcomes depending on the latest entry
date D chosen by the AA: (1.1) D > DR2F > DR=N : the entrant asks for R > k
and the weak type survives; (1.2) D#=F > D > DR=N : the entrant asks for R < k
and the weak type exits the market; (1.3) Df2F > DE=N ~ D) : the entrant asks
for D* and the weak type exits the market.

When k < k*, the three cases are: (2.1) D > DR=N > DE>k . the entrant asks
for R > k and the weak type survives; (2.2) DE=N > D > DBE2k: the entrant
asks for D* and the weak type exits the market;”0 (2.3) DF2* > DR=N ~ D). the
entrant asks for D* and the weak type exits the market.

This leads to the following Lemma.

Lemma 12 The policy p = (R, D< max{ DRk DE=N) s for the weak entrant,
equivalent to p = N.

In other words, if p = (R, D < max{D®>* DR=N1) the weak entrant exits the
market, like under p = N. The intuition is that the policies p = (R, D < DR=2F)
do not make the weak entrant able to remain on the market even when he receives
a reverse payment and the policies p = (R, D < D®=N) do not make the entrant
ask for a reverse payment. This Lemma will turn out to be useful in the analysis

of the optimal policy.

3.2.3 Consumer surplus and optimal policies

Recall that S is the CS in the pre-expiry period when only the originator supplies
the product, S the pre-expiry CS when also the entrant is on the market, s the
post-expiry CS when the entrant has gone bankrupt and § when the entrant is on
the market. We have S > S and § > s.

If a settlement with R > k takes place, total CS is C’S?Zk’f) = DS+ (1—
ﬁ)g + 05. This is the sum of the monopoly CS S until D, the duopoly CS S after
D until patent expiry and the competitive CS with the entrant still active, s, after

patent expiry. When parties settle without a reverse payment, we have

CSY = p(S+89) + (1= (6 = oIS+ (1= 0+ G 2m)5 + 64

With a probability p the generic is weak and exits the market, leaving the
monopoly to the originator until patent expiry; after it, competition with one
competitor less takes place. With a probability (1 — u) the generic is strong

and, therefore, remains on the market, so CS is equal to the monopoly CS until

"6The weak type exits the market because, even if D > DRk (i.e. the originator would accept
to pay R > k, if he was unsure whether the entrant is weak), by asking for R* the entrant reveals
that he is weak, as DE=N > D. The originator is therefore not willing to settle, as he knows

that by litigating he makes the entrant exit the market, enjoying the full monopoly profits.
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D* =0 — (IE%L), to the duopoly CS after D* before patent expiry and to the

competitive CS after it. Finally, the CS from a settlement with 0 < R < k is
CSIHP = (S +6s) + (1 — w)[DS + (1 — D)S + 65]

If the entrant is weak, the originator keeps the monopoly until patent expiry
and, afterwards, competition witn one competitor less takes place; if the entrant is
strong, the originator keeps the monopoly until the latest entry date D and, after-
wards, there is a duopoly until patent expiry and competition afterwards. More-

over, by comparing CS§<k’f), CSY and Cngk’D we have the following Lemma.
Lemma 13 CSE*P is smaller than both CSY and CSE*P .
Proof. From eq. (3.1) we know that R > 0 if and only if
(D—0—p+4pd)(H—L)+ (1 —p)Co — ud(h—1) >0

which can be rewritten as

~ Co Co+6(h—1)
D>D®0 =g 1-0+ ——=
~ g 0t
Note that Df>? is strictly greater than D* = § — (HCTOL) : therefore, for any

settlement with 0 < R < k, entry is delayed compared to a settlement without a
reverse payment. Moreover, given that R < k, if the entrant is weak he will exit
the market anyway, so the advantage of getting him on board is lost. Therefore,
a policy that makes the parties settle with 0 < R < k is never optimal. The basic
trade-off for the AA is between (i) making the weak entrant not go bankrupt, and
(ii) early entry. It is, therefore, useless to set a policy such that reverse payments
are allowed with a latest entry date that makes the corresponding reverse payment
smaller than k. The reason is that entry date is delayed compared to p = N and
the objective of keeping the weak entrant on the market is not achieved. If the
liquidity the entrant needs is higher than the reverse payment the originator is
willing to give, the optimal entry date will never be such that the entrant asks for

a reverse payment.

Disregarding the entrant’s bankruptcy problem, it is easy to see that CS is higher
under p = N. A "laissez faire" policy p = (R, 1) makes firms choose D = 1, while
banning them makes the entrant propose D* = 0 — (HCTOL), that is strictly smaller
than 1. Being CS decreasing in the generic manufacturer’s entry date, it is clear
that CS is higher when reverse payments are banned. When they are banned, the
originator must allow the entrant to enter prior to patent expiry in order to make
him willing to accept the settlement. This supports the Commission’s opinion

that reverse payments should be banned per se.
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However, banning reverse payments can reduce CS when we consider the
entrant’s bankruptcy problem. A ban on reverse payments, indeed, can force
the weak entrant to exit the market, which makes the originator enjoy the full
monopoly profits until patent expiry and competition with one competitor less
afterwards. The CS both before and after patent expiry are reduced. For several
parameter sets, this effect offsets the negative effect of late entry, making CS lower
than if reverse payments had been allowed.

This leads to the main result.

Proposition 7 There exist parameter sets where banning reverse payments re-

duces consumer surplus.

Proof. First of all, given Lemmas 12 and 13, we can simply focus on (i) a policy
p = N and (ii) the policies p = (R, D > max{D>* DR=N}) disregarding the
policies p = (R, D < max{D®>* DR=N)_1In particular, (i) we can disregard the
policies p = (R, D < DR=k ) because, if the entrant asks for a reverse payment™, R
is not sufficient to keep the weak entrant on the market, and (ii) we can disregard
the policies p = (R, D < D=N) because the entrant would simpy not ask for a

reverse payment.

Recall that

A

CSFRP = DS + (1 — D)S + 65

and
CSY = (S +ds) + (1 — )[(9—i)5+(1—9+i)5+6§]
s T HeTes W= E-1)” (H — L)
Banning reverse payments reduces consumer surplus when CSY < C’ngk’b,
i.e. when
_ - Co ~
ou(s =5) > (D —p= A =p)0 - 7—7))5-35) (3.7)

This inequality yields a number of interesting policy implications.

Proposition 8 The higher the probability p that the entrant is weak, the larger

the parameter set where it is optimal to allow for reverse payments.

Proof. p has a positive impact on the left hand side (LHS) of the inequality
and a negative impact on the right hand side (RHS). Indeed, the derivative of the
LHS on 2 is §(5—s) > 0 and the derivative of the RHS is (—1+0—-$2-)(5—35) < 0.

" This occurs when DEZF > D > DR=N
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A consequence is that, if we interpret an economic downturn as a higher prob-
ability that the entrant is weak, during an economic downturn it is better to be
more lenient towards reverse payments. An economic downturn means, inter alia,
lower profitability and a worse credit crunch - conditions that impact negatively
the survival rate of small firms. It becomes, therefore, more important that the
AA be more lenient in this case, as a strict ban on reverse payments can force a
number of generic firms out of the market, reducing competition both before and

after patent expiry.

Proposition 9 (i) The higher the difference in future CS (5 —s) from having one
additional competitor and (ii) the lower the difference in present CS (S — S) from
having one additional competitor, the larger the parameter set where it is optimal

to allow for reverse payments.

These two apparently contrasting points can be linked if some form of collusion
is possible as long as the number of firms is sufficiently low. The idea is that one
additional competitor, further than the traditional pro-competitive effect, can also
make it impossible for the firms to (tacitly) collude. If that additional competitor
makes firms switch to a more competitive equilibrium, (5 — s) can be substantial.
This makes (5 — s) higher when passing from, say, three competitors to four,
rather than from two to three - if some form of tacit collusion is sustainable
among up to three firms. For the same reason, the difference (S — S) can be
small if the originator and the entrant can achieve some form of collusion. This
underlines the importance of analyzing the way competition takes place among
firms. If some form of collusion is likely to occur among few players, allowing weak
generic manufacturers to stay on the market can increase CS, as it may reduce

the sustainability of collusion.

Proposition 10 The higher the patent’s strength 0, the larger the parameter set

where it is optimal to allow for reverse payments.

This comes from the fact that, when the patent is strong, the probability
that the entrant wins the litigation is small: this makes the benefit of prohibiting
reverse payments smaller too, because the parties already agree on a late entry
date. The stronger the patent, the later the agreed entry date if reverse payments
are banned: the AA should therefore be more lenient towards reverse payments
if the patent is strong, as the advantage of banning them (obliging the originator
and the strong entrant to an early entry date) shrinks, while the disadvantage

(having less competition after patent expiry) is unchanged.™

"8There is another disadvantage, that consists in less competition before patent expiry. This

disadvantage, however, shrinks with the patent strength too.
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Inequality (3.7) also shows that it is more likely that reverse payments increase
CS when the post-expiry period has a high value compared to the present. This
means that the drug is not expected to be replaced in the next future: the longer
its expected life, the higher the post-expiry CS, therefore the better it is to have
more competitors after patent expiry.

These Propositions show that a ban per se is, therefore, not optimal. We can

now derive the optimal policy.

Proposition 11 When the AA mazimizes consumer surplus, the optimal An-

titrust rule is:
; - * d(h—1 ou(s—s %
if (1) k> k* and HIiL iy (7L) < 1( ,)’ then p* = (R, DF=k);

H (5-5)
Zf (“) k = k* and H’iL + ‘uéH(}izl) > 5€Sgi;§))7 then )0* = N;

o N 1-0)(H—L)+Co—+8(h—1)] dp(5—s

if (iii) k < k* and “3=2 Hf)LJ:E(ﬁ ( )]—If,oL < p(1=0)—(1—p) 2+ (lts(—§7))7

o « 1-0)(H—L)+Co+5(h—1 Su(s—s

if (iv) k < k* and “0=2) H_)LtEOJr (1) — 52 > p(1=0)—(1—p) 7% + (Mg(_gf))f
then p* = N.

Proof. For cases (i) and (ii), the fact that & > k* means that D#=% > DE=N,
The condition 2 + ©-0 < 5&55—5{
to have both (a) R > k and (b) CS™P > CSN. Therefore, the minimal entry
date that makes the entrant (1) ask for a reverse payment (15 > DR=N) which
is (2) at least equal to k (D > DB2F) is DR>F_ This entry date maximizes CS,

because the weak entrant remains on the market and the monopoly period is

is the necessary and sufficient condition

minimized. In case (i), CS®L < CSY, therefore the optimal policy is simply
p* = N. For cases (iii) and (iv), k < k* means that D®2* < DF=N_ The condition
“[(1_9)(H§5)Lt%0+6(h_m — Fo < pu(1—0) — (1— p)F2 + 6(“3(3_5) is the necessary
and sufficient condition to have both (a) the entrant preferring to ask for a reverse
payment and (b) CS®L > €SN, Therefore, when CSEP > 'SV (case (iii)), the

minimal entry date that makes the entrant (1) ask for a reverse payment which is

(2) at least equal to k is D=V, In case (iv), like in case (ii), the optimal policy

is simply p* = N.
Proposition 12 A "laissez-faire" policy p = (R, 1) yields higher CS than p = N
if and only if 6u(5 — ) < (1— p — (1 — u)(6 — £27))(S — 9).

Proof. We know that D = 1 makes the entrant (1) ask for a reverse payment

which is (2) larger than k.7 So, a necessary and sufficient condition to have a

"We have assumed that the entry date D=V such that the entrant prefers to ask for a reverse
payment is not greater than 1 and the reverse payment when entry occurs only at the patent

expiry R*(1) is larger than k.
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higher CS under p = (R, 1) than under p = N is equation (3.7) with D = 1, which
yields opu(5 — 5) < (1— i — (1= 1) (0 — 22))(S — S).
This Proposition shows that, by considering the possible liquidity constraint

of the generic producer, even a "laissez-faire" policy can yield a higher consumer

surplus (and, a fortiori, total welfare) than a ban on reverse payments.

3.2.4 Separating equilibria

Up to now, we have discussed the pooling equilibrium where the strong and the
weak entrant use the same strategies at the settlement offer and response stages.
In a separating equilibrium, by definition, the strong entrant signals himself as
strong, so the originator perfectly knows what type of entrant he is facing. As a
consequence, this makes him accept a settlement if and only if the entrant is strong,
because refusing to settle with a weak entrant gives him the full monopoly profits.
Therefore, in a separating equilibrium allowing reverse payments never increases
CS: only settlements with a strong entrant would take place and the benefit of
allowing reverse payments (keeping the weak generic manufacturers on the market)
would be lost. Note, however, that these equilibria always yield smaller profits for

both the entrant’s types. This is explained in the next Proposition.

Proposition 13 No separating equilibrium yields higher profits for the entrant

than the pooling equilibrium.

Proof. A strong entrant can signal himself as strong if and only if he requires a
reverse payment smaller than £ when a higher reverse payment would be accepted
too. The best signalling proposal is therefore (D = D2* R = k—e¢), provided that
it is acceptable for the originator. If R*(ﬁ) < k, the proposal (D = D#2F R =
k—e¢) is not acceptable for the originator. In this case, the best acceptable proposal
is (D = D.R= R*(f)) < k), which is not part of a separating equilibrium. Indeed
both entrant’s types use this strategy: the strong entrant has no way to signal
himself as strong. Consider now the case R*(D) > k. In the best separating
equilibrium for the entrant, offering (D = D2 R = k — ¢) is sufficient to make
the originator sure that the entrant is strong. But the originator would have also
accepted (D = D, R= R*(ﬁ)), the pooling offer, which yields higher profits for

the entrant.

In other words, the existence of the weak type creates a strong negative exter-
nality on the strong entrant. The strong entrant can signal himself as strong, but
this is very costly: when the originator would have accepted to pay R*(ﬁ) >k
(the only situation where signalling is ever possible), signalling means that the en-

trant can only requires at most R < k — e (otherwise also the weak entrant would
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have an incentive to require it). In order to keep the originator indifferent between
accepting and refusing the offer, the entrant gets an earlier entry date D#2% < D,
but this, nevertheless, is not sufficient to recover the profits lost because of the
lower reverse payment. The reason is very close to Lemma 11: an earlier entry
does not compensate for the foregone profits from a reverse payments, because
earliy entry means more competition, which destroys some profits. Signalling,
therefore, yields lower profits to the strong entrant than the pooling equilibrium.
Both entrant’s types are therefore worse off. The weak entrant is clearly worse off
because the originator never settles and forces him out of the market, while the

strong entrant is worse off because signalling is too costly.

3.3 Discussion and conclusions

When the possibility of bankruptcy of the generic entrant is taken into account,
banning reverse payments can reduce consumer surplus. The reason is that ban-
ning reverse payments reduces the pledgeable profits, which makes the entrant
get less than he would when reverse payments are allowed. This exacerbates his
possible liquidity problems, possibly making him exit the market. This reduces
consumer surplus both before and after patent expiry. This effect goes in the
opposite direction of the static effect of banning reverse payments, which makes
the parties agree on an earlier entry date (provided that the entrant remains on
the market). The negative effect on consumer surplus, due to the possibility that
the generic exits the market, can be greater than the consumer surplus loss due
to entry upon the latest entry date D, including when this is the patent expiry
date. This suggests that a rule of reason is more suited than a ban per se. The
negative effect of banning reverse payment is stronger where the patent is strong,
the economy is in a downturn and collusion among few players is possible.

For a practical enforcement, in order to know which agreements should be
banned, the AA should have a rough estimate of the parameters. These estimates
can be recovered from the past ratio of generic firms that went bankrupt (for p
and k), the type of competition in the industry (for the profits and the surplus
parameters), the expected life of the drug after the patent expiry (for §), the
assessed patent strength (for #: this value can be inferred from the experts’ advices,
from past sentences of the local Patent Office, etc) and the litigation costs of the
parties. The closer the estimated parameters are to the inequalities of cases (i) and
(iii) of Proposition 11, the more the AA should be lenient towards settlements with
reverse payments. A period of economic downturn makes the optimal policy more

lenient too.
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4 Chapter 4: Reverse Payments and Productive

Investment

Reverse payments should not be banned per se also when the entrant’s ability
to compete is unknown and he may have to incur additional investments to be
competitive. Allowing reverse payments reduces the entrant’s incentive to invest
and this saving can be higher than the welfare loss due to the later entry due
to reverse payments. Under general conditions and various bargaining rules, the
threshold for the investment cost is decreasing in the difficulty of the technology,
so reverse payments should be treated in a more lenient way when the technology
is difficult. When the originator chooses whether to use a reverse payment and the
technology is difficult, there is also an irrelevance result: the cap on the generic
manufacturer’s entry date has no effect on total welfare, as the positive effect of
an earlier entry is exactly compensated by a higher probability of settling through

a reverse payment (independently from how the settlement surplus is split).

4.1 Introduction

This essay analyzes whether a ban per se on reverse payments is justified when the
entrant may have to make an additional investment to become competitive prior to
the settlement negotiations. This investment can be thought as a replication of the
originator’s investment costs (a social waste) that requires time to be developed. I
consider the welfare effects of (i) allowing reverse payments and (ii) having different
latest entry dates.’’ Allowing reverse payments is optimal when the social cost of
the investment is higher than its social benefit, that consists in more competition
on the market in case of successful litigation for the entrant. In this case, a lenient
policy towards reverse payments can induce the entrant to avoid replicating these
costs, in the view of obtaining a reverse payment that is independent from his
ability to compete.

When the technology needed to be competitive is easy, allowing reverse pay-
ments brings the equilibrium investment to zero. The entrant is likely competitive,
so the originator prefers to settle with a reverse payment in any case. This makes
the entrant not invest even in the few cases where he actually cannot compete,
because he knows that the originator will always offer a reverse payment. Allowing
reverse payments, here, can be beneficial when the investment cost is sufficiently
high, which occurs more likely when the technology is harder. The intuition is

that, when the technology is easy, the entrant is almost surely competitive, so

80Here, differently from the two previous chapters, the focus is on total welfare, not on con-

sumer surplus.
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allowing reverse payments yields a lower social benefit (only few entrants need to
invest in order to be competitive, so reducing investment to zero is less attractive)
but at the same social cost (a later generic manufacturer’s entry date for all the
settlements). When the technology is sufficiently easy, the irrelevance result does
not hold: when reverse payments are optimal, the optimal latest entry date is
the minimal date such that (i) the originator offers a reverse payment and (ii)
the entrant does not invest. Any later entry date only reduces welfare without
changing the parties’ behavior, while any shorter entry date is useless, if (i) the
originator prefers not to offer a reverse payment, or counterproductive, if (ii) the
entrant invests.

When the technology needed to be competitive is difficult, we have a mixed
strategy equilibrium, where the originator randomizes between settling with and
without a reverse payment, while the entrant randomizes between investing and
not. The more lenient the policy towards reverse payments (i.e. the later the
maximal allowed entry date), the higher the profits the entrant gets when he has
not invested and, therefore, the lower his incentives to invest. This makes the
originator offer a reverse payment less often, as it is more likely that the entrant
is not able to effectively compete, which in turn increases the entrant’s incentive
to invest. When the originator chooses whether to use a reverse payment or not,
independently from how the surplus is split, the entrant’s incentives to invest are

1.0 Therefore, the latest entry date has no effect on

restored to the initial leve
the entrant’s equilibrium investment.®? A higher latest entry date, therefore, only
reduces the originator’s willingness to offer a reverse payment. Allowing reverse
payments increases welfare as long as the investment cost is sufficiently high -
when the savings on the investment costs are higher than the welfare loss due to
the later entry. Furthermore, there is an irrelevance result: when the technology is
difficult, the cap on the entry date has no effect on welfare, as the negative effect
of a later entry is exactly compensated by the lower probability of settling through

a reverse payment (independently from how the settlement surplus is split).

This analysis shows that allowing reverse payments can increase welfare, even
when the entry date is upon the patent expiry. This makes a rule of reason

approach more suitable than a ban per se.

This paper builds on the literature of litigation and settlement. For a summary,

81The fact that the originator has all the bargaining power is a sufficient but not necessary
condition for this result. As shown in the Appendix, this result is robust to different sharing
rules of the surplus, provided that the originator chooses whether to use a reverse payment or

not.
82This result is robust not only to different sharing rules of the surplus, but also to a settlement

rule that makes the entrant make a take-it-or-leave-it offer.
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see the previous chapters. It also builds on the literature about opportunism
in getting a favorable settlement, which is not large. Bessen and Meurer (2006)
consider the investment decision of an entrant who can invest around a patent - but
not in order to become competitive, as here. Their article is not very close to this
one, as my aim is to analyze the relationship between the entrant’s opportunism
in investing to become competitive and the settlement policy.

For simplicity, I stick to a one-sided incomplete information game, where the
uninformed party (the originator) makes a take-it-or-leave-it offer. This allows us
to avoid the well known problem of multiplicity of equilibria of signalling games.
In the Appendix I show that many of the results are robust to changes in the

bargaining rule.

4.2 The model

There are three players: an Antitrust Authority (AA), an originator and an en-
trant. In the first stage, the AA decides which settlement policy to enforce. The
AA can allow reverse payments, p = (R, lA)), with a latest entry date D, or ban
them, p = N. Normalize the patent length to one, where 0 is when the parties
decide on litigating or settling and 1 is the patent expiration. Under p = (R, 15),
the parties can use a reverse payment, in which case they must choose an entry
date for the generic manufacturer not later than D < 1, or just settle without it;
under p = N, the parties can only agree on an entry date (no reverse payment
is allowed). The difference between the two policies, as shown in the previous
chapters, lies in that p = (R, lA)) allows the parties, in equilibrium, to make the
originator’s monopoly period longer. In the second stage, the entrant learns his
type: it can be weak, with probability p € [0,1], or strong. When the entrant
is weak, he cannot actually compete (say, because of high production costs, an
inefficient technology, etc) and prefers to exit the market, with or without the set-
tlement. If the entrant is strong, he is competitive - he can remain on the market,
compete and make positive profits. In the third stage, the weak entrant can invest
I to become competitive. Both the second and the third stage outcomes are the
entrant’s private information. In the fourth and fifth stage, the originator and the
entrant litigate or settle their dispute. The bargaining process is sequential: in the
fourth stage the originator makes a take-it-or-leave-it offer and, in the fifth stage,
the entrant accepts or rejects it. In the sixth stage, the entrant decides whether

to exit the market.
The timing is then the following:

1. Policy choice. The Antitrust Authority implements a policy p € {R, N}.
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2. Entrant’s type. The entrant learns his own type.

3. Entrant’s investment. The weak entrant can pay I/ to become competi-

tive.
4. Originator’s offer. The originator makes a settlement offer.
5. Entrant’s settlement decision. The entrant accept or rejects the offer.

6. Entrant’s exit decision. The entrant decides whether to stay or to exit.

The entrant has, therefore, two ways of being competitive: either he draws the
strong signal, or, being weak, he invests. This represents the research process to
get a viable product: or a good production process is found at the early stages
of its development (strong entrant), or more efforts are necessary (weak entrant)
and the entrant must invest to become competitive. This investment can only be
done before the settlement-litigation stages: this represents a situation where the
investment is a lengthy process that needs time to be completed. This represents
the pharmaceutical industry, where the investments to improve the process of
manufacturing a drug typically take time.®3

If the originator accepts the offer, D and R are enforced. If he rejects it, the
parties litigate. The originator’s patent has strength 6. For simplicity, we just
refer to the "patent strength", which embeds both the probability of infringement
by the entrant and the patent validity. In case of litigation, the originator and the
entrant bear, respectively, litigation costs Cp and Cg. In the pre-expiry period,
denote H the originator’s profits if he is the sole supplier on the market for the
entire patent period, L if entry occurs immediately and E the entrant’s profits if
it enters immediately. Like in the previous chapters, assume that H > L + E. If
the entrant is weak and has invested, his net payoff is reduced by I. We assume
that [ < [(1 — 0)E — Cgl: this implies that the entrant is willing to invest if he
is sure that litigation will take place. Denote ¢ the probability that the entrant

nvests.

If the parties litigate, they expect to obtain:
Incumbent: u(1 —q)H +[1 — p(1l —q)][0H + (1 —0)L — Co)]

Entrant: (1 — 0)E — Cg if he is competitive, 75% = 0 otherwise.

By litigating, the originator knows that with a probability x(1— ¢) the entrant

is not competitive, in which case refusing to offer a reverse payment drives him out

83 Results would be robust also to allowing investment after the settlement-litigation stage,
provided that the time required for the investment to be completed is sufficiently high compared

to the patent length.
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of the market and allows the originator to enjoy monopoly profits. The probability
that the entrant is not competitive is the probability that he is weak p and has not
invested (1 — ¢). If the entrant is competitive, which occurs with probability [1 —
(1 — q)], he remains on the market and litigates: the originator has a probability
6 of winning the case, in which case it gets H, and probability 1 —#@ of losing it and
get L. Whether he wins or loses, provided that the entrant is competitive (and,
therefore, litigation actually occurs), litigation costs are Cp. The competitive
entrant knows that he has a probability (1 — #) of winning, in which case he gets
E, otherwise he earns nothing. His litigation costs are C'r. The non-competitive
entrant, on the other hand, knows that he is not be able to stay on the market,

so in case of litigation he exits. His litigation payoff is therefore 0.

If parties settle without a reverse payment, they expect to obtain:

Originator: (1 —¢q)H +[1 — u(1 —q)][DH + (1 — D)L]

SM

Entrant: (1 — D)E if he is competitive, 73" = 0 otherwise.

These settlement profits resemble the litigation payoffs closely. The only dif-
ferences are in that we have (i) D instead of § and (ii) no litigation cost. Upon
a settlement, indeed, the parties agree on an entry date D and avoid paying the
litigation costs. This makes a settlement more attractive than litigation for both
the originator and the entrant. The non-competitive entrant gets 0 because he
prefers to exit, as he would not be able to compete anyway, while the competitive

one remains and gets E in the post-entry period (1 — D).

If parties settle with a reverse payment, they expect to obtain:
Originator: u(1 —¢)H + [1 — u(1 —¢)][DH + (1 — D)L] - R
Entrant: (1 — D)E + R if he is competitive, 73 = R otherwise.

Note that when the originator offers a reverse payment the non-competitive
entrant gets a positive payoff R > 0. This is one of the driving forces of the results.

In the following subsection I describe the equilibrium behavior.

4.2.1 Settlement stage

The competitive entrant accepts the originator’s settlement offer as long as his
payoff is higher than under litigation. Assume that the entrant accepts the offer
when he is indifferent between litigation and settlement. When the originator offers
a settlement without a reverse payment, the entrant accepts it when: (1 — D)E >
(1-0)E — Cg, i.e. as long as

Cg

D<D'=04 L 4.1
< 9+E (4.1)
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When the originator offers a settlement with a reverse payment, we know from
the previous chapters that (i) for this to be rational for the originator we need
D> D" =0+ €z and (i) the originator will set the entry date equal to the
latest possible date: D = D3 The competitive entrant accepts it as long as

A

(1-D)E+R>(1-0)FE — Cg, ie. as long as

R>R' = (D—-0)E—-Cg (4.2)

The non-competitive entrant accepts any (non-negative) offer, as his litigation
payoft is zero.

In equilibrium, when reverse payments are banned, the originator has a domi-
nant strategy: to offer a settlement with an entry date D = D* = 6 + C—EE With
such a strategy, (i) if the entrant is competitive, he is left indifferent between ac-
cepting and litigating, and (ii) if he is not, the originator gets the full monopoly
profits, as the non-competitive entrant will exit the market. Clearly no strategy
is better than this.

In particular, litigating is weakly dominated by settling without reverse pay-
ments: if the entrant is non-competitive, both strategies yield the same outcome
(the monopoly profits) and, if he is competitive, the originator (i) saves his litiga-
tion costs and (i) obtains a later entry date (D = 6 + <£) than the expected one
under litigation (6).

When reverse payments are allowed, on the other hand, the optimal strategy
is less trivial: offering a reverse payment such that the competitive entrant is
indifferent between litigating and settling can be not optimal anymore. When the
entrant is not competitive, indeed, the originator is wasting money. This creates
a tension between maximizing the industry profits (setting D = D and using
R =R = (15 — 0) — Cg to make the competitive entrant indifferent between
settling and litigating) and betting on the weakness of the entrant. This bet
consists of offering a settlement without reverse payment, in the hope that the
entrant is not competitive and leaves the market. In turn, this gives the weak
entrant an incentive to invest: when the probability that the originator does not
offer a reverse payment is positive, the weak entrant may prefer to invest and get
positive profits after the agreed entry date D* = 0 + C—EE.85

When reverse payments are allowed, the originator decides whether to use them
or not in his settlement offer. The weak entrant has two strategies too: to invest

to become competitive or not. Given that the entrant’s type and his investment

84The entrant would accept an entry date equal to D* = 6 + %—E in a settlement without
reverse payment. Therefore, an entry date smaller than D* would reduce the monopoly period,

so a settlement with reverse payment and entry date D < D* would never be used.
85Provided that these profits are greater than the investment cost.
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decision are his private information, we can represent the parties’ decisions as a
normal-form game.

The payoff table between the originator and the weak entrant is given in the
following table. "R" means a settlement with reverse payment and "D" means a

settlement without it.

Invest Not invest
R DH+(1-D)L-(D-0)E+Cp, 1 -0)E-Cr—1 H-(D-0)E+Cg, (D-0)E-Cg
D| (O+<H)H+(1-0-<E)L, (1-0E-Cp—1 H 0

{R, D} are the originator’s strategies and {Invest, Not Invest} are the en-
trant’s ones. The first element in each cell is the payoff of the originator and the
second one the payoff of the entrant. Recall that we assume that the weak entrant
prefers to invest if he is sure that the originator will not offer a reverse payment:
I<(1-6- %)E . The best responses are underlined. Consider now the case
where the AA allows reverse payments and sets a latest entry date D such that
I>(1—-D)E. Aslong as I > (1 — D)E, there is no pure strategy Nash equilib-
rium: if the originator offers a reverse payment, the best response for the entrant
is not to invest - but if he does not invest, the originator prefers not to offer a
reverse payment, pushing the weak entrant out of the market. If the originator
does not offer it, the entrant will prefer to invest, but this makes the originator
offer it. We only have a mixed strategy equilibrium. On the other hand, when
I < (1 — D)E we have a pure strategy equilibrium where the originator offers a
reverse payment and the entrant invests. It is easy to show that this equilibrium
yields a lower welfare than the one when reverse payments are banned. This is
the reason why we can limit our attention to values of D such that I > (1-— ﬁ)E ,
ie. D >1-— é

The reason of the entrant’s opportunism is that his incentives to invest shrink
if the originator is going to offer a reverse payment - and this effect is stronger
the later is the maximal entry date. Note, indeed, that when the originator offers
a reverse payment the entrant gets (1 — D)E + (D — 0)E + Cg, where (1 — D)E

is the post-entry profit and (D — 0)FE + Cg the equilibrium reverse payment. A

larger D makes the incentives to invest smaller, because the cost remains I while

A

the benefit (1 — D)FE shrinks.

When [ > (1 — D)E, we have a matching penny game. Of course, in this

category of games we only have a mixed strategy equilibrium.

When the entrant is strong, on the other hand, the game is simpler. The

following table represents the payoffs of the originator and the strong entrant:
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R|DH+(1—D)L—(D—-0)+Cg, (1—0)E—Cg

D| (O+B)H+(1-0-E)L, (1-0)E—Cp

From the matrices above, note that when the originator offers a reverse pay-
ment a more lenient policy (higher D) has the following effects: (i) higher origi-
nator’s profits when the entrant is competitive; (ii) lower originator’s profits when
the entrant is non-competitive;*® (iii) no impact on the entrant’s profits when he

is competitive;®” (iv) higher entrant’s profits when he is non-competitive.

It is common knowledge that the payoff matrix is the former with probability
w1 and the second one with probability (1 — u). Denote p? the probability that the
originator settles and ¢” the probability that the entrant invests when the policy
is p. Therefore, when reverse payments are allowed, the originator offers a reverse
payment R = (D — 0)E — Cf if:3

Cg

(1 —g)[DH+(1-D)Ll~(D~0) B+ Cp > [1-p(1-q)J[(0+ E) H+(1-0-E)1

which yields
~ ey (H-L-E)

When ¢ = 0, i.e. the weak entrant never invests, the originator offers a reverse

payment if:

(H—-L-FE)
(H—1L)
When the probability that the entrant is weak is too small, the originator

pspt = (4.3)

always offers a reverse payment. The originator risks too much from a settlement
without it, so he prefers to offer a reverse payment that makes the competitive
entrant willing to settle, even if sometimes he wastes money with a non-competitive
entrant. The idea is that it is so unlikely that the entrant is non-competitive, even
when he never invests in case he is weak (¢ = 0), that it is never worthwhile to
take the risk of facing a competitive one. The probability of getting the monopoly
profits by offering a settlement without reverse payment and pushing the weak
entrant out of the market is so small that the originator always prefers to offer a

~

reverse payment. Being I > (1 — D)E, when p < p* the entrant never invests.

86Tt can be shown (see the Appendix) that the originator has no incentive to offer a reverse
payment positive but smaller than the maximal one. Therefore, the originator will always offer
it and ask for the latest entry date D. This makes his profits smaller when he offers a reverse

payment and the entrant is not competitive.
87This is due to the originator making a take-it-or-leave-it offer. The basic results, however,

are robust to modifications of this bargaining rule, as shown in the Appendix.
8 (1 — q)H on both sides have been simplified.
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On the other hand, when the probability that the entrant is weak p is higher
than p*, we have a mixed strategy equilibrium. The originator, independently

from the policy p, proposes a settlement with a reverse payment when:

: (H—-L-E)
¢ >q¢=1-—- 4.4
(H— L) #4)
and the weak entrant invests if:
. . C .
le—DMH%D—GMF%%}+ﬂ—p%ﬂ—@—-ﬁj—IZWKD—&E—CM

In the LHS, the first addend is the probability p” that the originator offers a
reverse payment times the competitive entrant’s settlement profits (that are the
market profits (1 — D)E plus the reverse payment (D — 0)E — C). The second
addend is the probability that the originator offers a settlement without reverse
payment times the competitive entrant’s settlement profits (1 —6 — C—éf) The RHS
is the payoff from not investing, that is simply the probability of getting a reverse

payment times its size. The entrant, under policy p, invests when

(1-0F—-Cg—1
(D—-60)E - Cpg
This leads to the following Proposition.

p<p”= (4.5)

Proposition 14 When p > p*, there is a unique mized strategy equilibrium where

the probability that the originator offers a reverse payment is p”* = —(gejgg(jgj
and the probability that the entrant invests is ¢* =1 — —(?H__L L_)fj)

Corollary 3 The threshold p* and the probability that the entrant invests ¢* are
independent from the policy p. The policy has an impact (only) on the probability
that the originator offers a reverse payment p°: a more lenient policy lowers the

probability that the originator offers it.

The probability p”* = (g@jj;—;‘g;f that the originator offers a reverse payment
depends positively on the entrant’s litigation profits net of the investment cost (the
numerator) and negatively on the size of the reverse payment (the denominator). A
more lenient policy (a later entry date IA)) increases the size of the reverse payment
and, therefore, the entrant’s incentive not to invest. This reduces the incentives
to offer a reverse payment for the originator, thus reducing p?*. This, in turn,
increases the incentives to invest for the entrant. This effect exactly compensates

the first effect: the equilibrium investment does not depend on the policy p.%

89This exact compensation is robust to changes in the rule that the originator makes a take-
it-or-leave-it offer. With a bargaining rule that makes (i) the originator still decide whether to
offer a reverse payment or not and (ii) the entrant get an equal share of the settlement surplus,

the entrant’s incentives to invest remain unchanged. This is shown in the Appendix.
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A more lenient policy, therefore, only reduces the ratio of settlements involving
a reverse payment. This counterintuitive result will prove useful in designing the
optimal policy. The following graph represents the equilibrium settlement and

investment probabilities (p, ¢) for different values of p.

(p.a)
1 p=1

UﬂD>D

The x-axis represents p and the y-axis represents p”* and ¢*. When reverse

payments are allowed and the originator uses them, the probability that the orig-

inator offers a reverse payment is p”* = 1 for u < p* and p? = AOP-CpT g

(D—0)E—Cg
i > p*. The probability that the weak entrant invests is ¢* = 0 for u < p* and
¢ =1- % for p > p*. We have, therefore, two areas: (i) 0 < p < p*: the

originator always offers a reverse payment, as the probability that the entrant is
strong is too high; this makes the weak entrant never invest. (ii) p* < p < 1:
both the originator offers a reverse payment and the entrant invests with a posi-
tive probability smaller than one; the probability that the weak entrant invests is
increasing with p. A more lenient policy (later allowed entry date D and there-
fore higher maximal reverse payment) increases the profits of the non-competitive
entrant, which reduces his incentives to invest. This makes the originator offer a
reverse payment less often, as it is more likely that the entrant is not able to ef-
fectively compete, which in turn increases the entrant’s incentive to invest. These
two effects offset each other and the entrant’s probability of investing remains at
the initial level, while the probability that the originator offers a reverse payment
becomes lower. Therefore, under a lenient policy the originator offers a reverse
payment fewer times and the equilibrium investment does not change. When
reverse payments are banned, the originator cannot offer them and the entrant
invests with probability one, because I < (1 —6 — C—;)E . The welfare implications

are discussed in the next subsection.
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4.2.2 Welfare implications

Denote W the (total) duopoly welfare when the entrant is on the market, W
the monopoly welfare and W* the welfare when the parties settle under policy p
and the entrant is competitive. When the entrant is not competitive, indepen-
dently from whether a reverse payment has occurred, the originator remains the
monopolist, so welfare is WW. The policy p has an impact on the settlement wel-
fare: a more lenient policy allows the parties to delay the generic manufacturer’s
entry and, therefore, to make the monopoly period longer. So, total welfare is
WE = DW + (1-— ﬁ)W when the parties settle with a reverse payment and the
entrant is competitive, WY = (6 + SE)W + (1 — 0 — S2)IW when the parties settle
without a reverse payment and the entrant is competitive and W when the entrant
is not competitive. We assume, of course, W > W. When the entrant is weak and

invests, total welfare is reduced by I.

The following table shows the six possible cases.

Outcome Probability Welfare

R - Weak&Invest | up”*q* DW+(1—-D)W -1

R - Weak&No inv | up?*(1 — ¢*) w

R - Strong (1 — p)p™ DW + (1 — D)W

D - Weak&Inv w(l — pP*)q* (0 + %)ﬂ%— (1—-0-— %)W -1
D - Weak&No inv | u(1 —p”)(1 —q*) | W

D - Strong 1—p) @ —p™) | (O0+E)W+(1—0— L)W

When p < p*, we know that the originator always offers a reverse payment
(p = 1) and the entrant never invests (¢ = 0). Therefore, when the entrant is
strong, during a fraction of time D we have a monopoly and during a fraction

(1 — D) we have a duopoly; when he is weak, he never invests, so we just have the

monopoly welfare. This yields:

EWI|R, u < p*] = (1 = p)[DW + (1 = D)W] + pulV. (4.6)
When p > p*, we have the mixed strategy equilibrium with p”* = %—ES@;I

_q_ H-L-E)
o (H=L)p *

some rearrangements the expected welfare is:

and ¢* Using the welfare values from the previous table, after

EWI|R, pzp =W+ (1= p)(H—-L)+W - W — E] (4.7)

H—-L
This leads to the following proposition.

Proposition 15 When p < p*, the degree of policy leniency D has a negative

impact on welfare; when p > u*, it has no effect.
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When p < p*, D has a negative impact on W because it just delays entry with-
out reducing the investment. A higher D increases the non-competitive entrant’s
payoff and reduces his incentives to invest, but he never invests also when reverse
payments are banned. There is no point, therefore, in reducing his incentives to
invest: a higher D only makes the monopoly period longer.

When p > p*, on the other hand, this negative effect is counterbalanced by
a positive one: a longer D makes the originator settle without a reverse payment
more often and, in these cases, entry occurs earlier. Under quite general bargaining
rules, these two effects exactly compensate each other.”” We have, therefore, an
irrelevance result: a longer D makes the settlements with a reverse payment more

harmful, but also less frequent.

Proposition 16 When u > p*, the investment cost I has a positive impact on
welfare as long as the difference in consumer surplus from passing from monopoly
to duopoly s greater than the originator’s profit loss multiplied by the probability
that the entrant is weak: S— S > pu(H — L).

Proof. Denote W = S + II, where S is consumer surplus and II the indus-

try profits. We have W = S+ L+ FE and W = S +H. We have W
_ (g (H-L)+W-W-E
= H-L

, whose numerator can be rewritten as S— S —u(H — L),

which gives the result.

This counterintuitive result is due to the fact that a higher investment cost
implies a higher social cost for a given ratio of settlements with reverse payments,
but also it reduces the probability p”* that the originator offers it (and does not
change the probability ¢* that the entrant invests). This makes it more likely
that a settlement without reverse payments takes place, which makes entry occur
earlier. A higher investment cost can inrease welfare not through a reduction
of investment, but through a reduction of the use of reverse payments. This
positive effect is more important when the difference in consumer surplus (S—
S) is larger. The probability p that the entrant is weak makes it more difficult
that the investment cost has a positive impact because a higher p means that
the total investment cost pug*I will be higher. (H — L) is a measure of the type
of competition in the industry: the higher the profit loss, the more difficult it is
that a higher investment cost increases total welfare. Overall, a higher investment
cost is likely to increase welfare when consumers gain a lot from the increased
competition, when the technology is not too difficult and the monopolist would

not lose much because of the generic entry.

90Tn the Appendix I show that this is robust to different sharing rules, as long as the originator

decides whether to give a reverse payment or not.
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When reverse payments are banned (p” is constrained to be 0), we know that
the entrant invests (¢ = 1). This implies a social cost of uI. The agreed entry

date for the generic is D = 0 + C—EE So we have:

E[W|N] = (6 + %)er (1—6-— %)W —ul (4.8)

Equations (4.6), (4.7) and (4.8) give us the welfare under the different policies
and under different parameter sets. Through a simple comparison of (4.8) with
(4.6) and (4.7) one can derive the optimal policy p*. The following Proposition

considers the case of an easy technology.

Proposition 17 When < p*,
if0+SE > 1-L and I > Iy = (W—W)[1-0—CE], then p* = (R, D = 0+E£);
if@—i—%‘Zl—i and I < I, then p* = N.

E
. . I . (W-W)1-6-<E|E . ~ Iy,
fo+F s1-gandl 21} = g iap  then p” = (B, D =1~ );

if@—i—%ﬁl—é and I < I}, then p* = N.

Proof. From a comparison between (4.6) and (4.8), we see that, when the
technology is easy (p < p*), allowing reverse payments with entry date D yields
higher welfare as long as

_p_Ce .
I>(W-W)[———+1-D]
]

When this is the case, this policy makes the entrant cease investing, which
improves welfare because the investment cost is higher than the welfare gain due
to higher competition. Raising D further, however, only reduces welfare - see (4.6).
Therefore, the optimal policy consists in allowing reverse payments and choosing
the minimal entry date D such that the originator offers it (ﬁ >0+ C;J—E) and the
entrant does not invest when the originator offers it (15 >1— é) Then, the latest
entry date D must be equal to max{(f + €2),(1 — L)} and the threshold for the

Investment cost is

max Ce —In_—p-Ce E
re oL IS F a0+ ), - D)

When 6 + €2 > 1 — L this threshold is

. v Cg
I Z(W—E)[l—Q—f]

and, when 0 + % <1- é, the threshold is

(W - W) —0-%|E

F= 0w Wy e
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This is the entry date such that (i) the investment is reduced to zero and (ii)

the monopoly period is minimized.”!

Note that even D = 1 can be better than banning reverse payments when the
investment cost is sufficiently high: I > (W — ﬂ)[ﬁ] The threshold for the
investment cost is decreasing in u, which means that the harder the technology, the
better it is to allow for reverse payments. Intuitively, the easier the technology, the
less a policy allowing reverse payments benefits welfare, because only few entrants
need to invest to become competitive. The cost of allowing them remains the same
while the benefit is reduced, so it is more difficult that reverse payments increase
welfare for an easy technology. The following Proposition shows the optimal policy

when the technology is difficult.

Proposition 18 When u > p*,

, s (16— £ )(H-1)
ifI121=W-W)w—wiiim

if I < I, then p* = N.

then p* = (R, D > max{(é’—l—%f)7 (1-L)Y);

Proof. Same as above, by comparing (4.7) and (4.8).

When p is high, the parties randomize their strategies. Note that, here, any
D greater or equal than max{(f + €r), (1 — L)} is optimal, differently from the
case of the easy technology. The reason is that a higher D makes settlements with
reverse payment worse, but it makes them occur less often because it reduces p”*.
When the technology to produce the good is more difficult than the threshold p*,
an early limit on the entry date (or, conversely, a limit on the size of the reverse
payment) does not impact welfare. Note also that the threshold for the investment
cost does not depend on p. As long as the technology is sufficiently difficult, the
fact that it is very difficult or just above the threshold does not change the benefits

and the costs of allowing reverse payments.

Corollary 4 When 0 + C—; >1-— é, a necessary and sufficient condition for I*

to be higher than I is S— S > H — L.
Proof. Just compare I} and I. Recall that W =S+ L+ E and W= S +H.
After some simple algebra we get [; > I when S— S > H — L.

When the patent is sufficiently strong, the threshold for the investment cost is

decreasing over the difficulty of the technology as long as the difference in consumer

910ne can easily check that if 6 + C—EP <D<1- é the originator offers a reverse payment and
welfare is lower than when they are banned, because the entrant does not reduce his investment.
With such a ﬁ, the unique equilibrium is in pure strategies where the originator offers a reverse
payment and the entrant invests. The entry date is delayed compared to a settlement without

reverse payments without any change on the equilibrium investment.
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surplus from passing from monopoly to duopoly is larger than the originator’s
profit loss. This condition is more easily fulfilled when competition increases
consumer surplus substantially with respect to the profit loss, e.g. when goods
are perceived as differentiated.”” When this is the case, a product with a more
difficult technology always requires that reverse payments be treated in a more
lenient way. In other words, a more difficult technology makes it more likely that

a lenient policy increases welfare.”

Corollary 5 A higher patent strength 6 makes it more likely that allowing reverse

payments increases total welfare.

Proof. The derivatives of I, I7 and I with respect to 0 are negative.

The intuition is clear: a higher patent strength makes the loss due to reverse
payments smaller (entry would be late in any case), while the benefit does not
change (reducing the duplication of the investment). This applies to both easy
and difficult technologies.

In the following section I provide a numerical example.

4.2.3 Numerical example

Assume that H = 40, L = 20, E = 10, S = 15, S = 0. Such a low consumer surplus

under monopoly can be due, for example, to an identical consumers’ willingness
1
5.
If u> %, we know from Proposition 18 that the optimal policy is

to pay up to a given quantity.” Given these values, we have p* =

p= (D > max{(0+ L2).(1 - L)

when

o (1-6-)(H-1L)
IZI:(W_E)(W—EJrH—L_E)

provided that the entrant invests when he is sure that the originator will not

offer a reverse payment: [ < (1 —6 — <2)E.
Given the values assumed above, we have W = S+ L+ E = 45, W = §
+H = 40. Substituting these values in the threshold for the investment cost, we

92This is the case for many drugs. Notwithstanding the same formulation, consumers are often
ready to pay a much higher price for the branded drug.

93When 6 + C—EP <1- %, the condition for I* to be higher than I is (i) WJEW > % when
S— S > H — L and (ii) it is always higher when S— S < H — L (and equal to I when p = p*).

94The monopolist sets a price equal to the consumers’ willingness to pay and gets all the

surplus.
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get that allowing reverse payments is optimal when

. (1-0—S6)20 20 Ck
I>1=5 0 1—0-—=—=
* 15 =3l TL

The investment cost must also be smaller than (1 — 0 — C—E)E to make the
entrant invest with positive probability, so I < 10(1—6 — ) There is, therefore,
a range between 2 (1 — 6 — —) and 10(1 — @ — <£) for the investment cost such
that the optlrnal pohcy is to allow reverse payments, even for D=1.

If § , the optimal policy is given by Proposition 17. When 6 + CE >1-— 10,
then it is optlmal to allow reverse payment (Wlth entry date D = 6’ + @) if
[ >I*=5[1—0— <2], while when 6 + $& < 1 — L it is optimal to allow them

(with entry date D =1 — Ly if

50[L—60—SE] 10 1_9_Cr
5(1—p) + 10 14 p 10

I1>1" = —]

The investment cost must still be smaller than 10(1 — 6 — C—EE) to make the
entrant invest when the originator does not offer a reverse payment. This implies
that the range of values for [ such that allowing reverse payments is optimal spans
from5[1—0—@] to 10[1 —6 — ]When0+cE > 1— - and from % [ —6— ]

to 10(1 — 6 — £) when ¢ + £ <1—m

4.3 Discussion and conclusions

When the opportunism in the entrant’s investment decision to become competi-
tive is taken into account, banning reverse payments can reduce total welfare.”
The reason is that allowing them increases the entrant’s profits when he is not
competitive. This reduces his incentives to duplicate the originator’s investment,
which has a positive impact on welfare (R&D expenses are not replicated) and a
negative one (the entrant competes less often). As long as the investment cost is
sufficiently high, the former effect dominates. Under quite general conditions, the
threshold for the investment cost is decreasing in the difficulty of the technology,
so reverse payments for a drug with a more difficult technology should be treated
in a more lenient way.

When allowing reverse payments is optimal and the technology is easy, the
optimal allowed entry date is the minimum that makes the originator offer a
reverse payment and the entrant not invest. When allowing reverse payments is
optimal and the technology is difficult, then the entry date is irrelevant, because

a later entry date increases the originator’s settlement profits when the entrant is

95This holds also when they are allowed but with a too low cap, e.g. a cap equal to the avoided

litigation costs of the originator, as has been proposed.
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competitive, reduces them when he is not and increase the entrant’s profits when
he is not competitive. This reduces the entrant’s incentives to invest, but also
it gives the originator an incentive to make the entrant competitive, so he offers
a reverse payment less often. This makes the entrant invest more, which brings
the entrant’s incentives to invest back to the initial level. The (only) consequence
of a later entry date is a lower frequency of reverse payments. A later entry
date has therefore a negative but also a positive effect on welfare: the negative
one is that a settlement with a reverse payment delays entry, while the positive
one is that settlements involving reverse payments occur less often. When the
originator chooses whether to offer a reverse payment or not, these two effects
perfectly offset each other - even when he does not have the full the bargaining
power. Assuming that the originator offers a take-it-or-leave-it offer avoids the
well known problem of multiple equilibria in signalling games. These conclusions
are robust to modifications on the bargaining rule (see the Appendix).

Patent strength has a role too: the stronger is the patent, the more likely it is
that reverse payments increase welfare. The intuition is straightforward: the cost
of allowing reverse payments is smaller when the patent is strong (expected entry
would occur lately anyway), while the benefit is the same (avoiding the social cost
of replicating the investment).

Allowing the entrant to invest after the settlement-litigation stages would make
the originator always offer a reverse payment, if they are allowed, making the
problem less interesting but with the same policy implications as under the easy
technology: it is still optimal to allow reverse payments when the investment cost
is sufficiently high. The timing proposed in this paper, where the investment is
possible only before the litigation-settlement stage, is consistent with the pharma-
ceutical industry, where investments take time to become productive. However,
allowing investment after the litigation-settlement stage would not change the
qualitative results, as long as the remaining patent length is sufficiently small
compared to the time needed for the investment to be completed. A shorter re-
maining patent length, compared to the time needed for the investment to be
completed, implies smaller entrant’s profits from investing after the settlement-
litigation stages. Smaller profits imply a higher incentive for the entrant to invest
before the settlement-litigation stages. The longer time for the investment to be
completed, compared to the remaining patent length, the closer the results to the
ones presented in this essay.

A more general model could make the investment cost of the generic manu-
facturer endogenous. The government can, indeed, choose a patent policy such
that it is more difficult to "invent around" a patent - higher I and 6 - or increase

the standard, in terms of bioequivalence studies and marketing authorizations,
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required for a generic drug to be marketed - higher I. From Proposition 16, we
know that a higher investment cost is beneficial for total welfare when consumers’
benefit from competition is large, the technology is easy and the profit loss is

small.

4.4 Appendix
4.4.1 Maximal Reverse Payments

This appendix shows that, when the originator offers a reverse payment, he offers
the maximal possible amount R* = (IA? — 0)E — Cg. In principle, he could prefer
to offer a smaller amount and adjust the entry date accordingly, as he is losing
money with certainty when the entrant is non-competitive.

Given the duality between D and R, we can use D as the originator’s decision
variable. His profits when he offers a settlement date D < D and its dual reverse
payment R(D) = (D — §)E — Cg < R*.

The following table represents the profits the originator gets for each possible

outcome.
Outcome Probability O’s profits
R - Weak&Invest | up”q* DH+(1—-D)L— (D -6-— Ce)E
R - Weak&No inv | up”*(1 — ¢*) H—(D-0-)E
R - Strong (1 — p)pr* DH+(1-D)L—(D-0-)E
D - Weak&Inv wu(l — pP*)g* (0+SEYH 4+ (1—0—<E)L
D - Weak&No inv | u(1 —p)(1—¢*) | H
D - Strong (I—p)(L—p7) |(O+L)H+(1-0—E)L
This table implies that the originator’s profits are equal to
~ ~ ~ C
w6 = p"{lug" +1-¢J[DH+ (1~ D)L —(D—0 - fE)E] +
. - C
a1l = )[H — (D=0 - “E)E]} +
% * * OE OE *
HU= )" + 1= O+ ZEVH + (1= 0= SE) L]+ (1 = ) H)

Note, first, that the threshold p* below which we are in a pure strategy equi-
librium does not depend on the size of the reverse payment (D cancels out).
Therefore, for any size of the reverse payment, when p < p* we have a pure
strategy equilibrium and when p < p* we have the mixed strategy equilibrium.

When p < p*, we the pure strategy equilibrium is such that the originator
offers a reverse payment (p”* = 1) and the entrant never invests (¢* = 0).This
yields

wg_uHJr(l—u)[DHJr(l—D)L]—(D—@—%)E
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The derivative of this with respect to D is

drk
T - - -E

When this derivative is not negative, the originator has no incentive to offer a

smaller reverse payment. Note that the bigger is i the smaller is the derivative.

H-L-F
H-L °

It is sufficient, therefore, to check the sign of the derivative for u = p*. When

W= p* = HIEEZE, the derivative is zero (and it is positive for any p < p*).

We are in the area p < p*, so the maximum value that p can get is pu* =

Therefore, when we are in the area of the pure strategy equilibrium, the originator
has no incentive to offer a smaller reverse payment.
When p > p*, we know that we are in the mixed strategy equilibrium area.

From (4.5), we know that the equilibrium probability that the originator offers
(1-0)E—Cp—I

(D—0)E—Cg B
reverse payment implies a lower entry date D, which implies a higher probability of

a reverse payment is p”* = , that depends negatively on D. A lower
offering a reverse payment. In other words, if the originator offers a lower reverse

payment, he must offer it more often. After plugging the values of p”* and ¢* in

the profit function and after some rearrangements, we get

R
mo=H—-—(1—-0——)F
b=H-(1-0-5)
This profit function is clearly independent from D, so the originator has no
incentive to lower the equilibrium reverse payment. The intuition is that if he
lowers it, he must offer it more often (p”* depends negatively on D) and this effect

perfectly offsets the advantage of paying a smaller reverse payment.

We can conclude that the originator has no incentive to offer a positive reverse
payment smaller than R*, both when p < p* and p > p*. We can therefore restrict
our attention to the polar cases of (i) a settlement with a reverse payment equal

to R* and (ii) a settlement without it.

4.4.2 Sharing of the Settlement Surplus

This appendix shows that results are robust to allowing the entrant to get a share
of the settlement surplus. For simplicity, consider a rule that (i) still makes the
originator choose whether to offer a reverse payment or not and (ii) gives the
originator a share ¢ and the entrant a share 1 — o of the settlement surplus, with
respect to each party’s litigation payoffs.

When the originator gets all the surplus, we know that Rp = (ﬁ —0)E —-Cg
and, when reverse payments are not used, Do = 0 + % When the entrant gets

it (i.e. the entrant makes the take-it-or-leave-it offer), the originator is kept at his
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litigation payoff, so Rg = (lA) —0)(H—-L)+Copand D =60 — HCSL. The sharing

rule explained above implies a reverse payment equal to

v

R=0[(D—0)E—Cgl+(1—0a)(D—0)(H — L)+ Co
and an entry date, when reverse payments are not used, equal to

Co ]
H-L
With such a reverse payment, the originator chooses to use it in the settlement

D—U[Q—O—%]—I—(l—a)[e—

offer as long as

A

1= u(1 = q)[DH + (1 = D)L = R > [1 — p(1 — q)][DH + (1 - D)L]
This yields
(H-L—-E)o(D-0- %)

(H = D{(D = 0) + 7% — ol + F1}

p< it =

For an easier comparison with p* of expression (4.3), ignore litigation costs.
This is a good approximation of ji* for sufficiently high market profits H, L and

E. In this case, we have

o(H—L—E)
(H—1L)

Therefore, we have " ~ ou*. A sharing rule such that the entrant gets a

p< it = (4.9)

positive share of the settlement surplus reduces the threshold below which the
originator always offers a reverse payment. In particular, the smaller the bar-
gaining power of the originator, the smaller the threshold. Given that now the
originator has to relinquish a part of the surplus, he has a smaller incentive to
offer a reverse payment. The area of the mixed-strategy equilibrium widens.

The originator proposes a settlement with a reverse payment R when
(H-L—E)o(D—0- %)

qzq =1~ 2
u(H = D{(D = 60) + 372 — ol + 5}

Ignoring litigation costs, we get

o(H — L — E)
p(H — L)

Note that ¢* is always larger than ¢* of expression (4.4). This means that, in

¢>q=1- (4.10)

equilibrium, the entrant invests more: a sharing rule such that the entrant gets a
positive share of the settlement surplus makes the originator less willing to offer

a reverse payment and the entrant more willing to invest.
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The weak entrant invests when

v

pll=D)E+R|+(1—p)(1—D)E—1I>pR

which yields

(H— L)[(l — Q)E — O'CE - I] + (1 — O')ECO
(H—L)[(D—0)E —oCgl+ (1 —0)ECy

Ignoring litigation costs, we get

p<p’=

p< Pt = % (4.11)
(D—-0)E

This is exactly p** of expression (4.5) when we disregard litigation costs. The
reason why the threshold p* is independent from the size of the reverse payment
is that R appears both in the LHS and in the RHS multiplied by p. In other
words, the only things the entrant considers when deciding whether to invest or
not are (i) his litigation payoff minus the investment cost (the numerator) and
(ii) the expected market profit reduction due to the settlement (the denominator:

entry occurs in D instead than in 0).

The mixed strategy equilibrium with such a bargaining rule is given by p”* =
% and ¢* = 1— % The following graph compares it to the equilibrium

found in the main text, where the originator makes the take-it-or-leave-it offer.
(1-6)E—I

For the graphical representation, assume that o = %: this yields p”* = B-0)F

(the orange segment) and ¢* =1 — % (the violet curve).

(p.q)
1|_p=1 plO)=1
! p{O&shared)
F—T+F
H-L]|
f(shared)
:—.*::.:
q(0)
=0 gq(0)=0 "
o o p* 1

J"'

The two changes are that (i) the threshold for p below which the originator
always offers a reverse payment is lower, (ii) the entrant always invests more after

the threshold. This sharing rule reduces the originator’s surplus from offering a
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reverse payment: this reduces the originator’s incentives to offer it which, in turn,
increases the entrant’s incentive to invest. This, finally, raises the originator’s
incentives to offer the reverse payment back: in particular, when litigation costs
are arbitrarily small compared to market profits, the originator offers a reverse
payment with the same frequency as when he gets all the settlement surplus (the
case of the main text).” The range for u where the players play the mixed-strategy

equilibrium widens.

Conclusions remain qualitatively unchanged. In particular:

1) the probability p** that the originator offers a reverse payment is 1 until the
_ (1-9)E-I
~ (D-9)E
gation costs are arbitrarily small compared to market profits. It is, therefore, still

threshold and equal to the probability p”* of expression (4.5) when liti-
discontinuous in the threshold, independent from the difficulty of the technology
1 and decreasing in the leniency of the policy D.

2) the probability ¢* that the entrant invests is zero until the threshold and
then continuously increasing over p after it. It is also still independent from the
leniency of the policy D.

3) the policy implications are unchanged. In particular, when we ignore litiga-
tion costs, also the irrelevance result holds: D has no effect on total welfare.”?

The main results, therefore, are robust to a change in the sharing rule that

makes the entrant enjoy a share of the settlement surplus.

4.4.3 The Entrant makes the Take-it-or-Leave-it Offer

This appendix considers the case where the entrant makes the take-it-or-leave-it

offer. Therefore, the timing becomes

1. Policy choice. The Antitrust Authority implements a policy p € {R, N}.
2. Entrant’s type. The entrant learns his own type.

3. Entrant’s investment. The weak entrant can pay [/ to become competi-

tive.

4. Entrant’s offer. The entrant makes a settlement offer.

9When we include litigation costs, the overall effect makes the probability of offering a reverse
payment higher than when the originator gets all the surplus. This is consistent with the negative
relationship between the equilibrium probabilities of offering a reverse payment and D: a higher
profitability of offering a reverse payment for the originator (through a higher D or a bargaining
rule that allows the originator to get all the settlement surplus) makes him offer them less often,

because of the interaction with the entrant’s incentives to invest.
970ne can check that by repeating the calculations that led to (4.7) by using p** and ¢*.
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5. Originator’s settlement decision. The entrant accept or rejects the offer.

6. Entrant’s exit decision. The entrant decides whether to stay or to exit.

Consider the pooling equilibrium where both entrant’s types after the invest-
ment decision (competitive and non-competitive) make the same offer. The orig-
inator accepts it as long as his payoff is higher than under litigation. When the
entrant asks for a settlement without a reverse payment, the originator accepts it

when:
p(l1=q)H+[1-p(1—q)|[DH+(1-D)L] = p(1—q)H+[1—p(1—q)|[0H+(1—(0)L]
i.e. as long as

Co
H-L
When the entrant asks for a settlement with a reverse payment, we know

D>D=0- (4.12)

from the previous chapters that (i) for this to be rational for the entrant we need

D>D=6- €0 and (ii) the entrant will set the entry date equal to the latest

possible one: D = D. The originator accepts it as long as

1 —pu(l=@)[DH + (1= D)L] = R > [1 — u(1 = q)][0H + (1 = ()L — Co]

, i.e. as long as

R<R=[1-pul-q)ll(D~6)(H~L)+Col (4.13)

Note that here, differently from the main text, the size of the reverse payment
depends on (1 — g). The reason is that the entrant must keep into account that
the originator is less willing to accept a reverse payment when the difficulty of the
technology is higher (1) and when the entrant invests less (1 — ¢). The higher the
probability p(1 — ¢) that the entrant is non-competitive, the less attractive it is
for the originator to give a reverse payment. When the entrant makes the take-it-
or-leave-it offer, this means a lower reverse payment; when the originator makes
it, as in the main text, this means a (weakly) lower probability of a settlement

with a reverse payment.”®

Consider now the entrant’s incentives to ask for a reverse payment. The non-
competitive entrant always prefers to ask for a reverse payment: any R > 0 gives

him a positive payoff, while a settlement over the entry date D gives him a zero

98In the main text, the originator offers a reverse payment with probability one if ;1 < p* and

only with a positive probability p” smaller than one if p > p*.
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payoft. The competitive entrant will also ask for a reverse payment as long as his

profits are higher than the ones from a settlement without it:

Co

(1—15)E+[1—M(l—Q)][(ﬁ—(’)(H—L)JrCo}2(1—6’+H_L

\E

(1 —ﬁ)E represents the market profits the entrant makes after the agreed entry

date, [1—pu(1—q)][(D—0)(H — L)+ C)] is the reverse payment and (1—0+ Lo g

the entrant’s profits in a settlement without a reverse payment, when the agreed

entry date is D = 6 — H{ +. A sufficient condition for this inequality to be true

isD>0— HC_OL, i.e. the condition needed for the use of reverse payments to be

rational for the entrant.”” Therefore, the competitive entrant always asks for a

reverse payment. Both entrant’s types, then, ask for a reverse payment R = R.

Consider now the weak entrant’s incentives to invest. Given that he will ask
for a reverse payment R = R and the originator will accept it, the weak entrant

decides to invest when

(1=D)E+[1=p(1=)|[(D=0)(H—L)+Col~I > [1—p(1=q)][(D—0)(H — L)+Co)]

This inequality yields I < (1 — ﬁ)E . Note that the size of the reverse payment
has no effect: given that both entrant’s types ask for R and the originator accepts
it, the utility of investing lies only in the fact that it makes the entrant get the
market profits (1 — D)E after the entry date. When this is the case, the weak
entrant always invests, otherwise he never does. As in the main text, it can be
shown that a policy allowing reverse payments with an entry date D such that

A A

I < (1 — D)E is always suboptimal, so we focus on I > (1 — D)E. This means

that the entry date must be smaller than 1 — é
Consider therefore a policy p = (R,D > 1— é) Under such a policy, the

entrant always asks for a reverse payment and never invests. Total welfare is

E[W|R] = pW + (1 = p)[DW + (1 = D)W] (4.14)

When the entrant is weak (which occurs with probability p), given that he
never invests, total welfare is just the monopoly welfare . When the entrant is
strong, total welfare is just the monopoly welfare until D and the duopoly welfare

after it.

9This condition comes from setting u(1 — ¢q) = 1, so that the second addend on the LHS is
zero. When p(1 — ¢) < 1, the LHS is even larger.
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When reverse payments are banned (p = N), the weak entrant invests as long

as

Co
H-L
When the entrant invests, he gets market profits (1 — 6 + 2-)E after his
entry and pays I. When he does not invest, he just stays out of the market and
his profits are zero. Therefore, he invests when I < (1— 60+ %2-)E. Assume that

this is the case. Total welfare is

(1-6+

)E—1>0

CO O
H_Lﬂz+u—9+H_L

This is the sum of the monopoly welfare in the pre-entry period and the duopoly

E[W|N] = (6 — YW — ul (4.15)

welfare in the post-entry period, minus the cost of investing for the weak entrants.

Allowing reverse payments is optimal when E[W|R] > E[W|N], which yields

(1 — D)+ D — 0 — E|(W — W)
7]

I>1=

The policy implications are very similar to the main text: (i) for a sufficiently
high investment cost, it is better to allow reverse payments, so that investment
is reduced; (ii) the threshold for the investment cost is decreasing over p: the
more difficult is the technology, the better it is to allow reverse payments. Policy
implications are, therefore, robust also to changing the party that makes the take-

it-or-leave-it offer.

4.4.4 Incentives to Invest

This Appendix discusses the policy implications when we consider the incentives
to invest to be on the market - the focus of the second chapter of the thesis. All
the profits in this Appendix are the ex ante profits that each party expects to

earr.

Consider first the case where (1) the originator makes the take-it-or-leave-it
offer.

Consider the case (1.a) u < p*. When reverse payments are allowed, the orig-
inator always uses them and the entrant never invests. Therefore, the originator’s

profits are
16 = pH + (1= p)[DH + (1 = D)L] = [(D - 6)E — Cj]

The first addend represents the possibility that the entrant is weak, in which

case the originator gets the monopoly profits H; the second one the possibility
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that he is strong, in which case he gets the monopoly profits until D and the
duopoly profits afterwards; the third one is the reverse payment. The entrant’s

profits are
i = (1= w)[(1 = D)E] + [(D - 0)E — Cg]

The first addend represents the possibility that the entrant is strong, in which
case he gets market profits (1— D)E ; the second one is the reverse payment. When
reverse payments are banned, the weak entrant always invests. The originator’s

profits are, therefore,

C C
N = (9+EE)H+(1—9—7E)L
and the entrant’s profits
wg:(1—9—%)E—uI

The originator’s profits are higher when reverse payments are allowed as long
as (D—0— Co)[H—L—E] > 0, which is true because D> 0+<Z (otherwise reverse
payments would not be used) and H > L + E by assumption (monopoly profits
are higher than the sum of duopoly profits). The entrant’s profits are higher when
I>(1- ﬁ)E , which is true because allowing reverse payments with an entry
date D <1- é is never optimal (therefore the AA will never choose such an
entry date). When p < p*, therefore, both the originator and the entrant’s profits
increase. This means that we are in the same situation described in the second
chapter: reverse payments increase the parties’ profits!?’, therefore they always
increase the entrant’s incentives to invest to be on the market. The originator’s
incentives can be higher or lower depending on how much entry is increased. We
have the same tension for the originator: his incentives to invest increase given
the entrant’s entry, but may be reduced if the higher entrant’s incentives increase
entry sufficiently.

Consider now the case (1.b) > p*. When reverse payments are allowed, the
originator uses them with a positive probability p”* (4.5) and the entrant invests

with a probability ¢* (4.4). Therefore, the originator’s profits are

7B = (- ¢ )H + 1 — p(1 - ¢)[DH + (1 — D)L — [(D — 0)E — C]} +
Cg

HO =)~ )+ L= (= )0+ By -0 )y

Substituting for p”* and ¢*, we get

8 =H—(1-0)E+Cg

100Tn that chapter, the originator’s profits increase because of his information rent (he receives
a private signal over his patent strength), while in the main text of this chapter they increase

because he is the party making the take-it-or-leave-it offer.
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The originator’s profits are the difference between the monopoly profits and

the entrant’s expected litigation payoff. The entrant’s profits are
R =01—-0)E—-Cg—pul

The first two addends represent the expected litigation payoff, while the third
one is the expected investment cost. When reverse payments are banned, the
weak entrant always invests, so the parties profits are the same as in case (1.a):
the originator’s profits are 73 = (0 + <2)H + (1 — § — <2)L and the entrant’s
profits 7% = (1 —0)E — Cg — pI. The originator’s profits are higher when reverse
payments are allowed when (1 — 6 — “2)[H — L — E] > 0, which is always true
because 1 > 0+ 2,1 and H—L—FE > 0 by assumption. The entrant’s profits are
unchanged. When p < p*, therefore, only the originator’s profits increase, while
the entrant’s profits remain unchanged. That means that allowing reverse pay-
ments when (i) the originator has the bargaining power and (ii) the technology is
difficult has the additional positive effect of fostering the originator’s investment to
be on the market. There is no tension in the originator’s incentives here, because
the entrant’s profits do not increase. Keeping this into account strengthens the
conclusion that allowing reverse payments can increase total welfare. The conclu-
sion in the main text is, therefore, a conservative condition for reverse payments

to enhance welfare.

Consider now the case (2) where the entrant makes the take-it-or-leave-it offer.
We know, from the previous Appendix, that the entrant will always ask for a
reverse payment independently from his type. So, when reverse payments are
allowed, the entrant uses them and never invests. Therefore, the originator’s

profits are

78 = pH + (1= @) [DH + (1 = D)L] — [L - p[(D — 6)(H — L) + Co]

The first addend represents the possibility that the entrant is weak, in which
case the originator gets the full monopoly profits H; the second one the possibility
that he is strong, in which case he gets the monopoly profits until D and the
duopoly profits afterwards; the third one the reverse payment when the entrant

never invests (¢ = 0). The entrant’s profits are
m = (1= w[(L = D)E] + [1 = yl[(D — )(H — L) + Co)

The first addend represents the possibility that the entrant is strong, in which

case he gets market profits (1—D)E ; the second one is the reverse payment. Profits

01T § + €& > 1, then the entrant would simply prefer to stay out than litigating, so the

problem would not be interesting.
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are similar to case (1.a): the differences are that ¢ = 0 and the size of the reverse
payment is higher. When reverse payments are banned, the weak entrant always
invests. The originator’s profits are, therefore, 75y = (6 — 2 )H + (1 — 60— £ )L
and the entrant’s profits 7% = (1 — 6 + %)E — pl. The originator’s profits are

higher when reverse payments are allowed when
ul(1—0)(H — L)+ Col >0
which is true unless © = 0. This leads to the following Proposition:

(H-L—E)[(D-6)(H~L)+Co] 102
(H-L)[(D—6)(H—L)+Co+(1—D)E—I]"

Proposition 19 The entrant’s profits are higher when p < i =

For the entrant’s profits to increase, the technology must be sufficiently easy:
a hard technology reduces the originator’s willingness to pay a reverse payment,
because he knows that the entrant has no incentive to invest and, therefore, is
probably non-competitive. When the difficulty is higher than /i, then the entrant
prefers reverse payments to be banned - even if he prefers to ask for a reverse
payment as soon as he has invested to enter the market.

When the entrant makes the offer, therefore, allowing reverse payments always
increases the originator’s profits and increase the entrant’s ones when the tech-
nology is sufficiently easy. This means that when the technology is difficult, the
originator’s incentives to invest always increase, both because his profits increase
in case of generic entry and because generic entry occurs less often. When the
technology is difficult, we have the well-known tension on the originator’s side and

higher incentives to invest for the entrant.

In the intermediate case (3) where the originator chooses whether to offer a
reverse payment or not and both parties get a positive share of the surplus, reverse
payments increase both parties’ profits (like in case 1.a), both when p < i* and
when p > 1", The entrant’s incentives to invest increase and the originator’s ones

show the tension explained above.

102 Bx ante, when the entrant has not learnt yet whether he is weak or strong, he can be hurt
by reverse payments. A high probability p that he is weak reduces the originator’s willingness
to pay (at the limit, when p = 1, the originator’s willingness to pay is zero). For the entrant,
when he is on the market and has learnt his type, it is always convenient to ask for a reverse

payments, but ez ante this reduces his profits when the technology is sufficiently difficult.
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Conclusion

This section links the results of essays about the pharmaceutical industry. The
second and the third chapters show that, when reverse payments are used, they
actually delay entry, but the very possibility of using them increases the compe-
tition on the market. This effect is neglected in the FTC and the Commission’s
decisions of banning reverse payments per se.

Considering the results of these essays together, we can also draw some con-
clusions over the patent strength and the incentives to invest. A stronger patent
usually calls for a more lenient policy. The reason is that, both in the third and
fourth essay, a stronger patent implies a lower cost from allowing reverse payments
- entry would be late anyway. On the investment side, we have the tension ex-
plained in the second essay on the originator’s investment when the technology
is easy (while the entrant always has higher incentives to invest), but the tension
fades away when the technology is difficult, because the entrant’s profits do not
increase. Only the originator’s profits increase, which increases his investment to
be on the market. When the technology is difficult, therefore, the optimal policy
described in the fourth chapter is only a conservative estimate of the "real" optimal
one - the one that considers both (i) the parties’ investment to be on the market
and (ii) the productive investment of the entrant. Under both types of technology,
when reverse payments are allowed the entrant has an incentive to invest more in
order to be on the market, while the originator has the tension described in the
second chapter when the technology is easy and always has an incentive to invest
more when it is difficult. This is a further reason why a lenient policy towards
reverse payments, when the technology is difficult, can improve welfare.

A possible caveat lies, however, in the investment to be competitive: a lenient
policy makes the entrant invest less to be competitive. These two results mean
that a lenient policy possibly increases potential entry (the investments to be
able to produce), but can reduce the competitive capacity of the industry (the
investments to be able to produce efficiently). A potentially dangerous effect of
a lenient policy is incentivising "not useful" investments, i.e. investments whose
objective is to show (to the originator) one’s own existence on the market, but not

one’s own ability to actually compete.
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