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Strategic Under-utilization of Patents and Entryddeence:

The Case of Pharmaceutical Industry

Abstract

This paper seeks to explain why some pharmaceutioaipanies are observed to
withdraw their products before patents are expaad simultaneously introduce new
patented (competing) products. Given the specdicire of drug markets, the companies
in fact increase the entry cost of the potentialegie drug manufacturers and thereby
lessen competition for new drugs. The paper detexsihe optimal date of withdrawing

the product and studies comparative static effeictee change of parameters underlying
the model

Keywords. Patent protection, patent expiry, pharmaceuticdustries, generic drugs,
entry cost.
JEL Classification Numbers: L1, O3.



1. Introduction

International patent rules have come into existeafter the Uruguay Round of
Multilateral Trade Negotiations under the GATT ar@ being enforced by the World
Trade Organization (WTO). Before the GATT resolatioghe norms and standards of
intellectual property protection in the interna@brcontext were governed by the World
Intellectual Property Organization (WIPO). The WIPG contrary to WTO, had neither
enforcing power nor dispute settlement mechanisrgave the countries flexibility to
design their own patent rules, and choose the ageeof patentability. As a result, there
were various products like agricultural machinefsrtilizers, chemical products, food
products, and pharmaceutical products, which werduded from patenting in many
developing countries. But the GATT based patentesysas called for a uniform patent
protection for all products including pharmaceusca@enetically engineered organisms,
plants and animal varieties for 20 years.

This has given rise to acrimonious debbetween the developed and the
developing countrieSin the present paper the issue at hand is phautieakindustry.

In fact, the proposal requiring product patentsgbarmaceutical innovations has been
one of the most sensitive issues. This has evokexhsiderable debate and differences of
opinion among the economists and industrialistsil&ne developing countries think
that the medical discoveries should be availalde tf patents, the developed countries
call for a stronger international patent protectsmas to ensure high prices and high
profits in the pharmaceutical industry, given ingyis uniquely high and risky
expenditures on research, development and intrimuof new products.

In the context of pharmaceutical irntdysproblems usually dealt with in the
literature reflect the concern over the impact afept rights on the prices of generic
products, rates of innovation, and welfare of ttaglihg nations. For this literature one
may look at, for instance, Frank and Salkever (J9&2absowski and Vernon (1992),
Nogues (1993), Watal (1996) and Lanjouw (1997). Elesv, the present paper highlights

! Already there is a large literature focusing o tiorth-south debate on IPRs. Interested readeydaunla

at Chin and Grossman (1991), Maskus (1990), DiwehRodrik (1991), Deardorff (1992), Aoki and Prusa
(1993), Helpman (1993), Taylor (1994), Grinols drid (1997), Yang (1998), Marjit and Beladi (1998),
Kabiraj (2000), Grossman and Lai (2004), etc.

2 Scherer (2002) discusses the question of whetbeabwelfare is higher under uniform pharmaceltica
patent standards or with free riding.



a different problem. This is motivated from thevay results of Dutta (2003). It is found
that some pharmaceutical companies withdraw pateinegs before the expiry of patent
period and simultaneously introduce a new patewted). Though this seems to be
strange, as it cuts back the initial period of nmuolg for the patent holder, we argue that
this type of strategy has a deeper implicationpamticular, such a strategy adversely
affects entry of the potential firms who wait taroduce the generic drug once the patent
period is over, and hence it has implication fargdprices’

Entry in the drug market depends on the followingsideration. The traditional
system allowed process patenting and encourageshtimg around. This enabled the
firms to develop commercial production capabilities on-patent drugs before patent
expiry and then compete in the world market as ssothe patent elapsed. Market entry
by generics was limited only to the extent they ldduave to take pioneer’s tests before
gaining market approval. Thus the originator hadace a tough challenge from the
imitators even during the patent period. And aéepiry of the patent, its profits drop
substantially due to competition from the genertbstitutes. In the new patent system,
process patenting as well as compulsory licensasyldeen almost scrapped. Hence the
innovator, the patentee enjoys almost monopolytf@ whole stretch of the patent
period.

Theoretically, even under the new plasystem, pioneer’s profits should drop to
an insignificant amount after the patent expiryhvitie entry of generics. In practice, this
never happens because of the peculiar nature gdithemaceutical products as a whole.
Typically, pharmaceuticals are cited as an exangfldirst-mover advantage. First-
movers have natural product differentiation advgesathat permit them to charge higher
prices and retain substantial market shares (seea@¢1983) and Schmalansee (1982),
and Scherer and Ross (1990)). There is a strongddyalty in pharmaceuticals for
innovative brands over generic competitors. Ongssigians gain experience with a new
drug during its period of patent exclusively, tr@ren when patents expire and cheaper
substitutes become available, many physicians migimain insensitive to the lower-

price opportunities, and therefore they continueptescribe the branded product. In

% For the literature on entry deterrence see, itiquéar, Dixit (1980), Milgrom and Roberts (1982)nd
Salop and Schiefman (1983).



pharmaceutical industry, the consumers and theucopson decision-makers (that is,

physicians) are not the same, and sometimes thsuowrs are not the ultimate

contributors due to existence of the third partynimirsement schemes. The combination
of all these factors makes demand for the brandedupt stronger and less elastic. On
the supply side entry of the potential firms istrieted to the extent they will have to

incur costs on getting market access in the pdspgoeriod. There are evidence
showing that after patent expiry the price of tmanded product has gone up and that
there has been only marginal market share gainemenc entrants even several years
after patent expiration (see, for instance, Statifi®81), Frank and Salkever (1992),

Grabowski and Vernon (1992), and Hollis (2005)).

This paper refers to the situation when the pgatetder intends to deter by
means of withdrawing the existing patented prodéram circulation and then
introducing a new patented substitute. The withditashate is optimally chosen by the
incumbent and is chosen earlier than the expirg ddtthe patent. The role of the
prescribing medical practitioners is very importamthis context since their prescriptions
in a way determine the marketability of the medisinThe new drug is introduced with
the pretext that it has new and interesting charestics. It gets prescribed before the
generic substitutes of the old drug have a chameg@pear, since the patent period for the
old drug is yet not over. Since doctors often asefand of prescribing drugs that have
gone out of fashion, the potential entrants ofdgbeeric drugs find it tough to compete
after entry since the original drug itself is odtoaorculation for some time. There is no
taker for their generic substitute and a newer fofitine original drug already reaches the
market. This is the case where deliberate withdrafgatented drug even before the
expiry of the patent period leaves the potentiaiaans at a disadvantage and acts as an
entry deterring strategy.

The empirical support of our theory is drawn,nasntioned earlier, from the
survey reported in Dutta (2003). For a molecule edmitrofurantoin, initially the
normal tablet was patented for twenty years. Chosé¢he expiry, a new formulation

naming, Vincristine, was introduced and a patent was again taken. Naefipre

* Indian case shows that in 1998 patented drugstiasesl 84.7 % market share in anti-hypertensive,
70.3% in Quinolones and 56.7% in anti-ulcerants.



completing the term of twenty years, a new pateas waken on the solution form of
Vincristine, saying that the new form is even matable. The original drug was
withdrawn while marketing the new drug. Another myde isCyclosporin. Close to the
expiry of the patent, the patentee introduced a neero-emulsion form of the drug.
Doctors are usually not interested in prescribirrggd which are not vigorously
marketed. The cause behind this is that they déneénowledge of new drugs from the
medical representatives, who constitute the badkbminpharmaceutical marketing. A
survey on doctors from Calcutta and Bolpur, a gisttown in West Bengal, India,
revealed that sixty per cent of the doctors surdegellected information about new
drugs from the representatives, though they seldeceived any detailing about the
chemical and biological characteristics from thdiine pharmaceutical companies stress
on heavy marketing of new molecules. If they deseethe marketing expenditure in the
post patent expiry period, the market share ofdltrags fall fast because the memory of
the doctors is short. On the other hand, if theadifind that there is no new generation
substitute in the pipeline, they increase promaioexpenditures on them. This may
increase their market share even after expiry efpgitents. For example, market shares
of Sulphamides and anti-depressants increased after patent expesrly 70's due to the
boost up in promotional expenditures (Slatter, 3977
We construct a simple dynamic model of an egiuyne capturing the above

facts. The key feature of the model is that eaithavawal of the patented drug increases
the entry costs of the potential entrants with gensubstitutes. Although we do not
model the strategy of the prescribing doctor exgficearly termination implies that the
drug is out of circulation and the entrants havegend more to influence the doctor to
prescribe an out-of-circulation drug. But earlym@ration is costly for the incumbent in
the sense that it has to forego patent protectedit grom the old drug and have to
introduce a new drug early. Such a trade-off deteemthe optimal termination period.
The termination date is sensitive to certain bpaiameters of the model, such as the cost
of introduction and promotion of the new drug, kegth of the patent period etc.

Before we go to the next section, let us summattizekey forces driving our
result. First, the existence of patent preventsitthitators to market the product during

the patent period. And second, given the behaviothe doctors, the incumbent



strategically withdraws its product from the markatfore its patent expires and
simultaneously introduces a new patented produus Behavior increases entry costs of
the generic producers and alters market compeiiiamcumbent’s favor.

The paper is laid out as follows. In the secoactien we discuss the model and
the results. The third section concludes.

2. Model and Results

In this section we provide a model to show thatitteembent, the originator of a drug,
will introduce a new competing drug before the patef its earlier generation expires.
Imitators can enter the market with generics ofuynly after its patent period is over.
We focus on the stationary equilibrium where théept holder withdraws the new
patented drug before the old patent expires.

LetT be the length of patent of a drug available frive date it is introduced in
the market. Then we are concerned with an equilbrivhen the incumbent introduces a
new substitute drug years before the expiry of patent of its earliengyation;t 0[O, T].
We further show that introducing the new drug after expiry of the patent will never be
optimum. To make the analysis simple we assumedisocounting rate.

Let D(0) denote the current generatiamgdiThen D(-s) denotes treegeneration
earlier drug and D(r) is the drug to be introducedenerations later. We assume that
demand for drugs over time remains unchanged aatdhk newer version of drugs will
have no market demand effédtlowever, doctors will be more prone to prescribe t
latest generation drug. In other words, the oldaregation drugs will have lower market
share, as if, older generation drugs become oleswmighe minds of the doctors. To make
the structure simple, we further assume that whenldtest generation drug (which is
presently protected by a patent) competes witlgdmerics of older generations, only the

last generation generic will survive and all oldgneration generics will have zero

°In the paper we assume that the patented drugtlamdgenerics are perfect substitutes (in their
composition and efficiency), but the doctors arerenprone to prescribe the latest generation pgssibl
presuming that this is more effective and/or safdternatively, the new drug may have a strong dran
loyalty and therefore the physicians may easilysgribe such a drug. We however, deliberately abtstra
from the situation when firms produce verticall§felientiated products and consumers are willingdg a
higher price for a better quality. The assumptibino demand shift effect’ facilitates us to foqusely on
the entry deterrence strategy of the incumbent.



market shares. The doctors while prescribing they dio not take into older generation
generics except the one in the recent past. Thes\Wi{0), D(-1) and D(-2) compete in
the market place, D(-2) will have no positive markeare, and in competition between
D(0) and D(-1), the drug D(0) will have a largerriet share.

Think of the period when D(0) is not yietroduced but patent of D(-2) has
expired. Then D(-1), which is now under patent @ction, will compete with generics of
D(-2). Let the flow of gross payoffs of the origioaof D(-1) and that of each entrant

producing generics D(-2) b&(n) and G(n) , respectively, which are decreasing
functions of the number of entrants) thereforeB’(n) <0 and G'(n) <O.

Consider now the period after introduction o0p(By our assumption, D(0) is
introducedt years before the expiry of patent of D(-1). Soséheyears the patented
D(0) will compete with D(-2) generics. Note thatithg first t years after launch of D(0),
the drug D(-1) cannot be imitated. LA{n) and é(n) be the flow of gross payoffs of the
patentee of D(0) and each D(-2) generic producespectively. Given the story
underlying our structure, it is then natural tousmss thatA(n) > B(n) and G(n) > é(n).

For our results, however, neither of these condiitics necessary, but these justify why
very old generation drugs will not survive competit

But once years are over after D(0) is launched, generic®@E1) will enter
(because by this time its patent is expired). Thgnassumption, producers of D(-2)
generics will cease to operate. Then a next ganardtug, D(1), will be launched again
t years before the expiry of patent of D(0). Therefd(0) and generics of D(-1) will
compete forT — 2t years.

This framework suggests that any genproducer will enjoy a flow of gross
profit G(n) for T -2t years before the next generation drug is introdumzdé(n) for
t years after the new generation drug is introdu&shilarly, for any new innovation,
the incumbent will get a flow of gross payof{n) for the firstt years of the product and
B(n) for the nextT -2t years. It is further understood that foe T/2, B(n) =0 and
G(n)=0.

Since we are assuming away any demdiedteof a new drug, the payoff
structure of the incumbent and the generic produeglt remain the same as above. In



other words, the same scenario will repeat evane tafter a new generation drug is
introduced. The sequence of launching new drugspscted inFigure 1.

We shall now introduce the cost sidesukse that there is a cost to introduce a
new drug by withdrawing the existing patented ditogn the market before the patent
expiry. This may also include the cost of advemntisand marketing of the new drug.
When the drug is introducedyears before the expiry of patent of its earliengration,
the corresponding cost is given by the function:

Z(t) with (i) Z(t) =0 for t<0, (ii) Z'(t)>00t >0 and (iii)) Z'(0) =0 (1)
This cost is increasing in, and is zero if the product is introduced aftex #xpiry of
patent of its earlier generation.

Similarly, the generic producers faceeatry cost which directly depends on the
length of the period the product goes out of theketabefore any generics can be
introduced. This is given by

E(t) with (i) E(t) =E for t<0, and (i) E'(t) >00t >0 2)

Since the new product is to be innovatedvolves an R&D cost. Let the cost be
given by the function

I (t) with (i) 1(t) =1 for t<0, (i) 1'(t)>00t >0 and (jii) I'(0) =0 3)

This tells us that the earlier the product is irated, the larger the cost of innovation is.

Given the structure of the model, we aosv in a position to find the optimal
number of entrants producing generic drugs andofitenal time of introducing a new

product. If n generic producers enter the market, each suclsfinet payoff becomes
(T = 2t)G(n) +tG(n) - E(t)
Then the optimah is solved from
(T - 20)G(n) +tG(n) = E(t) (4)
Eqn. (4) solvesn(.) as a function oft . Given the restrictions, we must have
n'(t) <00t >0 and n(0) = n* with n* >n(t) 0t >0. This is quite intuitive. Ag goes
up, on one hand the entry cost goes up, and oathige the period of possible operation

of each generic drug is shortened. Therefore, thérde lower number of entrants.



Now, givern(t), define
A(t) = A(n(t)) and B(t) = B(n(t)) ®)
Since{A',B',n} <0, we must haveA'(t) >0 and B'(t) >0 for all t.
The incumbent’s problem is
maxV() = R(t)- C(t) (6)

where,
R(t) = tA(t) + (T - 2t)B(t) and C(t) = Z(t) + I (t)
To see that the above problem has ariémtsolution, note thaR(0) = TB(n*),
CO) =1, R(T)=0 andC(T) >0. ThereforeV(T) <0, and it is reasonable to assume
V(0) >0, that is,
TB(m) -1>0 (7)
This tells that the R&D cost associated with arowation will be fully recovered by the
existing patent system. Hence,
Ct<T|V()>0 (8)
Now to ensure that the optintalis indeed positive, consider the first order

condition of the maximization problem (6), i.e.,
Vi(t) =R(t)-C'(t)

or, A+tA"+(T-2t)B'-2B=Z"+1' ®)
If t* maximizesV(t), thent* >0 if and only ifV'(0) >0, that is,
TB'(n*)n'(0) - 2B(n*) >0 (10)
Eqn. (7) and (10) together ensure that
V({t*) >V (0)>0>V(T) (11)

Now we show that introducing the new datigh date after the expiry of patent of
the earlier generation drug will not be optimal. d@ so, suppose that the innovation is
introducedr years after the expiry of patent of its earliemeyation;7 >0. The

sequence of introduction of new drugs is showniguie 2.

® We have,n= G'l(E) andn'(t) = _GC-GrE .
T (T -20)G' +tG'

10



As the Figure 2 shows, here the numbegeoieric entrantsi() will be more than
n*, i.e.,, N>n*, because the patent of the existing drug expieferé the current
generation drug is introduced and hence entramnts loav cost of entry. Moreover, these
firms compete with the current generation for dquklonger tharr .

Therefore, the innovator of a drug widlrive a flow of gross payofB(n) during
the patent periodB(n) < B(n*) . And once its patent is expired, naxtyears it will
compete with its generics, and hence its payoff l@yssumed to drop to zero due to
entry of large number of generic producers. Hemeertet payoff that the innovator is
expecting to derive from introducing a dragyears after the patent expiry of its earlier
generation is:

V(1) =T B(A(7)) +7.0-1 =TB(7) -1 (12)
Comparing (7) and (12), we have
V() >V(r) Or>0 (13)
We are now in a position to write the main resfilbar paper.

Proposition: It isoptimal for the originator of a drug to introduce a new competing drug
before the expiry of patent of its earlier generation.
Proof: Results (11) and (13) together imply thait*) >V(0)>\7(r), and hence the
result. QED

The result can be explained as follduisthe new drug is introduced after the
period of patent expiry of the earlier generatiiven it will face more competition from
the entrants producing generic drugs of the eagesreration, because generic entrants
now face a lower cost of entry, and once paterthefcurrent drug expires, the generics
of the current generation drug enter. This wiluteg) a drop of revenue almost to zero.

On the other hand, when the new drugtr®duced at an earlier date before the
expiry of patent of its earlier generation, the amator, by doing so, successfully
increases entry cost of the potential generic atgraAlthough the innovator itself incurs
some additional costs of innovating and introducthg product earlier, under some

conditions this strategy is profitable. To see ¢fffect of an increase ihon revenue of

" The incumbent perhaps has an additional optiomehaintroducing its own generics. It has, however,
two opposing effects: it increases incumbent’s igdb the extent it saves entry cost for introdgcits
generics, but it reduces profits to the extent &t competition dissipates profits.

11



the innovator, note that dsgoes up, the length of operation of the innovatih this
drug is shortened to that extent, and hence tlseeseme loss of revenue. On the other
hand, during the period it operates, it faces lEmmpetition from generics of earlier
generations. These two opposite forces give thessaey trade-off and determine the
optimalt > 0.

Before we go to the comparative static resultsymber of related issues may be
discussed brieflyOne such issue is the price caps on drugs. The inmgydirms
sometimes engage in this kind of practice as a méanextending patent period with
minor improvements. This is also a reason thatgslragy be introduced earlier. Since we
are considering market-determined outcomes, weatroking at price caps. Moreover,
such a possibility will not hold with the homogens@ood case as in our set Sgcond,
in our model both the incumbent and the generidyeers play a simultaneous move
game at the production stage. One may then think stenario where the generic
producers have the first mover advantage. Howdr@m the innovator’s point of view
less competition (due to raising entry cost indulogcearly patent termination) is always
good and hence our basic result should still hdltird, our model is entirely
deterministic and there is no information probldm.reality, there can be uncertainty
regarding the patent termination period. The brprmHucers may not have a perfect
knowledge of exactly when the generics will come But note that in our model the
generic suppliers will never delay their entry baegdhe patent period and will enter right
after the patent period is over, because delaynailigive them extra pay off. The generic
producers can anticipate that there will be a neamdh. But they can’t do much about it;
they will have to fight armed with the genericstloé old brand, given that the new brand
is protected by a paterkinally, we should mention that our paper grows out ofigogb
evidence in the pharmaceutical industry where thasf are observed to effectively
terminate drugs before the patent period is ovex.HAve shown that such an outcome is
consistent with rational strategic action of thaawator. While the empirical evidence

generated out of a field based survey providesnitial motivation for the work, and this

12



appears to be appealing, but the key consideratidine paper is that the innovator can

take some strategic action that makes entry ofjemerics difficulf

Effects of a change il

For comparative static analysis let usua®e thatt* is a unique and stable
equilibrium within the domain satisfying (7) andj1From Egn. (4) we shall get as a

function oft andT, i.e., n(t,T) with n, <Oandn, >0. Then Eqgn. (9) will solve for
* =t(T) satisfyingR =C' andA=R, —C" < Q Hence wherT changes, it affects*
directly (whenn and n, remain unchanged) and indirectly through the chawsfgh and
n,. Therefore, from the conditior, =C', we shall get:

dt* 1
dqT :__A[RtT + RNy + Rmt Ner] (14)

where,
A=2An +tA'n, +tA'n? +(T - 2t)B'n, +(T - 2t)B"'n? =4B'n, -C"
Ry =B,
R, = A +tA'n +(T - 2t)B"n, - 2B’
Ry, = tA' + (T - 2t)B'
It is clear thaR; > 0. Therefore, the direct effect of a changdins positive, i.e.,

an increase im will lead to an increase it*. Since a priori we cannot make any

conclusion on the sign af,, to make it simple we may assume that=0, i.e., a
change ofT will lead to a parallel shift om(t,T) function. Moreover, it is not
unreasonable to assume thahifyoes up, it leads to a downward shift of fhecurve?
hence assum®&, < .0Under this assumption the indirect effect of arge inT is

negative. Hence the net effect of a chang& afn t* depends on two opposing effects.

8 For instance, Hollis (2003) and Kong and Selded042 have shown that an introduction of a pseudo-
generic into the market by the incumbent may acemtsy deterrence or delay entry of independent
generics. And Kamien and Zang (1999) think thatgrgtive pseudo-generics are a form of virtual piate
extension.

° We may generally presume tha">0,B">0 . Then the sufficient condition foR, <0 iS
A -2B'<0.

13



When the direct effect dominates the indirect affet will go up asT increases. Then,

if further, n; < 0, this will reinforce our conclusiof?.

If there is a shift oE function, it has only indirect effect -+* will change

through the shift oh(t,.). However, if there is a shift of eithér function or Z function,
to the extent it results in a shift @ (t) function,t* will be affected. For instance, if

C'(t) shifts up,t* must fall.

3. Conclusion

A strong argument in favor of granting patent rggtitas to do with encouraging
innovations since the monopoly profit of the inntmras protected over the patent period,
usually for twenty years. We argue that given argni@ed patent period, pharmaceutical
firms can also engage in further anti-competitived aentry deterring strategies by
withdrawing the patented drug before the expintre patent period. Our analysis is
based on some empirical evidence where early vathalr of the drug makes the future
generics less effective as competing products.odiigh the doctors’ role is crucial in the
analysis, we have not explicitly modeled doctorshévior because it is unlikely to alter
the qualitative result of the model. We highlighe trole of prescribing doctors who are
likely to be influenced by the persuasion of theowating firm. We develop a simple
dynamic model to capture the effect of such arr@steng entry-deterring strategy.

Our paper opens up the possibility of an intengspolicy question. Should the
organization such as the FDA allow the drug comgmmo withdraw the patented drug
before the expiry of the patented period and tmthice a new drug earlier than what is
expected? The generic substitutes which are sugpgoseome up right after the patent
period is over, will be in a disadvantageous positif the doctors are somehow
convinced of the “limitations” of the drug the gews are likely to substitute. If the
producer of the existing patented drug A, reverlSaalverse side effect’ and uses this as
an excuse to prematurely introduce the new druth@&generic substitute of A will be in
a bad shape. We argue that the drug manufacturev@or might have all the incentive

% Since a lowT meanst* =0, the strategic mechanism highlighted in the paperovided by too high
a length of the patent.

14



in the world to use such ‘revelations’ as a proitreasing strategy. However, the
problem is that there is no obvious way to decigherfact that whether the existing drug
should really be replaced, because there is a sudideovery of an unanticipated side-
effect, or something needs to be improved upon idiately. Our paper proposes to take
up this particular issue, the behavior of presoghiloctors, “influence-fee’ to induce the
doctors to prescribe the new drug etc., as inpurtguirther research. But at the end our
point that strategic withdrawal of patented drug tad to anti-competitive outcome, is
quite a fresh insight so far as the economics tdrgas concerned.

15
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