Essayson the Pharmaceutical Industry

A thesispresented

by

JorgeMestre Ferrandiz

to

The Department’Economiai d’Historia Economica

in partialfulfillment of therequirements

for thedegreeof

Doctorof Economics
underthe supervisiorof

Dr. Xavier MartinezGiralt

UniversidadAutonomade Barcelona

Bellaterra,Septembe001



Acknowledgments

| wantto thank Xavier Martinezfor his continuoussupportand encourage-
ment. Thedifferentpartsof this Thesishave benefitedrom commentsandsugges-
tions of mary people. In particular I would like to mentionPedroBarros,David
Pérez-CastrilloNicolasPorteiroandJaumePuig,andthosepeopleinvolvedin the
Informal Workshop=on IndustrialEconomicsheldin the Department’ Economiai
HistoriaEconomicaat UniversitatAutonomade BarcelonaAlso, | wantto express
my gratitudeto thoseclassmateshatwere by my sidewhenl neededhem. The
articlesof this thesishave also benefittedfrom the commentsof the participants
of variousinternationalconferences.My family deseres a specialacknavledg-
ment.Finally, this Thesiscould not have beendonewithout the supportof Marian.

Thanksfor beingthereatall times.



Contents

Pl aC e . . 1

1 The Effects of Implementing a ReferencePrice Systemin the

Pharmaceuticallndustry ... 12
1.1 INtrodUCHON.. .. . e 12
1.2 TheModel. ... e 20
1.3 AL, it e 22
L4 CaASE. ittt 30
1.5 CONCIUSIONS. ...\t e e 48
REIEIENCES. ... o, 53
2 Incentivesto Innovate: ReferencePricesvs. Copayments............ 55
2.1 INrOdUCHION.. ... 55
2.2 TheModel. . ... 59
2.3 BreakthroughDrug. ...... ..o 65
2.4 Me-T00AIUG.. ..ottt e 80
2.5 SUDSHULION.. ..o 93
2.6 COMIPAIISONS. . .ttt ettt ettt e et et e e 101
2.7 CONCIUSION.. .t e e e 104
REIEIENCES. ... 108



Contents iv

3 The Effect of Generic Goodsin the PharmaceuticalIndustry ...... 109
3.1 INIrOTUCHION.. . e e e 109
3.2 TheModel. .. ... 118

3.2.1 GeneralSet-UP. . ..ot 118
3.2.2 Two firms (A, B) producingthe brandedgoods;firm A produceshe
(0= =T [0 120
3.2.3 Two firms (A, B) producingthe brandedgoods;firm C produceghe
(0= =T o 124
3.2.4 Comparingthetwo SCeNariOS. .......vvvir it i, 126
3.3 A SPECIHICS - UP . . ottt 127
3.3.1 Twofirms (A, B); firm A produceshegeneric....................... 127
3.3.2 Two firms (A, B) producingthe brandedgoods;firm C produceghe
(0= = o 131
3.4 Comparisorof BothScenarios..........co i 132
4.1 ProfitS.. .o 132
3.4.2 CoNSUMESUIPIUS. .. ..ot e e 135
3.5 ConclusionsandFutureResearch.......... ..ot 136
3.A APPENDIX I .o 139
3.B APPENDIX 2 .o 140

R CIENCES. . ..o 142



Preface

The pharmaceuticahdustryhasbeenfor mary years,andwill still befor long, un-
der obsenation from mary economicagents.Therearetwo reasondor this. Firstis the
natureof the goodsproducedethicaldrugs. Seconds therole playedby HealthAuthori-
ties. FurthermoretheimportancehatR&D playsin thisindustryis vital for thediscovery
of new drugs. Onevery importantfeatureof this industryis the famoustrilogy: the one
who decideseitherpaysnor consumesthe onewho paysneitherdecidesnor consumes,
andthe onewho consumeseitherdecidesnor pays. Hence,mary agentshave anactive
role in this sector but more importantly the objectvesof theseusually do not coincide.
Consumersvantbetterdrugsat accessiblg@rices,HealthAuthoritieswantto reducehealth
expenditureon ethicaldrugsbut at the sametime they have to ensurehatthe drugsavail-
ablearesufficient andefficient, while pharmaceuticdiirms needenoughprofitsto ensure
a constantlow of new, but moreimportantly betterdrugsonthe market.

Theaim of this thesisis to try to give someeconomicanalysison pharmaceuticak-
sues. While conductingmy research| obsened that mostanalysisof this industrywere
descriptve andempirical,andfound thattherewasa lack of economictheoryto explain
thedata.Hence theobjective of thisresearchs clear: usingindustrialeconomicgheoret-
ical models,| wantedto explain the functioningof this industryin orderto give a formal
economicexplanationfor someresults.For this purpose] concentrate@n two aspect®of
thepharmaceuticahdustry In thefirst sectionwhichincludesChaptersl and2, | focused

on explainingthe effectsof implementinga referenceprice (RP) system andtheresponse



Prefce 2

of pharmaceuticdirms to a changen the price regulationthesefirms face. The analysis
will focuson bothshort(prices)andlongterm(R&D decisions)ssueslin the secondsec-
tion, which includesChapter3, the focusis on the so-called‘brandedgenerics”.l aimto

explain why brandedgood producersalsotendto producea genericversionof their orig-

inal drug oncethe patentfor the original goodexpires. Throughoutthe whole thesis,we

will considerthe existenceof genericdrugs. During the last years,thesedrugshave be-
comeincreasinglyimportantin the pharmaceuticahdustry asexplainedlater. To give an

examplethatillustratestheir importance generics’sharecanbe upto 50% of total market
sharein the US.

A referenceprice reimbursemensystemcategorisesproductsinto groupswith sim-
ilar therapeuticeffects so that the referenceprice is the maximumreimbursemenbof the
third-party payerto the manufcturersfor all productsin that group. Manufacturersare
freeto setprices. If pricessetarehigherthanthe referenceprice, it is the consumemwho
paysthe difference.In relationto the trilogy mentionedabove, suchsystemtriesto give
someresponsibilityto patients,ncreasingtheir consciousnesaboutcosts,andproviding
themincentves. The objective of this systemis twofold: first, it is believed thatimple-
mentinga RP systemencouragegprice competition,andsecondwith this increasedgrice
competition,expenditureof Health Authoritiesin ethicaldrugswill be reduced.Hence,
implicitly, whatthis systemis trying to do is to reducethe differencesn incentvesof the
economicagentsinvolved, as expressedn the above trilogy. However, the view of the
pharmaceuticdirms is thatthe introductionof suchsystemwill make themworseoff due

to lower profits,which will reducetheirincentvesto carryout R&D. Notetheimportance
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of the relation betweenreferencepricesandthe existenceof generic(cheaper)roducts.
Genericgoodsarethosegoodsthat enterthe market whenthe patenton the active ingre-
dient of the original, branded ethicaldrug hasexpired. Their main characteristias that
they aresold without a brand,andasa resultare usually cheapeithanthe alreadyestab-
lished,brandedmedicine.In all but few casesthesegenericsarecertifiedby therespectre
HealthAuthoritiesto be perfectsubstituteso the brandedyoodsincetheiractveingredient
is identical. Furthermorethey arebioequvalentin the senseof beingstatisticallyindistin-
guishablefrom the establishegroductin key aspectsf therapeutiause. However, they
couldvary in characteristicsuchas shape colour, packagingandlabelling. Takinginto
accountthe fact that not all consumerswitch immediatelyto genericsgives supportto
theideaof bothgoodsnot beingperfectsubstitutesA necessargonditionfor anefficient
implementatiorof a referenceprice systemis a well-developedgenericmarket. Therea-
sonfor thisis thatthereferencepriceis usuallysetaroundthe price of the cheapesgjoods
available.Shoulda genericgoodexist, it would normally have thelowestprices.However,
the existenceof suchmarket is not a sufficient conditionfor an efficient implementation
of suchsystem,asmoredetaileddescribedn Mestre-FerrandiZ1999a). Broadly speak-
ing, referencegricesareaimingto reduceprices,sosuchsystemshouldbeimplementedn
marketswherethe high pharmaceuticgbublic expenditurewasdueto high averageprices
ratherthan dueto high consumptiorlevels. Moreover, the price differencebetweenthe
drugsgroupedshouldbe significant;otherwise the potentialcost-saingsof implementing

areferenceprice systemwill beminimal.
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RPshave beenimplementedn mary developedcountries,the first one being Ger
mary in 1989.Fromthenon, mary othercountriesfollowed Germairy, andrecently Spain
hasalsointroducedit. Notice that the way RP have beenimplementedn eachcountry
hasnot beenuniversal,so we will analysetwo differentpossibilitiesof introducingsuch
system.| believe thatthe analysisconductedn this thesisregardingthe effectsof refer
encepricesis importantdueto the lack of theoreticalresearchaboutthis importanttopic.
Chaptersl and2 give someformal economicanalysison theseissues.

The effectsof implementinga referenceoprice systemwill be analysedn two steps.
Thereasorfor thisis to try to take into accountthe natureof the pharmaceuticahdustry
and the importanceof R&D. Hence,and broadly speaking,we can say that Chapterl
will focuson short-rundecisiongprices,quantities) while Chapter2 will focuson long-
term variables(R&D). More specifically in Chapterl, we concentrateon what will be
the effectsprice-wiseof implementinga referenceorice systemcomparedo the situation
with copaymentsWe will have a duopolysetting,with a brandedanda genericgood. We
will considerntwo possiblescenariosin eachscenariowe comparethe outcomesetween
two forms of demandstructures.Broadly speakingthe aimis to examinethe differences
betweena situationwhere consumergay a fixed proportionof the price (copayments)
with a situationwhereRP exist. The differencebetweenthe two scenariogs thatin the
first scenarioundercopaymentsthe consumeipaysthe full pricei.e. the copaymenis
equalto one. Underreferenceprices,consumersvill have to pay the differencebetween
the price of the goodandthis referenceprice. This modelimpliesthatthe referenceprice

setis below the price of both the brandedand the genericgood. The secondscenario
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analysedvill comparethe casewhere,undercopaymentsgconsumergay a percentagef
the price (i.e. do not have to pay the full price anymore)with referenceprices. In this
setting,referencepriceswill be modelledasthe way they have beenintroducedin Spain.
This caseémpliesthatthereferencepriceis sethigherthanthe price of thegenericgoodbut
lowerthanthe priceof thebranded Hence|f theconsumebuysthebrandedyood,the net
price paidby theconsumewill beequalto thedifferencebetweerthe price of thebranded
goodandthereferencerice, plusthesamecopaymenasbeforeassociatethistimeto the
referenceprice. If theconsumedecidedo buy thegenericgood,then(s)hewould have to
pay the samecopaymentsbeforethe implementatiorof referenceprices. Furthermore,
we analysehow firms’ profitsandexpenditureof Health Authoritiesvary accordingly As
mentionedbefore,how the referenceprice hasbeensethasnot beenuniversal. Finding
the optimal referenceprice is beyond the scopeof this thesis,althoughfuture research
will befocusingin thisissue.For this purposewe have constructedwo scenariogo take
into accounttwo possibilitiesthat we obsene in countrieswith suchsystems:settingthe
referenceprice below or above the price of the price of the genericdrug (but never above
theprice of the brandedyood).

The main resultof the first caseanalyseds that pricesare higherunderreference
prices,aswell astotal costsof thesystemalthoughreferencepricesarewelfareenhancing.
The net price paid by consumerss reducedundersuchsystem. The intuition is that we
have compareda situationwhere consumersnitially pay the full price with a situation

whereHealth Authoritiesfinanceupto the referenceprice. Moreover, the referenceprice
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setin this way actsasa subsidyfor the producers.Summarisingwhatwe obtainis that
consumersuy more,but ata cheapeprice.

Whenreferencepricesareimplementedn the Spanishway, andwe allow thatunder
copaymentsHealth Authoritiesfinancea proportionof the price of both goods,we showv
thatpricesandpharmaceuticatostsarereducedinderreferencericesonly if thereference
priceis setin a certaininterval. Also profits for the duopolistsmight be reduced.These
resultsare dueto the opposingeffectsthat referencepriceshave on brandedand generic
producersespectiely.

Chapter2 complementhapterl, sinceit providesinsightson firms’ long-runde-
cision(R&D). Theaim of this chapteris to analysenow pharmaceuticdirms’ decisionto
innovateare affectedby suchRP system.We comparea situationwith copaymentsvith
the situationwherereferencepricesareintroducedin the Spanishway (i.e. we adaptthe
demandunctionof case2 of Chapterl). Theimportanceof this chapterarisesdueto the
type of competitionwe areobservingn thisindustry Firmsalsocompetehroughproduct
innovation,aswell asin prices.Thisis dueto theregulatorymeasureghatmary developed
countrieshave in orderto controlfor the pricesof ethicaldrugs.Theideaof this chapteris
to modelexplicitly the decisionof the firms undertakingR&D (the brandedyoodproduc-
ers),andseehow this decisionis affectedby theintroductionof referencepricesinsteadof
copaymentsThe modelwill incorporatethe two type of goodsthat canariseafterinvest-
ing resourcesn R&D: breakthrouglor me-toodrugs.Theformerrefersto veryinnovative
drugs,andusuallyimply spendingsufficiently high level of resourcesThe latter, however,

involveslessresourcesalthoughthey areconsideredo beimprovementof existing drugs.
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Whatwe obsene is thatbreakthrougldrugscreatea nev market, while me-toodrugswill
have to competewith existing brandeddrugsandgenerics;f they exist. We will have a
maturemarket, wheretheinitial situationinvolvesbothabrandedanda genericgood. We
examinetheincentvesthattheincumbenthasto becomemultiproducti.e. we wantto anal-
ysewhetherandwhenwill theincumbenhave higherincentivesto produceabreakthrough
drug,ame-toodrug,or substitutehe old drugby thenew oneunderreferencepricesor co-
paymentsTheideais thatthe highertheresourcespenton R&D, the moredifferentiated
thenew productwill bewith respecto the existing ones.

Resultsshowv that the decisionof whattype of new drugto produceis affectedby
changinga copaymensystemto a referenceprice system.Whenthe incumbentfirm pro-
ducesa breakthrougtdrug, profitsfor theincumbentmight bereducedf thelatter system
is introduced. This is becausemplementinga referenceprice systemcan achieve price
reductionsbut alsodemandreductionfor the brandedgoods;hence,profits arereduced
andthe brandedgyoodproducers left worseoff underreferencericesthanundercopay-
ments.Thestoryis similar whentheincumbentfirm producesa me-toodrug. Substitution
of theold drugby the new onecanalsooccurwheneer the potentialdemandor the new
drugis sufficiently high. If thisis notthe case theincumbentfirm will preferto have both
goodsin themarket, sharingrevenuesratherthanconcentratingalesononedrug(thenew
one).Finally, resultsshav thatthereis no clearcut relationshipbetweerprofitsearnedoy
theincumbentfirm whenproducingeitherthe breakthrougtor the me-toodrug, irrespec-

tively of the priceregulationsystem.However, we cansaythatit seemghatproductionof
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a breakthroughdrugis moreprobablethe lower the R&D costof this drugwith respecto
theme-too,andthelower the degreeof market power thattheincumbentfirm has.

Thesetwo chaptersareimportantbecausehey offer aformal explanationof various
empiricalresults. Pavcnik (2000) shaws the effects of implementingreferencepricesin
Germary, and demonstrateshat pharmaceuticalirms respondto them. Sheshaws that
producersignificantlyreducepricesafterthereferencericesystemwvasimplementedand
moreover, brandedproducerghat facemore genericcompetitionreducepricesmore. As
Pavcnik mentions this shows that “the relevantcompetitionin the pharmaceuticaiarket
occursbetweengenericsandthe brandnameversionof the sameactive ingredientrather
thanacrossproductsthat aretherapeuticsubstitutes’{(Pavcnik (2000),page20). Shealso
shavsthatbrandedandgenericproducersespondlifferentlyquantitatveandqualitatively.
Resultsof Chapter2 and3 of this thesisgive the theoreticalconditionsunderwhich this
decreasen pricescanbe achieved. As with respecto the differentincentvesfor R&D,
Chapter3 is the first paperthat analysesexplicitly the R&D decisiongiven that either
copaymentsr referencepricesare enforced. As Pavcnik mentionsin her papery future
researchasto identify this tradeoff betweenower pricesandR&D investmentthisis a
first stepto analysgormally this tradeoff.

Section2, whichincludesChapte3 (publishedn HealthEconomics-Mestre-Ferrandiz
(1999b)),givesaneconomidntuition to a processve have beenobservingduringthe last
yearsin the pharmaceuticaindustry Brandedgood producers,oncethe patentfor the
activeingredienthasexpired,alsoenterthegenericmarket producingtheir own generical-

ternatve. It is hencelike a processof cannibalisingtheir own consumer$y producinga
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drugthatcanpotentiallybe competingdirectly with theoriginal good. Theideabehindthis

obsenationis thatthe incumbentfirm cantake advantageof the so calledfirst-mover ad-

vantageshatexistin thegenericnarket. Hence sincetheoriginal firm knowsthatgenerics
will enterthemarket,it isin his own interestto bethefirst onein thatmarket,andproduce
the so-called*branded-genericsThis papergivesfuel to the Roche-Bolarcase sincewe

find thatif the brandedyoodproducermproducests genericalternatve, ratherthananother
firm specialisedn the productionof genericspricescanbe higher andconsumeisurplus
canbereduced.Theideaunderlyingthe Roche-Bolarcaseis allowing genericproducers
to carryout researctaboutthe (branded)ethicaldrugbeforethe patentexpires,sothatthe

time lag betweenthe patentexpiration andthe introductionof theseindependengeneric
producerss minimised.

In this chapterwe will have the market segmented.On the onehand,we will have
the so-called‘loyal” customersywhosedemandor the brandedgoodis unafectedby the
existenceof generics.On the other, the “sensitve” consumersnay buy the genericgood.
Theseconsumerseeboththe brandedandthe genericgoodas(imperfect)substitutes\We
find thatthefirm producingthe brandedyoodhasincentvesto producets own generical-
ternatve, owing to this market segmentatioreffect. This inducesanincreasean the price
of thebrandedyood,whichin turn, resultsin awelfarereduction.Hence,it is asif thein-
cumbentfirm is price discriminatingbetweernconsumersThe branded-goodellerprefers
to increasehepricein theloyal segmentandproducets own genericversionfor theprice-
sensitve customergatherthanreducingthe price of the brandedgoodto thesesensitve

consumers.
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We believe that it is worth mentioningin this prefacethe kind of modelthat will
be usedthroughoutthe entirethesisto differentiatebetweenthe brandedandthe generic
good. We will assumehatthereexistsa degreeof horizontaldifferentiationbetweerboth
goods. We mentionedbeforethat from the Health Authorities point of view, both kinds
of goodsare perfectsubstitutesalthoughfrom the consumerspoint of view, it hasbeen
shawvn that this is not the case. Hence,we needto differentiatethe two goods. Generic
goodshave gonethroughsafetyteststo enterthe market, sowe believe thatquality issues
herearenot important. The ideawith thesedrugsis that sincethey have the sameactive
ingredientasthe brandedgood, the differencedetweenthe two goodsarethe excipients
andsideeffectsalthoughstatisticallythey behave similarly. With thesekind of horizontal
differentiatedmodels,we could obtain that out of equilibrium, the price of the generic
could be higherthanthe price of the brandedgood. Not only we obsene circumstances
wherethe price of the former is higher (althoughrare), but alsowe could amgue that the
side effects, or excipients, of the genericgood may be preferredby someconsumersso
that therewould exist a demandfor suchgood eventhoughthe price washigher Hence,
we cantreatthe measureof differentiationbetweenboth goodsasthe differencein side
effectsand/orexcipients. If both goodsare very differentiated(similar), it would imply
thatthe sideeffectsor the excipientsarevery different(alike). However, theactualprocess
of curingthesicknesss identical.

It is alsoimportantto mentionthatwe will assumehatthereexistsa perfectageny
relationshipbetweernthe physicianandthe patient. Hence,the demandfunctionsthat we

obtainfor theanalysighatfollowsresultfrom the problemof the physicianmaximisingthe
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utility of the patient,which areidenticalasthe onesthatwould be obtainif the consumer
decides.
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Chapter 1

The Effects of Implementing a ReferencePrice Systemin the

Pharmaceutical Industry

1.1 Intr oduction.

Prescriptiordrugsandthe pharmaceuticahdustryplay averyimportantrolein healtheco-
nomics. Drug therapieshave usuallysupplementednedicalcare,nutrition and sanitation
asmethoddor preservinghealth. However, during the lastdecadesbhoth budgetaryprob-
lemsandrising healthcareexpenditureshave led countriesto implementcostcontainment
policiesin the healthsector As an example, healthcarerepresentedin 1997, 6.7% of
GDPfor theU.K., 8.5%for Netherlands10.4%in Germary and14%in theU.S.(PhRMA
1999). For the caseof Spain,it represente®.2%in 1995 (Murillo 1998). For pharma-
ceuticalsits sharerepresentshe 0.9% of GDP in Netherlands1.1%in theU.S.,1.2%in
the U.K. and1.3%in Germary (PhRMA 1999). In Spain,costof pharmaceuticalsepre-
sent18% of total healthcosts(Murillo 1998),which correspondso 1.1%of GDPR Drugs
arewidely usedto treatmary diseasesndconditions,andusuallyeitherrepresenglterna-
tivesto moreinvasve sumgical procedurespr areusedin conjunctionwith thesereatments.
Despitethesesuccesseshe pharmaceuticahdustryhascomeunderintensve medicand
legislative scrutiny. Furthermoremostindustrialisedcountriesare targetingthe pharma-
ceuticalsectorasa preferredareafor cost-containmentOneof thereasonss the factthat

for example,in the US, pharmaceuticalirms are amongthe largestand most profitable.

12
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As shavn in Table26.1pp. 585in Follandet al. (2001),two pharmaceuticatompanies
rankedin thetop 10 firmsin 1999,andanothersevenappearedn thetop 50, wherefirms
arerankedby marketvalue.Onecomponentvhichis seerasspeciallyattractveis thecost
of ethicaldrugs. Furthermorethe appropriateuseof pharmaceuticals a critical compo-
nentof ary healthsystem.Hence,what governmentsareaiming for is to reducecostsof
pharmaceuticalsaintainingbroadaccessandensuringhigh quality drugs.To achieve this
goalgovernmentdave imposeda variety of controlsandregulations.

Theseregulationscanbe directedat eitherthe supply of medicinegmanufcturers)
or atits demandwholesalersretailers,doctorsandpatients).Broadly speakingthey fall
into four generakategories:

1. Pricecontrols(e.g.referenceprices,genericsubstitution).

2. Volumecontrols(e.qg. positive/ngatielists, formularies).

3. Spendingcontrols(e.qg. profit controls,physicianhealthcarebudgets).

4. Controlson barriersto entry (e.g. patentsapproal procedures).

This articleis devotedto the analysisof price-controlsaffecting boththe supplyand
the demandside. Specifically | wantto analysethe impactof implementinga reference
price systemcoupledwith the existenceof genericdrugs. It is importantto considerthe
two regulatory schemegogethey sincea referenceprice systemusually comestogether
with the promotionof genericdrugs.

Beforegoing into the analysisof the relationshipbetweenthesetwo price controls,
oneshouldtry to understandhe functioningof the healthcaremarket,andmoreprecisely

the market for ethicaldrugs. This market is subjectto the famoustrilogy: the onewho
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decidesneitherpaysnor consumesthe onewho consumeseitherpaysnor decidesand
the onewho paysneitherconsumesor decides.Informationplaysa very importantrole.
Physiciansshouldbe properlyinformed, sincethey transmitinformationto their patients.
Hellerstein(1998)shawvs theimportanceof the physicianin prescriptionpatterns.

A referencepricereimbursemensystemcateyorisesproductsinto groupswith simi-
lar therapeutieffects sothatthereferencepricesystems themaximumreimbursemenof
thethird-partypayerto the manufcturerdor all productsin thatgroup.Noticethatmanu-
facturersarefreeto setprices. If the pricesthey setareactuallyhigherthanthe reference
price, it is theconsumewho paysthedifference In relationto thetrilogy mentionedn the
previous paragrapha systemof referencepricescould be understoocaisa mechanisnthat
tries to give someresponsibilityto patients,augmentingheir consciousnesaboutcosts,
providing themaneconomidncentive (MestreFerrandizL999b).

A genericdrugis onethatis sold undera genericdenominationpncethe branded
goodhaslost its patentover the active ingredient. Usually, the brandedgoodis sold with
a fantasyname,which in itself doesnot meanarything, althoughit identifiesthe prod-
uct thatis sold by the firm. The main characteristiof genericdrugsis thatthey cancost
up to a 50% lessthanthe brandedgood, so their promotionarisesmainly dueto a pub-
lic healthcost-containmentoncern.Moreover, thesedrugsarecertifiedby the respectre
healthauthoritiesto be perfectsubstitutedo the brandedgoodin thattheir active ingre-
dientis identical. Furthermorethey are bioequvalentin the senseof being statistically

indistinguishabldrom the establishegbroductin key aspect®f therapeutiaise.However,

1 Therecanbethreedifferentwaysto categorisedrugs:sameactive ingredientcomparablective ingredi-

entsandcomparablgherapeutieffect.
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consumerslo not switchimmediatelyto genericsvhenthey appearwhich givessupport
to theideaof both goodsnot being perfectsubstitutegrom the consumess point of view.
Not only this, but empiricalresults(seeMestreFerrandiz1999a)for referencesyhawv that
ratherthanobservingcornvergent pricesfor brandedandgenericdrugs,we are observing
thegapwideningwith theintroductionof thelatter. Briefly, FrankandSallkever (1997)con-
ducteda studyfor 32 drugswhosepatenthadexpiredandgenericalternatveswerealready
in themarket. They shovedthatbrandedpriceshadincreasedftergenericentry. Further
more,Grabavsky andVernon(1992)obtaina similar resultwhenanalysingl8 high-sales
volumepharmaceuticgbroductsthatweresubjectto genericcompetition. This resultwas
expressedy Scherel(1993)asthe GenericCompetitionParadox.

It hasbeenarguedthatthe mainimpedimentdor genericpenetratiorseemto come
from the demandside, ratherthan the supply side. Very briefly, thesearise,firstly, due
to the accumulatedyoodwill of brandedproducers.Secondly the role of pharmacistsn
dispensinga genericor anoriginal brandis alsovery important. This is relatedto the laws
governingthe possibility of substitutingdrugsoncethe physicianhasprescribedhe drug
anda genericis available. Supply side entry barriersare considerabldower for generic
drugsthanfor new productdevelopments.The interestedeaderwill find a moredetailed
explanationof thesebarriersto entryin MestreFerrandiz(1999a).

What is thenthe link of a referenceprice systemwith the introductionof generic
drugs? One of the requisitesof an efficient implementationof a referenceprice system
is a developedgenericmarket. Whenthe maximumreimbursemenpriceis set(i.e. the

referencerice),thispriceusuallycoincideswith thelowestpriceof theequivalentproducts
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in thegroup.Hence whengenericdrugsexist, theseusuallyhave thelowestprices,sothat
the naturalreferencepriceto setwould bearoundthis price.

This relationis importantandshouldbe analysedn orderto seewhatarethelikely
effectsof implementingsucha system.A referencerice systemhasbeenimplementedn
12 countriesupto date.Thesystemhasbeenusedin Germaly sincel1989,in Hollandfrom
1991andin SwedenDenmarkandNorway sincel993. Furthermoreijt wasintroducedn
Australiaand New Zealandin 1998. In Spain,it will be introducedfor 50 drugsaround
Decembe2000. To illustratethe importanceof the relationbetweerreferencepricesand
genericsnoticethatin AustraliaandNew Zealandthe price setcorrespondso the lowest
pricefor eachgroup.In Denmarkthereferencepriceis setasthemeanof thetwo cheapest
productsandin Swedenthe priceis set10% above the cheapesgood. It shouldbe noted
that mostof thesecountrieshave in commonthatthe market for genericgs highly devel-
oped. Whatarethenthe main objectivesof sucha system?Countriesimplementingthis
systemaimto increasgoricecompetitionandultimately, reducehealthcosts.Theoretically
thefirst effectcouldbeachiezedby giving economidncentivesto consumersywhichwould
resultin pressuringhe prescribeiin his/hertherapeutidecisiontowardsa moreefficient
outcome,both socially andindividually. Hence,one could expect,in principle, pharma-
ceuticalcompaniespricesapproachinghereferencerice to maintaintheir market share.
With respectto the contentionof costs,thesecould be achieed thanksto lower unitary
costs. However, casualempiricismsuggestghatin thosecountrieswheresucha system

hasbeenimplementedpricesof thosedrugsincludedin the systemhave beenreducedal-

2 Notethatin 1996/1997 the shareof the salesof genericmedicinesby valuein Germary was 39%, in
Denmark38%,in Holland 13%andin Swedent was4%. For morefigures,seeN.E.R.A.(1999).
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thoughthis systemby itself hasnot beenableto reducepublic costsin pharmaceuticals.
For amoredetailedexplanation,seeMestreFerrandiz(1999b).

It mustbesaidthatmostof thereferenceoriceliteratureis mainly descriptve (Lopez-
CasanwasandPuig-Jung (1999)).Few paperdavetriedto modeltheoreticallytheimpact
of implementingsucha system.DanzonandLiu (1997)useda kinked demandmodelin
orderto predictpriceresponseto a referenceprice system.They do thisin the context of
amodelof physiciandecisionmakingunderthe assumptiorof imperfectageng between
the physicianandthe patient.Zweifel andCrivelly (1997)usea duopolymodelto analyse
market reactionsby pharmaceuticalirms, by having a probability of suchsystembeing
implemented.Finally, Woodfieldet al. (1997)adapta simple modelof an oligopolistic
pharmaceuticamarket, originally developedby Johnstorand Zeckhause(1991), where
firms competea la Bertrand. A recentpaperby Pavcnik (2000) makesa very interesting
empiricalanalysisin Germaly, comparingthe situationbeforeandafter the implementa-
tion of the referenceprice system. Her resultsshawv thatin that country producershave
respondedby reducingpricesaftertheintroductionof suchsystemandthatthe existence
of genericcompetitionis a very importantfactor Whenthe competitionfacedby branded
goodproducerss tougherthereductionin priceis higher

The aim of this paperis to modelthe effect of implementinga referenceprice sys-
tem,onceagenericdrugalreadyexistsin the market, andseewhatwill betheresponsef
pharmaceuticalirms to this change.Furthermorewe areinterestedn analysingwhether
suchsystemactuallyreducesrices,andultimately, whetheror not public costsin pharma-

ceuticalsarereduced.
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We will analyseheeffectof implementingeferencepricesin two ways. The supply
sideof themarketwill bethe samefor both caseswe will have abrandedyoodproducey
andagenericone,with a degreeof differentiationbetweerbothgoods.More detailsabout
the market structureconsideredherearefound below. Thefirst way will beto studyhow
theintroductionof a subsidyequialentto the referenceprice affectsfirms’ decisions.The
ideahereis to excludeary otherform of publicintervention,andconcentratg@urelyonthe
effectsof suchregulatoryprocedurelt is asif in theinitial situation,HealthAuthoritiesdo
notfinanceary partof thepricepaidby consumersandthenthey financeuptothereference
price. Moreover, it is implicitly assumedhatthereferencericewill besetbelow theprice
of the brandedandthe genericgood. Theresultsobtainedn this scenaricshov thatwhen
referencepricesare setin this way, total costsof the systemare increasedalthoughthe
situationwith referencepricesis welfare enhancing. The idea behindthis resultis that
we arecomparinga situationwhereconsumergpay the full price with the situationwhere
Health Authoritiesfinanceupto the referenceprice. Hence,we have that consumerswill
endup buying more,but atacheapeprice.

The secondcasewill includein the two possiblesubcaseshe possibility of Health
Authoritiesfinancingpartof the price. The differencebetweernthe two possiblecaseghat
we wantto compareis thatin the initial situation,thereexists a partial public subsidyof
the price of the ethicaldrug (in this case,we will have that Health Authorities finance
a fixed percentagdcopayment)of the price). The implementationof a referenceprice
systemaltersthecopaymenpaidby theconsumein thefollowing manner:f theconsumer

decidesto buy the brandedgood, then (s)he paysthe sumof two elements;on the one
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hand,paysthe samecopaymentasbefore,but this time associatedo the referenceprice,
andon the other the differencebetweerthe price setby thefirm producingthis goodand
the referenceprice. If however, the consumerdecidesto buy the genericversion,then
(s)he paysthe samecopaymentsas before. Hence,anotherdifferencebetweenthe two
casess thatin this situation,the (exogenousyeferenceorice implementedwill be higher
thanthe genericprice, but lower thanthe brandeds one. Notice that the implementation
of referencepricesin the variouscountriesmentionedabove hasnot beenuniversal;for
expositionpurposeswe have usedthe way thatthey have beenimplementedn Spain.
Summarisingandin orderto clarify the main differencebetweenthe two casesve
will analysehere,we have that in the first case,the copaymentthat consumergay in
the first situationis onei.e. they paythe full price. The implementationof a reference
price systemin this scenariamplies now thatthe copaymenthat consumersave to pay
is the differencebetweenthe price of eitherof the drugsandthe referenceprice. In the
secondcasewe have thatin theoriginal situation,consumergaya proportionof the price,
irrespectvely of which goodthey buy i.e. the copaymenis between0 and1. In the new
situation,with referenceprices,the consumemho buys the brandedgood paysthe same
copaymentas before, but this time associatedo the referenceprice plus the difference
betweenthe price of the brandedgood and the generic. The consumersvho purchase
the genericgood pay the sameproportion,or copaymenif the price setby the generic
producer Table1l summariseshe differencedetweerthe netprice paid by the consumer

in bothcases.
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Table 1. Differencesin net price paid by consumers.

| Net pricepaid | CASE1 | CASE1 | CASE2 | CASE2 |
H [COPAYS| RP | COPAYS| _ RP |
| Branded [ pfy [pF-ri] wip [oratplf -]
| Generic | p5%; o -r] W% | VP5e; |

wherep$,t = 1,2,i = B, G, standdor thepricesetby thebrandecandgenericgood
producerrespectiely, whenno referencepricesareimplementedpf”, t = 1,2, i = B, G,
standdor the pricesetby thebrandedandgenericgoodproducemwhenreferencericesare
implementedandt = 1 and2 referto thefirst caseandsecondcaseanalysedespectiely.
Furthermorey € (0, 1] is thecopaymentr; is theexogenouseferencericesetby Health
Authoritiesin casel andr; is thereferenceprice setby HealthAuthoritiesin case2. Note
thattheimplicit assumption themodelarethatp$, andp$ arehigherthanr;, p%% > r,

andpfl < r,.

1.2 The Model.

We will havein bothcasesa duopolysettingwherefirms actnon-cooperatiely. Firmswill

choosepricessimultaneouslyThe demandsideis a simplified versionof SinghandVives
(1984),but takinginto accounthatin every situationin bothcaseghenetpricepaidby the
consumeffor eachgoodis different. Thereis a continuumof consumer®f the sametype.

Therepresentatie consumemaximises
B,G
Ulgirq) = > _bi, 1)
%

wherei,j = B,G, i # j, g; is the amountof good: andp; is the net price paid by

the consumerfor this good. Recall Table 1 to seethe exact definition of p;. U(g;, g;) is
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assumedo be quadraticandstrictly concae as

b
Ul(gi,q;) = aBqs + acqe — 3 (¢ + 9¢ + 20984c) - (2)

Theparametef € (0, 1) representshe degreeof differentiationbetweerthe brandedand
genericgood. This is becausea genericproductmay not be a perfectsubstitutefor the
original branddueto both subjectve andobjectve factors,andarethesefactorsthatallow
the original brandto keepselling despitethe presenceof low-price genericcompetition
(Hudson2000). Moreover, ap, ag, b > 0, This utility functiongivesrise to thefollowing

inverselineardemandsystems:
pi = a; — bg; — bg;.
Sincefirms chooseprices,we have to inversethe inversedemandiunctionsto obtainthe

demandsystem:

a; — Ya; i Dj

T=a—e) - -y

Assuminglinear costfunctions,andthat thereare no fixed costs,we have thatfol-

lowing profit functionsfor bothfirms:

™ = (pB - CB) qB,
e = (pe—ca)4e-
We needto imposesomerestrictionsonthe parameterso have awell definedsystem

of non-ngative equilibrium values,andto incorporatethe characteristic®f the pharma-

ceuticalindustry
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Assumptionl. a; > ¢;. Thisensuresion-ngative profits.

Assumptior2. ag > ag. In words,we have thatthe market sizefor thebrandedyood
is greatethanthe market sizeof thegenericdrug.

Assumption3. cg > c¢g. The maginal costof productionfor the brandedoroducer
is greateror equalthanthe maiginal costfor the genericproduceyin orderto reflectwhat
we obsenre in practice.

This will be the commonsettingfor both cases. As mentionedbefore, firms will

choosepricessimultaneouslylLet usconsidemow eachcase.

1.3 Casel.

Whenconsumersave to paythefull price,thedemandunctionsfacedby thebrandedand

genericgoodproduceyare,respectiely:

(CLB — HCLG') 1

= — P (1.3)
gBNR = b(l _ 02) b(l _ 02)pBNR b(l _ 02)pGNR; .
(ag — Bap) 1 ]
— + — , 1.4
dqGNR b(1 — 92) b(l — eg)pGNR b(l — eg)pBNR (1.4)

wherethesubscriptsB, G representhebrandedandthegenericproducerespectrely, NR
standdfor the casewherethereis no referenceprice systemandé € [0, 1) representshe
degreeof differentiationbetweerbothgoods.

Whenwe imposea referencerice systemthedemandunctionsareasfollows:

3 Noticethatdemandunctionsarenot definedwhen = 1.
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(ap — bag) 1 0
4BR b(1 — 07 - b(1— 6?) (pBr—1) + m (par—T), (1.5)
don = (ag —fap) 1 (b — 1) + 0 =), (L6

b(1—6%)  b(l-6?) b(1 — 6%)
wherer > 0 is thereferencerice,andthe subscriptk standgfor the scenariowith refer
enceprices.We will have thatbothfirms move simultaneouslyBeforesolvingthe model,
we make thefollowing assumptions.

Assumptionrt. (ap — cg) > (ag — cq) -

Assumptiorb. (2 — 6%)(ag — cg) > 0(ap — cB).

Theseassumptiongre suflicient conditionsto ensurenon-negjative equilibriumval-

ues.

TheNashequilibrium pricesof thisgameare

(2 —6%) ag — fag + (2c5 + Ocg)

* — 1.7
PBnNR (4 _ 02) ) (1.7)
i 2 —0%) ag — Oap + (2cq + Ocp)
Panr = ( ) < = 2 < =, (1.8)
(4-6)
Underreferenceprices,we obtain:

i 2 —0%) ap — fag + (2cg +0cg) + (2 — 6 — 6%
Pr = ( ) B = (4 _302) ¢ ) (1.9)

i 2 —0?) ag — Oap + (2cg + Ocg) + (2 — 0 — 67)
Pgr = ( ) (4 _ 02) . (1.10)

Notice thatfrom (1.9) and(1.10),we obtainthat ag;R

> 0,V i = B,G. Hence the

higheris r, the higherwill bethe pricessetby bothfirms. Furthermorewe have thatthe
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effect of changingr hasthe sameeffect on both the price of the brandedandthe generic
good,dueto the simultaneityof thegameconsideredhere.

We want to compareequilibrium valueswithin and betweenscenarios. With the
assumptionsnadepreviously aboutthe size of both markets andthe differencebetween

mamginal costs,we obtaintheresultsshovn in lemmal.

Lemmal If ag > ag andeg > cg, thenppyr > Piyr @andppr > pig (With a strict

inequalityif ag > ag and/orcg > cg).

(1 + 9)(&3 — GG) + (CB — Cg)
(2+6)

With the abore assumptionssincethe denominatois alwayspositive, the numeratomwill

alwaysbegreateror equalthanzero. m

This resulttells usthatgenericgoodswill be cheapethanbrandedgoods,whichis
consistentvith whatwe obsere in reality. Hence,an explanationfor this resultfollows
from the fact that the differencein price betweenthesetwo goodsarisesbecauseof the
differencein market sizeandmaminal cost.

Now, we areinterestedn the comparisorbetweerthe caseswith andwithout refer
encepricesi.e. comparisondetweenscenariosWe wantto seewhatwill betheresponse
price-wiseof firms whenthe referenceprice systemis implemented Lemma2 shows the

result.

Lemma2 For anystrictly positiverefelencepricer, wefindthatpy,, > piyr andps g >

*
Penr-
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(1-0)

6 € [0, 1), it impliesthatthe numeratomandthe denominatoarealwayspositive, hencethe

resultfollows. &

Hence,for whatever referenceprice the governmentchoosespricesfor both goods
will be higherwhenthe referenceprice systemis implementeccomparedo the situation
wherefirms faceno suchsystem.The intuition behindthis resultis thatin this setting,the
referenceorice playsasimilar role to theintroductionof a subsidyequialentto this price.

The next stepinvolves evaluatingequilibrium quantities. Substitutingequilibrium
pricesinto thedemandunctions((1.3)to (1.6)),we obtaintheassociateeéquilibriumquan-

tities with no referenceprices:

. _ (2-6)(ag—cp) - (GG — ¢g)
dBpNR — ( ) (02 , (111)
L (2= )(GG - CG) (CLB —cp)

Of coursewe have to imposethe non-negjativity of equilibriumquantities.Sufficient con-
ditions for quantitiesto be non-ngative are given by Assumptions4 and5. Note that
Assumptionb ensureshatq, y 5 IS non-n@ative, andthatcombiningthis assumptiorwith
Assumptiord ensureshatgqy; v IS alsonon-n@ative. For the caseunderreferenceprices,
we obtainthe following equilibrium quantitiesfor the brandedand genericgood respec-

tively:
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. 2-0"(ap—cp)—0(ag—cc)+r(2—0-06°)
dBr = b(02 ~ 4) @ — 1) , (2.13)

2ag + fap + b [Ocg — (2 — 0°)c + (2 — 6 — 6%)]

NotethatAssumptiongt and5 imply thatthesetwo quantitieswill be positvetoo. Thisis
becausdor both equationg1.13)and(1.14),thereis an extra positive termin the square
braclets(r(2 — 6 — 6%)), sothatif ¢}y andgyy r arenon-ngative, it followsthatqj , and
q&r Will benon-n@ative too. Beforecomparingequilibriumquantitiesbetweenscenarios,
we wantto comparethemin eachscenariofor the brandedandthe genericgoodrespec-
tively. We obtainthatunderno referenceoricesandwith referenceprices,demandor the

brandedyoodis higherthanfor thegeneric.This resultis shovn in the next lemma.

Lemma3 UnderAssumptiort, wehavethatqyyg > ¢Gyg @aNdasr > GGg-

(ap — c) — (ag — cg)
b2 +0)(1 —0)

6 € [0,1), andb > 0, the denominatolis positve. By Assumption4, we have thatthe

Proof. Wehavethatg;yg — ¢Gnvr = $5r — 96R = . Then,since

numeratotis positive, hencetheresultfollows. m

Comparingequilibriumquantitiesbetweerbothcasegjivesriseto the next lemma.

Lemma4 For any strictly positive refelenceprice r, we find that ¢y < ¢z and

9avr < 9Gr-

Proof. Wegetthatgyr — dsve = 96r — GnR = >0,Vr>0. 1

r
b(2—-0)(1+6)
In words,demandor bothgoodsincreasesinderthereferencegricesystem.t seems

strangehatdemandor bothgoodshasincreaseaventhouglwe have seerthatimplement-
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ing thissystemhascausednincreasen thepricesetby bothfirms. However, thefollowing
propositionprovidesthe economidntuition to the previousone,andwill bevery usefulfor

lateranalysis.

Proposition5 In equilibrium,wehavethatpyyr > ppr — 1, andpiyg > Por —1, V7 >

0.

Proof. Weobtainthatp,yr — phr +7 = Ponvg —Par + 7 = ﬁ Thiswill alwaysbe

strictly positivefor » > 0. Hence theresultfollows through. B

This propositiongivesoneof the mostimportantresultsof the paper wherebyinde-
pendentlyof the magnitudeof r, the netprice paid by the consumeifor bothgoodsunder
the referenceprice system((pyr — ) and (p{;z — r) for the brandedand genericgood
respectrely), is lower thanthe price paid whenthereare no referenceprices(py yz and
Peng)- In the analysisthat follows, this resultwill be crucial to explain someof the re-
sultspresentedhere.Note thatwhatthis resultis sayingis thateventhoughthe grossprice
recevedby the produceris higherunderreferenceprices,asshovn in lemmaz2, whatcon-
sumershave to payfor the goodis lessthanwhenthereis no suchsystemimplemented.

Next is to comparetotal costsof the systemunder price and no-priceregulation,
wheretotal costis calculatedas ) pf¢’, i = B, G. Total costswhenconsumergpay the

%
full price andwhenthereexists referencepriceswill be denotedas7'C}, andTC}, re-
spectvely. Notethatwhenthereferencesystemis implementedthis costis spreadamong
consumers&ndhealthauthoritieswhile in the former case the consumeipaysfor all this

cost. Hence,in a situationwith referenceprices,total costsof the system, T'C’;, is equal
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to thesumof two parts,> (p; — r)q;, i = B, G, whichis the costborneby the consumer
and) rq;, i = B, G, whichis borneby the healthauthorities. This obviously reducego
>.Pig;-

We obtainthat

2(ap+ag)(1—0)+0(cg +cg) +2(1 — Q)TT
b(—2+6)°(1+6) '

TC} —TChp = (15)

This differencewill always be positive, for ary » > 0, andf € [0, 1), since both the
numeratorandthe denominatomwill alwaysbe positve. We cansummarisehis resultin

thefollowing proposition.

Proposition6 For anypositiverefeenceprice, r, imposedy the healthauthorities,total
costsfor the simultaneouggamedescribedabove are greater whenthe refeenceprice

systemis implemented.

This resultfollows sincewe have seenthatthe optimal reactionby firms whensuch
systemis implementeds to increaseorices,andfurthermorethis causesnincreasen the
guantitiesdemandeaf bothfirms.

Following with comparisondetweenscenariosan obvious continuationis to com-
paretotal consumersurplusfor both cases.If we denoteC'S} ;, andC S}, total consumer

surpluswith subscriptsndicatingin which situationwe are,we obtainthat:

(1 — 9)[(0,3 — CB) + (CLG — CG) + T]T
b(6 — 2)%(1 + 6) '

CSy, — CSyp = (16)
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From Assumption2, we know (ag — cg) and(ag — cg) aregreateror equalthancero.
Hence,consumersurplusis, for ary » > 0, greaterwhenthe referenceprice systemis

implementedThis resultcanbe summarisedvith the next proposition.

Proposition7 For anyr > 0, total consumersurplusis higher if the refeenceprice

systemis implemented.

This resultfollows from combiningLemma4 and Proposition5. We saw that the
implementatiorof a referenceprice systemcausesnincreasen the price of bothgoods.
However, with sucha system the governmentpaysfor partof the good,andr will deter
mine the netprice paid by consumerslt hasbeenshown in Proposition5 thatany » > 0
coversfor theincreasdn price causedy the introductionof the referenceprice. Lemma
4 shawvs thatquantitydemandedor bothgoodsincreasesvhenthereferenceprice system
hasbeenimplemented. Thesetwo effectsleadto higher consumemvelfare. Notice that
giventhattotal costsof the systemarealwayshigherunderreferenceprices,asensiblecri-
terionto endogenis¢hisreferencericeis to chooseheoneyielding the highestconsumer
surplus.

An obviousthingto donow is to comparegroducersurplusunderbothscenarioslLet
TNr = Tpnr T Tan g denotetotal profits for both firms with no referenceprices,andlet

Th = Tyr + TG denotetotal profitsunderthe referencerice system.We have that

4 Actually if we let the plannerchoosethe optimalr that minimisesthe costsof having sucha systemiit

will naturallyber = 0. Hencewe arefacedto a second-bestolution.
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oo 21 -0)[(ag —cB) + (ag — cq) +T]r
fooNET b(0 — 2)2(1 + 6) '

(17)

Notice thatthe expressionn equation(1.17)is similar to expression(1.16), which repre-
sentedhedifferencan consumesurplusbetweerbothscenariosHence we know thatby
Propositiong, this differencewill bepositivefor ary » > 0; hencewe cansummarisevhat
happengo producersurpluswhenwe implementareferencerice systemwith Proposition

8.

Proposition8 For anyr > 0, total producersurplusis higherif therefelenceprice system

is implemented.

Summarisinghen,we have thatfor thegamedescribedn this sectionimplementing
areferenceprice systemincreasesotal costs althoughit is welfareincreasing.

We have alsoconsideredhe casewherefirms decidepricessequentially This setting
implies thatthe brandedgood producerchoosedirst, in orderto give this producersome
first-mover advantage.The main conclusionbtainedaresimilar qualitatvely aswith the

simultaneougiamejust described.

1.4 CaseZ2.

Recallthatin this setting,we have that Health Authorities are presentin both subcases
consideredThe differencebetweernheseis the amountthat Authoritiesfinance. Theaim

of this sectionis to comparea situationwith a fixed copaymenirrespectve of the drug
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purchasedwith a situationwherereferencepricesare implemented. The modelling of
suchsystemwill betheoneusedin Spain.

As discussedbore, the first scenariowe will considerhereinvolvesanalysingthe
pharmaceuticaharketjustwith theexistenceof a(fixed)copaymentye [0, 1] . Thedemand

functionsfacedby the brandedandgenericgoodproducerare,respectrely:

(CLB — GCLG) 1 0

= - —_ 1.18

4By b(l — 02) b(l _ 02)71737 + b(l _ 92)710(}'7; ( )
(ag — Oap) 1 0

= - N S— . 1.19

QG"y b(l _ 02) b(l _ 02)’>/pG’)’ b(l _ 02)7p37 ( )

wherethe subscriptsB, G representhe brandedandthe genericproducerrespectrely, v
standsfor the casewherea copaymensystemis implementedandf € [0, 1) represents
the degreeof differentiationbetweerbothgoods.

Oncethereferenceprice systems implementedthedemandunctionsfacedby both

producersare,for the brandedandgenericgoodrespectrely,

(CLB - Qag) 1 0
ro= — +ppr —T) + —=er,  (1.20
((J,G — HCLB) 1 )
.= _ o . —7), (L.21
e R T R v (yr+ppr—r), (1.21)

wherethesubscript- denoteghesituationundercopaymentsandreferencericestogethey
andr is the (fixed) referenceprice setby the Health Authorities. The differencebetween
both scenarioss thatthe net price paid by the consumeffor the brandedgoodis now the
sumof two elements:a proportion~y of the referenceprice, andthe differencebetween

the actualprice setandthereferenceprice. Recallthatsincewe areanalysingthe Spanish
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referenceprice systemthereferenceprice will belessthanthe price of the original good
but higherthanthe genericalternatve. In otherwords, whatwe areimplicitly assuming
with this settingis thattherehasbeena previoustime periodwherefirms chosetheir prices
whereconsumernly hadto pay the copaymenty (pricesdenotedpp, andpg, for the
brandedandgenericgoodrespectiely in demandunctions(1.18)and(1.19)) Whathas
happeneadow is thatthe SpanistHealthAuthoritieshave decidedo implementareference
price systemsuchthatthis priceis setin betweernthe (moreexpensve) brandedyoodand
the (cheaper)genericalternatve. Then,whatwe wantto seeis whetherand whenwill
firms reducepriceswith suchsystemcomparedo the previous situation,andunderwhat
circumstancesf any) will pharmaceuticatostsfor HealthAuthoritiesbereduced.

With thesedemandfunctions,andassumingconstantmaiginal costsfor both firms
(denotedby cg andc for the brandedand genericgood producerrespectrely), we can

constructhe profit functionsfor bothfirms, which are:

TBi = (sz' - CB) 4Bi, (1-22)

Tei = (Pei— ce)dqai (1.23)

wherei = ~,r (the situationwith copaymentonly and copaymeniand referenceprices
togethemrespectrely). Recallthatwe areassuminghatcg > cg.
Beforesolvingthemodel,we introducethefollowing assumptionso ensureghenon-

negativity of theequilibriumvalues.
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Assumptior®. (ap —cp) > (ac —vca) = (ap —ag) 2 (cg — 7cg) = (¢ — cg) 2
v (cg — ¢g) sincey € [0, 1].

Assumptior?. (2 — 6%)(ag — veg) > 0(ap — yeg) [> 0 (ap — cp) sincey € (0,1]].

In thenext subsectionwewill solvethemodelwhencopaymentsreenforcedwhile

subsectiort.2 shavs theresultswhenthereexistsreferenceprices.

141 Copayments.

For the caseof copayment®nly, the profit functionsfor bothfirms are:

. o (CLZ‘ — Oaj) _ 1 . 0 .
Ty = (pz'y Cz) < b(l — 92) b(l — 92)’)/2717 + b(l _ 02)’717]7) . (24)

Restrictingto the analysisof interior solutions,we obtainthe following first order

condition(FOC):

Omyy  a; — Oa; — 27ypy, + 0ypjy + e

_ — 0, 25
8pi7 b(l — (92) ( )

withi,j = B, G, i # j.
Hence from equation(1.25),andusingtheimplicit functiontheoremwe canobtain

(asexpected)a positive relationshipbetweerthe two prices:

dp; 0
Wiy _ 7, (26)
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From (1.25), we derive the bestresponsdunctionsfor the two firms, yielding the

NashEquilibriumin prices. Thesearegivenby,

(2 - 0°) a; — Ba; + y(2¢; + ¢;)
(4 - 0%) ’

(27)

Py =

withi,j = B, G, i # j.
We cansaythatanincreasan the copaymenty will decreasehe equilibrium price
for the brandedgood under Assumption2. With regardsto the responseof the generic

producerit will dependon therelative magnitudeof market sizes.More precisely

3p*37 (2—02) ag — bag

=By o <0, 1.28
” A=y .
Ot 2—6%)ag—0

Moy _ _( )a(; aB<O{:>L2<a—G§1. (1.29)
0y (4 —6%)y? (2-67) az

Comparingequilibriumprices,we obtainthefollowing lemma:

Lemma9 If Assumptiond to 3 hold, thenpy . > pg; ., (with strictinequalityif ap > ac
and/orcg > cg).

(a —ag) +7(cB — ca)
v(2 +6)

above, and sincethe denominatoiis always non-ngative, the numeratorwill alwaysbe

Proof. ~We have thatpy , — pf;, = . With the assumptions

greateror equalthanzero. B

Theassociate@quilibriumquantitiesfor the copaymensystemare,

(2 —6°)(ai — yei) = 0 (a; — 7¢y)
b(4 — 6*)(1 — 6% ’

(30)

* o
Qi'y_

wherei, j = B,G;1 # j.

5 Secondrderconditionsaresatisfied.
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NotethatAssumptionss and7 imply thatthesequantitiesarenon-ngjative. We can

checkhow demandvarieswith ~:

8q*37 00(; — 63(2 — 92)

— = <0& 1.31
oy b(4 — 6%)(1 — 6% (1.31)

(2—-60%cg > bcg.

q¢; Ocg — ca(2 — 6%)

— = <0& 1.32
oy b(4 —6*)(1 — 6% (1.32)

_p2

C=0) ey
0 Ca

For the caseof the brandedgood, Assumption3 guaranteeshatincreasingthe co-
paymenty decreaseguantitydemandedor this product(i.e. thereexists a negative rela-
tionshipbetweercopaymentandthequantitydemanded)for the caseof thegenericgood,
this sign dependsn the relatve magnitudeof mamginal costs. More precisely we obtain
thatif themaginal costof productionof the brandedyoodis nottoo high comparedo the
maminal costof the genericthenthis negative relationshipstill holds. This, asillustrated
with Lemmay, is becauséehe higherthe differencebetweermaminal costs the higherthe
priceof thebrandedyoodcomparedo thegenerics price;hencef cp is very high, thedif-
ferencebetweerpy . andpy; , is too high sothatactuallyincreasinghe copaymentnalkes
peopleswitch from the brandedto the genericgood. Hence,wheneer cp is sufficiently
high, therewill exist a positive relationshipbetweenthe copaymeniandhencenet price

paid)andthe quantitydemandedor the genericalternatve.
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1.4.2 ReferencePrices.

Next we characteriseghe equilibrium prices (interior solution) oncethe referenceprice
systemis implemented.Profit functionsfor the brandedandgenericgoodproducersare,

respectrely:

_ (CLB — 9&@) 1 L )
TBr = (pBr CB) ( b(l _ 02) b(l _ 02) ('77' + PBr T) + b(l _ 92)710(}'7" ’
(ag — Bag) 1 0 )
r = r — - rt o< + r .
TG (pG CG) ( b(l — 02) b(l — 02)7106: b(l — 92) (’YT‘ DB 7")
The FOCsareasfollows:
Orpr _ ap—0ag —2pp + 97pc2;r teg+ (1 —r _ 0, (1.33)
apBr b(l — 9 )
Ongr _ ag —bap — 2ypar + 9p3r2+ veg =01 —7)r _ 0. (1.34)
apG’T b(l — 0 )

From equationq1.33)and (1.34),andusingthe implicit function theorem,we can
derive someusefulcomparatre statics. This will provide someinsightson how firms will
reactwhenparameter®f the modelchange andwill be helpful to give us someintuition

on furtherresults.More preciselywe obtainthat,

de,r 97

= — >0 1.35
dpG,,,. 2 Y ( )
dpG’r 0
Wer _ 7 5, 1.36
dpp,; 2y (1.36)
dpp.r (1-9)

= 1.37

dr 2 >0, ( )
dpa.r 1—~v)0

dpe, _ _(1—7)0 <0. (1.38)

dr 2y
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Equationg1.35)and(1.36) shav the usualstrategic substitutabilityof prices. Note

d d
that PaG,r Z PB,r

de,'r dpG,r
its rival increasedts price comparedo theincreasean price of the brandedyoodwhenthe

. Hence theincreasen priceof thegenericproductwill behigherwhen

genericproducerincreasests price. The genericproducers responsas larger with the
introductionof areferenceprice system.Equation(1.37)tells usthatthe optimalresponse
of the brandedgood produceris to increasgdecreaseprice whenthe referenceprice, r,
increasegdecreases).The intuition behindthis resultis that the referenceprice actsas
a kind of subsidyfor this producer However, equation(1.38) implies that the optimal
responsef genericproducerss to decreasdincrease)ts price whenthe referenceprice
increasegdecreases)Notice thatthe price responsef both producergdo a changen the
referencericewill bedifferent.We have that

dpG’,r
dr

‘de’r sSy>0

dr

> ‘

Recallthat both the copaymenty andthe degreeof substitutability® arein the interval
(0,1). Hence,if the copaymenis higherthanthe degreeof substitutability thenthe ab-
solutevalueof the changeof the price of the brandedgoodwill be highet Hence,if both
goodsareclosesubstitutegsothatf =~ 1), thenit is probablethatthe changan priceswill
be greaterfor the genericalternatve, speciallyif we considerthaton average the copay-
mentin Spainis equalto 0.4. Onewould expectthatasgoodsbecomeclosersubstitutes,
it is asif the brandedgoodproducerhaslost oneof the sourcesof its advantageover the
genericalternatve. Hence the genericproducetin this casecanbehae moreaggressiely
andfearslessthe stratgyic behaiour of the pioneerfirm. Theseresultswill provide useful

insightson theresultspresentedbelow.
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Whensolvingfor equilibriumprices,we get,

(2 - 02)a3 —fag + 2cg + O0yeg + (1 —v)(2 — 02)7“

b = nt? , (1.39)
. 2 — 0% ag — fap + Ocp + 2vcg — (1 —y)r
P, = ( ) G 1’3}/ (4 _302) YCa ( /Y) ] (140)

It would beinterestingo analysehow thesepricesvary with the copaymentn orderto see

if their responseariesif we introducereferenceprices.We obtainthat

op; Ocg — (2 — 0H)r
“Br  _ 1.41
oy 4— 62 ’ ( )
* _ 2 _ _
op, _ (2 —60%ag 9a32+ ) r (1.42)
0y 7 (4-6°)

Fromthe abore equationsye canseethatthe signsof thesederivativeswill dependupon

thevalueof thereferencericer. Noticethat:

opp, Ocq

< 0&r>-—"-, and 1.43
oy ’ (2-6°) (1.43)
agf(;r < 0&r< (2 — 92) ag — Oap + Ocp. (1.44)

Hence,we cansaythatif r is sufficiently high, thenasthe copaymenincreasespneele-
mentof the netprice paid by the consumerfor the brandedgood,~r, increasesThen,as
a strateyic responsein orderto maintaina suffiicient level of demandthe pioneerfirm re-
duceshepricefor its good,sothattheotherelementhattheconsumehasto pay; p};, —r,

is not too high. With respecto the relationshipbetweenthe copaymentandthe (gross)

price of the genericalternatve, we seethatfor low valuesof r, genericproducershave to
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reducepricesasthe copaymentncreasesn orderto keepattractingconsumerssothatthe
netprice paid by the consumefor this goodis nottoo high.

Theassociate@quilibriumquantitiesare,

. _ (2=0")(ap —cp) —0(ag —ycc) + (1 = 7)(2 = 6%)r

4Br = b(4—92) (1_02) ’

(45)

o = b(A—6°) (1-0)

. _ 2=6) (a6 —ce) = 0 (ap —cs) — 61 =) (46)

Assumptioné6 is a sufficient conditionfor ¢}, to be non-n@atve. Assumption? is
anecessarygonditionfor the non-n@atiity of ¢f,.. With theseequilibrium quantitieswe

obtain,

a *
sign <£> > 0, (1.47)

or

a *
sign <£> < 0. (1.48)

or
Theintuition for equation(1.47)is asfollows: asr increasesywe obsene two oppos-
ing effectsin relationto whathappengo thenetprice paidby theconsumefor thebranded
good. Ontheonehand,asr increasesthe elementrr increasespn the other the element
(p%, — r) is reduced.Neverthelessye seethatoverall, asr increasesthe netprice paid

for thebrandedyooddecreasés Hence for ary givenpg,, ahigherreferencegriceimplies

alower netprice, ceterisparitus. This leadsto higherguantitydemandedor the branded

Olrr + (py- — )] = -1+ 7 < 0, whereas mentionedbefore,

6 This is becausefor a given pg,., o
[rr + (pBr — r)] is thenetprice paidfor the brandedproduct.
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good. For the genericgood, the intuition underequation(1.48)is somevhatdifferentbut
relatedto equation(1.47). The higheris r, the higheris the demandor the brandedyood
as peopleswitch from the genericto the branded hencedemandfor the genericgoodis

reduced.

1.4.3 Comparing Scenarios.

It is worth mentioningthatthe introductionof a referenceprice systemmakesboth firms

reactdifferently whenthe rival changests prices. As we sav before,undercopayments,

d d 0 . , , 6
we hadthat P87 — %P6 _ 7 However, with referenceprices,we obtainedthat - =
dpGﬁ Hde,,y 2 2
d d . :
Por o Gr _ 7 Comparingthe responsesindercopaymentandreferenceprices

dpG’,r o de,r B 27
yieldsthefollowing inequalities:

de,’r < de,'y _ dpG,'y < dpG,’r
dpG,’r - dpG,'y de,'y - de,’r

(49)
Now, with theintroductionof referenceprices,the pricerespons@f eachfirm to achange
in price of its competitoris different. Moreover, it is the genericproducerwho competes
more aggressiely. Hence,with this modelisationwhat we obtainis that genericprices
aremoreresponsie thanbefore,somethinghatis implicitly wantedwhensuchsystemis
introduced.Thisis becaus®neof the objectvesof areferenceprice systemis to promote
theuseof genericsandto increaseprice competition.

The secondthing we wantto analyseis how firms respondto the introductionof a

referenceprice system.Thefollowing lemmacomparegquilibriumpricesfor the branded

good,



1.4 Case?. 41

< _ * > *
Lemmal0 Forr S wegetthatpy = DB

— 2 pa—
(2 —60%)ap — bag +9’ycG(> 0).

72— 6?)

(1 - 7) [(2 — 92)6LB — OCLG —+ Q’YCG _ 7(2 _ 92)’/‘]
(4 - 6°) :
Sincethe denominatois alwayspositive, and(1 — 7) > 0, we getthatpy,, > pj,, <=

wheefr =

Proof. We obtainthatpy, , — pj, =

[(2 = 60*)ap — Oag + Oycg — (2 — 0%)r] > 0 <=
(2 — 0*)ap — Oag + Oycg

5 = 7. Furthermoresinceag > ag, we know that
(2 -6)

r <

r>0. 1

This lemmatells us that whenthereexists a referenceprice system,brandedgood
producerswill have incentvesto decreaséts priceif the referenceprice is not too high.
However, if the referenceprice is settoo high (higherthanthe upperboundr), branded
goodproducerwill find it moreprofitableto increaseheprice. Thiscritical bounddepends
positively on ap andcg, but negatively onag andy.

We now proceedio compareequilibrium pricesfor genericgoods,beforeand after

theintroductionof referenceprices.The following lemmasummarisesheresultobtained.

> * > *
Lemmall Ifr =¢B, wegetthatpg,, = Der-
(1—7)(r—cs)
b4—6%)
andtaking into accountthat the denominatoiis always positive, and (1 — v) 8 > 0, the

Proof. Theresultfollows usingthefollowing equationpg,, — pg, = 0

resultfollowsthrough. m
Thecombinationof lemmasl0and11 givesriseto thefollowing proposition:

.. * > *
Proposition12 If r < ¢p, then{ p*BN pfar
pGa’y < pG,"'



1.4 Case?. 42

If > 7, then

wheee 7 is definedn lemmalo.

Proof. Thefirst stepis to prove thattheinternval (cg , 7) is well defined.
(2 — 60%)ap — Oag + Oycg
72— 6%)
wheneer (2 — 0%) (ap — veg) — 0(ag — yeg) > 0. Assumption6 guaranteeshat this

We getthatr— cp = — c¢g. This differenceis positive
differenceis positive, hencetheinterval is well defined.

Thesecondoartof the proof follows from combininglemmaslOandll. m

In orderfor the referenceprice systemto achieve the objectve of decreasingrices
of bothgoods,thereferenceprice mustbe setin theinterval (¢, 7). For areferenceprice
above 7, the price of the genericgoodis reduced,while the price of the brandedgood
increasesvith respecto thesituationwhereonly a copaymensystemexists. On the other
hand,we seethatif r istoolow (lowerthancg), thenit is in thegenericproducerinterestto
increasepricewith respecto thesituationwith copaymentsnly. Brandedyoodproducers
interestis to seta pricelower with bothsystemghanwith justa copaymensystem.

The intuition behindthis resultis given by equationg1.28),(1.37)and (1.38). As
shown by (1.28), we know that the price setby the original firm dependsegatively on
the copaymentin thefirst situation. However, from equation(1.37),the optimal response

for the brandedgood produceris to increasets price asr increasesNeverthelessrecall
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that for sufficiently high levels of r, the relationshipbetweencopaymentsand pj , was
negatve. Then,we seethatthe increasen price dueto higherr is sufficiently high to
increasehe price over the price undera copaymenbpnly whenr is sufficiently high. That
is, only above this upperboundr, this effectis strongerthanthe negative effect thaty has
ontheequilibriumprice.

For the caseof the genericproducey this effect is reversed,as shovn by equation
(1.38).We have seerthatfor low valuesof r, ag—i” < 0. However, the negative effect that
r hason p, . is not strongenough.Hencewe obtainthatthe price of the genericversion
is lower undercopaymentsHowever, asthereferencerice startsincreasingthis negative
effect startsto dominate. This implies that for valuesof r greaterthancg, the generics
priceis lowerunderthereferenceprice system.

Summarisingfor low levels of » will the original firm have incentvesto decrease
priceswhenthereferencepricesystenisintroduced However, only for highenoughvalues
of r will thegenerigoroducehaveincentvesto decreaséis pricewhenthereferencerice
systemis implementedHence only for theinterval (¢g, 7) will bothpricesbereduced.

Thenext stepis to compareequilibrium quantitiesbetweerboth scenariosThe next

propositionsummarisesheresults:

Proposition13 If r < ¢p, then{ qfﬂ ~ By

qG,'y < qé,'r
If r = cpg, then{ 9By = 9By

x %
qG,’y - qG,r

I8, < 0B
If > cp, thenq 77 il
roce { 4Gy = 4G,
(2—-6*)(1 =) (r —cB)
b4 —6*)(1-6%)

Proof. We obtainthatgy ., — ¢5, = —
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(L=7)(r —cn)
g — g5, =0
MNUey = lor =3 0 1 = 07

. Theresultfollowsthrough. B

Theintuition behindthis resultcanbeobtainedusingequationg1.31),(1.32),(1.47)
and (1.48). The analysisis similar in spirit to Proposition12. For low valuesof r, the
positive effect that » hason the demandfor the brandedgood undera copaymentand
a referenceprice systemis not strongenoughto dominatethe negative effect that v has
underacopaymensystem.Hence demands higherunderacopaymensystem.However,
whenr is sethigh enough,the effect is reversed,causingan increasen demandfor the
brandedyoodwith both systemsmplemented.

For the genericgood, the story works in the oppositedirection;for low valuesof r,
demandis higherwhenthe referenceprice systemis implementedfor highervaluesof
r, the negative effect illustratedby equation(1.48)is strongeranddominates.Hence,we
obtainthatdemandor the genericgoodis higherunderthe copaymensystemonly when
r is sufficiently high.

We areinterestedn analysinghow the net price paid by the consumelis affected
when introducing a referenceprice system. For this purpose,we want to comparenet
pricespaid underboth scenariogor both goods. For the brandedyood,we know thatthe
consumepaysa netpriceof ypj., underacopaymensystemand(pp, — r(1 — )) under

bothsystemsThedifferencebetweerthesetwo pricesis equalto:

T_CB)(I_V)_ (50)

Wiy = (B, =1 =) =22
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For the genericgood,the consumeipaysthe proportiony for both scenariossowe

areinterestedn thedifferencebetweenypy,, andypg,.. This differenceis foundto be:

—cp)(1 =
pr*G’V_’VpZ‘r: (7' (2_)(02) 7)- (51)

Thefollowing propositionsummarisegquationg1.50)and(1.51).

Proposition14 For r < (>)cg, we getthatthe consumepaysa higher (lower) netprice

for thebrandedandgenericgoodwhentherefeenceprice systemis implemented.

Proof. Theprooffollows by combiningequationg1.50)and(1.51). m
Propositionsl2 to 14 canbeillustratedin Table2.

Table 2. Summary of Propositions12-14.
| [r<cg|r=cg|reler)|r=F]r>7]

H Py — Py | + 1 + [ + J o - |
H Poy —Pos | - [ o | + [+ ]+
H Qb — Qs | + [ o | - [ -1]~=]
H GGn — U6, | - 1 o | + |+ ] + |
[Py =@, = =) | = [ 0 | + [ + | + |
L vlen—a,) [ - [ 0 | + [ + | + |

It is worth comparingthe changesn net pricespaid by consumergor brandedand

genericgoodswhenthereimbursemensystemis altered.We obtainthat

(T — CB)(l — 7) (52)

[1P5y = 0B = (L =] = [ 16y = W] = 55

What equation(1.52) tries to analyseis how at the end of the day consumersare

affectedin their decisionto decideto buy the brandedor genericversion. From previous
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analysis,we know that the net price paid by consumerdor either goodis lower under
copaymentdor low levels of r. Furthermore we obtain that for theselow valuesof r
(< ¢g), the changein price for the brandedgood is lower thanthe changein price of
the generic. However, for referencepriceshigherthancg, the reverseoccursso that the
changein price for the brandedgoodis higher Hence,we cansaythatnot only brands’
andgenerics’pricesrespondjualitatively different,but alsoquantitatvely.

Thenext stepis to comparesquilibriumprofitsfor bothproducersResultsareshovn

in Table3.

Table 3. Comparison betweenpr ofits for both firms.

| [r<cg||r=cg|relr)|r=f]r>7]
l sy =75l + [ + [ +/- [ - | - |
lmep—me, | — [ 0 | + [ + [ + |

Resultsshavn in Table 3 are obtainedusingthe following procedure.For r» < ¢p,
we know from Table 2 that both quantity demandedand price for the brandedgood are
higherunderthe copaymensystem.Hence profits aregreaterfor this producemwhenthe
copaymensystemsimplementedAs r is increasedwe have seerthateventhough(gross)
pricesareincreaseddemandor thisgoodhasalsoincreasedHence asr startsto increase,
thesetwo positive effectsreinforceeachother whichleadsto higherprofitsfor thebranded
goodproducerNotethatwhenr € (cg, 7) , thesignof (7r*B’7 — wg,r) iIsambiguousThisis
becauseve have thattheprice of thebrandedyoodin thisregionis lowerunderareference
price system althoughquantitydemandeds higher This meanghatthereexistsa critical

valuefor r suchthatboth profitsarethe same.
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Whenr < cg, both the price of the genericgood and its quantity demandedare
higherwhenthereferenceprice systems implementedsothatprofitsfor this producerare
higherundersuchsystem. However, whenr is sufficiently high, the genericproduceris
left worseoff. Themotivationis asfollows. As r startsincreasingthe price of thegeneric
versionis decreasedHowever, asexposedbefore,this producersuffers a reductionin its
guantitydemandedsothatit hastwo negative effectsmoving in thesamedirection.Hence,
for sufficiently high levels of r, the negative effect of the referenceprice on pricesand
guantityis too high, reducingprofitsandtherebycausingthe differencen profitsbetween
copaymentandreferenceoricesfor the genericproducerto be positive.

Overall,then,aswe saw in Propositionl2,if HealthAuthoritiessetareferenceprice
in theregion (cg, 7) sothatpricesof bothgoodsaredecreasedyrofitsfor the genericpro-
ducerwill belower. However, for profitsof thebrandedyoodproducemotto bedecreased,
r shouldbe setcloseenoughto 7. Thisis sothatthe increasean demandcausedy there-
ductionin netpricethatconsumersiave to payfor this goodis large enoughto offsetthe
negative effect of the copaymentn casel on priceandquantitydemandedor thebranded
good.

Giventhatoneobjectve of theimplementatiorof areferencepricesystems to lower
the costof the healthsector next we checkthis effectin our model. Beforegoinginto the
analysiswe haveto be precisen definingwhatthe costswould befor the HealthAuthori-
ties. In casel, underthe copaymensystemwe have thatHealthAuthoritiespaya propor
tion (1 — ) of the price of both goods;hencewe have thatthe costsof the Authoritiesin

financingthe purchasef genericandbrandedyood,respectiely, will be (1 —~) (p57q57)
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(definedasTC’g‘;”t) and(1—17) (Ph,ap,) = TC,%";”). Whenthereferenceprice systemis
implementedthis proportionis left unchangedor thegenericgood(but thistimeis defined
asTCL™); however, the amountthat healthauthoritieswill financenow for the branded

goodwill beequalto (1 — ) (rgs,) (= TCH™). Table4 summarisethesefindings.

Table 4. Comparing Total Costsfor Health Authorities.
| [r<cg||r=cs|relr)|r=r]r>7]

[Tor-roz ] - [ 0 [ + [+ ]+ ]
[ro—rog | + 1 + [ w- 1 -1 -1

Health Authorities will be betteroff in financinggenericsundera referenceprice
systemin the interval wherereferencepricesincreasegprice competition(r € (cg,7)).
However, we getan ambiguoussignfor the brandedgood. Hence,whenr is sufficiently
high (» > ¢g), we seethattwo opposingeffectsarise.On the onehand,total costsfor the
genericgoodwill be higherunderthe copaymensystem,althoughcostsfor the branded
goodwill be higherunderthe referenceprice system. This is dueto the differenteffects
thatimplementinga referenceprice systemhason pricesandquantitiesfor bothgoods,as

illustratedin Tables2 and3.

1.5 Conclusions.

Using a simple model, we have tried to analysethe impactof implementinga reference
price system.Our objectve hasbeento seewhatis the reactionprice-wiseof firms to this
system,and ultimately, to checkwhetherthis systemincreasedotal welfareandreduces
total costsin pharmaceuticalsFor this purposewe have constructeca horizontally dif-

ferentiatedmodel,wherethe supplyside of the economyis composedf a producerof a
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brandedgood, who haslost its patentover its active ingredient,and a genericgood pro-
ducer Sincetheway referencepriceshave beenimplementedn variouscountrieshasnot
beenunique,we have analysedwo possiblescenarios.

In thefirst setup, we comparehesituationwhereconsumerpaythefull priceof the
ethicaldrugwith thesituationwhereHealthAuthoritiesfinancea partof the price of these
drugs.Hence the new situationis asif the Authoritiespaya subsidywhich is equalto the
referenceprice. This settingimpliesthatthe referencepriceis setbelow the price of both
the brandedandgenericgoodss price. Beforecomparingbetweerscenariosye construct
the modelsuchthatwe obtainthatin equilibrium, the price of the brandedgoodis higher
thanthe price of the generic. In orderto obtainthis resultwith our model, we assume
that the size of the market is larger for the brandedgood, aswell asits maginal costof
production,assumptionsvhich areconsistenwith whatwe obsenre in reality. Theresult
obtainedis thatwhenreferencepricesareintroduced the optimal responsdor firms s to
increasepricesrelative to the situationwith no referenceprices. However, ratherthanthis
effectleadingto a decreasén quantitydemandedwhatwe have is anincreasen demand
for bothgoods. This canbe explainedby the factthat sincethe governmentnow paysfor
part of the good, this part (which is up to the referenceprice r) coversfor the increase
in price causedby the introductionof this system,so that what we have is actually that
the net price paid by the consumemnderreferencepricesis lessthan whenthereis no
referenceprice. Thisresultleadusto concludethatwhenreferencepricesareimplemented
in thisway, they arewelfareincreasingincreasebothconsumerndproducersurplus)but

increasdotal costsin pharmaceuticals.
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The secondcaserefersto the way referencepriceshave beenimplementedn Spain.
For this purpose usingagaina differentiatedduopoly model, we have comparedhe fol-
lowing situations;in the first case,we have that consumergay a fixed copayment(y)
irrespectvely of what drug they buy, genericor branded. However, the situationdiffers
whenthereferencepricer is introduced.If theconsumedecidedo buy the genericgood,
then(s)hestill hasto paythe copaymenty. But, if (s)hedecidego buy the brandedyood,
(s)hehasto paythe proportion~y of the referencepricer, plusthe differencebetweerthe
priceof thebrandedyoodandr. We have seerthattheintroductionof suchreferenceprice
systemwill effectively reducepricesif it is setneithertoo high nortoolow. Thisis because
thereferenceprice affectsthe genericandbrandedyoodproducerdifferently. It makesthe
latterincreasats price,while theoppositeeffect appeardor theformer. If r is settoo low,
thenthe price of the genericgoodwill be higherwith the introductionof suchr, while if
it is settoo high, thenthe price of the brandedgoodwill be settoo high. This hassome
implicationsregardingthe netprice paid by consumersWe have seenthatfor bothgoods,
introducinga referenceprice systemallows themto pay lessfor them. This effect is im-
portantfor the brandedyoodproducey sincewe obtainthatdemandor the brandedyood
is higherundersuchsystem.However, the oppositeoccursfor the genericproducey since
now it facesa lower demand(recall thatwe are consideringr sufficiently high). Differ-
encesin profits betweenboth casesamove in oppositedirectionsfor both producers.The
brandedgood producerbenefitsfor a referenceprice high enough,althoughthe generic

producersuffersandseeser profitsbeingreduced.
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We know that one of the objectivesof implementinga referenceprice systemis to
reducethe pharmaceuticabill. Resultsshav thatthe higheris r, the morecostlyit would
be to financebrandedgoodsbut the cheapeto financegenerics Again, this is dueto the
oppositeeffectsthatimplementing- hason bothproducersbehaiour.

Overall, then, we can say that underthis secondscenario,Health Authorities can
achieve the desiredgoalsof reducingpricesandreducingpharmaceuticatostsif the ref-
erenceprice is setnot too low nor too high. However, this resultmay be achiezed at the
expenseof reducingprofits for the duopolists. Health Authorities have to be cautiousin
how to definer. WhetherHealth Authoritiesachieve their desiredgoal of increasingprice
competitionandreducecdhealthcostsdepend®n the magnitudeof r.

An ohvious extensionof the papercould be to analysewhat will be the effects of
having a referenceprice systemfor pharmaceuticaR&D. Someeconomistdave argued
thatimplementingareferencericesystenreducesheincentvesfor R&D, althoughothers
arguethe opposite. Hence,thereexists a controversyin which directionthe effect could
go. Furthermoreyve could estimateempirically this effect,andcomparesomemeasuref
R&D, notonly betweencountrieswith andwithout sucha system but alsoanalysef this
measuref R&D hassufferedary changegif ary), for eachparticularcountry beforeand
after the systemhasbeenimplemented.Until now, | have not seenary answerdo these
guestionsnevertheless| hopethat my future work enablesne to shedsomelight to this
unresohedquestions.

Finally, the optimal choiceof r hasbeenleft undeterminedOneof the reasondor

doing sois thatthe way that referencepriceshave beenintroducedin differentcountries
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hasnot beenunique. Every countryhasfollowed a differentalternatve on how to define
r. Hence the aim of this paperhasbeento try to understandpn generaterms,how such
systemcanaffect the price decisionby pharmaceuticalirms. In orderto seewhatresults
we would obtainfor every country we would have to give somestructureto r. Of course,
in the modelwe have here,onepossibility could beto definer in termsof the price of the
genericgoodi.e. setr = f(pg). The questionthat follows with this settingwould be on
the functionalform of f(-), somethinghatis not only beyondthe scopeof this paper but

alsosomethinghatthereis no consensusn.
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