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1 Introduction

The theoretical literature identifies several ways through which advertising is strategi-
cally used to signal private information. For example, advertising signals the unobserved
product quality of experience good (Milgrom and Roberts (1986)); advertising signals
cost/demand by the incumbent as a means of deterring entry (Bagwell and Ramey (1988,
1990)); and advertising signals unobserved demand by manufacturer to retailers (Albak
and Overgaard (1992)). However, few existing studies explore advertising as a signal in
predatory practice.

The basic idea of predation is that, a firm may sacrifice part of the profits that could
be earned under competitive circumstances in order to induce the exit of an opponent,
therefore gaining additional profits in the future. In this work, we develop a theoretical
model where advertising signals unobserved market demand in order to induce the exit of
an opponent.

We model the competition via demand-enhancing advertising between an incumbent
and a new entrant in multiple independent markets after the entrant suffers a demand-
reducing shock. The incumbent knows the impact of the shock on market demand in
virtue of its experience, whereas the new entrant does not know. Consider a two-period
game in a single market. In period one, nature chooses the effect of the shock as either
severe or mild, which is only observed by the incumbent. The incumbent and the entrant
then choose advertising level simultaneously, and each has its demand/profit realized. In
period two, the entrant makes its withdrawal decision based on its period-one demand. If
it exits, the incumbent becomes a monopolist, otherwise the effect of the shock is revealed
to the entrant and they compete as duopolists.

An important feature of our model is, we allow for the heterogeneity in market’s
loyalty towards the entrant prior to the news event. Predation is either impossible or

unnecessary in markets where loyalty to the entrant is either too strong or too weak. This



gives the incumbent different incentives to predate across markets. More specifically,
following the bad news, the demand in markets which a priori had a weak loyalty to the
entrant is driven down to such a low level, that the entrant will choose to exit even if the
shock has only a mild impact. Similarly, in those markets which a priori had a strong
loyalty to the entrant, the entrant will always stay in spite of the effect of the shock.
Consequently, the incumbent’s predatory intent can only exist in those markets where
loyalty to the entrant falls in the median range.

We find that, in markets with median loyalty to the entrant, there exist two types of
equilibrium after invoking intuitive criterion (Cho and Kreps (1987)) to refine the equilib-
rium set: separating equilibrium and pooling equilibrium. First, there is a unique intuitive
separating equilibrium, in which the incumbent advertises according to its one-period op-
timal when the shock is mild, but upward-distorts its advertising when the shock is severe
to signal the entrant an intrinsically unprofitable market circumstance. Second, there exist
a continuum intuitive pooling equilibria. In the least cost one, the incumbent advertises
according to its one-period optimal when the shock is severe, but upward-distorts its ad-
vertising when the shock is mild to disenable the entrant’s reference of the real effect of
the shock. The fundamental distortion occurring in both separating and pooling equilib-
rium is an advertising-enhancing distortion.

Our work is motivated by the empirical study of Chen and Tan (2009), where they
examine the change in advertising behavior of incumbent firms after a new entrant en-
counters a bad news and might exit. Their work is based on a well known case in the
pharmaceutical industry. Crestor, a brand that belongs to a therapeutic class of Statin
drugs, first entered the market in August 2003. Shortly after its entry, several cases of
severe side effects occurred from the use of this brand. On March 4, 2004, Public Cit-
izen, a very influential consumer advocacy group, submitted a petition to the Food and

Drug Administration (FDA) to formally remove the brand from the market. Major news



network immediately broadcasted the news about the petition from Public Citizen.

The central question in Chen and Tan (2009) is to investigate if after the news, Crestor’s
competitors strategically advertised! in order to accelerate the withdrawal of Crestor. As
the bad news did not generate the pressure for Crestor to fully withdraw from the Statin
drug market, the exit decision is more relevant at the physician level. Chen and Tan (2009)
treat each physician as a market, and consider Crestor as having exited from a physician
market if it foregoes relationship building with that physician by ceasing to detail (i.e.,
send out pharmaceutical sales representatives to visit at physicians’ offices) the physician.
Their major finding is, in the period immediately following the bad news of Crestor, the
dominant brand of Statin drugs, Lipitor, demonstrates a significantly larger increase in its
advertising towards physicians with whom Crestor has a median share in physician pre-
scriptions, relative to the increase in its advertising among physicians with either a low or
high Crestor share.

While it is not straightforward how such advertising pattern can be justified, the the-
oretical prediction in our work, based on asymmetric information assumption, offers a
possible explanation. We show that, the empirical findings in Chen and Tan (2009) can
be the result of Lipitor’s predation over Crestor after the bad news event.

Consider each physician as a market, and Crestor’s share in physician’s total prescrip-
tions prior to the shock captures the market loyalty to Crestor. When Lipitor is privately
informed with the severity level of the shock, among physicians who have a median loy-
alty to Crestor, Lipitor biases its advertising upward with the purpose of either convincing
Crestor an inherently unprofitable market due to a severe shock (separating equilibrium),
or disenabling Crestor to infer the mild effect of the shock (pooling equilibrium). In ei-

ther of these equilibria, Lipitor is inducing Crestor to exit by advertising more than its

"Pharmaceutical firms mainly compete through advertising and marketing promotions. The major form

of advertising is detailing, referring to visit of pharmaceutical sales representatives at physicians’ offices.



one-period optimal. Whereas, among the rest of the physicians, Lipitor advertises at its
one-period optimal level since signaling is either unnecessary or unprofitable. As such,
Lipitor’s predatory incentive leads to an upward distortion in its advertising only among
physicians with a median loyalty to Crestor.

Our work mainly makes two contributions. First, to our knowledge, this is the first
work which formally models advertising as a signal of unknown demand in order to drive
out a competitor. Second, the lack of empirical evidence on predatory practice is mainly
due to the difficulty in differentiating a predatory behavior from a normal competitive
behavior. Our model examines the link between predation and market’s property, thus
offers empirically testable prediction on predation.

The rest of the paper is organized as follows: Section 2 reviews the literature; Section
3 introduces the background regarding the Statin drug market and the empirical findings
in Chen and Tan (2009); Section 4 is the theoretical model and main results; Section 5

relates the theoretical prediction to the empirical results; and Section 6 concludes.

2 Literature Review

Our work is closely related to the theory on predation. Beginning in the 1950s, “Chicago
School” economic analysis, assuming complete information, rightfully pointed out the
irrationality of monopolizing a market through predation (McGee (1958, 1980)). On the
other hand, modern strategic analysis have resurrected the logic of predatory practice. The
key assumption is the absence of perfect information; under such conditions, predation
becomes a rational strategy, even for a predator without efficiency or financial advantages
over its prey. Many intrinsic incentives have been identified in favor of predation. For ex-
ample, Milgrom and Roberts (1982) and Kreps and Wilson (1982) show that “reputation

effect” justifies predation as an equilibrium, since preying against a rival fosters a “tough”



reputation that discourages future challenges. Fudenberg and Tirole (1986) use “signal
jamming” to illustrate that when a new entrant needs to infer its future profitability from
its current profit, a predator is able to interfere with the entrant’s inference procedure as
a means of encouraging its exit. Roberts (1986) shows that preying entails an upward
distortion in the predator’s quantity, in order to signal a low production cost to the entrant
therefore to deter its entry. Saloner (1987) depicts predation in mergers, where the ac-
quiring firm may expand output to signal a low cost for the purpose of achieving better
takeover terms.

The theoretical literature identifies several strategic usages of advertising to deter
entry. Based on the “goodwill” effect of advertising where advertising generates ““cap-
tive” consumers, Schmalensee (1983), Fudenberg and Tirole (1984) show that by under-
investing in advertising, an incumbent is able to commit on a fierce post-entry competition
therefore can deter entry. Instead, with a dynamic setting, Doraszelski and Markovich
(2007) find that an incumbent may deter entry by overinvesting in advertising. Another
line of rationale is based on the “signaling” effect of advertising. Bagwell and Ramey
(1988, 1990), Linnermer (1998) argue that, an incumbent may distort its advertising to
signal its private information regarding cost/demand/quality, aimed at deterring entry.

Few literature exists on advertising in predatory practice aimed at inducing rivals to
exit. Hilke and Nelson (1984) informally argue that a new entrant is more vulnerable to an
incumbent’s advertising at its initial period of market penetration, therefore an incumbent
may overinvest in advertising to raise the entrant’s advertising cost, in order to force it
to exit. Built upon the “noisy advertising” argument in Hilke and Nelson (1984), Mason
(1986) models the advertising competition between an incumbent and a recent entrant
where consumers are imperfectly informed of products’ attributes. He finds that, the
incumbent may distort its advertising to misrepresent its product’s attribute, in order to

reduce the apparent novelty of the entrant’s product and lead to the entrant’s exit.



3 Background and Empirical Findings

Our work is motivated by a case in the Statin drug market. Statins are drugs that help
lower cholesterol levels. With at least 12 million Americans taking cholesterol-lowering
drugs — most of them statins — and experts recommending that another 23 million take
them, Statin drugs are certainly very important to the pharmaceutical industry. With sales
for 2004 reaching US $10.8 billion and 5.2 billion respectively, the top two brands in the
market, Lipitor and Zocor, are not only the largest seller for their maker, Pfizer and Merck
& Co, but also the largest two selling drugs in the world.

The four main brands in the Statin drug market are Lipitor, Zocor, Pravachol and
Crestor. Their makers are Pfizer, Merck, Bristol-Myers Squibb and Astra Zeneca respec-
tively. Among them, Lipitor and Crestor are considered closer substitutes as they use the
same production method (Synthetic). Moreover, Lipitor is the dominant seller accounting
for more than 40% market share.

Crestor first obtained FDA approval on August 12th, 2003, and entered the market
shortly afterward. After entering the market, several severe cases of side effects occurred.
Alarmed by the findings, a very influential consumer advocacy group, known as Public
Citizen, submitted on March 4th, 2004, a formal petition to the FDA to have the drug
removed from the market. Major news network, such as CBS, immediately broadcasted
the news about the petition from Public Citizen. Crestor’s maker AstraZeneca wouldn’t
comment on any of the serious side effects, except to say that “the safety profile is totally
comparable” to what pre-marketing studies had predicted.

Interestingly, this is not the first time that Public Citizen issued a petition for the
removal of a Statin drug. Baycol, another Statin drug, withdrew from the market in the
fall of 2001 following a petition by Public Citizen to the FDA. The side effects of Baycol
were very similar to those of Crestor, in that they were both likely to cause kidney damage.

Chen and Tan (2009) argue that this case provides a unique opportunity to test the



theory on predation. The unanticipated news event seriously lowered Crestor’s demand,
but is not severe enough to cause Crestor to pull out immediately. While Crestor remains
active in detailing, its competitors may have incentive to employ predatory strategy to
convince Crestor that staying is no longer profitable. Empirical evidence in Chen and Tan
(2009) shows that, after the bad news, Lipitor demonstrates a significantly larger increase
in its advertising among physicians with whom Crestor has a median market share, rel-
ative to the change in its advertising among physicians where Crestor’s market share is
either low or high. These results are robust under various empirical model specifications.

Figure 1 in Chen and Tan (2009) plots the number of Lipitor’s advertising before and
after the news event and the quantile of Crestor’s market share. As the figure shows, when
Crestor’s market share is between the 40th and 70th quantile, Lipitor exhibits the largest
increase in its advertising after the news event. As such, the change in Lipitor advertising

is non-monotonic in Crestor’s market share.
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Figure 1: Lipitor’s Advertising Before and After the News



4 The Model

Let firm 1 be an incumbent and firm 2 be a new entrant. They compete in a market
via demand-enhancing advertising when firm 2 suffers a demand-reducing shock. Firm
1 knows how the shock is going to affect the demand in virtue of its experience, while
firm 2 does not know the exact effect of the shock. In the period immediately following
the shock, firm 1 and firm 2 choose their advertising level simultaneously, then firm 2
decides to exit the market or not. If firm 2 exits, firm 1 becomes a monopolist in the
following period, otherwise they compete under complete information and earn duopoly
profits. Although firm 2 makes its exit choice without complete information regarding the
effect of the shock, it might be able to infer the information by observing its first-period
demand. Such inference procedure might in turn distort firm 1’s advertising behavior in
the first period.

The total demand in the market in each period is a constant, normalized to be 1.
Market price is fixed? as p, and the unit cost of advertising for each firmis ¢ > 0. Firm 2’s
demand is given by D(A;, Ay, 7, @) € [0, 1], and firm 1’s demand is 1 — D (A1, Ay, 7y, ).
Here A, A, are the advertising of firm 1 and firm 2, respectively; 7 catches the effect of
the shock; o measures the market’s loyalty to firm 2 before the shock, which is common
knowledge to each firm. The function D(-) is continuously differentiable and satisfy the
following assumptions:

Al. D, <0,Dy >0,D, >0,D, <0;

There are several justifications for this assumption. Firstly, pharmaceutical companies compete mainly
through advertising, and prices do not vary much across different brands. Secondly, prices are unlikely to
adjust in the short period immediately following the shock, wherein there is strategic interaction between
firm 1 and firm 2. Thirdly, this assumption allows us to abstract from other variables hence focus on firms’
strategic advertising. Even if price is allowed to change, our basic findings shall not be altered. As a
reference, see Bagwell and Ramey (1988) for an analysis on a signalling game with both advertising and

pricing as strategic variables.



A2. Dy; > 0, D9y < 0, D19 = 0;

A3. Dy, <0,D;, > 0.

Al says that firm 2’s demand is strictly increasing in A, and «, strictly decreasing in
Ay and ~. A2 assumes that the own effect of advertising is diminishing, and the cross ef-
fect of advertising is zero.> A3 guarantees that, the marginal effect of firm 1’s advertising
on firm 2’s demand is strictly strengthened by a larger effect of the shock, and is strictly
weakened by a stronger market loyalty to firm 2.

We model firms 1 and 2’s strategic interaction into a two-period game. In period one,

- stage 1: nature chooses the effect of the shock, which can take two values: a severe

shock, represented by vy, or a mild shock, represented by ~y,, with vy > ;.

- stage 2: Firm 1 observes the value of « but firm 2 does not. Firm 2’s prior probability

assessment of the event that v = v is p € (0, 1).

- stage 3: firms 1 and 2 simultaneously choose their advertising investment, then de-
mand/profits realize for each of them. Denote firm 2’s period-one demand as d, which

depends on two unobservable variables to firm 2, A; and ~.

In period two,
- stage 1: firm 2 forms its posterior belief p € [0, 1] for y = v based on the value of d.
- stage 2: firm 2 decides to exit or not, with £ = 0 (¢ = 1) denoting exit (stay).

- stage 3: if firm 2 stays, it observes the value of v and compete with firm 1 under com-
plete information. Each firm gets duopoly profits. Otherwise, firm 1 receives monopoly

profits.

3We assume that there is no cross effect of firms’ advertising in order to get analytical solution for the
game. If this assumption is relaxed, firm 2’s advertising will be responsive to the distortion in firm 1’s
advertising, which may vise versa enlarge the distortion in firm 1’s advertising. Although this assumption

abstracts out the strategic response of firm 2 to firm 1’s signaling incentive, it is not the focus of this work.
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When firms 1 and 2 compete under complete information, their one period profits are

Wi(AhA%O[):p[l_D(AlaA%’Yiaa)]_CAI_K7 (1)
W;(A17A27OK) :pD(Al,A2,/7rL',O[)_CA2_K, Z:H,L

Here K > 0 is the fixed cost when a firm stays active in the market.* Denote their duopoly
profits as 77;'- p aty = ~; for firm j. Denote firm 1’s monopoly profit as 7i,, when firm
2 exits by ceasing advertising in that market. Assume 7f, > 7, «f > 7l . le,
whatever the type of the shock, firm 1 prefers firm 2 to exit.

If firms 1 and 2 compete only for one period under asymmetric information, their

optimal advertising is denoted as normal competitive advertising, given by (A AL AE)

as
Al Eargn}éxax[p(l — D(A, A yg, @) — cA) — K],
1
Ab =argmaxp(1 — D(A1, AF, 71, )) - cAi — K], @)
AQE =arg HIIL‘a;X{p[pD(A?a A27 H, O!) + (1 - p)D(Afa A27 VL, CY)] - CAQ - K}
It is easy to verify that A > AL (see the proof to Theorem 1). Le., firm 1’s normal
competitive advertising is larger at a severe shock.
Now consider the two-period game. For a given strategy pair (A;, Ay) in period one

and firm 2’s exiting decision £ in period two, firm 1 and firm 2’s discounted total profits

are

V(AL Ay, &) = T (A, Ag) + [éxtp + (1= Oy, i=H, L

for firm 1 and

ui(AlaA%g) :W;(A17A2>+£7T§D, Z:H,L

“The fixed cost can be the fee of collecting market data, or the opportunity cost for a firm to continue its

product promotion. K > 0 gives firm 2 incentive to exit in order to avoid a negative profit.
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for firm 2. The discount factor is assumed to be 1 for simplicity. At the beginning of

period one, firm 2’s expected profit is
U(A1, Az, €) = pu (A1, Ay, ) + (1 — p)u”(Ar, Ay, ).

In period two, firm 2 chooses to stay only if it expects a non-negative duopoly profit
in the future. The following lemma states that firm 2’s duopoly profit is strictly increasing

in «.

dm
d

Lemma 1 iD > 0fori= H, L.

Proof: See the Appendix. .

Define a = {a|rl, = 0}, @ = {a|rk, = 0}. It follows that o < & since 7il, < wl,.3
For a < a, we have 74, < 0 and 72}, < 0. Firm 2 will exit even under a mild shock.
For o > @, we have 7, > 0 and 7, > 0. Firm 2 will stay even under a severe
shock. In these two cases, firm 2’s exit decision does not depend on the effect of the
shock. Therefore, in period one, the incentive for firm 1 to signal firm 2 diminishes,

and its optimal strategy is to maximize its period-one profit by advertising at the normal

competitive level.

Theorem 1 If o < o or a > &, the game has a unique perfect Bayesian Nash equilib-
rium, in which firms 1 and 2 advertise (A}, AY);_y 1, in period one as given in (2), then

E=0fora<a, &=1fora>a.

3To see WfD < 7r§D, denote the equilibrium A; in period-two competition as A7 () at a given . By

implicit function theorem,
A(f1,£2)

dAi(y) _ det3insy Dy =0
(f1.f2 :
dry det 8((A27A1)) Dy

Here f1, fo are first order conditions to profits in (1). By envelop theorem,

d7T2D - 677'2[) dAT(’y) 87r2D - dAT(’y)
= + =pD,
dy  0Ai(y) dy v dy

+pD, <0.
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Proof: Proof is straightforward hence omitted. .

The interesting case is when « € [a, @), wherein 725, > 0 > 74, holds and firm 2 will
exit only if the shock has a severe effect. While firm 2 tries to infer the value of ~ through
its period-one demand, firm 1’s incentive in advertising might be distorted. Our following
analysis shall focus on the case when o € [, @). We start from a formal introduction of

the equilibrium concept.

4.1 Equilibrium Concept

The equilibrium concept we employ is Perfect Bayesian Nash equilibrium in pure strat-
egy, refined by intuitive criterion in Cho and Kreps (1987). A Perfect Bayesian Nash
equilibrium is a set of strategies {(A?, AF),_p 1, £(d)} and beliefs j(d), such that the

following three conditions are satisfied.
Condition 1. Optimality for firm 1. For: = H, L,
A’l € arg max V(A Af, é(d))
Condition 2. Optimality for firm 2. For: = H, L,
A7 € argmaxU(A}, A, £(d),
and for all d, £(d) = 1 if and only if
p(d)myp + (1= p(d))m3p = 0.

Condition 3. Bayes’ consistency of beliefs. If DH(AH AE) £ DL(AL AE) then
AD"(AYAT)) = 1and p(D"(A}, AY)) = 0. 1f D" (A, AY) = D*(A}, A7), then
p(DM(AL, AR)) = p(DE(AL, AT)) = p.

Ifd ¢ {D"(AY AE) DL(AE, AE)}, any posterior belief is consistent.

13



Condition 3 requires that firm 2’s posterior beliefs about v be derived from Bayesian
updating on its prior beliefs when the equilibrium advertising strategies are played. When
firm 2 observes its period-one demand which does not occur under either type of the
shock, any posterior belief p(d) € [0,1] is fine. This mild condition gives rise to the
multiplicity of both separating and pooling equilibria.

The “intuitive criteria” in Cho and Kreps (1987) is often invoked to refine the equi-
librium set in signaling games. However, as Roberts (1986) points out, the idea is not
directly applicable to a game where the recipient of the signal (firm 2) takes a simultane-
ous move with the sender of the signal (firm 1).® Following Roberts (1986), an extension
of the basic intuitive criteria is applied to the present game.

To refine the equilibrium set, we require that firm 2’s beliefs after observing any par-
ticular period-one demand never put positive probability on ~;,¢ = H, L under which,
given firm 2’s period-one advertising, advertising of firm 1 which is necessary to gen-
erate such demand would represent deviation of firm 1 from the equilibrium strategy
to a strategy dominated by the equilibrium choice. To be more explicit, fix an equi-
librium at which advertising is (A%, A¥),_ ;. The equilibrium demand of firm 2 in
period one is given by Di(A%, AF). Now, consider an alternative pair A’ such that

Di(Ai AEY ¢ {DH(AH AE) DL(AL AP\ i = H,L. A deviation to A is equilib-

%The game here is slightly different from standard signaling game. In a standard signaling game, the
signal sender moves first and has its action (signal) observed by the signal receiver. Instead, in our game
the signal sender (firm 1) moves simultaneously with the signal receiver (firm 2) in period one. Firm 2 does
not observe firm 1’s action (advertising). Instead, it observes its realized demand, which is an outcome
of both firm 1’s action and the effect of the shock. The simultaneity in the current game requires a tiny
modification of the conventional wisdom when we refine the equilibrium set. With a little abuse of notation
in our following analysis, we shall still use separating equilibrium for the equilibrium where firm 2 can tell

the true effect of the shock, and pooling equilibrium for the equilibrium where firm 2 can not.
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rium dominated for firm 1 at ; if
VI(AL AT 0) < VI(A}, A7 €(d)).

Thus when a deviation is equilibrium dominated at -y;, the resulting profit of firm 1 is
lower than its equilibrium profit irrespective of posterior beliefs. A sophisticated firm 1 at
~v; should never choose such a deviation. Now we can define the notation of an intuitive
equilibrium. An equilibrium strategy profile {(A¢, A¥),_y 1, £(d)} and beliefs H(d) is

intuitive if and only if in addition to Conditions 1, 2 and 3, it satisfies

Condition 4. Elimination of equilibrium dominated strategies. That is, (D’ (A, AF)) =

0(1) if A; is equilibrium dominated for firm 1 at v = g () but not at v = vy, (vm)-

4.2 Separating Equilibria

In a separating equilibrium, D# (A A¥) # DL(AF, AY). Observing demand in period
one allows firm 2 to infer the true value of ~y, and its exit decision will be based on full
information. All separating equilibria involve firm 1 advertising its best response to firm
2’s advertising when the shock is mild and, when the shock is severe, firm 1 advertises
at a level that results in a value of D (A, AZE ), such that firm 1 at a mild shock is not
profitable to mimic, even though mimicry would induce exit. Although there generally
is a continuum of separating equilibria, intuitive criterion refines separating equilibria
to the least-cost one. In the intuitive equilibrium, firm 1’s advertising when the shock
is severe generates the demand of firm 2, which makes firm 1 at the mild shock to be
just indifferent between mimicking to induce exit and following its normal competitive
strategy then getting the duopoly profits.

Under A2, the marginal effect of firm 2’s advertising is invariant in firm 1’s advertis-

ing. Therefore, firm 2’s optimal advertising does not depend on its conjecture of firm 1’s
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strategy,” and AL = AP holds in equilibrium. For firm 1, if v = ~, it sets AL = AL
since firm 2 infers complete information in a separating equilibrium and any AlL # AL
is strictly dominated by AL for firm 1. Let us exploit the arbitrariness of off-equilibrium-
path beliefs by setting p = 1 if d = DY (A AF) and p = 0 otherwise, which means
that firm 2 always stays unless its period-one demand is its equilibrium demand under a
severe shock.

Given that firm 1 advertises A; at 7y, if firm 1 wants to mimic at vy, by generating
the same demand for firm 2, it advertises = such that D*(x, AY) = DH(A;, AY). By
the monotonicity of D(-), for each A; there exists a unique solution to firm 1’s mimicry
problem, given by f(A;) = (DL)"Y(DH (A, AY), AF), such that DE(f(A,), AY) =
DH(A;, AF). By Al and A3, we have

df(A) _ —Df
A, DI

f(Al) > Al, > 1. (3)

If flfl = AH  the following assumption says that, firm 1 at -, will have incentive to mimic

if doing so can convince firm 2 that v = yy:
A4 i (f(AT), AY) + iy > 7 (AL, AY) + 7.
A4 guarantees that, advertising A!” at the severe shock by firm 1 can not induce firm

2 to set p = 1. Condition 1 requires that firm 1 at v, should have no incentive to mimic

therefore to induce firm 2’s exit, implies
T (F(AT), A7) < mi(AY, AY) — (miy — mip) = 71 @

Thus fl{{ must give firm 2 a sufficiently low period-one demand under v = ~yy, such

that firm 1 at «;, will find it too costly to mimic. On the other side, Condition 1 requires

"The first order condition of firm 2’s profit maximization under complete information is pD} — ¢ =

0,i = H, L. Let A(A;) be its solution. By implicit function theorem, Mjif{?l) = fg—iz =
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firm 1 at y to prefer A to AF, which means
il (Af, AY) 2 (A, A7) — (nfy — mip) = i (ID

As long as A{{ satisfies both (I) and (II), Condition 1 is satisfied under our specifica-
tion of beliefs, otherwise Condition 1 is violated for either v = vy or v = -, for any
specification of beliefs. Condition 4 then reduces the set of flfl satisfying (I) and (II),
when non-empty, to a unique one. The following theorem depicts the intuitive separating

equilibrium, also gives the sufficient condition for its existence.

Theorem 2 Suppose o € [a, &). There exists at most one intuitive separating equilib-

rium, in which {AT = Ay > AH AL — AL AP — AP\, The sufficient condition for

intuitive separating equilibrium to exist is 7, — wil, > 7k — k.

Proof: See the Appendix. n
The proof contains multiple steps and proceeds as follows. It begins from showing
the existence of A; > A, defined by 7 (f(A,), AY) = 7L, which uniquely maximizes
(A, AY) over all A; satisfying (I). Next, Condition 4 requires that = ( f(AF), AF) =
7k, otherwise there exists deviation which is equilibrium dominated for firm 1 at 7y,
but not at ;. It then follows that A¥ must maximize 77 (A,, AZ) over (1), leading to
A{{ — A,. Finally, the sufficient condition guarantees that A, satisfies both (I) and (II).
The unique separating equilibrium thus incurs the least cost for firm 1 at vy to signal.
Firm 1 at 77, is just indifferent between mimicking by advertising f(A;) and revealing the

real value of ~y through one period optimal AL,

4.3 Pooling Equilibria

In pooling equilibrium, DY (A# AP) = D(AF, AP) and firm 2 learns nothing from
observing its demand in period one. The following assumption is needed for a pooling

equilibrium to exist:
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A5, prll + (1 — p)nl, < 0.
AS says that firm 2 will exit according to its prior belief. If AS is violated, firm 2 will
always stay if it gets no new information on the value of . However, in this case there
exists at least one severity level of the shock, either v or 7y, at which firm 1 is profitable
deviating to its one-period optimal advertising (A or AL). This contradicts the definition

of equilibrium. The following theorem gives the property of intuitive pooling equilibria.

Theorem 3 Suppose o € [a,a). When nfh, — nft, > =k, — wly holds, there exist

intuitive pooling equilibria. In any of them, {AF e [AT A,], AF = f(AT), AP = AP}

Proof: See the Appendix. -
It must be A{{ < A, in pooling equilibrium for firm 1 at v; to have incentive
to mimic. The proof mainly contains two parts. The first part demonstrates the in-
tuitiveness of the strategy in the theorem by contradiction. The second part rules out
Ay < A to support intuitive pooling equilibrium. The key property employed here is
Tl (f(Ay), AE) —nL(f(A)), AD) < mH (A, AP) — nH (A}, AF) for A; > A’. Thatis, an
increase in A; entails larger improvement in profits for firm 1 at v, than at v, when firm
1 at ~;, is mimicking. If A < A, then followed by the strict concavity of 77 (A;, A¥),
there exists A; > A{{ which is equilibrium dominated for firm 1 at ;, but not at yg.

In pooling equilibrium, firm 1 at -y, interferes firm 2’s reference of the real value of v,
knowing that firm 2’s optimal choice is to exit when no new information can be extracted.
Although we have a continuum of pooling equilibria, there exists a unique Pareto-optimal
one for each firm at either level of v, given by {Af = A AL — f(AF) AP = AP},
At the Pareto optimal equilibrium, firm 1 at ;, upward-distorts its advertising, while firm
1 at vy advertises at its normal competitive level. In all the other intuitive pooling equi-
libria, firm 1 at both vy and ~y; upward-distorts its advertising compared to the normal

competitive level.
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To summarize, in equilibrium of the game, (1) if « is either too small or too large so
that either i, < 0 or 74, > 0, firm 1 advertises according to its normal competitive
strategy, (A1, AL). There is no strategic element in firm 1’s advertising; instead, (2)
if o falls in the intermediate range so that 71, > 0 > =i, firm 1 upward-distorts its
advertising either to reveal firm 2 its private information (separating equilibrium), or to

disenable firm 2’s reference of the real effect of the shock (pooling equilibrium).

5 Relating the Theory to the Empirical Findings

The theoretical predictions in Section 4 provide an explanation to the empirical findings
in Chen and Tan (2009), as elaborated below.

When the news of Public Citizen’s petition is released, Crestor needs to decide either
to stay or to withdraw from the market, depending on the severity of the shock. As the bad
news is not severe enough to force Crestor to fully withdraw from the Statin drug market
immediately, the exit decision is more relevant at the physician level. Moreover, pharma-
ceutical firms mainly compete through advertising in the form of detailing. Therefore, we
treat each physician as a market, and consider Crestor as having exited from a physician
market if it stops detailing that physician.

Since Lipitor is Crestor’s major rival and the dominant brand, we focus on the poten-
tial strategic interaction between Lipitor and Crestor following the bad news. A critical
assumption in our theoretical model is the existence of asymmetric information. We argue
that, at the time of the withdrawal petition, Crestor was a new entrant, and it was Crestor’s
first time experiencing such bad news. Thus there was likely uncertainty in Crestor’s be-
lief regarding how badly the news was going to impact physicians’ prescription behavior.

On the other hand, Lipitor has interacted with physicians for a much longer period, and

8As long as Crestor’s competitors prefer its stopping detailing a physician, the intrinsic incentive of

predation persists under our definition.
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had witnessed a similar withdrawal petition on another drug, Baycol, and its subsequent
withdrawal three years ago.” Therefore, Lipitor was likely to possess superior information
over Crestor regarding the effect of the bad news. In the period following the bad news,
when Crestor remains active in the Statin drug market to infer the information regarding
its future profitability, Lipitor could have incentive to signal Crestor an intrinsically bad
market situation, with an eye towards Crestor’s future withdrawal.

The theoretical work in Section 4 shows that, in equilibrium, Lipitor upward-distorts
its advertising to physicians whose prior loyalty to Crestor lies in the intermediate range.
Such prediction is consistent to the empirical findings of Chen and Tan (2009). Namely,
Lipitor increases its advertising the most among physicians where Crestor has a prior
median market share.!?>!!

One caveat exists in relating the theory to the empirical findings. In theory, the pre-
dicted upward-distortion in Lipitor’s advertising is relative to Lipitor’s one-period optimal
advertising after the news (or in other words, its normal competitive advertising aimed at
maximizing post-news profit without considering Crestor’s future exit decision). How-
ever, Chen and Tan (2009) can only observe (therefore compare) Lipitor’s advertising
before and after the bad news. Thus there can be an alternative explanation to the em-
pirical findings in Chen and Tan (2009). To be explicit, one could argue that, Lipitor’s
normal competitive advertising after the shock may possibly generate the same change in
Lipitor’s advertising patterns as found in Chen and Tan (2009).

To formally rule out this alternative explanation, let us assign v = 7, to the demand

9For more details regarding the Statin drug market and the news event, see Section 3.
10In Chen and Tan (2009), Crestor’s share in a physician’s total prescription catches the loyalty level of

that physician to Crestor.
' Among physicians where Crestor has either low or high prior market share, theoretical prediction is

that Lipitor engages in its one-period optimal advertising, and there is an increase in its advertising from

before to after the shock. This prediction is also consistent to the findings of Chen and Tan (2009).
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function before the shock occurs, with v, < v, < ~g to catch the fact that the news
is demand-reducing for Crestor. Assume 7, to be common knowledge to both firms.
Denote the normal competitive advertising of Lipitor (firm 1) and Crestor (firm 2) before
the shock as (A%, A%), and after the shock as (A%, A%), abstracting out v = ~yy or v =
yr. Denote D° = D(A%, A5, v,, ), D* = (A%, A2, v, ) the corresponding demand of
Crestor before and after the shock.

d(A{-A}) _ Di,  Di,

Since - = i De s

if = is monotonic in 7, (Af — A}) never changes
sign in . Whenever this is true, we can rule out the hypothesis that normal competitive
advertising admits a non monotonic change in Lipitor’s advertising with respect to . A

sufficient condition for this to be true is
sign(D1oy) = —sign(Di1). %)

Condition (4) requires that, a stronger market loyalty to Crestor and a larger A; should
impose opposite impacts on the value of D;,. Naturally we might expect D1, > 0 and
Dq1, < 0. That is, the marginal impact of v on D; should be weakened by a stronger
market loyalty towards Crestor, whereas strengthened by a more intensive advertising
of Lipitor. Whenever (4) holds, a normal competitive response will always lead to a
monotonic change in Lipitor’s advertising before and after the news in the value of «,

contradicting the empirical findings of Chen and Tan (2009).

6 Conclusion

In this work, we theoretically model the advertising competition between an incumbent
and a new entrant after a demand-reducing shock to the entrant, when the incumbent is
privately informed as to the effect of the shock. A property of our model is that we allow
for a heterogeneous loyalty to the entrant across different markets, therefore the incentive

for the entrant to exit varies across markets. Our major finding is, in markets with median

21



loyalty to the entrant such that exiting is optimal only under a severe shock, the incum-
bent upward-distorts advertising either to signal the entrant its private information or to
interfere with the entrant’s reference with the true effect of the shock, intended to induce
the entrant to withdraw. In the rest of the markets, the incumbent advertises according to
its one period optimal level in the absence of predatory incentive.

Our work thus offers a theoretical explanation to the empirical findings in Chen and
Tan (2009). They treat each physician as a market and find that, after Crestor is petitioned
to withdraw, its main competitor, Lipitor, demonstrates the largest increase in its adver-
tising among physicians where Crestor has taken a median share in total prescriptions.

Our work proposes that a predatory intention could underlie Lipitor’s post-shock ad-
vertising. The key insight is the existence of asymmetric information between Lipitor and
Crestor regarding the severity level of the bad news. Having interacted with physicians
for a much longer period and also witnessed a similar shock years ago, Lipitor shall have
better information regarding how the shock is going to impact physicians’ prescription
behavior. As a result, among those physician markets where exiting becomes optimal
for Crestor only under a several shock, Lipitor upward-distorts the demand-enhancing

advertising to signal, with an eye towards Crestor’s future withdrawal.

Appendix

Proof of Lemma 1. Maximizing profits in (1) gives the first order conditions for duopoly

competition:
fl: —pDi—c=0
, ®)
f2: pDy—c=0 1= H, L.
Denote the solution as (A%, A%). By implicit function theorem,

o0(f1,f2)

d A det 522 Di
= S =~ <0, i=HL
o det Ay Ar) 11
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By envelop theorem,

drb,  Omb, dAY  orhy, dAY : ,
= - =pDj D: >0 =H, L.
da 0AY do 9o T da TP >0, ' ’
complete the proof. ]

Proof of Theorem 2. The proof contains five steps. To simplify notation, let us suppress
AL from D'(f(Ay), AL), D'(Ay, AP), 7 (f(Ay), AY) and 7} (A, AF),i = H, L.
Step I. We show that AY > AL. By the definition of A and AL,

p[l = DM(AY)] = cAf" > p[l — D(AY)] — cAY
pll = D*(AY)] = Ay > p[1 = D*(A]')] — cAY

Adding them gives DY(AT) — DH (A > DL(AF) — DH(AL). By A3, (DF(A)) —
D*(A,)) is strictly increasing in A;. Thus A% > AL,

Step II. We show that there exists A; > A such that 7*(f(A;)) = #F, which
uniquely maximizes 7{ (A;) over all A; which satisfies (I). First, notice that 7 ( f (A¥)) >
k> 7k(f(0)). By 3), 7L (f(A})) is strictly decreasing in A, for A; > A > AL By
the continuity of 71( A, ), there exists a unique A; > A such that 7£(f(4;)) = =F.

Second, we prove that A; maximizes 77(A;) over all A; which satisfies (I). by A4,
Al ¢ (AF) A)). Hence A, is the maximizer to 77 (A;) over all A; > A; which satisfies
(I). By the strict concavity of 77(A;) and the fact 7(AL) > 7L, there exists A; < AF
such that 72(f(A,)) = 7F. Suppose A; > 0. Then 7 (A;) > 7 (A;) forall A; < A,
which satisfies (I). We need to show that 7/ (4;) > 77 (A;). Note that A; < Al <

Al < A;. We have

plt = DH(f(A)] = ef (A1) = p[L = D(f(A1)] + ef(A) = 0. (6)

Moreover, by (3), 4 ('3114)1”41] — df;(il) — 1 >0, thus

c(Ar — A1) > o(f(Ar) — f(A)). (7)
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By (6) and (7),

Wfl(fzh) - W{{(Al) =p[l - DH(Al)] —cdy — p[l — DH(Al)] + CJ‘L

> p[D*(f(A1) = DF(A)] = p[D*(f(A) — DH(A)] = 0.

Step III. We argue that 72(f(A7)) = 7 in a separating equilibrium. Suppose not.
Since (I) must hold in equilibrium, we have 7= (f(A)) < 7F, ie., Al > A, or AP <
A;. Consider a deviation from fl{{ to A; + ¢, with € positive and arbitrarily close to zero.
Since A; + € satisfies (I), such a deviation is equilibrium dominated for firm 1 at ;.
However, it is un-dominated by firm 1 at vy as long as (II) is satisfied. Therefore, by
Condition 4, firm 2 should assign p = 1 upon observing such a deviation. Since A; + ¢
can be arbitrarily close to A; and A; is the unique maximizer of 7f1(A;) over all 4,
satisfying (I), firm 1 has a profitable deviation at 7z, which is a contradiction.

Step IV. We show that A = A;. It follows from the argument in step III that A
must maximize 71 (A;) over all A; satisfying (I), otherwise A; + ¢ is always a profitable
deviation for firm 1 at v5. Hence A = A; in the intuitive separating equilibrium.

Step V. We show that 7{!, — 71, > =f , — 7L, is sufficient for the existence of intuitive
separating equilibrium. It is immediate if A; also satisfies (II). First, we show that there
exists a unique A; > A, such that 77 (A;) = 7. Since 7/ (c0) < 78 < 7H(AH),
the existence of A, follows the continuity and monotonicity of 7l (Ay) for A, > AL,
Second, we show that A; < A;. Since 77 (A4,) — nL(A,) = p[DX(A;) — DH(4,)], we

have
d[ni' (Ay) — 77 (A1)
dA,;

= p[Dy (A1) — DY (Ay)] > 0 (8)
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due to A3. By (I) and (II),
Ty = M = mhy = mip = m (AF) = mH (A7) 2wl (A) - w (f(A)
= mf' (Af') = w{ (AT) > 7 (A1) — 7 (f(A))
= il (A1) — 77 (A1) > 7' (A) — 7[(f(A1)  (by (8) and A; > Af')
= f(A)) < A, (since f(A;) > Af, Ay > Af)

By (3), A < /:11 follows. Finally, since Wf (Ay) is strictly decreasing in A; for A; > Al
it follows that 77 (A;) > 7. Le., A; satisfies (I). ]
Proof of Theorem 3. First, we show that the strategy stated in the theorem exists. It is
clear since [A| A] # & following step II in the proof to Theorem 2.

Second, we show the strategy stated in the theorem constitutes intuitive pooling equi-
librium. Let us exploit the arbitrariness of off-equilibrium-path beliefs by setting p = p
if d = D"(AP AF), and p = 0 otherwise, which means that firm 2 always updates its
belief as the shock is mild with probability 1 unless its period-one demand is its equilib-
rium demand. By A2, AY = AZ. Given A; = A at~y, firm 1 at -y, must have incentive
to advertise A; = f(AX) in order to generate D-(A,, A¥) = D# (A AFE) for firm 2,
as long as firm 2 exits upon observing such demand in period one. Thus { A AL AF}
being in pooling equilibrium requires 7= (f(A)) > 7. This is equivalent to requiring
Al ¢ [A}, Ay]. Under 781, — B > 7L — 7L wehave A; < A;. Thus AZ e [AH| A}
also satisfies (II). L.e., firm 1 at vy is willing to advertise A; € [A{{ , fll] if only by doing
so it can have firm 2 exit. Therefore, the strategy stated in the theorem together with the
belief stated above satisfy Conditions 1, 2 and 3.

Now we show that the strategy stated in the theorem satisfies Condition 4. Assume

that there exists 4} # A’ such that
p[1 = D (A))] = cAj —p[l = DT(AT)] + AT > 0 ©)

pll = DY(F(AT)] = ef (A]) = p[L = D*(f(AD)] + ef(A}) >0 (10)
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Noting that D*(f(A)) = DY (AM), D¥(f(A})) = D" (A}). Adding (9) and (10) gives

~

c[f(A) — A1) = [ f(AT) = A > 0.

By (3), f(A;) — A, is increasing in A;. Thus A} > A > AM a contradiction to (9).
Therefore, the strategy stated in the theorem satisfies Condition 4 and is intuitive.

Third, we show that there does not exist other intuitive pooling equilibrium. Firstly,
fl{{ > A, is easy to rule out, since it is strictly dominated by A¥ for firm 1 at v, therefore

violates Condition 1. Secondly, suppose A < AH . Then for any A, > AH,

T (f(A1) — mf (f(Af) = pD" (AY") — pD" (A1) + cf (A]') — cf (Ay)

d(f(A1) — A1)
dA,

< pD" Ay — pDM(A)) 4 cAl — cA; (since > 0)

=i (A1) — 7' (A7),
Moreover, w7 (A, ) is strictly decreasing in A; for A; > AY and 77 (AT) > 7H(AH) >
7 (00). By the continuity of 7 (A;) and 7L (f(A;)), there exists A} > A such that
wH(A)) = 7 (AT, whereas wl(f(A4})) < wF(f(AM)). Consider a deviation from
A to A — e, with e positive and arbitrarily close to zero, such that 7 (A} — ¢) >
(AT, 7L (f(A,—€)) < wE(f(AF)). Intuitive beliefs then imply that p(D¥ (A} —¢)) =
1, and Condition 1 is violated for firm 1 at 7. Therefore, any fl{{ < AH can not give

intuitive pooling equilibrium strategies. ]
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