Chapter 3

The Effect of Generic Goodsin the PharmaceuticalIndustry

3.1 Intr oduction.

Theso-calledgenericpharmaceuticalarethosedrugsfor which their patenton theactve
ingredienthave expired. Their main characteristigs thatthey aresold at a cheapeiprice
thanthe alreadyestablishedbrandedmedicine.In all but few casesandreferringto the
US, thesegenericsarecertifiedby the FDA (Food andDrug Administration)to be perfect
substituteso thebrandedyoodin thattheiractiveingredients identical. Furthermorethey
arebioequvalentin the senseof beingstatisticallyindistinguishabldrom the established
productin key aspectsof therapeuticuse. However, they could vary in characteristics
suchas shape colour, packagingandlabelling. Taking into accountthe fact that not all
consumersswitch immediatelyto genericsgives supportto the idea of both goodsnot
beingperfectsubstitutes.

Duringthe1980s andespeciallyin theUS, therehasbeenadramaticncreasen thespread
of genericdrugsinto marketsfor pharmaceuticaproducts. For example, the volume of
salesof genericsin the US accountsfor 50% of the total volume of salesof prescribed
medicines. The meanin the EuropeanUnion is around35%. Both figuresarevery high
comparedo the 2% in Spain(NERA 1997). However, Spainhasbeena peculiarcountry
in this respectandwe will notgo into the detailsof why this hasbeenso. Theinterested

readerwill find a descriptionof the Spanishpharmaceuticaindustryin N.E.R.A. (1997)
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andMestre-Ferrandi£1999). Thesefigurescomparedvith the figuresfor 1984 (de Wolf
(1988)),asshavn in Table 1, reflectthe increasein the useof generics. The difference

betweerthe US andEuropewill be explainedthroughoutheintroduction.

Table 1 Total genericsalesas% drug sales(1984,1996)

H [vear ] vear |
| Country [ 1984] 1996]
H Spain H 1.5 H 2 HSource:N.E.R.A.(1997)anddeWoIf(1988).
| Total Europe | 3 | 35 |
[ Usa [ 15] 50

The questionthat arisesis why shouldwe beinterestedn the productionof genericsand
why shouldthey be economicallyviable? Due to their lower priceswith respecto the
brandedyood,their productionandusehasbeenpromotedby the public administrationin
thecaseof theUS, for example regulationof thepharmaceuticahdustryhasseerdifferent
phases.The Kefauver-Harris Act of 1962enforcedthe FDA to issuemorestringentrules
governingnew drugtestingandapprosal andreducingtheeffective patentprotectionperiod
by delayingthe time of approval. This wasdueto the considerablenonopolypower of
well-acceptedirugsassociatedavith informationalfailures,physiciandecisionmakingand
third party payment,which reducedthe price elasticity of demandto lower level thanit
otherwisewould be. At the sametime, the ability of genericsto competewas reduced
considerablybecausehey hadto duplicatethe approval testsof the original drug, which
aregenerallyvery costly The Waxman-HatchAct (1984)tried to solve the two problems
of thereducedeffective patentperiodandthe high degreeof difficulty for thegenericdrug
to enterthemarketoncethepatenthadexpired. Thiswasdoneby extendingthelife of drug
patentsandby simplifying the proceduresequiredto approve genericsubstitutesvithout

patentprotection. Genericdrugsdid not have to duplicatemary of the original product
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teststo gain approval, but only requireda bioequivalencedemonstratiorio the pioneers
brand. This Act had the desiredeffect of stimulatingcompetitionagainstdrugswhose
patentprotectionhadexpired.

In Europe,in mary countriessuchas Belgium, France,ltaly, Spainand the Scandina-
vian countriesthe prescriptionpatternis influencedoy makingpositive lists, or by placing
generican a superiorreimbursementategory. Further availability of genericss encour
agedby abbreviatedregistrationproceduren all Europearcountries.

Economicmotives other than promoting competitionexist for encouraginghe useand
productionof genericsboth on the partof governmentssubsidisingsocialhealthfundsas
well asthepartof consumersvho payfor themedicinegshemseles.Forinstancejn Spain,
eventhoughthereis no specificpolicy to encouragehe useof genericsthe Ministry of
Healthhasannouncedhewillingnessto promotethe useof genericsn the NationalHealth
Systemasaway of reducingcosts.In othercountriessuchasFrancewheneer thereexist
variousmedicinesn themarketwith thesametherapeutiovalue,generapractitionershave
to prescribethe cheapestne. Furthermorethe Frenchgovernmentaspromisedthrough
the Agéncedu Médicamentto doublethe numberof genericsbeforethe endof 1999 (El
Pais, Thursdayl9 February1998,p. 25).

Oneof the main factorsthat could explain genericsubstitutionis the intensifiedpressure
from third party payergo minimisedrugprices.In Cavesetal. (1991)it is pointedoutthat
the substitutionratesfrom brandedo genericgoodson Medicaid prescriptionsnorethan
doubledprescriptionsubjectto reimbursementvith respecto privateinsurers.Medicaid,

which takescareof US federalmedicalexpenditurefor the poor, hasimposedreimhburse-
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mentlimits to genericlevels, if they exist. Furthermorethe growth of HealthMaintenance
OrganisationdHMOs) hasalso encouragedhe use of generics. HMOs provide health
coverageto approximatelyl1% of the US populationand on average,31% of all HMO
pharmag claimsarefor genericscomparedo the 14% of insuranceplansthatcover fee-
for-servicemedicalpractice(FrankandSalkever 1997).

With respecto the supplyside, it is amguedin the literaturethatthereseemto be little or
no barriersto entry. Thisimplicationis dueto the provisionspreviously mentionedof the
Waxman-HatchAct (Frank and Salkever 1992). Hence,the primary impedimentsseem
to comefrom the demandside. The first impedimentrefersto the accumulatedyoodwill
of brandedproducersandarny concernsaboutthe differencein quality betweenthe two
products. This point will be analysedater. The secondmpedimentcomesfrom therole
thepharmacisandtheconsumeplayin decidingwhethertheoriginal brandor thegeneric
is dispensedoncethe physicianhasprescribedhe druganda genericis available. Before
1984 ,genericsubstitutionvasprecludedncethe physicianhaddispensedhebrandname,
althoughtheseanti-substitutioriaws have now beenuniversallyrejectedand pharmacists
areallowedto dispenseayenericsin Europe however, genericsubstitutionis not permitted
by the pharmacistThisis oneof thereasonsghatcould explain the patternshovn in Table
1.

The effect of the introductionof thesegenericson the price of the already-established
brandedgood hasbeena sourceof controversy Variousempirical estimatesobtainedto
measurehe pricerespons®f brandedjoodsin thefaceof entrygive riseto differentcon-

clusions.FrankandSalkever (1992)studya sampleof 32 drugsthatlost patentprotection
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during the early to mid-1980s providing evidencethat brandedpriceshave increasedhf-
ter genericentry. Grabavski andVernon(1992)obtainsimilar resultswhenestimatingthe
effect of genericentry on pricesfor 18 high-sales-slume pharmaceuticgbroductswhen
first exposedto genericcompetitionduring the mid 1980s. They comparedoricesbefore
genericentryandpricesoneyearafterentry, estimatinga negative coeficientfor the num-
berof genericson theratio of genericto brandedorice, whichis of courseconsistentvith
brand-namepricesrising relative to genericpricesaftergenericentry,

Cavesetal. (1991)studied30drugsthatlosttheir patentbetweertheyears1976and1987.
They estimateda 2% reductionin brandnamepricesafter patentloss, while entry by 20
genericaused 17% price decreasén brandedyoods.Thesereductionsvereviewedas
very smallpriceresponseto entry.

However, it seemghatthe mostwidely acceptedriew is thatbrand-namepriceshave in-
creasedftergenericentry, ratherthanobservinga two-way pricerivalry betweerbranded
andgenericdrugsuppliersn orderto deterentry. Themostcommonscenaricaftergeneric
entryis thenthatthe brandedyood’s priceis maintainedor increasedyhile losingmarket
shareto lower-pricedgenerics Furthermoreasthe numberof genericancreasesits price
is reduced.

This “GenericCompetitionParadox”,asexpressedy Schere(1993),could be explained
by two institutionalregularities.First, physiciangendto bereluctantto switchto generics.
Not only is the menuof drugsso vastthatis virtually impossiblefor physiciansto have
full informationaboutall the possiblealternatvesavailable,but alsothe tendeng to stick

to brand-namepatternof prescriptionhabitsaswell asthe positive attributesascribedto
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brandedgoodsin termsof generalreputationmakesphysiciangprescribemore expensve
drugswhen cheaperonesexist. Pharmaceuticalare usually consideredo benefitfrom

first-mover pricing advantagesasGrabavski andVernon(1992)note:

“underconditiondik ethosefoundin pharmaceuticaldirst movershave naturalprod-
uct differentiationadvantageshatpermitto chage high pricesandretainsubstantial
marketshares.

Hence this strongbrandloyalty hasmadephysicianggainexperiencewith the drugunder
the periodof patentexclusiity, makingtheminsensitve to lower price opportunities. A
Dutchstudy(deWolf 1988)interviewing 200prescribingphysicianshowvstheirreluctance
to switchto genericssincegenericgoodswerebadly representeth the doctor’s preferred
setof drug names. Secondly and from the point of view of the consumermurchasing
drugsat the retail pharmag, they usuallylack the knowledgeto evaluatethe alternatves
to brandedgoods. This effect is reinforcedwith wholesalersand pharmacistsvho have
greaterincentivesto sell moreexpensve drugs,speciallywhenpharmacieghage a fixed
percentagenamgin by productsold. This percentagagivenabaseretail priceof 100,ranges
from 22.0in theUK to 28.2in Spainand29.0in Francg NERA 1997).Thisis in contrasto
the USA, whereMassormandSteiner(1985)provide evidencethatgenericproductsusually
carry highergrossmargins to pharmacistsvhich implies that both the consumemndthe
pharmaciswill be willing to substitute. This differencecould be anotherreasonwhich
couldexplain Tablel.

Hence,whenthe genericdrugis introduced,we could say without oversimplifying, that
drug buyerscanbe of two differenttypes:thosewho are price-insensitre to genericsand

thosewho arenot. With no genericsthe problemis standardput whengenericsareintro-
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ducedat alower price,we have to take into accounthis market segmentatioreffect, since
we couldamuethatthebranded-goodellerprefersto increasepricein theprice-insensitre
market segmentanddesertheothersegmentgatherthanto reducepriceto the pricesensi-
tive customersHence|if we seefrom empiricalresultsthatbrandedyoodshave increased
in price,thenwe couldreasonablarguethatthis pricediscriminationargumentyield supe-
rior profits. Thisis theapproachakenby FrankandSallkever (1992). They find conditions
supportingthis empiricalfact,andusefor this purposea market segmentatiormodelwith
onefirm producingthe brandedyoodanda competitve fringe producinga homogeneous
genericdrugi.e. they proposea modela la Staclelbeg, with a leader- the pioneerfirm-
andafollower - thecompetitve fringe.

Severalauthorshave arguedthatfirst-mover advantageslsoexist in the market for gener
ics. In particular onehypothesigo explain large sharesobtainedby certaingenericfirms
is thatif theseintroducethe genericseveral monthsbeforetheir rivals, they will obtaina
significantmarket advantage.Grabavski and Vernon(1992)indicatethat for the sample
they study for virtually all productsthe market leaderis an early entrant. Of course this
hypothesigs in line with brandedyood manufcturergproducingtheir own genericalter
native. Lobo (1996)arguesthatthesefirms have a naturaladvantageo producetheir own
genericversion.Furthermorethatcanundertale thenecessargtudiesandtestsfor thecer
tification of the genericgoodduringthe patentlife of their brandedyood,sothatthey are
thefirstin themarket, earninghighermarket shareghantheir competitorsasarguedabove.

If thisis so,asLiang (1996)notes thismaylead“late” entrantsvhich areconsideringen-
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try into the market to choosenot to enter The resultcould be a significantreductionin
competitiondueto thefirst-mover advantageof the brand-namenanufcturer
Therefore,if we take the US pharmaceuticasectorasan exampleto be usedwherethe
genericis well establishedwe could examinethe situationwhenthe genericis alreadyin
the market. With this approachwe could have mary possiblesituations althoughwe will
restrictoursehesto the pioneerfirm producingits genericalternatve, or rather having a
third firm producingit. With this in mind, an interestingquestionthen arises: arethere
incentvesfor the pioneerfirm to producethe genericitself ? This questioncouldthenbe
extendedto include consumersurplus,andhencesayunderwhat situationwill consumer
surplusbegreater

In orderto try to answerthesequestionsyve will usea simplemarket segmentatiormodel
with two firms producinga brandedyoodwith a differentactive ingredient.However, and
for simplicity, we will assumethat both goodsare perfectsubstitutes. As an example,
considertwo brandeddrugs;Aspirin, whoseactive ingredientis acetylsaliglic acid, and
Gelocatilwhoseactive ingredientis paracetamolSomeyearsago, Bayers patenton As-
pirin expiredandagenerids alreadyin themarket. Thequestiorthatis posedn this paper
is thenunderwhat conditionswill Bayerpreferto producethe genericitself, ratherthan
notproducingit andlettingathird firm produceit, alwaystakinginto accounthatwhoever
introduceshe generic,its price mustbe lower thanthe onefor Aspirin. Of courseanob-
vious questionfollowing the previousoneis underwhatsituationconsumersvill be better
off. Note,thatfor simplicity, we assumehat only the patentfor Aspirin hasexpired and

onegenericis allowed.
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The approachwill be asfollows. Due to the complity of obtainingan analyticalre-
sult with a very generalmodel,we try to restrictourselhesin orderfor the analysisto be
tractable.Hence,we will give functionalformsto the demandcurvesandcostfunctions,
andsome“ad hoc” assumptionsvill be madein orderto reducethe numberof parameters.
Themodelwill besetupin thefollowing way: thereexist two brandedyoodsandageneric
of the onethat haslost its patent. Due to the existenceof the genericgood, consumers
canbedividedinto two types,thosewhosedemandor the brandedyoodis unafectedby
the existenceof the genericgood(“loyal’consumers)andthosewhosedemands affected
by the genericgood (“sensitve” consumers)Therefore we have the consumersvho may
buy the genericandwhosedemandcouldin principle dependoositively onthe price of the
brandedgood.

With respectto the technologyof producingthe brandedandthe genericgood, we will
assumehat the maiginal costof the genericdrug is lower thanthe maiginal costof the
brandedgood. This is a realisticassumptiorsincedue to the characteristicof the two
goods,costsof packagingand labelling for the brandedgood are usually higher since
genericausuallycomein white boxeswithout any labelling or colour. With respecto the
possibility of accesgo technologyby the third firm, we will assumehat technologyis
freely available. However, if the pioneerfirm decidesto producethe generic,it doesnot
needto incur ary extra fixed costs,sinceit hasthetechnologyrequired which we assume
is similar to theoneusedto producethe brandedyood.

The paperis organisedasfollows. Section2 introducesa generalmarket segmentation

model.In section3, weintroduceparticularfunctionalformsondemandandcost.Also we
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solve the modelundertwo alternatve scenarios(i) the firm producingthe brandedgood
whosepatenthasexpiredalsoproducests genericalternatve; (i) athird firm produceshe
genericgood. In sectiord we comparehe solutionsobtainedanddefinethe conditionsun-
derwhichtheestablishedirm will have incentvesto producethegenericitself. Consumer
surplusis alsocomparedn this section. Section5 concludesand providesan agendaor

futureresearch.

3.2 The Model.

3.2.1 General Set-up.

Considera situationwhereto curea certainillness(say“headache”thereexist two alter
native drugs.For illustrative purposescall themAspirin, producedoy Bayer anddenoted
asfirm A, andGelocatilproducedby Gelosanddenotedasfirm B. However, for simplic-
ity, we will considerthe casefor thesetwo goodsto be perfectsubstitutesBayerhaslost
its patentover acetylsaliglic acid severalyearsagoanda genericsubstituteexistsfor As-
pirin, with the conditionthatits price hasto be lower thanthe price of the brandedgood.
This genericcanbe producedonly by onefirm, eitherby the alreadyestablishedpioneer
firm or by athird firm which only produceghegeneric.

Market demandfor brandedmedicinescan be thoughtof ascomposecdf two elements.
Thereare consumersnsensitve to the generic,togetherwith consumersvhosedecision

dependbothon the pricesof the brandedyoodaswell asthe price of thegeneric.
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Finally, demandfor the genericdrug dependsn its own price aswell asthe price of the
brandedalternatves.

To be precisedemandunctionsfor brandedyoodsare

¢ (i, pj, pa) = 41 (pi,p;) + di2(Pi, Pj, PG), (77)

wherei = A, B; Jj # 1 pa = price of the generic,

and

0gi1 (pi,pj)
apj

0gi1 (pz’,pj)

<0
Op; ’

>0,

0i2(pi,p5)
6pj

0i2(pi,p;)
Opi

0i2(pi,ps) S

>0 0.
Opa o

- Y

<0,

Demandfor thegenericdrugis:

9¢(pi, Pj, PG)s (78)

where

9q¢ (pi, pj; PG) S

9q¢(pi, pj» Pa) <
Opa -

0.

9q¢(pi, pj» pa) >0

0, >
Op; Op;

As mentionedabove, we presenttwo alternatve configurationsof the supply side of the
market. In thefirst one,firm A producesoththe brandedyoodandits generic,while the

alternatve scenaricconsistf threesingle-productirms.
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3.2.2 Twofirms (A, B) producingthe branded goods;firm A produces
the generic.

The profit functionfor firm A is givenby

Ta(Pa,PB,Pc) = Palqa1(pa,pB) + qa2(pa, P, Pc)]
+pc [96(Pa, PB, PG)) (79)

_CA [QAl(pAapB) + QAQ(pAapBapG)a QG(pAapBapG)] .

The profit functionfor firm B, which doesnot producethe generic,is givenby

7m8(Pa, P8, PG) = P8 [4B1(PA, PB) + qB2(DPA, PB, DG)] (80)

—Cglgs1(pa, p8) + 4B2(Pa, DB, PG)] -

We will considettheNash(non-cooperatie) equilibriumconceptwhereeachfirm chooses
the stratgy that maximisesits own profit, given the stratey of its rival. Formally, and

referringto our case we have thefollowing definition:

Definition 1 A vectorof pricesp* = (p, p, pg) is said to form a Nashequilibrium if
andonly if p%, p;; = argpa, pemax ma(pa, ps, pc) S-t. pp = pjz andpj; = arg ppmax

mg(Pa,PB, PG) St. pa = p’y andpe = p.

Noticethatfirm A’s stratgy will beto choosgsimultaneouslyjwo pricespy, pg, subject

to the constrainthatpg; < apy4, with 0 < « < 1. Recallthatthis constraintis introduced
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to take into accountheregulationproceduresvherebythe price of thegenericgoodhasto
belowerthanthe price of the brandedyood.

Hence the problemfor firm A becomes

Maz m4(pa, P, pPc) s-t. pa < apa. (81)
PAPG

Solvingthe problemamountgo formulatethe following auxiliary Lagrangeariunction:

£ (pa;pc, A) = palga1(pa, pB) + qa2(P4, P, Pc)] + P [9c(Pa, B, PG)]
—C4[qa1(pa,pB) + qa2(pa, PB, Pc); 46(Pa, PB, PG)] (82)

+)‘(apA - pG)a

whoseKhun-Tucker conditionsare

0L (pa,pa, ) ( aCA) (8qA1 0qa2  0qaz apG)
T — gu + Qan — + 83
Opa Qa1 Az T\ PA 094 Opa  Opa  Opg Opa (83)
00A> (8qg 96 8pa>
+ (pe — - + 2 <0,
(pG dqa Opa  Opg Opa “=
oA (M) —o, (84)
PA
0L (pa,pa, A) ( 8CA) (anl Opa  0qas  0qas apA)
T — g+ — + + 85
apG 1c pa 3(1A 3PA 310(; apG 3PA 310(; ( )

0C 4 ) ( 0qc . 0qc Opa )
+ — + —A<0
(pG dqc ) \Opc  Opa Opc -
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0L (pa,pa, A
Pe (%) =0, (86)
Pc
0L (pa,pa, A
ipnred) o, o -
8”€ (pA:pG'a)‘) .
A ( o\ =0, (88)
pa > 0,pg > 0,A > 0. (89)

Beforegoinginto thedetails,noticethatfrom (3.83),

AL+ dap + (pA B 30/1) (3(]/11 0qa2  0qa2 apG)
! 2 0qa Opa Opa Opg Opa

dCa ) ( dgc  0qc Opa )
+ — + +a<0
(pG 0qa Opa  Opg Opa -

andgiventhat\a andga; + g4» arenon-ngative, aswell as (pA - %%) and (p - %q%),
which arethe mark-upsof price over maginal cost,thenthe responsef ¢, and/orgs to
a changein p,4 hasto be negative for the first orderconditionto be satisfied. This price
responseonsistsof a direct effect, which worksthroughg, andgg, the latter beingnon-
negative while theformerbeingnon-positve, andanindirecteffect, working throughpg’s
reactionfunctionin termsof p,. Fromthe assumptiorof the signsof the derivativeson
thedemandunctions,it impliesthatif gpﬁ > 0, thereducedorm demandcurve, which

pa
is the onethatonly takesinto accountthe directeffects,will belessown-priceelasticthan
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theordinarydemanccurve, which takesinto accountoththedirectandtheindirecteffect,

for thebrandedyoodfor firm A.

From(3.85),we cansaysomethingsimilarwith respecto thedemandccurve for thegeneric

good.When\ = 0, since

4o + <pA . (90,4) <3QA1 310A i 3CIA2 + aQAZ 310A>
“ 094 Opa Opc Opc Opa Opc

0C 4 > ( dqc .~ 0qc Opa )
+ — + <0,
<pG dqa Opc  OpaOpc) —

andgiventhat ¢g, (pA — 8&) and (pG — 8&) areall non-ngative, in additionto
04 dqa

the signsof the dervative of the demandfunctions,the effect of a changen the price of
the genericon the demandfor the brandedgoodof firm A and/oron the demandfor the
genericmustbe negative for the first orderconditionto be satisfied. Again, we have two
effects,directplusindirect, the indirectworking throughthe price reactionfunction of p 4
in termsof pg. Hence,|if g;% > 0, thenthereducedorm demandor the genericwill be
lessown-priceelasticthanthe ordinarydemancdcurve.

Firm B, however, doesnot have to maximiseprofits subjectto ary constraintsinceit does

not producethe genericandwill have thefollowing program:

Mp az 8P4, P8, Pc)- (90)

Thefirst ordercondition(FOC)is givenby
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0 WB(pAapBapG)
Opp

803) <3CIB1 +8Q32

= 0. 91
gz Ops Ops ) ( )

=¢gp1 tqB2 + (pB -

Thesetof FOCsallowsusto obtainacandidatequilibriumpricevectorp'* = (pf, pg, p&r)
up to satishctionof the secondordercondition (SOC).Note thatthe 1 in the superscript

standdor scenarial.

3.2.3 Twofirms (A, B) producingthe branded goods;firm C produces
the generic.

In this case,athird firm, C, produceghe genericdrug, againtaking into accountthatthe
price of the genericis lower thanthe price of the pioneergood. Now, we needto solve
the profit maximisationprogramfor threefirms, in orderto obtaina Nash(nhoncooperatie)

equilibrium,which canbe definedformally in this scenaricas:

Definition 2 A vectorof pricesp* = (p%, pl, p;) is saidto form a Nashequilibriumif,
for everyfirm i=A,B,C, p;* maximisedirm i’ s profit, giventhat the other firms play the

strategy specifiecoby p* ;.

The profit functionfor firm A will thenbe:

Ta(Pa,PB,PG) = Pa [qa1(Pa, PB) + qa2(Pa, P8, Dc)] (92)

—C4(qa1(pa,pB) + qa2(pa, v, Pc)] -

with thefollowing program:
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Mp az Ta(Da, DB, DG)- (93)

Thefirst orderconditionthatresultsis

Oma(pas D5, 0Ca\ (G4mO
7 4(Pa; PB, PG) = g+ Qaz + <pA _ A) ( a1 QA2) =0. (94)
Opa 0qa Opa Opa

Notethatfirm B’s programwill besymmetricto A’'s andthe FOCis thesameas(3.91).
Whenfirm C chooseg in orderto maximiseits profit, hedoessosubjectto theconstraint
thatps < aps. Hence we haveto setup a Lagrangearior firm C, andsolve usingKuhn-

Tucker conditionsagain.The programfor firm C is then,

]Vg)f(l;ﬂf wc(Pa, B, Pe) = Pe [qc(Pa, PB,Pe)] — Cc [4c(pa, PB, PG)] (95)

5.t. pa < apa,

resultingin thefollowing Lagrangeatiunction

£ (pa, 1t) = pa 96 (pa, pe, pa)] — Cc [qa(Pa, PB, Pa)] + (apa — pa).  (96)

TheKuhn-Tucker conditionsthatcomeout from this maximisationprogramare

M:%Jr(pc_a&)(%)_ugo (97)
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oL (pGa :U’)
") = 98
po (Pt} —o 98)
M:apA—szO, (99)
o
L (M) =0, (100)
op

With this setof FOCs,we canfind equilibriumpricesp* = (p%, p%,p%) upto satisfying

the SOCs.Noteagainthatthe 2 in the superscriptefersto scenarid.

3.2.4 Comparing the two scenarios.

Oncewe have solved for the equilibrium pricesfor the two different cases,and profits
are evaluated,we would like to comparethe level of profits for firm A in orderto see
underwhat conditionsit hasincentivesto producethe genericitself. Anotherinteresting
comparisorwould beto computetotal consumesurplusfor both situations,andcompare
welfarelevels. Recallthatconsumessurplusis the areaundersomeindividuals’s demand
curve. For example for theindividualswhosedemandunctionis givenby g1 (pa, ps), we

getthatthe consumesurplusfor thoseindividualsbetweerpricep andanarbitrarypricep

is givenby
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CSsA = / qa (€, pp)déE. (102)

p

Of course,we will be interestedin comparingconsumersurplusin equilibrium, so we
would lik e to evaluatethemgivenequilibriumprices.Hence,andagainusingga; (p4, ps)
asanexample,we would like to find the consumersurplusfor thatsegmentat p}; i.e. we

areinterestedn

CSM = / das (€, pip) de. (103)

p*
In orderto find total consumesurplus we needto sumup the consumesurplusfor all the

demandcurvesfor eachscenariosothatwe areableto comparghem.

3.3 A SpecificSet-up.

In orderto obtainspecificexpressiongor equilibriumpricesandhencebeableto compare
betweerthetwo scenarioproposedwe will give particularfunctionalformsto thedemand

andcostfunctions.

3.3.1 Twofirms (A, B); firm A producesthe generic.

The demandfunctionsfor the brandedgoodfor eachfirm will be, for firm A andfirm B

respectrely, asfollows:
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ga1(papB) = a1 — a12pa + a13ps, (3.104)
qa2(Pa,PB,PG) = Q91 — G29Pa + A23PB + G2uDa, (3.105)
gB1(PapB) = bi1 — biopp + bizpa, (3.106)
qB2(Pa,PB,PG) = b1 — baopp + bazpa + baspe- (3.107)

Thedemandunctionthatfirm A will facefor thegenericis

96 (P4, PB, PG) = G1 — G2PG + 93Pa + 9apB. (108)

Noticethat, by constructionall price coeficientshave to be positive. With respecto the

costfunctionfacedby firm A, it will beasfollows:

Ca(qar + qa2,9¢) = Ka+ ca (qa1 + qa2) + ceqga, (109)

where, by assumptionc; < cu. Notice thatimplicitly, with this costfunction, we are
makingtheassumptiorthatthe costsfor thebrandedandthegenericgoodareindependent.
However, we could have dependentosts which couldgiveriseto economie®f scope.

Hence theprofit functionfor firm A becomes

Ta(Pa,PB, D) = (Pa — ca) [qa1(Pa, PB) + qa2(Pa, PB, PG)] (110)

+ (pe — ¢c) lac(pa, pB, pc)] — Ka.
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Full derivationsof the FOCsfor firm A andB are availablefrom the author Theseare
usedto find the equilibrium prices. However, anddueto the large numberof parameters
involved,thefollowing assumptiongremade.

Assumptions

e Dueto thedemandbarriersto entrydiscussedn theintroduction,we will assume
thatthe sizeof the market for brandedyoodsis twice the sizeof the generic.Hence,

we ha/ethatan =9 = by =byy =1 andthereforegl = 2.

e Thereexistssymmetrybetweerthe consumersuying eitherof the brandedgoods,
whichimplies having the sameparametersn the demandunctionsfacedby firm
A andB. Thetwo brandedgoodsare consideredo be perfectsubstitutesyhich
imposedurtherrestrictionson the parametersTheseassumptiongmply that, for
the demand-insensite sggmentswe have a1 = a3 = b = b1z = d;. However,
we will assumehatbrandedgoodsandthe genericare not perfectsubstitutes,
but rather thereexists a degreeof differentiationbetweenthem. Hence,in order
to take into accountthis, we requirethatagss = ag3 = bas = ba3 = g9 = dy and

(g4 = boy =03 =9gs = ds.

Thereforewe canreducethe systemof demandequationsasfollows:
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qa1(paps) = 1—di(pa—pB),
qa2(Pa,pB,pa) = 1—da(pa—ps)+ dspe,

qp1(paps) = 1—di(ps—pa),
qB2(Pa,PB,P) = 1—da2(pB—pa)+ dspa,

96 (pa,pB,pc) = 2—dopg + ds(pa +pa)-

e With respecto thetechnology asstatedbefore,the maginal costof the generic
will belessthanthe mamginal costof the brandedgood. Firm A andB will have
identicalcostswith respecto the brandedgoodeachproducessoc, = cg and
K, = Kg = K. For simplicity, we will setK = 2. Again, for illustrative purposes,

we will assumehatcy = cg = 1, andeg = 0.8.

e Theparameterr measuresiow low the price of the genericshouldbe comparedo
the price of the pioneergood. We will considerasanexamplethe casefor Spain,
wherethe price of the generichasto be, atleast,20% lessthanthe original brand.

Hence we fix o = 0.8 for illustrative purposes.

Oncewe haveimposedheseassumptionghe Kuhn-Tucker conditionsfor firm A andfirst
orderconditionsfor firm B respectrely areshaovnin Appendix1.

Consideffirstthecase\ = 0, whichimpliesthattheconstrainis non-binding.Equilibrium
pricesthendependon dy, d,, andds. Underthis situation,for pricesand quantitiesto be

nonngative, we needsomecoeficient to be neggative, which is ruled out by assumption.
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Hence,let us considerA > 0, which implies ps = 0.8p,4 i.e. the constraintis totally

satiated Whensolvingfor the equilibrium prices,we obtainthefollowing:

W 230(dy + do) + 40d5 — 60ds(dy + ds) + 182dsd; + 107d2 + 7542
Pa = 914dyd; — 200d5(ds + dy) — 162 + 1392 + 752 ’

. 375d2 + 950d; + 990dad; — 500dsd; — 160d2 + 1270ds + 615d2 — 440ds — 436d3ds

Pp = 5 (214dady — 200ds(ds + di) — 1642 + 13942 + 75d2)

W 4(230(dy + dy) + 40ds — 60ds(dy + d) + 182dd; + 107d3 + T5d2)
5 (214dyd; — 200ds(dy + db) — 16d2 + 13942 + 75d2)

Thesepricesneedto satisfy the non-ngatwvity constraint. If this is so, the equilibrium
pricesdependon the threeparametershatwe areinterestedn, andwe cannow evaluate
theequilibriumprofitsof bothfirms,to obtaint ¥ (pl, pi5, p&) andr 5 (P, p, per) which

will dependonthe samethreeparametersRecallthatthe 1 refersto scenarial.

3.3.2 Twofirms (A, B) producingthe branded goods;firm C produces
the generic.

Underthis scenariowe needto introducea third firm which produceghe generic. The
maximisationprogramdor firms A andB aregivenby (3.93)and(3.90)respectrely.
Notice,thatdueto theassumptionsandsincefirm A doesnotproducehegenericanymore,
bothfirm A andB areidentical,soin equilibrium they will have samepricesandhence
sameprofits. With this in mind, we obtainthe FOCsfor thethreefirms, which areshavn
in Appendix2.

We solvefirstwhen\ = 0. Again, pricesand/orquantitiesarepositive only if somecoefi-

cientsarenegative, sowe rule out this case.

bl
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When) > 0, theconstrainwill besatiatedandwe obtainthefollowing equilibriumprices

2+d; +dy
= 5 3.111
Pa 5dy + 5dy — 4d3 )’ (3.111)

24+ di +ds
5 = 3.112
Pr (5d1+5d2—4d3>’ (3.112)
2 +d; +dy
= 4 ) 3.113
Pa 5dy + bdy — 4ds ( )

Due to our assumptionsyve obtainthatin equilibrium, p, andpg will be equal. No-
tice that sincethe constraintis satisfiedwith equality the firm producingthe genericwill

only have to setits price equalto 0.8p 4. With theseprices,we canthenevaluatethe equi-
librium quantitiesto obtainthe equilibrium profits 7% (p%', %, p%), ™% (p%, P, &) and
2 (p%, p%, pe) in termsof the threeparametersve areinterestedn. Note thatfor both

casestheequilibriumpriceswe have found satisfythe secondorderconditions.

3.4 Comparisonof Both Scenarios.

3.4.1 Profits.

In orderto compareprofits, we have to do somekind of simulationdueto the fact that
the conditionsthatarisewhencomparingprofitswith threeparametersrevery difficult to
analyseanalytically Hence,the stratey followedwill beto fix someparametersanddo
somecomparatie staticswith the others,andseewhetherthe conditionsthat give rise to
higherprofitsin onescenaricor the otherareconsistenaswe changeheparameters.

Thefirst exerciseis to fix d;, increaseal,, andfind underwhat conditionsfor ds, firm A

will have incentvesto produceits genericalternatve. Note thatwe needto considerthe
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internvalsfor ds thatensurethat prices,quantitiesandthe Lagrangemultipliersin equilib-
rium areall non-ngative. As anillustrative example,we will presentheresultsobtained
with d; = 0.5, andd, increasing.Note thatthe exercisewasrepeatedor differentfixed
valuesof d; andthe resultsdid not changequalitatvely. Moreover, increasingd; andds
at the sametime hasthe samequalitative resultsaskeepingd; fixed. A summaryof the
resultsareshavn in Table2. Notice thatthereexist moresolutions,but we only consider

non-negative valuesfor ds.

Table 2 Rangefor d3 for which prices and quantities for casel and 2 are
non-negatve.

H di = 0.5 H Range for ds satisfying H Range for d3 satisfying H

Lod | ™™ 20 | ar ais dmr 46 96 >0 |
[ 05 | 0 <d;<0.51 [ 0<d;<0.36 |
[ 15 ] 0<dy <117 [ 0.04 < d3 < 0.99 |
I 2 ] 0<d;<1.51 | 0.22 < d3 < 0.51 |
I 25 ] 0<ds <183 | 0.47 < ds < 1.83 |

Takinginto accounthatds hasto lie in theregionsshavn in Table2 for the specificvalues
of d; andds, we cancompareprofits for firm A underboth scenariosfor this illustrative
example,and seewhetherit will have incentvesto producethe genericitself. Comput-
ing profits for firm A (notethatwe alsoincludethe casedor all other profit levelsto be

positive), we gettheresultswhich aresummarisedn Table3.

Table 3a Rangefor d3 for which profits for casel and 2 are non-negatwve.

[ di=05] Range for ds satisfying I
H dg H 71_}4,2* (p}{z*,p?*,pé’h),7T}3’2*(p,1¢{2*,p}3’2*,p22*),Tlciz*(pf*,p}gﬂ*,pé’%) 2 0 H
[ 05 | 0 <ds <0.51 I
L1 ] 0.32 < ds < 0.84 I
[ 15 0.57 <dz <117 |
T 2 | 0.82 < ds < 2.24 [

I 25 | 1.06 < d3 < 3.75 |
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Table 3b Rangefor d3 for which profits for firm A are greaterin casel.

H d, =05 H Range for ds satisfying H
[ o o) > ey i) |
[ 05 | 0 < ds <0.66 H
Lt | 0.07 < d3 < 1.06 H
|15 | 0.17 < d3 < 1.46 H
|2 | 0.35 < ds < 1.86 H
[ 25 | 0.53 < d3 < 2.26 H

ThereforecombiningTables2 and3 togetheyit seemghatfirm A will alwayshaveincen-
tivesto producethe genericitself. Note thatwe arenot interestedn the numbersper se,
but in the conditionsthat give rise to firm A making higher profits whenit produceshe
generic.

Furthermoreunderthe rangefor d; that satisfiesthe requiredconditions,we getthatthe
pricethatfirm A is ableto chagetheconsumersor its brandedyoodcanbe higherfor the
first casei.e. whenit produceghe generic. Thereforefirm A is ableto increasehe price
of its brandedgoodunderscenaridl andmake higherprofits. Moreover, by producingthe
generidtself, firm A canchageahigherpricefor thegenericthanotherwisewould chage
firm Cin scenaric®. Of coursethisis sosincetheregulatoryconstrainis alwayssatisfied,
sothatoncefirm A produceghegeneric|ts pricerisesproportionatelywith theincreasen
the price of thebrandedyoodof firm A. Hence the productionof the genericgoodenables
firm A to chage a differentprice thanits competitor somethingwhich is not profitable
whentherearethreefirmsin the marlet.

An intuition behindthisresultcouldbethatfirm A is ableto discriminatenvhenit introduces

the generic,sincewhenthe genericis introducedby anotherfirm, profits for the branded
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goodproducersarethe same.Furthermorejn orderfor firm A to be profitableproducing
thegenericjt requiresa priceinsensitve market segment.

For firm B, theresultsobtainedshawv thatit canchage higherpricesunderscenarial, and
it will be betteroff by doing so. However, we cansaythatfirm B will earnlower profits
thanfirm A in casel, for theinterval of parametersatisfyingtherestrictions althoughthe

sameevel for case2. Firm C will only make positive profitswhend, takeslow values.

3.4.2 ConsumerSurplus.

Following a similar procedureaswhencomparingprofits, anddueto the problemof ob-

taining analyticalresultswhich were impossibleto analyse,somesimulationresultsare
presented.The ideais the sameas before;we fix someparameteandwe let the others
change while satisfyingthe restrictionsimposedat the beginning. Again, we fix d; for

cornvenience andwe changed,, while calculatingthe rangefor the possiblevaluesof d3

that satisfythe assumptionsNote that, asin the previous section,we alsolet d; change,
andthe qualitative resultsdid notchange.

In orderto calculateconsumersurplus,the approachtaken is asfollows: sincewe are
interestedn calculatingit in equilibrium, we find the areaundereachdemandcurve (g ;

to g¢) from its own equilibrium price up to the intercept,taking the otherpricesasfixed
andequalto their equilibriumvalues.Then,we addthemup for bothscenarios.

As we did beforewith profits, we cantake d; = 0.5 asanillustrative example. Table 4

summarisesheresults.As onewould expect,dueto theincreasen prices,we getthatfor
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the consistentrangeof d3, consumersurplusis greaterwhentherearethreefirms in the

marketi.e. CS? > CS'.

Table 4 Rangefor d; for which consumersurplus for case?2 is greater
| di = 0.5 || Range for ds satis fying |

[ & | csscst |
[ 05 ] 0<ds <0.75 |
I 1 ] 0<ds <1.03 |
| 15 | 0<ds<141 |
I 2 | 0<ds<1.79 |
I 25 | 0 <ds <2.176 |

3.5 Conclusionsand Futur e Reseach.

Using a market segmentatiormodelwe have illustratedthat, underour assumptionsfirm
A will have anincentie to produceits genericalternatve, ratherthanhaving a third firm
producingit, oncethe patentfor its actve ingredienthasexpired. The modelassumes
thatthereexist two firms, producingtwo drugswith a differentactive ingredient,although
we treatthemas perfectsubstitutes However, we do allow for a degreeof differentiation
betweenthe brandedand the genericgood. This is doneto take into accountempirical
resultsthat suggesthat consumerslo not switchimmediatelyto genericdrugsoncethey
areintroduced.We assumehatthe maginal costof the genericis lessthanthe marginal
costfor the brandedyood. This could beregardedasarealisticassumptionf we take into
accounthecharacteristicef bothgoods sincethelatterusuallycomesn aboxwith more
labelling, while the formercomesn awhite box.

We assumesymmetryin the demandunctionsfor the brandedyoodsthatfirm A andfirm

B face,bothfor the demand-sensite andinsensitve sggment. We segmentthe market in



3.5 ConclusionandFutureResearch. 137

thebasisof differentresponsesf consumers demancdf brandedyoods:someconsumers’
demandsare not dependenon the price of the generic(intuitively, andloosely-speaking,
they couldbetreatedas“loyal” customers)while someareaffectedby it.

In orderto make theanalysistractable we do somesimulationexerciseto seewhetherthe
firm whosepatentfor its active ingredienthasexpiredhasincentvesto producethegeneric
alternatve. For illustrative purposeswe give a full setof resultsfor particularvaluesof
the parameters.The qualitatve conclusionsreachedare similar with mary other set of
values. We find, that given our assumptionsthis firm will always have the incentive to
produceit. Thefirm usesthe genericasa meando increasehe price of its brandedgood
in orderto obtainhigherprofits. Furthermorethis firm canchage a higherprice for the
genericgoodcomparedo the price thatwould otherwisebe setby a third firm producing
the genericalternatve. This is dueto thefactthattheregulatoryconstraintthatthe price
of the generichasto belessthanor equalthanthe price of the pioneergood,is satisfied
with equality Thisimpliesthatwhoever produceshegenerichasincentvesto introduceit
with the highestprice possible Hence sincefirm A usesthe productionof thegenericasa
meando increasehe price of its brandedyood,the price of thegenericrisesaccordingly
Noticethatdueto theassumptionsf firm A andfirm B beingidenticalwith respecto both
the demandfunctionsthey faceandthe costsof producingthe brandedgood,they obtain
the sameprofitswhena third firm produceghe generic.Hence whenfirm A produceshe
genericnhotonly is it betteroff with respecto thecasewhentherearethreesingleproduct

firms, but it alsoearnshigherprofitsthanfirm B in casel.
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Consumersurplusis lower underthe first scenariowherethereareonly two firms in the
market. This is becauseof the strategyy by firm A of producingthe generic,in orderto
increasdhe priceof bothgoods.

The policy implicationsof theseresultsarethat, sincethe promotionof genericdrugsis
comingfrom mary differentsidesof the economyfrom a socialpoint of view, their entry
should be encouragedhroughfirms not producingtheir own brandedgood, but rather
throughfirms who specialiseén the productionof generics.Hence entry barriersto these
firms shouldbe madeaslow aspossible.However, if we seein reality that existing firms
producingbrandedgoodsdecideto producegenericihemseles, it could be a signalthat
they areusingtheseasa meansof increasingthe price of the brandedgoodsin orderto
increasetheir profits. This is the patternthat we are observingnow, sincenowadayswe
are confrontedwith mary “brandedgenerics”and higher pricesfor the brandedgoods.
Thesefirms not only usetheir naturaladvantageof producingtheir genericalternatve in
orderto gainthefirst mover adwvantagesn the market for genericgoods but alsousethem
stratgically to increasethe price of the brandedgoodto exploit their loyal customers.
Hence this paperis in line with thosethatestimateanincreasean the price of the branded
goodoncethe genericdrugis in the market. However, this increasen price resultsfrom
the stratgic useof their genericalternatvesby alreadyestablishedirms.

Of course,possibleextensionsto the model are plausible. For example,whenwe con-
siderfirm A introducingthe generic,we assumedhat costsare independent.However,
economiesof scopecould ariseif firm A decidesto produceboth goods. In this respect,

firm A could enjoy economiesof scopeif it could usethe samecapital to producethe
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brandedandthe genericdrug. Onewould expectthatthis possibility would reinforcethe
resultspresentedhere.

Another extensioncould be to introducea certaindegree of differentiationbetweenthe
brandedgoods. This of coursehasthe implication that more parametersvould appeay
makingthe analysismoredifficult.

We have assumedhatonly onegenericcanbe producedalthoughthis maynotbethecase.
If we relaxthisassumptionmary scenariogrepossible For example we couldhave both

firm A andfirm C, or alternatvely, a competitve fringe producingthe generic.Moreover,

we could make firm B loseits patenttoo, so competitionin genericscould alsoexist. Of

course,we could make the modeldynamicin orderto take into accountthe existenceof

first mover advantagesn thegenericmarket. Hence themodelcould be extendedo cover

morecases.

3.A APPENDIX 1

TheKhunTuckerconditionsfor firm A andthefirst orderconditionsfor firm B are,respec

tively, asfollows for casel:

8£A (pAa Pa, /\)
Opa

=2—2(dy +do)pa+ (di +dy) pp —0.8d5 + 0.8 <0 (114)

DA (605.4 (pAapG7)‘)) =0 (115)
Opa
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0L 4 (pa,pa, )
Opc

:2+2d3pA—ngpG+d3pB—d3+0.8d2—/\§0

b <8£A (pA,pa,A)> _0
Ipc

afA(pAa ba, )‘)
oA

A (a"EA(pAapG’a /\)) =0

=0.8pa—pc >0

o\
pa>0,pc>0,A>0,

87TB (pA: DbB, pG)
Ops

3.B APPENDIX 2

Thefirst orderconditionsfor firm A andfirm B undercase? are:

O a(pa, P8, PG)
Opa

O 5(pa, P, Pc)
apB

:2—2(d1—|—d2)p3—|—(d1+d2)p,4+d3p(;+d1+d2=0

=2—2(d1+d2)pA+(d1+d2)pB+d3pG+d1+d2=0

=2-2(dy +do) pp + (di + d2) pa + dspg +dr +dy =0

140

(116)

(117)

(118)

(119)

(120)

(121)

(122)

(123)

The Khun Tucker conditionsfor firm C aregivenby (3.97)to (3.101)andoncewe have

substitutedor the particularfunctionalforms, we get



oL (pG7 /'L)

Opa
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=2 —2dype +d3 (pa+pp) +0.8dy — <0

Opa

be (af (pa,u)) 0

a£ (pGa lu)
op

=0.8pa —pg >0

1 <3£ (pG,M)) -0

op

szoauZO

141

(124)

(125)

(126)

(127)

(128)
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