
Essayson the PharmaceuticalIndustry

A thesispresented

by

JorgeMestreFerrándiz

to

TheDepartmentd’Economiai d’HistòriaEconòmica

in partialfulfillment of therequirements

for thedegreeof

Doctorof Economics

underthesupervisionof

Dr. Xavier MartínezGiralt

UniversidadAutònomadeBarcelona

Bellaterra,September2001



Acknowledgments

I want to thankXavier Martínezfor his continuoussupportandencourage-

ment.Thedifferentpartsof thisThesishavebenefitedfrom commentsandsugges-

tions of many people. In particular, I would like to mentionPedroBarros,David

Pérez-Castrillo,NicolásPorteiroandJaumePuig,andthosepeopleinvolvedin the

InformalWorkshopsonIndustrialEconomicsheldin theDepartmentd’Economiai

HistoriaEconòmicaatUniversitatAutonomadeBarcelona.Also, I wantto express

my gratitudeto thoseclassmatesthat wereby my sidewhenI neededthem. The

articlesof this thesishave alsobenefittedfrom the commentsof the participants

of variousinternationalconferences.My family deservesa specialacknowledg-

ment.Finally, this Thesiscouldnothavebeendonewithout thesupportof Marian.

Thanksfor beingthereat all times.

ii



Contents

Preface. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1 The Effects of Implementing a ReferencePrice Systemin the
PharmaceuticalIndustry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

1.1 Introduction.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

1.2 TheModel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

1.3 Case1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

1.4 Case2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

1.5 Conclusions.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

2 Incentivesto Innovate: ReferencePricesvs. Copayments. . . . . . . . . . . . 55

2.1 Introduction.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

2.2 TheModel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

2.3 BreakthroughDrug. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

2.4 Me-toodrug.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

2.5 Substitution.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

2.6 Comparisons.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .101

2.7 Conclusion.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .104

References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108

iii



Contents iv

3 The Effect of GenericGoodsin the PharmaceuticalIndustry . . . . . . 109

3.1 Introduction.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .109

3.2 TheModel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .118

3.2.1 GeneralSet-up.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .118

3.2.2 Two firms (A, B) producingthebrandedgoods;firm A producesthe
generic.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .120

3.2.3 Two firms (A, B) producingthebrandedgoods;firm C producesthe
generic.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .124

3.2.4 Comparingthetwo scenarios.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .126

3.3 A SpecificSet-up.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .127

3.3.1 Two firms (A, B); firm A producesthegeneric.. . . . . . . . . . . . . . . . . . . . . . .127

3.3.2 Two firms (A, B) producingthebrandedgoods;firm C producesthe
generic.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .131

3.4 Comparisonof Both Scenarios.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .132

3.4.1 Profits.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .132

3.4.2 ConsumerSurplus.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .135

3.5 ConclusionsandFutureResearch.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .136

3.A APPENDIX 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .139

3.B APPENDIX 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .140

References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142



Preface

Thepharmaceuticalindustryhasbeenfor many years,andwill still befor long, un-

der observation from many economicagents.Therearetwo reasonsfor this. First is the

natureof thegoodsproduced:ethicaldrugs.Secondis therole playedby HealthAuthori-

ties.Furthermore,theimportancethatR&D playsin this industryis vital for thediscovery

of new drugs. Onevery importantfeatureof this industryis the famoustrilogy: the one

who decidesneitherpaysnor consumes,theonewho paysneitherdecidesnor consumes,

andtheonewho consumesneitherdecidesnor pays. Hence,many agentshave anactive

role in this sector, but more importantly, the objectivesof theseusuallydo not coincide.

Consumerswantbetterdrugsataccessibleprices,HealthAuthoritieswantto reducehealth

expendituresonethicaldrugsbut at thesametime they have to ensurethatthedrugsavail-

ablearesufficient andefficient, while pharmaceuticalfirms needenoughprofits to ensure

a constantflow of new, but moreimportantly, betterdrugson themarket.

Theaim of this thesisis to try to givesomeeconomicanalysison pharmaceuticalis-

sues.While conductingmy research,I observed that mostanalysisof this industrywere

descriptive andempirical,andfound that therewasa lack of economictheoryto explain

thedata.Hence,theobjectiveof this researchis clear:usingindustrialeconomicstheoret-

ical models,I wantedto explain the functioningof this industryin orderto give a formal

economicexplanationfor someresults.For this purpose,I concentratedon two aspectsof

thepharmaceuticalindustry. In thefirst section,whichincludesChapters1 and2, I focused

on explainingtheeffectsof implementinga referenceprice(RP)system,andtheresponse

1



Preface 2

of pharmaceuticalfirms to a changein thepriceregulationthesefirms face.Theanalysis

will focuson bothshort(prices)andlong term(R&D decisions)issues.In thesecondsec-

tion, which includesChapter3, the focusis on theso-called“brandedgenerics”.I aim to

explain why brandedgoodproducersalsotendto producea genericversionof their orig-

inal drugoncethe patentfor theoriginal goodexpires. Throughoutthewhole thesis,we

will considerthe existenceof genericdrugs. During the last years,thesedrugshave be-

comeincreasinglyimportantin thepharmaceuticalindustry, asexplainedlater. To givean

examplethat illustratestheir importance,generics’sharecanbeupto50%of total market

sharein theUS.

A referencepricereimbursementsystemcategorisesproductsinto groupswith sim-

ilar therapeuticeffectsso that the referenceprice is the maximumreimbursementof the

third-partypayerto the manufacturersfor all productsin that group. Manufacturersare

free to setprices. If pricessetarehigherthanthereferenceprice, it is theconsumerwho

paysthe difference.In relationto the trilogy mentionedabove, suchsystemtries to give

someresponsibilityto patients,increasingtheir consciousnessaboutcosts,andproviding

themincentives. The objective of this systemis twofold: first, it is believed that imple-

mentinga RPsystemencouragespricecompetition,andsecond,with this increasedprice

competition,expenditureof HealthAuthorities in ethicaldrugswill be reduced.Hence,

implicitly, what this systemis trying to do is to reducethedifferencesin incentivesof the

economicagentsinvolved, asexpressedin the above trilogy. However, the view of the

pharmaceuticalfirms is thattheintroductionof suchsystemwill make themworseoff due

to lowerprofits,which will reducetheir incentivesto carryout R&D. Notetheimportance
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of the relationbetweenreferencepricesandthe existenceof generic(cheaper)products.

Genericgoodsarethosegoodsthatenterthemarket whenthepatenton theactive ingre-

dient of the original, branded,ethicaldrug hasexpired. Their main characteristicis that

they aresold without a brand,andasa resultareusuallycheaperthanthe alreadyestab-

lished,branded,medicine.In all but few cases,thesegenericsarecertifiedby therespective

HealthAuthoritiesto beperfectsubstitutesto thebrandedgoodsincetheiractiveingredient

is identical.Furthermore,they arebioequivalentin thesenseof beingstatisticallyindistin-

guishablefrom the establishedproductin key aspectsof therapeuticuse. However, they

could vary in characteristicssuchasshape,colour, packagingandlabelling. Taking into

accountthe fact that not all consumersswitch immediatelyto genericsgivessupportto

theideaof bothgoodsnot beingperfectsubstitutes.A necessaryconditionfor anefficient

implementationof a referencepricesystemis a well-developedgenericmarket. The rea-

sonfor this is thatthereferencepriceis usuallysetaroundthepriceof thecheapestgoods

available.Shouldagenericgoodexist, it wouldnormallyhavethelowestprices.However,

the existenceof suchmarket is not a sufficient conditionfor an efficient implementation

of suchsystem,asmoredetaileddescribedin Mestre-Ferrándiz(1999a).Broadly speak-

ing, referencepricesareaimingto reduceprices,sosuchsystemshouldbeimplementedin

marketswherethehigh pharmaceuticalpublic expenditurewasdueto high averageprices

ratherthandue to high consumptionlevels. Moreover, the price differencebetweenthe

drugsgroupedshouldbesignificant;otherwise,thepotentialcost-savingsof implementing

a referencepricesystemwill beminimal.
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RPshave beenimplementedin many developedcountries,the first onebeingGer-

many in 1989.Fromthenon,many othercountriesfollowedGermany, andrecently, Spain

hasalso introducedit. Notice that the way RP have beenimplementedin eachcountry

hasnot beenuniversal,so we will analysetwo differentpossibilitiesof introducingsuch

system.I believe that the analysisconductedin this thesisregardingthe effectsof refer-

encepricesis importantdueto the lack of theoreticalresearchaboutthis importanttopic.

Chapters1 and2 givesomeformal economicanalysison theseissues.

Theeffectsof implementinga referencepricesystemwill beanalysedin two steps.

Thereasonfor this is to try to take into accountthenatureof thepharmaceuticalindustry,

and the importanceof R&D. Hence,and broadly speaking,we can say that Chapter1

will focuson short-rundecisions(prices,quantities),while Chapter2 will focuson long-

term variables(R&D). More specifically, in Chapter1, we concentrateon what will be

theeffectsprice-wiseof implementinga referencepricesystem,comparedto thesituation

with copayments.We will have a duopolysetting,with a brandedanda genericgood.We

will considertwo possiblescenarios.In eachscenario,we comparetheoutcomesbetween

two formsof demandstructures.Broadlyspeaking,theaim is to examinethedifferences

betweena situationwhereconsumerspay a fixed proportionof the price (copayments)

with a situationwhereRP exist. The differencebetweenthe two scenariosis that in the

first scenario,undercopayments,the consumerpaysthe full price i.e. the copaymentis

equalto one. Underreferenceprices,consumerswill have to pay thedifferencebetween

thepriceof thegoodandthis referenceprice. This modelimplies that thereferenceprice

set is below the price of both the brandedand the genericgood. The secondscenario
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analysedwill comparethecasewhere,undercopayments,consumerspaya percentageof

the price (i.e. do not have to pay the full price anymore)with referenceprices. In this

setting,referencepriceswill bemodelledastheway they have beenintroducedin Spain.

Thiscaseimpliesthatthereferencepriceis sethigherthanthepriceof thegenericgoodbut

lower thanthepriceof thebranded.Hence,if theconsumerbuysthebrandedgood,thenet

pricepaidby theconsumerwill beequalto thedifferencebetweenthepriceof thebranded

goodandthereferenceprice,plusthesamecopaymentasbeforeassociatedthis timeto the

referenceprice. If theconsumerdecidesto buy thegenericgood,then(s)hewouldhave to

pay the samecopaymentasbeforethe implementationof referenceprices. Furthermore,

we analysehow firms’ profitsandexpenditureof HealthAuthoritiesvary accordingly. As

mentionedbefore,how the referenceprice hasbeensethasnot beenuniversal. Finding

the optimal referenceprice is beyond the scopeof this thesis,althoughfuture research

will befocusingin this issue.For this purpose,we have constructedtwo scenariosto take

into accounttwo possibilitiesthatwe observe in countrieswith suchsystems:settingthe

referencepricebelow or above thepriceof thepriceof thegenericdrug(but never above

thepriceof thebrandedgood).

The main resultof the first caseanalysedis that pricesarehigherunderreference

prices,aswell astotalcostsof thesystem,althoughreferencepricesarewelfareenhancing.

The net price paid by consumersis reducedundersuchsystem.The intuition is that we

have compareda situationwhereconsumersinitially pay the full price with a situation

whereHealthAuthoritiesfinanceupto the referenceprice. Moreover, the referenceprice
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set in this way actsasa subsidyfor the producers.Summarising,what we obtainis that

consumersbuy more,but atacheaperprice.

Whenreferencepricesareimplementedin theSpanishway, andweallow thatunder

copayments,HealthAuthoritiesfinancea proportionof thepriceof bothgoods,we show

thatpricesandpharmaceuticalcostsarereducedunderreferencepricesonly if thereference

price is setin a certaininterval. Also profits for the duopolistsmight be reduced.These

resultsaredueto the opposingeffectsthat referencepriceshave on brandedandgeneric

producersrespectively.

Chapter2 complementsChapter1, sinceit providesinsightson firms’ long-runde-

cision(R&D). Theaim of this chapteris to analysehow pharmaceuticalfirms’ decisionto

innovateareaffectedby suchRP system.We comparea situationwith copaymentswith

the situationwherereferencepricesareintroducedin theSpanishway (i.e. we adaptthe

demandfunctionof case2 of Chapter1). Theimportanceof this chapterarisesdueto the

typeof competitionweareobservingin this industry. Firmsalsocompetethroughproduct

innovation,aswell asin prices.Thisis dueto theregulatorymeasuresthatmany developed

countrieshave in orderto controlfor thepricesof ethicaldrugs.Theideaof thischapteris

to modelexplicitly thedecisionof thefirms undertakingR&D (thebrandedgoodproduc-

ers),andseehow thisdecisionis affectedby theintroductionof referencepricesinsteadof

copayments.Themodelwill incorporatethetwo typeof goodsthatcanariseafter invest-

ing resourcesin R&D: breakthroughor me-toodrugs.Theformerrefersto very innovative

drugs,andusuallyimply spendingsufficiently high level of resources.Thelatter, however,

involveslessresources,althoughthey areconsideredto beimprovementsof existingdrugs.
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Whatwe observe is thatbreakthroughdrugscreatea new market,while me-toodrugswill

have to competewith existing brandeddrugsandgenerics,if they exist. We will have a

maturemarket,wheretheinitial situationinvolvesbotha brandedanda genericgood.We

examinetheincentivesthattheincumbenthasto becomemultiproducti.e. wewantto anal-

ysewhetherandwhenwill theincumbenthavehigherincentivesto produceabreakthrough

drug,ame-toodrug,or substitutetheold drugby thenew oneunderreferencepricesor co-

payments.Theideais thatthehighertheresourcesspenton R&D, themoredifferentiated

thenew productwill bewith respectto theexistingones.

Resultsshow that the decisionof what type of new drug to produceis affectedby

changinga copaymentsystemto a referencepricesystem.Whentheincumbentfirm pro-

ducesa breakthroughdrug,profitsfor theincumbentmight bereducedif thelattersystem

is introduced. This is becauseimplementinga referenceprice systemcanachieve price

reductions,but alsodemandreductionfor the brandedgoods;hence,profits arereduced

andthebrandedgoodproduceris left worseoff underreferencepricesthanundercopay-

ments.Thestoryis similar whentheincumbentfirm producesame-toodrug.Substitution

of theold drugby thenew onecanalsooccurwhenever thepotentialdemandfor thenew

drugis sufficiently high. If this is not thecase,theincumbentfirm will preferto haveboth

goodsin themarket,sharingrevenues,ratherthanconcentratingsalesononedrug(thenew

one).Finally, resultsshow thatthereis no clear-cut relationshipbetweenprofitsearnedby

the incumbentfirm whenproducingeitherthebreakthroughor theme-toodrug, irrespec-

tively of thepriceregulationsystem.However, wecansaythatit seemsthatproductionof
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a breakthroughdrugis moreprobablethelower theR&D costof this drugwith respectto

theme-too,andthelower thedegreeof market power thattheincumbentfirm has.

Thesetwo chaptersareimportantbecausethey offer a formal explanationof various

empirical results. Pavcnik (2000)shows the effectsof implementingreferencepricesin

Germany, anddemonstratesthat pharmaceuticalfirms respondto them. Sheshows that

producerssignificantlyreducepricesafterthereferencepricesystemwasimplemented,and

moreover, brandedproducersthat facemoregenericcompetitionreducepricesmore. As

Pavcnik mentions,this shows that “the relevantcompetitionin thepharmaceuticalmarket

occursbetweengenericsandthebrandnameversionof thesameactive ingredientrather

thanacrossproductsthataretherapeuticsubstitutes”(Pavcnik (2000),page20). Shealso

showsthatbrandedandgenericproducersresponddifferentlyquantitativeandqualitatively.

Resultsof Chapters2 and3 of this thesisgive the theoreticalconditionsunderwhich this

decreasein pricescanbe achieved. As with respectto the differentincentivesfor R&D,

Chapter3 is the first paperthat analysesexplicitly the R&D decisiongiven that either

copaymentsor referencepricesareenforced. As Pavcnik mentionsin her paper, future

researchhasto identify this tradeoff betweenlower pricesandR&D investment;this is a

first stepto analyseformally this tradeoff.

Section2,whichincludesChapter3 (publishedin HealthEconomics-Mestre-Ferrandiz

(1999b)),givesaneconomicintuition to a processwe have beenobservingduringthelast

yearsin the pharmaceuticalindustry. Brandedgood producers,oncethe patentfor the

active ingredienthasexpired,alsoenterthegenericmarketproducingtheirown generical-

ternative. It is hencelike a processof cannibalisingtheir own consumersby producinga
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drugthatcanpotentiallybecompetingdirectlywith theoriginalgood.Theideabehindthis

observation is that the incumbentfirm cantake advantageof thesocalledfirst-mover ad-

vantagesthatexist in thegenericmarket. Hence,sincetheoriginalfirm knowsthatgenerics

will enterthemarket, it is in hisown interestto bethefirst onein thatmarket,andproduce

theso-called“branded-generics”.This papergivesfuel to theRoche-Bolarcase,sincewe

find that if thebrandedgoodproducerproducesits genericalternative, ratherthananother

firm specialisedin theproductionof generics,pricescanbehigher, andconsumersurplus

canbereduced.The ideaunderlyingtheRoche-Bolarcaseis allowing genericproducers

to carryout researchaboutthe(branded)ethicaldrugbeforethepatentexpires,sothatthe

time lag betweenthe patentexpiration andthe introductionof theseindependentgeneric

producersis minimised.

In this chapter, we will have themarket segmented.On theonehand,we will have

theso-called“loyal” customers,whosedemandfor thebrandedgoodis unaffectedby the

existenceof generics.On theother, the“sensitive” consumersmaybuy thegenericgood.

Theseconsumersseeboththebrandedandthegenericgoodas(imperfect)substitutes.We

find thatthefirm producingthebrandedgoodhasincentivesto produceits own generical-

ternative, owing to this market segmentationeffect. This inducesan increasein theprice

of thebrandedgood,which in turn, resultsin a welfarereduction.Hence,it is asif thein-

cumbentfirm is pricediscriminatingbetweenconsumers.Thebranded-goodsellerprefers

to increasethepricein theloyal segmentandproduceits own genericversionfor theprice-

sensitive customersratherthanreducingthe price of the brandedgoodto thesesensitive

consumers.



Preface 10

We believe that it is worth mentioningin this prefacethe kind of model that will

be usedthroughoutthe entirethesisto differentiatebetweenthe brandedandthe generic

good.We will assumethatthereexistsa degreeof horizontaldifferentiationbetweenboth

goods. We mentionedbeforethat from the HealthAuthoritiespoint of view, both kinds

of goodsareperfectsubstitutes,althoughfrom theconsumers’point of view, it hasbeen

shown that this is not the case. Hence,we needto differentiatethe two goods. Generic

goodshave gonethroughsafetyteststo enterthemarket, sowe believe thatquality issues

herearenot important. The ideawith thesedrugsis that sincethey have thesameactive

ingredientasthe brandedgood,the differencesbetweenthe two goodsaretheexcipients

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 observe circumstances

wherethe price of the former is higher(althoughrare),but alsowe could arguethat the

sideeffects,or excipients,of the genericgoodmay be preferredby someconsumers,so

that therewould exist a demandfor suchgoodeventhoughthe price washigher. Hence,

we cantreat the measureof differentiationbetweenboth goodsasthe differencein side

effectsand/orexcipients. If both goodsarevery differentiated(similar), it would imply

thatthesideeffectsor theexcipientsareverydifferent(alike). However, theactualprocess

of curingthesicknessis identical.

It is alsoimportantto mentionthatwe will assumethatthereexistsa perfectagency

relationshipbetweenthephysicianandthepatient. Hence,thedemandfunctionsthatwe

obtainfor theanalysisthatfollowsresultfrom theproblemof thephysicianmaximisingthe
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utility of thepatient,which areidenticalastheonesthatwould beobtainif theconsumer

decides.
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Chapter 1
The Effects of Implementing a ReferencePrice Systemin the

PharmaceuticalIndustry

1.1 Intr oduction.

Prescriptiondrugsandthepharmaceuticalindustryplayaveryimportantrolein healtheco-

nomics. Drug therapieshave usuallysupplementedmedicalcare,nutrition andsanitation

asmethodsfor preservinghealth.However, duringthelastdecades,bothbudgetaryprob-

lemsandrisinghealthcareexpenditureshave led countriesto implementcostcontainment

policies in the healthsector. As an example,healthcarerepresented,in 1997,6.7% of

GDPfor theU.K., 8.5%for Netherlands,10.4%in Germany and14%in theU.S.(PhRMA

1999). For the caseof Spain,it represented6.2% in 1995(Murillo 1998). For pharma-

ceuticalsits sharerepresentsthe0.9%of GDPin Netherlands,1.1%in theU.S.,1.2%in

theU.K. and1.3%in Germany (PhRMA 1999). In Spain,costof pharmaceuticalsrepre-

sent18%of total healthcosts(Murillo 1998),which correspondsto 1.1%of GDP. Drugs

arewidely usedto treatmany diseasesandconditions,andusuallyeitherrepresentalterna-

tivesto moreinvasivesurgicalprocedures,or areusedin conjunctionwith thesetreatments.

Despitethesesuccesses,thepharmaceuticalindustryhascomeunderintensive medicand

legislative scrutiny. Furthermore,most industrialisedcountriesaretargetingthe pharma-

ceuticalsectorasa preferredareafor cost-containment.Oneof thereasonsis thefact that

for example,in the US, pharmaceuticalfirms areamongthe largestandmostprofitable.

12



1.1 Introduction. 13

As shown in Table26.1pp. 585 in Follandet al. (2001),two pharmaceuticalcompanies

rankedin thetop 10 firms in 1999,andanothersevenappearedin thetop 50, wherefirms

arerankedby marketvalue.Onecomponentwhich is seenasspeciallyattractiveis thecost

of ethicaldrugs.Furthermore,theappropriateuseof pharmaceuticalsis a critical compo-

nentof any healthsystem.Hence,whatgovernmentsareaiming for is to reducecostsof

pharmaceuticalsmaintainingbroadaccessandensuringhighqualitydrugs.To achievethis

goalgovernmentshave imposeda varietyof controlsandregulations.

Theseregulationscanbedirectedat eitherthesupplyof medicines(manufacturers)

or at its demand(wholesalers,retailers,doctorsandpatients).Broadlyspeaking,they fall

into four generalcategories:

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

2. Volumecontrols(e.g.positive/negativelists, formularies).

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

4. Controlson barriersto entry(e.g.patents,approval procedures).

This article is devotedto theanalysisof price-controlsaffectingboththesupplyand

the demandside. Specifically, I want to analysethe impactof implementinga reference

price systemcoupledwith the existenceof genericdrugs. It is importantto considerthe

two regulatoryschemestogether, sincea referenceprice systemusually comestogether

with thepromotionof genericdrugs.

Beforegoing into theanalysisof the relationshipbetweenthesetwo pricecontrols,

oneshouldtry to understandthefunctioningof thehealthcaremarket,andmoreprecisely,

the market for ethicaldrugs. This market is subjectto the famoustrilogy: the onewho
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decidesneitherpaysnor consumes,theonewho consumesneitherpaysnor decides,and

theonewho paysneitherconsumesnor decides.Informationplaysa very importantrole.

Physiciansshouldbeproperlyinformed,sincethey transmitinformationto their patients.

Hellerstein(1998)showstheimportanceof thephysicianin prescriptionpatterns.

A referencepricereimbursementsystemcategorisesproductsinto groupswith simi-

lar therapeuticeffects1 sothatthereferencepricesystemis themaximumreimbursementof

thethird-partypayerto themanufacturersfor all productsin thatgroup.Noticethatmanu-

facturersarefreeto setprices. If thepricesthey setareactuallyhigherthanthereference

price,it is theconsumerwhopaysthedifference.In relationto thetrilogy mentionedin the

previousparagraph,a systemof referencepricescouldbeunderstoodasa mechanismthat

tries to give someresponsibilityto patients,augmentingtheir consciousnessaboutcosts,

providing themaneconomicincentive(MestreFerrándiz1999b).

A genericdrug is onethat is sold undera genericdenomination,oncethe branded

goodhaslost its patentover theactive ingredient.Usually, thebrandedgoodis soldwith

a fantasyname,which in itself doesnot meananything, althoughit identifiesthe prod-

uct that is soldby thefirm. Themaincharacteristicof genericdrugsis that they cancost

up to a 50% lessthanthe brandedgood,so their promotionarisesmainly dueto a pub-

lic healthcost-containmentconcern.Moreover, thesedrugsarecertifiedby therespective

healthauthoritiesto be perfectsubstitutesto the brandedgoodin that their active ingre-

dient is identical. Furthermore,they arebioequivalent in the senseof beingstatistically

indistinguishablefrom theestablishedproductin key aspectsof therapeuticuse.However,�
Therecanbethreedifferentwaysto categorisedrugs:sameactive ingredient,comparableactive ingredi-

entsandcomparabletherapeuticeffect.
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consumersdo not switch immediatelyto genericswhenthey appear, which givessupport

to the ideaof bothgoodsnot beingperfectsubstitutesfrom theconsumer’s point of view.

Not only this,but empiricalresults(seeMestreFerrándiz(1999a)for references)show that

ratherthanobservingconvergentpricesfor brandedandgenericdrugs,we areobserving

thegapwideningwith theintroductionof thelatter. Briefly, FrankandSalkever(1997)con-

ductedastudyfor 32drugswhosepatenthadexpiredandgenericalternativeswerealready

in themarket. They showedthatbrandedpriceshadincreasedaftergenericentry. Further-

more,Grabowsky andVernon(1992)obtaina similar resultwhenanalysing18 high-sales

volumepharmaceuticalproductsthatweresubjectto genericcompetition.This resultwas

expressedby Scherer(1993)astheGenericCompetitionParadox.

It hasbeenarguedthat themain impedimentsfor genericpenetrationseemto come

from the demandside, ratherthan the supplyside. Very briefly, thesearise,firstly, due

to the accumulatedgoodwill of brandedproducers.Secondly, the role of pharmacistsin

dispensinga genericor anoriginal brandis alsovery important.This is relatedto thelaws

governingthepossibilityof substitutingdrugsoncethephysicianhasprescribedthedrug

anda genericis available. Supplysideentry barriersareconsiderablelower for generic

drugsthanfor new productdevelopments.Theinterestedreaderwill find a moredetailed

explanationof thesebarriersto entryin MestreFerrándiz(1999a).

What is then the link of a referenceprice systemwith the introductionof generic

drugs? Oneof the requisitesof an efficient implementationof a referenceprice system

is a developedgenericmarket. Whenthe maximumreimbursementprice is set (i.e. the

referenceprice),thispriceusuallycoincideswith thelowestpriceof theequivalentproducts
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in thegroup.Hence,whengenericdrugsexist, theseusuallyhave thelowestprices,sothat

thenaturalreferencepriceto setwouldbearoundthisprice.

This relationis importantandshouldbeanalysedin orderto seewhatarethelikely

effectsof implementingsuchasystem.A referencepricesystemhasbeenimplementedin

12countriesupto date.Thesystemhasbeenusedin Germany since1989,in Hollandfrom

1991andin Sweden,DenmarkandNorway since1993.Furthermore,it wasintroducedin

AustraliaandNew Zealandin 1998. In Spain,it will be introducedfor 50 drugsaround

December2000. To illustratethe importanceof therelationbetweenreferencepricesand

generics,noticethat in AustraliaandNew Zealandthepricesetcorrespondsto the lowest

pricefor eachgroup.In Denmark,thereferencepriceis setasthemeanof thetwo cheapest

products,andin Sweden,thepriceis set10%above thecheapestgood.It shouldbenoted

thatmostof thesecountrieshave in commonthat themarket for genericsis highly devel-

oped2. Whatarethenthemainobjectivesof sucha system?Countriesimplementingthis

systemaimto increasepricecompetitionandultimately, reducehealthcosts.Theoretically,

thefirst effectcouldbeachievedby giving economicincentivesto consumers,whichwould

result in pressuringtheprescriberin his/hertherapeuticdecisiontowardsa moreefficient

outcome,both socially andindividually. Hence,onecould expect, in principle, pharma-

ceuticalcompanies’pricesapproachingthereferencepriceto maintaintheir market share.

With respectto the contentionof costs,thesecould be achieved thanksto lower unitary

costs. However, casualempiricismsuggeststhat in thosecountrieswheresucha system

hasbeenimplemented,pricesof thosedrugsincludedin thesystemhavebeenreduced,al-�
Note that in 1996/1997,the shareof the salesof genericmedicinesby valuein Germany was39%, in

Denmark38%,in Holland13%andin Swedenit was4%. For morefigures,seeN.E.R.A.(1999).
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thoughthis systemby itself hasnot beenableto reducepublic costsin pharmaceuticals.

For amoredetailedexplanation,seeMestreFerrándiz(1999b).

It mustbesaidthatmostof thereferencepriceliteratureis mainlydescriptive(Lopez-

CasanovasandPuig-Junoy (1999)).Few papershavetriedto modeltheoreticallytheimpact

of implementingsucha system.DanzonandLiu (1997)useda kinkeddemandmodelin

orderto predictpriceresponsesto a referencepricesystem.They do this in thecontext of

a modelof physiciandecisionmakingundertheassumptionof imperfectagency between

thephysicianandthepatient.Zweifel andCrivelly (1997)usea duopolymodelto analyse

market reactionsby pharmaceuticalfirms, by having a probability of suchsystembeing

implemented.Finally, Woodfieldet al. (1997)adapta simplemodelof an oligopolistic

pharmaceuticalmarket, originally developedby JohnstonandZeckhauser(1991),where

firms competeà la Bertrand.A recentpaperby Pavcnik (2000)makesa very interesting

empiricalanalysisin Germany, comparingthe situationbeforeandafter the implementa-

tion of the referenceprice system.Her resultsshow that in that country, producershave

respondedby reducingpricesafter the introductionof suchsystem,andthat theexistence

of genericcompetitionis a very importantfactor. Whenthecompetitionfacedby branded

goodproducersis tougher, thereductionin priceis higher.

Theaim of this paperis to modelthe effect of implementinga referenceprice sys-

tem,onceagenericdrugalreadyexistsin themarket,andseewhatwill betheresponseof

pharmaceuticalfirms to this change.Furthermore,we areinterestedin analysingwhether

suchsystemactuallyreducesprices,andultimately, whetheror notpubliccostsin pharma-

ceuticalsarereduced.
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Wewill analysetheeffectof implementingreferencepricesin two ways.Thesupply

sideof themarket will bethesamefor bothcases:we will have a brandedgoodproducer,

andagenericone,with adegreeof differentiationbetweenbothgoods.Moredetailsabout

themarket structureconsideredherearefoundbelow. Thefirst way will be to studyhow

theintroductionof asubsidyequivalentto thereferencepriceaffectsfirms’ decisions.The

ideahereis to excludeany otherform of public intervention,andconcentratepurelyon the

effectsof suchregulatoryprocedure.It is asif in theinitial situation,HealthAuthoritiesdo

notfinanceany partof thepricepaidby consumers,andthenthey financeuptothereference

price.Moreover, it is implicitly assumedthatthereferencepricewill besetbelow theprice

of thebrandedandthegenericgood.Theresultsobtainedin this scenarioshow thatwhen

referencepricesareset in this way, total costsof the systemare increased,althoughthe

situationwith referencepricesis welfare enhancing.The ideabehindthis result is that

we arecomparinga situationwhereconsumerspaythefull pricewith thesituationwhere

HealthAuthoritiesfinanceupto the referenceprice. Hence,we have that consumerswill

endup buyingmore,but at acheaperprice.

The secondcasewill includein the two possiblesubcasesthepossibility of Health

Authoritiesfinancingpartof theprice. Thedifferencebetweenthetwo possiblecasesthat

we want to compareis that in the initial situation,thereexists a partial public subsidyof

the price of the ethical drug (in this case,we will have that Health Authorities finance

a fixed percentage(copayment)of the price). The implementationof a referenceprice

systemaltersthecopaymentpaidby theconsumerin thefollowingmanner:if theconsumer

decidesto buy the brandedgood, then (s)hepaysthe sumof two elements;on the one
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hand,paysthesamecopaymentsasbefore,but this time associatedto thereferenceprice,

andon theother, thedifferencebetweenthepricesetby thefirm producingthis goodand

the referenceprice. If however, the consumerdecidesto buy the genericversion,then

(s)hepaysthe samecopaymentsasbefore. Hence,anotherdifferencebetweenthe two

casesis that in this situation,the (exogenous)referenceprice implementedwill behigher

thanthe genericprice,but lower thanthe branded’s one. Notice that the implementation

of referencepricesin the variouscountriesmentionedabove hasnot beenuniversal;for

expositionpurposes,wehaveusedtheway thatthey havebeenimplementedin Spain.

Summarising,andin orderto clarify themaindifferencebetweenthe two caseswe

will analysehere,we have that in the first case,the copaymentthat consumerspay in

the first situationis one i.e. they pay the full price. The implementationof a reference

pricesystemin this scenarioimpliesnow that thecopaymentthat consumershave to pay

is the differencebetweenthe price of eitherof the drugsandthe referenceprice. In the

secondcase,wehavethatin theoriginalsituation,consumerspayaproportionof theprice,

irrespectively of which goodthey buy i.e. thecopaymentis between0 and1. In thenew

situation,with referenceprices,the consumerwho buys the brandedgoodpaysthe same

copaymentas before,but this time associatedto the referenceprice plus the difference

betweenthe price of the brandedgood and the generic. The consumerswho purchase

the genericgoodpay the sameproportion,or copaymentof the price setby the generic

producer. Table1 summarisesthedifferencesbetweenthenetpricepaidby theconsumer

in bothcases.
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Table1. Differ encesin net price paid by consumers.�������
	�������������
CASE1 CASE1 CASE2 CASE2�����������  !� �������"���  !�

Branded
��# $&% �('*)$&%,+-	 $ . ��#/ % . 	 /�0 ��'1)/ %2+3	 /

Generic
� # $&4 � '*)$&4,+-	 $ . � #/ 4 . � '1)/ 4

where
� #576 , �98;:=<?>*<@�A8CBD<FEG< standsfor thepricesetby thebrandedandgenericgood

producerrespectively, whenno referencepricesareimplemented,
� '1)576 ,

�98H:=<?>*<I�A8CBD<JEK<
standsfor thepricesetby thebrandedandgenericgoodproducerwhenreferencepricesare

implemented,and
�98L:

and
>

referto thefirst caseandsecondcaseanalysedrespectively.

Furthermore,
.NMPO&Q <R:�S

is thecopayment
<R	 $

is theexogenousreferencepricesetby Health

Authoritiesin case1 and
	 / is thereferencepricesetby HealthAuthoritiesin case2. Note

thattheimplicit assumptionsin themodelarethat
� # $&%

and
� # $&4

arehigherthan
	 $ <T� '*)/ %VUW	 /

and
� '1)/ 4YXW	 /RZ

1.2 The Model.

Wewill have in bothcasesaduopolysettingwherefirmsactnon-cooperatively. Firmswill

choosepricessimultaneously. Thedemandsideis a simplifiedversionof SinghandVives

(1984),but takinginto accountthatin everysituationin bothcasesthenetpricepaidby the

consumerfor eachgoodis different.Thereis a continuumof consumersof thesametype.

Therepresentativeconsumermaximises

[ O]\ 6 < \T^�_ + %a` 4b 6dc� 6 < (1)

where
�e<gf;8 BD<FEG<h�ji8kf=< \ 6 is the amountof good

�
and c� 6 is the net price paid by

the consumerfor this good. RecallTable1 to seethe exact definition of c� 6 Z [ O]\ 6 < \T^�_ is
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assumedto bequadraticandstrictly concaveas[ Ol\ 6 < \J^@_ 8C� %m\R% 0 � 4n\R4 +Yo>qp \ /% 0 \ /4 0 >�r \R%m\�4ms Z (2)

Theparameter
r MtO&Q <R: _

representsthedegreeof differentiationbetweenthebrandedand

genericgood. This is becausea genericproductmay not be a perfectsubstitutefor the

original branddueto bothsubjectiveandobjective factors,andarethesefactorsthatallow

the original brandto keepselling despitethe presenceof low-price genericcompetition

(Hudson2000). Moreover,
� % <F� 4 < o U Q < This utility functiongivesrise to thefollowing

inverselineardemandsystems:

c� 6 8C� 6 + o \ 6 + o r \J^ Z
Sincefirms chooseprices,we have to inversethe inversedemandfunctionsto obtainthe

demandsystem: \ 6 8 � 6 +3ru� ^o O :v+Pr / _ + c� 6o O :w+Pr / _ 0 r c� ^o O :v+Pr / _ Z
Assuminglinear costfunctions,andthat thereareno fixed costs,we have that fol-

lowing profit functionsfor bothfirms:

x % 8 O � % +3 %y_z\R% <
x 4 8 O � 4 +P 4m_z\�4 Z

Weneedto imposesomerestrictionsontheparametersto haveawell definedsystem

of non-negative equilibrium values,andto incorporatethe characteristicsof the pharma-

ceuticalindustry.
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Assumption1.
� 6y{  6 Z Thisensuresnon-negativeprofits.

Assumption2.
� % { � 4}| In words,wehavethatthemarketsizefor thebrandedgood

is greaterthanthemarket sizeof thegenericdrug.

Assumption3.
 % {  4 Z Themarginal costof productionfor thebrandedproducer

is greateror equalthanthemarginal costfor thegenericproducer, in orderto reflectwhat

weobserve in practice.

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

choosepricessimultaneously. Let usconsidernow eachcase.

1.3 Case1.

Whenconsumershaveto paythefull price,thedemandfunctionsfacedby thebrandedand

genericgoodproducer, are,respectively:

\R%�~ ' 8 O � % +3r=� 4m_o O :v+Pr / _ + :o O :v+Pr / _ � %�~ ' 0 ro O :w+3r / _ � 4(~ ' < (1.3)\�4(~ ' 8 O � 4 +Pru� %y_o O :v+Pr / _ + :o O :v+Pr / _ � 4(~ ' 0 ro O :v+Pr / _ � %�~ ' < (1.4)

wherethesubscripts
BD<JE

representthebrandedandthegenericproducerrespectively,
�  

standsfor thecasewherethereis no referencepricesystem,and
r MC��Q <�: _

representsthe

degreeof differentiationbetweenbothgoods3.

Whenwe imposea referencepricesystem,thedemandfunctionsareasfollows:

�
Noticethatdemandfunctionsarenot definedwhen �������
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\�% ' 8 O � % +Pr�� 4n_o O :�+3r / _ + :o O :v+Pr / _ O � % ' +3	 _ 0 ro O :v+Pr / _ O � 4 ' +3	 _ < (1.5)\�4 ' 8 O � 4 +-ru� %y_o O :�+3r / _ + :o O :v+Pr / _ O � 4 ' +-	 _ 0 ro O :v+Pr / _ O � % ' +3	 _ < (1.6)

where
	qU Q

is thereferenceprice,andthesubscript
 

standsfor thescenariowith refer-

enceprices.We will have thatbothfirms movesimultaneously. Beforesolvingthemodel,

wemake thefollowing assumptions.

Assumption4.
O � % +P %h_ { O � 4 +P 4m_ Z

Assumption5.
O >�+Pr / _�O � 4 +- 4m_ { r O � % +P %h_ Z

Theseassumptionsaresufficient conditionsto ensurenon-negative equilibriumval-

ues.

TheNashequilibriumpricesof thisgameare

�(�%�~ ' 8 p >!+-r / s � % +Pru� 4 0 O >u % 0 r� 4m_p�� +Pr / s <
(1.7)

���4(~ ' 8 p >!+-r / s � 4 +3r�� % 0 O >u 4 0 r= %h_p � +Pr / s Z (1.8)

Underreferenceprices,weobtain:

� �% ' 8 p >�+3r / s � % +Pr�� 4 0 O >u % 0 ru 4m_ 0 	 O >�+Pr�+3r / _p � +Pr / s <
(1.9)���4 ' 8 p >�+3r / s � 4 +-ru� % 0 O >u 4 0 r= %h_ 0 	 O >�+Pr�+3r / _pg� +Pr / s Z (1.10)

Noticethat from (1.9)and(1.10),we obtainthat � � �6 '� 	 U Q <�����8VB�<FE Z Hence,the

higheris
	I<

thehigherwill be thepricessetby bothfirms. Furthermore,we have that the



1.3 Case1. 24

effect of changing
	

hasthesameeffect on both thepriceof thebrandedandthegeneric

good,dueto thesimultaneityof thegameconsideredhere.

We want to compareequilibrium valueswithin and betweenscenarios. With the

assumptionsmadepreviously aboutthe sizeof both marketsandthe differencebetween

marginal costs,weobtaintheresultsshown in lemma1.

Lemma 1 If
� % { � 4

and
 % {  4 <

then
� �%�~ ' { � �4(~ ' and

� �% ' { � �4 ' (with a strict

inequalityif
� % UW� 4

and/or
 % Ut 4

) Z
Proof. We have that

� �%�~ ' +3� �4(~ ' 8�� �% ' +P� �4 ' 8 O : 0 r _�O � % +3� 4h_ 0 O  % +3 4m_O > 0 r _ Z
With theabove assumptions,sincethedenominatoris alwayspositive, thenumeratorwill

alwaysbegreateror equalthanzero.

This resulttells us thatgenericgoodswill becheaperthanbrandedgoods,which is

consistentwith what we observe in reality. Hence,an explanationfor this result follows

from the fact that the differencein price betweenthesetwo goodsarisesbecauseof the

differencein market sizeandmarginal cost.

Now, we areinterestedin thecomparisonbetweenthecaseswith andwithout refer-

encepricesi.e. comparisonsbetweenscenarios.We wantto seewhatwill betheresponse

price-wiseof firms whenthereferencepricesystemis implemented.Lemma2 shows the

result.

Lemma 2 For anystrictly positivereferenceprice
	I<

wefindthat
� �% ' U�� �%�~ ' and

� �4 ' U� �4(~ ' .
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Proof. We get that
� �% ' +j� �%�~ ' 8�� �4 ' +�� �4(~ ' 8 O :v+Pr _O >�+Pr _ 	2U Q <}�}	,U Q Z Sincer MP��Q <R: _ <

it impliesthatthenumeratorandthedenominatorarealwayspositive,hencethe

resultfollows.

Hence,for whatever referenceprice thegovernmentchooses,pricesfor bothgoods

will be higherwhenthe referencepricesystemis implementedcomparedto thesituation

wherefirms faceno suchsystem.Theintuition behindthis resultis thatin this setting,the

referencepriceplaysasimilar role to theintroductionof asubsidyequivalentto thisprice.

The next stepinvolvesevaluatingequilibrium quantities. Substitutingequilibrium

pricesinto thedemandfunctions((1.3)to (1.6)),weobtaintheassociatedequilibriumquan-

tities with no referenceprices:

\ �%�~ ' 8 O >�+3r / _�O � % +3 %A_ +Pr O � 4 +P 4m_o p r / + � s�O r / +W: _ <
(1.11)\ �4(~ ' 8 O >�+3r / _�O � 4 +P 4m_ +Pr O � % +P %y_o p r / + � s O r / +W: _ Z (1.12)

Of course,we have to imposethenon-negativity of equilibriumquantities.Sufficient con-

ditions for quantitiesto be non-negative are given by Assumptions4 and 5. Note that

Assumption5 ensuresthat
\ �4(~ ' is non-negative,andthatcombiningthis assumptionwith

Assumption4 ensuresthat
\ �%�~ ' is alsonon-negative. For thecaseunderreferenceprices,

we obtainthe following equilibrium quantitiesfor the brandedandgenericgoodrespec-

tively:
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\ �% ' 8 O >�+3r / _�O � % +P %h_ +Pr O � 4 +P 4n_ 0 	 O >"+Pr�+Pr / _o p r / + � s�O r / +t: _ <
(1.13)\ �4 ' 8 >�� 4 0 ru� % 0 o�� ru % + O >"+Pr / _  4 0 	 O >"+Pr�+Pr / _g�o p r / + � s�O r / +t: _ Z (1.14)

NotethatAssumptions4 and5 imply thatthesetwo quantitieswill bepositive too. This is

becausefor bothequations(1.13)and(1.14),thereis anextra positive term in thesquare

brackets(
	 O >�+�r9+�r / _

), sothatif
\ �%�~ ' and

\ �4(~ ' arenon-negative,it followsthat
\ �% ' and\ �4 ' will benon-negativetoo. Beforecomparingequilibriumquantitiesbetweenscenarios,

we want to comparethemin eachscenariofor the brandedandthe genericgoodrespec-

tively. We obtainthatunderno referencepricesandwith referenceprices,demandfor the

brandedgoodis higherthanfor thegeneric.This resultis shown in thenext lemma.

Lemma 3 UnderAssumption4, wehavethat
\ �%�~ ' { \ �4(~ ' and

\ �% ' { \ �4 ' Z
Proof. We have that

\ �%�~ ' + \ �4(~ ' 8 \ �% ' + \ �4 ' 8 O � % +P %y_ + O � 4 +3 4h_o O > 0 r _�O :v+3r _ Z Then,sincer M���Q <R: _ <
and o { Q <

the denominatoris positive. By Assumption4, we have that the

numeratoris positive,hencetheresultfollows.

Comparingequilibriumquantitiesbetweenbothcasesgivesriseto thenext lemma.

Lemma 4 For any strictly positive referenceprice
	I<

we find that
\ �%�~ ' X \ �% ' and\ �4(~ ' X \ �4 ' .

Proof. Wegetthat
\ �% ' + \ �%�~ ' 8 \ �4 ' + \ �4(~ ' 8 	o O >�+3r _aO : 0 r _ U Q <R�}	�U Q Z

In words,demandfor bothgoodsincreasesunderthereferencepricesystem.It seems

strangethatdemandfor bothgoodshasincreasedeventhoughwehaveseenthatimplement-
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ing thissystemhascausedanincreasein thepricesetbybothfirms. However, thefollowing

propositionprovidestheeconomicintuition to thepreviousone,andwill beveryusefulfor

lateranalysis.

Proposition 5 In equilibrium,wehavethat
� �%�~ ' U�� �% ' +�	I< and

� �4(~ ' U�� �4 ' +�	I<��}	GUQ Z
Proof. Weobtainthat

� �%�~ ' +�� �% ' 0 	�83� �4(~ ' +�� �4 ' 0 	!8 	>�+3r Z Thiswill alwaysbe

strictly positivefor
	 U Q Z Hence,theresultfollows through.

This propositiongivesoneof themostimportantresultsof thepaper, wherebyinde-

pendentlyof themagnitudeof
	I<

thenetpricepaidby theconsumerfor bothgoodsunder

the referenceprice system(
O � �% ' +-	 _ and

O � �4 ' +3	 _ for the brandedand genericgood

respectively)
<
is lower thanthe price paid whenthereareno referenceprices(

� �%�~ ' and� �4(~ ' ). In the analysisthat follows, this resultwill be crucial to explain someof the re-

sultspresentedhere.Notethatwhatthis resultis sayingis thateventhoughthegrossprice

receivedby theproduceris higherunderreferenceprices,asshown in lemma2, whatcon-

sumershave to payfor thegoodis lessthanwhenthereis no suchsystemimplemented.

Next is to comparetotal costsof the systemunderprice and no-priceregulation,

wheretotal cost is calculatedas ¡ 6 � �6 \ �6 , ��8¢B�<FE Z Total costswhenconsumerspay the

full price andwhenthereexists referencepriceswill be denotedas £ � �~ ' and £ � �' re-

spectively. Notethatwhenthereferencesystemis implemented,this costis spreadamong

consumersandhealthauthorities,while in the formercase,theconsumerpaysfor all this

cost. Hence,in a situationwith referenceprices,total costsof thesystem,£ � �' < is equal



1.3 Case1. 28

to thesumof two parts,¡ 6 O � �6 +3	 _¤\ �6 <��¥8¦BD<JEK< which is thecostborneby theconsumer,

and ¡ 6 	 \ �6 , �§8¨BD<FEG<
which is borneby thehealthauthorities.This obviously reducesto¡ 6 � �6 \ �6 Z

Weobtainthat

£ � �' + £ � �~ ' 8 > O � % 0 � 4h_�O :§+Pr _ 0 r O  % 0  4m_ 0 > O :v+Pr _ 	o O +�> 0 r _ / O : 0 r _ 	 Z (15)

This differencewill always be positive, for any
	,U Q <

and
r M���Q <R: _ <

sinceboth the

numeratorandthe denominatorwill alwaysbe positive. We cansummarisethis result in

thefollowing proposition.

Proposition 6 For anypositivereferenceprice,
	�<

imposedbythehealthauthorities,total

costsfor the simultaneousgamedescribedabove are greater whenthe referenceprice

systemis implemented.

This resultfollows sincewe have seenthat theoptimalreactionby firms whensuch

systemis implementedis to increaseprices,andfurthermore,thiscausesanincreasein the

quantitiesdemandedof bothfirms.

Following with comparisonsbetweenscenarios,anobviouscontinuationis to com-

paretotal consumersurplusfor bothcases.If we denote
��� �~ ' and

��� �' total consumer

surpluswith subscriptsindicatingin which situationweare,weobtainthat:

��� �' + ��� �~ ' 8 O :v+Pr _��©O � % +P %h_ 0 O � 4 +3 4h_ 0 	ISo O r�+ª> _ / O : 0 r _ 	 Z (16)
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From Assumption2, we know
O � % +« %y_

and
O � 4 +« 4m_

aregreateror equalthancero.

Hence,consumersurplusis, for any
	tU Q <

greaterwhen the referenceprice systemis

implemented.This resultcanbesummarisedwith thenext proposition.

Proposition 7 For any
	,U Q <

total consumersurplus is higher if the referenceprice

systemis implemented.

This result follows from combiningLemma4 andProposition5. We saw that the

implementationof a referencepricesystemcausesan increasein thepriceof bothgoods.

However, with sucha system,thegovernmentpaysfor partof thegood,and
	

will deter-

mine thenetpricepaidby consumers.It hasbeenshown in Proposition5 thatany
	�U Q

coversfor the increasein pricecausedby the introductionof the referenceprice. Lemma

4 shows thatquantitydemandedfor bothgoodsincreaseswhenthereferencepricesystem

hasbeenimplemented.Thesetwo effects leadto higherconsumerwelfare. Notice that

giventhattotal costsof thesystemarealwayshigherunderreferenceprices,asensiblecri-

terionto endogenisethisreferencepriceis to choosetheoneyieldingthehighestconsumer

surplus4.

An obviousthingto donow is to compareproducersurplusunderbothscenarios.Letx �~ ' 8 x �%�~ ' 0 x �4(~ ' denotetotal profits for bothfirms with no referenceprices,andletx �' 8 x �% ' 0 x �4 ' denotetotal profitsunderthereferencepricesystem.Wehave that

¬
Actually if we let theplannerchoosetheoptimal  thatminimisesthecostsof having sucha system,it

will naturallybe 9��®�� Hencewearefacedto asecond-bestsolution.
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x �' + x �~ ' 8 > O :v+3r _��©O � % +P %y_ 0 O � 4 +P 4m_ 0 	�So O r�+ª> _ / O : 0 r _ 	 Z (17)

Notice that theexpressionin equation(1.17) is similar to expression(1.16),which repre-

sentedthedifferencein consumersurplusbetweenbothscenarios.Hence,weknow thatby

Proposition6, thisdifferencewill bepositivefor any
	�U Qz¯

hencewecansummarisewhat

happensto producersurpluswhenweimplementareferencepricesystemwith Proposition

8.

Proposition 8 For any
	 U Q <

total producersurplusis higherif thereferencepricesystem

is implemented.

Summarisingthen,wehavethatfor thegamedescribedin thissection,implementing

a referencepricesystemincreasestotal costs,althoughit is welfareincreasing.

Wehavealsoconsideredthecasewherefirmsdecidepricessequentially. Thissetting

implies that thebrandedgoodproducerchoosesfirst, in orderto give this producersome

first-moveradvantage.Themainconclusionsobtainedaresimilar qualitatively aswith the

simultaneousgamejust described.

1.4 Case2.

Recall that in this setting,we have that HealthAuthorities arepresentin both subcases

considered.Thedifferencebetweentheseis theamountthatAuthoritiesfinance.Theaim

of this sectionis to comparea situationwith a fixed copaymentirrespective of the drug
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purchased,with a situationwherereferencepricesare implemented. The modelling of

suchsystemwill betheoneusedin Spain.

As discussedabove, the first scenariowe will considerhereinvolvesanalysingthe

pharmaceuticalmarketjustwith theexistenceof a(fixed)copayment,
.a°y��Q <R:�S Z Thedemand

functionsfacedby thebrandedandgenericgoodproducerare,respectively:

\R%z± 8 O � % +Pr�� 4n_o O :�+3r / _ + :o O :v+Pr / _ . � %
± 0 ro O :�+3r / _ . � 4*± < (1.18)\�4*± 8 O � 4 +Pru� %y_o O :�+3r / _ + :o O :v+Pr / _ . � 4*± 0 ro O :v+Pr / _ . � %
± < (1.19)

wherethesubscripts
BD<FE

representthebrandedandthegenericproducerrespectively,
.

standsfor the casewherea copaymentsystemis implemented,and
r MV��Q <R: _

represents

thedegreeof differentiationbetweenbothgoods.

Oncethereferencepricesystemis implemented,thedemandfunctionsfacedby both

producersare,for thebrandedandgenericgoodrespectively,

\R%
² 8 O � % +Pr�� 4m_o O :w+Pr / _ + :o O :v+Pr / _ O³. 	 0 � %
² +-	 _ 0 ro O :v+Pr / _ . � 4z² < (1.20)\�4z² 8 O � 4 +3r=� %h_o O :w+Pr / _ + :o O :v+Pr / _ . � 4z² 0 ro O :v+Pr / _ Ol. 	 0 � %
² +3	 _ < (1.21)

wherethesubscript
	

denotesthesituationundercopaymentsandreferencepricestogether,

and
	

is the (fixed) referencepricesetby theHealthAuthorities. Thedifferencebetween

bothscenariosis that thenetpricepaidby theconsumerfor thebrandedgoodis now the

sumof two elements:a proportion
.

of the referenceprice, andthe differencebetween

theactualpricesetandthereferenceprice. Recallthatsincewe areanalysingtheSpanish
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referencepricesystem,thereferencepricewill be lessthanthepriceof theoriginal good

but higherthanthe genericalternative. In otherwords,what we areimplicitly assuming

with thissettingis thattherehasbeenaprevioustimeperiodwherefirmschosetheirprices

whereconsumersonly hadto pay the copayment
.

(pricesdenoted
� %z±

and
� 4*±

for the

brandedandgenericgoodrespectively in demandfunctions(1.18)and(1.19))Z What has

happenednow is thattheSpanishHealthAuthoritieshavedecidedto implementareference

pricesystemsuchthat this priceis setin betweenthe(moreexpensive)brandedgoodand

the (cheaper)genericalternative. Then,what we want to seeis whetherandwhenwill

firms reducepriceswith suchsystemcomparedto theprevioussituation,andunderwhat

circumstances(if any) will pharmaceuticalcostsfor HealthAuthoritiesbereduced.

With thesedemandfunctions,andassumingconstantmarginal costsfor both firms

(denotedby
 %

and
 4

for the brandedandgenericgoodproducerrespectively), we can

constructtheprofit functionsfor bothfirms,which are:

x % 6 8 O � % 6 +3 %y_z\�% 6 < (1.22)x 4 6 8 O � 4 6 +P 4m_z\R4 6 < (1.23)

where
�K8 . <T	

(the situationwith copaymentonly andcopaymentandreferenceprices

togetherrespectively). Recallthatweareassumingthat
 % {  4 Z

Beforesolvingthemodel,we introducethefollowing assumptionsto ensurethenon-

negativity of theequilibriumvalues.
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Assumption6.
O � % +� %y_ { O � 4 + .  4h_�´ O � % +N� 4h_ { O  % + .  4m_ { O  % +- 4m_ {.GO  % +3 4n_

since
.�MP��Q <R:�S Z

Assumption7.
O >µ+¶r / _�O � 4 + .  4n_ { r O � % + .  %y_m� { r O � % +P %h_ since

.·MPO]Q <R:�S¸S Z
In thenext subsection,wewill solvethemodelwhencopaymentsareenforced,while

subsection4.2shows theresultswhenthereexistsreferenceprices.

1.4.1 Copayments.

For thecaseof copaymentsonly, theprofit functionsfor bothfirmsare:

x 6 ± 8 O � 6 ± +3 6 _w¹ O � 6 +3ru� ^@_o O :w+Pr / _ + :o O :v+Pr / _ . � 6 ± 0 ro O :w+Pr / _ . � ^g±�º Z (24)

Restrictingto the analysisof interior solutions,we obtain the following first order

condition(FOC):

� x 6 ±� � 6 ± 8
� 6 +Pru� ^ +3> . � 6 ± 0 r . � ^g± 0 .  6o O :w+3r / _ 8 Q <

(25)

with
�e<gf�82B�<FEK<I�wi8jf Z
Hence,from equation(1.25),andusingtheimplicit functiontheorem,we canobtain

(asexpected)apositiverelationshipbetweenthetwo prices:

�R� 6 ` ±�»� ^�` ± 8 r > U Q Z (26)
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From (1.25), we derive the bestresponsefunctionsfor the two firms, yielding the

NashEquilibrium in prices5. Thesearegivenby,

���6 ± 8 p >�+Pr / s � 6 +Pru� ^ 0 .�O >u 6 0  ^@_.�O � +3r / _ <
(27)

with
�e<gf�82B�<FEK<I�wi8jf Z
We cansaythatan increasein thecopayment

.
will decreasetheequilibriumprice

for the brandedgoodunderAssumption2. With regardsto the responseof the generic

producer, it will dependon therelativemagnitudeof market sizes.More precisely,

� � �%a` ±� . 8 + p >�+3r / s � % +Pru� 4O � +Pr / _g. / X Q <
(1.28)

� � �4}` ±� . 8 + p >�+3r / s � 4 +3ru� %O � +Pr / _g. / X Q�¼ rp >�+3r / s X � 4� %C½ : Z (1.29)

Comparingequilibriumprices,weobtainthefollowing lemma:

Lemma 9 If Assumptions1 to 3 hold, then
� �%a` ± { � �4}` ± (with strict inequalityif

� % Ud� 4
and/or

 % Ut 4
).

Proof. We have that
� �%n` ±�+ª� �4}` ±�8 O � % +P� 4n_ 0 .GO  % +3 4m_.�O > 0 r _ Z With the assumptions

above, andsincethe denominatoris alwaysnon-negative, the numeratorwill alwaysbe

greateror equalthanzero.

Theassociatedequilibriumquantitiesfor thecopaymentsystemare,\ �6 ± 8 O >!+Pr / _�O � 6 + .  6 _ +3r O � ^ + .  ^�_o O � +3r / _�O :v+3r / _ <
(30)

where
�T<�f 82BD<JE ¯ �vi8�f Z¾

Secondorderconditionsaresatisfied.
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NotethatAssumptions6 and7 imply thatthesequantitiesarenon-negative. We can

checkhow demandvarieswith
.
:

� \ �%a` ±� . 8 r� 4 +3 %�O >�+3r / _o O � +3r / _�O :w+-r / _ X Q�¼ (1.31)O >�+3r / _  % U ru 4
.

� \ �4}` ±� . 8 r� % +P 4�O >�+3r / _o O � +3r / _�O :w+-r / _ X Q�¼ (1.32)O >"+Pr / _r U  % 4 { : Z

For the caseof the brandedgood,Assumption3 guaranteesthat increasingthe co-

payment
.

decreasesquantitydemandedfor this product(i.e. thereexistsa negative rela-

tionshipbetweencopaymentsandthequantitydemanded);for thecaseof thegenericgood,

this signdependson therelative magnitudeof marginal costs.More precisely, we obtain

thatif themarginal costof productionof thebrandedgoodis not toohighcomparedto the

marginal costof thegeneric,thenthis negative relationshipstill holds. This, asillustrated

with Lemma9, is becausethehigherthedifferencebetweenmarginal costs,thehigherthe

priceof thebrandedgoodcomparedto thegeneric’sprice;henceif
 %

is veryhigh,thedif-

ferencebetween
� �%a` ±

and
� �4}` ±

is toohighsothatactuallyincreasingthecopaymentmakes

peopleswitch from the brandedto the genericgood. Hence,whenever
 %

is sufficiently

high, therewill exist a positive relationshipbetweenthe copayment(andhencenet price

paid)andthequantitydemandedfor thegenericalternative.
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1.4.2 ReferencePrices.

Next we characterisethe equilibrium prices(interior solution) oncethe referenceprice

systemis implemented.Profit functionsfor the brandedandgenericgoodproducersare,

respectively:

x %
² 8 O � %
² +P %h_ ¹ O � % +Pr�� 4m_o O :�+-r / _ + :o O :v+Pr / _ O³. 	 0 � %
² +3	 _ 0 ro O :v+3r / _ . � 4z² º <x 4z² 8 O � 4z² +P 4m_ ¹ O � 4 +Pr�� %A_o O :w+3r / _ + :o O :w+Pr / _ . � 4z² 0 ro O :w+3r / _ O³. 	 0 � %
² +-	 _ º Z
TheFOCsareasfollows:

� x %(²� � %
² 8 � % +Pru� 4 +ª>@� %
² 0 r . � 4z² 0  % 0 O :v+ .n_ 	o O :�+-r / _ 8 Q <
(1.33)

� x 4z²� � 4z² 8 � 4 +Pru� % +ª> . � 4z² 0 r?� %
² 0 .  4 +3r O :w+ .a_ 	o O :v+Pr / _ 8 Q Z (1.34)

From equations(1.33)and(1.34),andusingthe implicit function theorem,we can

derive someusefulcomparativestatics.This will provide someinsightson how firms will

reactwhenparametersof themodelchange,andwill behelpful to give ussomeintuition

on furtherresults.More precisely, we obtainthat,

�R� %a` ²�»� 4}` ² 8 r .> U Q <
(1.35)�»� 4}` ²�R� %a` ² 8 r> . U Q < (1.36)�R� %a` ²��	 8 O :§+ .a_> U Q <
(1.37)�R� 4}` ²��	 8 + O :w+ .a_ r> . X Q Z (1.38)
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Equations(1.35)and(1.36)show theusualstrategic substitutabilityof prices.Note

that
�R� 4}` ²�»� %n` ² { �R� %a` ²�R� 4}` ² Z Hence,theincreasein priceof thegenericproductwill behigherwhen

its rival increasesits pricecomparedto theincreasein priceof thebrandedgoodwhenthe

genericproducerincreasesits price. The genericproducer’s responseis larger with the

introductionof a referencepricesystem.Equation(1.37)tells usthattheoptimalresponse

of the brandedgoodproduceris to increase(decrease)price whenthe referenceprice,
	I<

increases(decreases).The intuition behindthis result is that the referenceprice actsas

a kind of subsidyfor this producer. However, equation(1.38) implies that the optimal

responseof genericproducersis to decrease(increase)its price whenthe referenceprice

increases(decreases).Notice that thepriceresponseof bothproducersto a changein the

referencepricewill bedifferent.Wehave that¿¿¿¿ �R� %a` ²��	 ¿¿¿¿ U ¿¿¿¿ �»� 4}` ²��	 ¿¿¿¿ ¼ . Utr Z
Recall that both the copayment

.
and the degreeof substitutability

r
are in the intervalO&Q <�: _ Z Hence,if the copaymentis higherthanthe degreeof substitutability, thenthe ab-

solutevalueof thechangeof thepriceof thebrandedgoodwill behigher. Hence,if both

goodsareclosesubstitutes(sothat
r�ÀV:

), thenit is probablethatthechangein priceswill

begreaterfor thegenericalternative, speciallyif we considerthaton average,thecopay-

mentin Spainis equalto 0.4. Onewould expectthatasgoodsbecomeclosersubstitutes,

it is asif thebrandedgoodproducerhaslost oneof thesourcesof its advantageover the

genericalternative. Hence,thegenericproducerin this casecanbehavemoreaggressively

andfearslessthestrategic behaviour of thepioneerfirm. Theseresultswill provide useful

insightson theresultspresentedbelow.
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Whensolvingfor equilibriumprices,weget,

���%
²Á8 O >!+-r / _ � % +Pru� 4 0 >u % 0 r .  4 0 O :v+ .a_�O >�+3r / _ 	� +Pr / <
(1.39)���4z²Á8 O >!+-r / _ � 4 +Pru� % 0 ru % 0 > .  4 + O :w+ .n_ 	. p�� +Pr / s Z (1.40)

It wouldbeinterestingto analysehow thesepricesvarywith thecopaymentin orderto see

if their responsevariesif we introducereferenceprices.Weobtainthat

� � �%
²� . 8 r= 4 + O >�+Pr / _ 	� +Pr / <
(1.41)

� � �4z²� . 8 + O >�+3r / _ � 4 +Pru� % 0 ru % +3	. / p�� +3r / s Z (1.42)

Fromtheabove equations,we canseethatthesignsof thesederivativeswill dependupon

thevalueof thereferenceprice
	 Z Noticethat:

� � �%
²� . X Q!¼ 	�U ru 4p >�+3r / s < and (1.43)

� � �4z²� . X Q!¼ 	�X p >�+3r / s � 4 +3ru� % 0 r� % Z (1.44)

Hence,we cansaythat if
	

is sufficiently high, thenasthecopaymentincreases,oneele-

mentof thenetpricepaidby theconsumerfor thebrandedgood,
. 	�<

increases.Then,as

a strategic response,in orderto maintaina sufficient level of demand,thepioneerfirm re-

ducesthepricefor its good,sothattheotherelementthattheconsumerhasto pay,
� �%(²a+�	�<

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

priceof thegenericalternative,we seethat for low valuesof
	
, genericproducershave to
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reducepricesasthecopaymentincreasesin orderto keepattractingconsumers,sothatthe

netpricepaidby theconsumerfor this goodis not toohigh.

Theassociatedequilibriumquantitiesare,

\ �%
²�8 O >�+Pr / _�O � % +P %y_ +3r O � 4 + .  4m_ 0 O :v+ .a_�O >!+-r / _ 	o p � +3r / s p :w+Pr / s <
(45)

\ �4z²�8 O >�+3r / _mO � 4 + .  4h_ +-r O � % +P %h_ +Pr O :w+ .a_ 	o p�� +Pr / s p :§+Pr / s Z (46)

Assumption6 is a sufficient conditionfor
\ �%
²

to benon-negative. Assumption7 is

a necessaryconditionfor thenon-negativity of
\ �4z² Z With theseequilibriumquantities,we

obtain,

Â �&Ã1Ä ¹ � \ �%
²� 	 º U Q <
(1.47)Â �]Ã*Ä ¹ � \ �4z²� 	 º X Q Z (1.48)

Theintuition for equation(1.47)is asfollows: as
	

increases,weobservetwo oppos-

ing effectsin relationto whathappensto thenetpricepaidby theconsumerfor thebranded

good.On theonehand,as
	

increases,theelementÅ 	 increases;on theother, theelementO � �%
²�+-	 _
is reduced.Nevertheless,we seethatoverall, as

	
increases,thenetprice paid

for thebrandedgooddecreases6. Hence,for any given
� %
² <

ahigherreferencepriceimplies

a lower netprice,ceterisparibus. This leadsto higherquantitydemandedfor thebrandedÆ
This is because,for a given Ç�ÈzÉ?ÊyË�Ì Í hÎ�Ï�Ç�ÈzÉmÐ�?ÑÓÒË  ��Ð���Î Í�Ô ®IÊ whereas mentionedbefore,Ì Í hÎ�Ï�Ç ÈzÉ Ð�?Ñ³Ò is thenetpricepaidfor thebrandedproduct.
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good. For thegenericgood,the intuition underequation(1.48) is somewhatdifferentbut

relatedto equation(1.47). Thehigheris
	I<

thehigheris thedemandfor thebrandedgood

aspeopleswitch from the genericto the branded,hencedemandfor the genericgoodis

reduced.

1.4.3 Comparing Scenarios.

It is worth mentioningthat the introductionof a referencepricesystemmakesboth firms

reactdifferentlywhenthe rival changesits prices. As we saw before,undercopayments,

we hadthat
�R� %a` ±�R� 4}` ± 8 �R� 4}` ±�R� %a` ± 8 r > Z However, with referenceprices,we obtainedthat

r .> 8�R� %a` ²�»� 4}` ² ½ �R� 4}` ²�R� %a` ² 8 r> . Z Comparingthe responsesundercopaymentsandreferenceprices

yieldsthefollowing inequalities:

�R� %a` ²�»� 4}` ² ½ �»� %n` ±�R� 4}` ± 8 �R� 4}` ±�R� %a` ± ½ �»� 4}` ²�R� %a` ² Z (49)

Now, with theintroductionof referenceprices,thepriceresponseof eachfirm to a change

in priceof its competitoris different. Moreover, it is thegenericproducerwho competes

moreaggressively. Hence,with this modelisation,what we obtain is that genericprices

aremoreresponsive thanbefore,somethingthat is implicitly wantedwhensuchsystemis

introduced.This is becauseoneof theobjectivesof a referencepricesystemis to promote

theuseof genericsandto increasepricecompetition.

The secondthing we want to analyseis how firms respondto the introductionof a

referencepricesystem.Thefollowing lemmacomparesequilibriumpricesfor thebranded

good,



1.4 Case2. 41

Lemma 10 For
	�ÕVÖ	×<

weget that
� �%a` ±�Ø-� �%a` ²R<

where
Ö	�Ù O >�+3r / _ � % +3r=� 4 0 r .  4.�O >"+Pr / _ O U Q�_ Z

Proof. We obtainthat
� �%a` ±!+�� �%a` ²�8 O :v+ .a_ � O >�+3r / _ � % +3r=� 4 0 r .  4 + .�O >�+Pr / _ 	 �.�O � +Pr / _ Z

Sincethedenominatoris alwayspositive, and
O :§+ .a_ U Q <

we get that
� �%a` ± Ut� �%a` ²�Ú ´

� O >�+3r / _ � % +Pru� 4 0 r .  4 + .�O >�+Pr / _ 	 � U Q Ú ´	PX O >�+Pr / _ � % +Pr�� 4 0 r .  4.�O >�+Pr / _ Ù Ö	 Z Furthermore,since
� % { � 4 <

we know thatÖ	�U Q Z
This lemmatells us that whenthereexists a referenceprice system,brandedgood

producerswill have incentivesto decreaseits price if the referenceprice is not too high.

However, if the referenceprice is set too high (higher thanthe upperbound
Ö	
), branded

goodproducerswill find it moreprofitableto increasetheprice.Thiscritical bounddepends

positively on
� %

and
 4

, but negatively on
� 4

and
. Z

We now proceedto compareequilibrium pricesfor genericgoods,beforeandafter

theintroductionof referenceprices.Thefollowing lemmasummarisestheresultobtained.

Lemma 11 If
	�Ød % <

weget that
� �4*±�ØP� �4z² Z

Proof. Theresultfollows usingthefollowing equation,
� �4*±!+�� �4z²w8;r O :v+ .n_aO 	�+P %h_o O � +Pr / _ <

and taking into accountthat the denominatoris alwayspositive, and
O :v+ .a_ r { Q <

the

resultfollows through.

Thecombinationof lemmas10 and11 givesriseto thefollowing proposition:

Proposition 12 If
	 Xª %

, thenÛ � �%a` ± U�� �%a` ²� �4}` ± X�� �4}` ² Z
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If
	�8t %

, thenÛ � �%a` ± UÜ� �%a` ²� �4}` ±�83� �4}` ² Z
If
 % XW	�XLÖ	*<

thenÛ � �%a` ± U�� �%n` ²� �4}` ±�U�� �4}` ² Z
If
	�8ÝÖ	1<

then Û � �%a` ±�83� �%a` ²� �4}` ± UÜ� �4}` ² Z
If
	 ULÖ	1<

then Û � �%a` ±�XÜ� �%a` ²� �4}` ± UÜ� �4}` ² <
where

Ö	
is definedin lemma10.

Proof. Thefirst stepis to provethattheinterval
O  %

,
Ö	 _

is well defined.

We get that
Ö	1+¨ % 8 O >�+3r / _ � % +-ru� 4 0 r .  4.�O >�+Pr / _ +, % Z This differenceis positive

whenever
O >�+Cr / _mO � % + .  %A_ +,r O � 4 + .  4m_ U Q Z Assumption6 guaranteesthat this

differenceis positive,hencetheinterval is well defined.

Thesecondpartof theproof follows from combininglemmas10and11.

In orderfor the referencepricesystemto achieve theobjective of decreasingprices

of bothgoods,thereferencepricemustbesetin theinterval (
 % <�Ö	

). For a referenceprice

above
Ö	×<

the price of the genericgood is reduced,while the price of the brandedgood

increaseswith respectto thesituationwhereonly acopaymentsystemexists.On theother

hand,weseethatif
	

is toolow (lowerthan
 %

), thenit is in thegenericproducerinterestto

increasepricewith respectto thesituationwith copaymentsonly. Brandedgoodproducer’s

interestis to setapricelowerwith bothsystemsthanwith just acopaymentsystem.

The intuition behindthis result is given by equations(1.28), (1.37)and(1.38). As

shown by (1.28), we know that the price setby the original firm dependsnegatively on

thecopaymentin thefirst situation.However, from equation(1.37),theoptimal response

for the brandedgoodproduceris to increaseits price as
	

increases.Nevertheless,recall
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that for sufficiently high levels of
	
, the relationshipbetweencopaymentsand

� �%a` ²
was

negative. Then,we seethat the increasein price due to higher
	

is sufficiently high to

increasethepriceover thepriceundera copaymentonly when
	

is sufficiently highZ That

is, only above this upperbound
Ö	
, this effect is strongerthanthenegativeeffect that

.
has

on theequilibriumprice.

For the caseof the genericproducer, this effect is reversed,asshown by equation

(1.38).Wehaveseenthatfor low valuesof
	I< � � �4}` ²� . X Q Z However, thenegativeeffect that	

hason
� �4}` ²

is not strongenough.Hencewe obtainthat thepriceof thegenericversion

is lowerundercopayments.However, asthereferencepricestartsincreasing,this negative

effect startsto dominate.This implies that for valuesof
	

greaterthan
 % <

the generic’s

priceis lowerunderthereferencepricesystem.

Summarising,for low levels of
	

will the original firm have incentivesto decrease

priceswhenthereferencepricesystemis introduced.However, only for highenoughvalues

of
	

will thegenericproducerhaveincentivesto decreasehispricewhenthereferenceprice

systemis implemented.Hence,only for theinterval
O  % <�Ö	 _

will bothpricesbereduced.

Thenext stepis to compareequilibriumquantitiesbetweenbothscenarios.Thenext

propositionsummarisestheresults:

Proposition 13 If
	 XW % <

then Û \ �%a` ±�U \ �%a` ²\ �4}` ±�X \ �4}` ² Z
If
	�82 % <

then Û \ �%a` ±�8 \ �%a` ²\ �4}` ±�8 \ �4}` ² Z
If
	 Ut % <

then Û \ �%a` ±�X \ �%a` ²\ �4}` ± U \ �4}` ² Z
Proof. Weobtainthat

\ �%a` ±"+ \ �%a` ²�8H+ O >!+3r / _�O :v+ .a_�O 	�+P %h_o O � +Pr / _�O :v+Pr / _ <



1.4 Case2. 44

and
\ �4}` ±"+ \ �4}` ²�8«r O :§+ .a_�O 	�+3 %y_o O � +3r / _�O :v+Pr / _ Z Theresultfollows through.

Theintuition behindthis resultcanbeobtainedusingequations(1.31),(1.32),(1.47)

and (1.48). The analysisis similar in spirit to Proposition12. For low valuesof
	I<

the

positive effect that
	

hason the demandfor the brandedgood undera copaymentand

a referenceprice systemis not strongenoughto dominatethe negative effect that
.

has

underacopaymentsystem.Hence,demandis higherunderacopaymentsystem.However,

when
	

is sethigh enough,the effect is reversed,causingan increasein demandfor the

brandedgoodwith bothsystemsimplemented.

For thegenericgood,thestoryworks in theoppositedirection;for low valuesof
	I<

demandis higherwhen the referenceprice systemis implemented;for highervaluesof	I<
thenegative effect illustratedby equation(1.48) is strongeranddominates.Hence,we

obtainthatdemandfor thegenericgoodis higherunderthecopaymentsystemonly when	
is sufficiently high.

We are interestedin analysinghow the net price paid by the consumeris affected

when introducinga referenceprice system. For this purpose,we want to comparenet

pricespaidunderbothscenariosfor bothgoods.For thebrandedgood,we know that the

consumerpaysanetpriceof
. � �%z±

underacopaymentsystem,and
O � �%
²9+3	 O :v+ .a_T_

under

bothsystems.Thedifferencebetweenthesetwo pricesis equalto:

. ���%z±"+ O ���%
²9+3	 O :v+ .a_T_ 82> O 	�+3 %y_�O :w+ .n_O � +3r / _ Z (50)
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For thegenericgood,theconsumerpaystheproportion
.

for bothscenarios,sowe

areinterestedin thedifferencebetween
. � �4*±

and
. � �4z² Z Thisdifferenceis foundto be:

. ���4*± + . ���4z² 8Cr O 	"+3 %y_�O :v+ .a_O � +Pr / _ Z (51)

Thefollowing propositionsummarisesequations(1.50)and(1.51).

Proposition 14 For
	 X O U _  %

, weget that theconsumerpaysa higher(lower)netprice

for thebrandedandgenericgoodwhenthereferenceprice systemis implemented.

Proof. Theproof followsby combiningequations(1.50)and(1.51).

Propositions12 to 14canbeillustratedin Table2.

Table2. Summary of Propositions12-14.	�Xt % 	�8« % 	 MPO  % <�Ö	 _ 	�8¨Ö	 	 ULÖ	� �%n` ± +N� �%a` ² 0 0 0 Q +� �4}` ±�+N� �4}` ² + Q 0 0 0\ �%n` ±"+ \ �%n` ² 0 Q + + +\ �4}` ±"+ \ �4}` ² + Q 0 0 0. � �%a` ±"+ p � �%a` ²9+ O :v+ .a_ 	 s + Q 0 0 0. p \ �4}` ±�+ \ �4}` ² s + Q 0 0 0
It is worth comparingthechangesin netpricespaidby consumersfor brandedand

genericgoodswhenthereimbursementsystemis altered.Weobtainthat

� . ���%z±"+ O �(�%(²�+3	 O :§+ .a_T_g� + � . ���4*±"+ . �(�4z² � 8 O 	�+P %h_�O :w+ .a_> 0 r (52)

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

affectedin their decisionto decideto buy thebrandedor genericversion. Fromprevious
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analysis,we know that the net price paid by consumersfor either good is lower under

copaymentsfor low levels of
	 Z Furthermore,we obtain that for theselow valuesof

	O XÞ %y_ <
the changein price for the brandedgood is lower than the changein price of

the generic. However, for referencepriceshigherthan
 %

, the reverseoccursso that the

changein price for the brandedgoodis higher. Hence,we cansaythat not only brands’

andgenerics’pricesrespondqualitatively different,but alsoquantitatively.

Thenext stepis to compareequilibriumprofitsfor bothproducers.Resultsareshown

in Table3.

Table3. Comparisonbetweenprofits for both firms.

	�Xj % 	�8C % 	 MPO  % <�Ö	 _ 	�8ÝÖ	 	�ULÖ	x �%a` ±"+ x �%a` ² 0 0 0�ß + + +x �4}` ±"+ x �4}` ² + Q 0 0 0
Resultsshown in Table3 areobtainedusingthe following procedure.For

	¶XÝ % <
we know from Table2 that both quantitydemandedandprice for the brandedgoodare

higherunderthecopaymentsystem.Hence,profitsaregreaterfor this producerwhenthe

copaymentsystemis implemented.As
	

is increased,wehaveseenthateventhough(gross)

pricesareincreased,demandfor thisgoodhasalsoincreased.Hence,as
	

startsto increase,

thesetwo positiveeffectsreinforceeachother, whichleadsto higherprofitsfor thebranded

goodproducer. Notethatwhen
	 MPO  % <�Ö	 _ <

thesignof p x �%a` ±"+ x �%a` ² s is ambiguous.Thisis

becausewehavethatthepriceof thebrandedgoodin this regionis lowerunderareference

pricesystem,althoughquantitydemandedis higher. This meansthatthereexistsa critical

valuefor
	

suchthatbothprofitsarethesame.
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When
	«Xà % <

both the price of the genericgood and its quantity demandedare

higherwhenthereferencepricesystemis implemented,sothatprofitsfor thisproducerare

higherundersuchsystem.However, when
	

is sufficiently high, the genericproduceris

left worseoff. Themotivationis asfollows. As
	

startsincreasing,thepriceof thegeneric

versionis decreased.However, asexposedbefore,this producersuffersa reductionin its

quantitydemanded,sothatit hastwo negativeeffectsmoving in thesamedirection.Hence,

for sufficiently high levels of
	I<

the negative effect of the referenceprice on pricesand

quantityis too high, reducingprofitsandtherebycausingthedifferencein profitsbetween

copaymentsandreferencepricesfor thegenericproducerto bepositive.

Overall, then,aswesaw in Proposition12, if HealthAuthoritiesseta referenceprice

in theregion
O  % <�Ö	 _

sothatpricesof bothgoodsaredecreased,profitsfor thegenericpro-

ducerwill belower. However, for profitsof thebrandedgoodproducernot to bedecreased,	
shouldbesetcloseenoughto

Ö	 Z This is sothattheincreasein demandcausedby there-

ductionin netprice thatconsumershave to payfor this goodis largeenoughto offset the

negativeeffectof thecopaymentin case1 onpriceandquantitydemandedfor thebranded

good.

Giventhatoneobjectiveof theimplementationof areferencepricesystemis to lower

thecostof thehealthsector, next we checkthis effect in our model.Beforegoinginto the

analysis,wehave to beprecisein definingwhatthecostswouldbefor theHealthAuthori-

ties. In case1, underthecopaymentsystem,wehave thatHealthAuthoritiespayapropor-

tion
O :"+ .n_

of thepriceof bothgoods;hencewe have that thecostsof theAuthoritiesin

financingthepurchaseof genericandbrandedgood,respectively, will be
O :�+ .}_ p � �4*± \ �4*± s
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(definedas £ ��á�â�ã 54*±
) and

O :�+ .a_ p � �%z± \ �%z± s (
Ù £ �!áeâ&ã 5%z±

). Whenthereferencepricesystemis

implemented,thisproportionis left unchangedfor thegenericgood(but thistimeis defined

as £ ��á�â�ã 54z²
); however, the amountthat healthauthoritieswill financenow for the branded

goodwill beequalto
O :§+ .a_mO 	 \ �%
² _

(
Ù £ � á�â�ã 5%
²

). Table4 summarisesthesefindings.

Table4. Comparing Total Costsfor Health Authorities.	�XW % 	�82 % 	 M3O  % <�Ö	 _ 	�8ÝÖ	 	�ULÖ	£ � áeâ&ã 54*± + £ � á�â�ã 54z² + Q 0 0 0£ � áeâ&ã 5%z± + £ � á�â�ã 5%
² 0 0 0�ß + + +
Health Authorities will be betteroff in financinggenericsundera referenceprice

systemin the interval wherereferencepricesincreasesprice competition(
	 MäO  % <�Ö	 _

).

However, we getan ambiguoussign for thebrandedgood. Hence,when
	

is sufficiently

high (
	DU2 %

), we seethattwo opposingeffectsarise.On theonehand,total costsfor the

genericgoodwill be higherunderthe copaymentsystem,althoughcostsfor the branded

goodwill be higherunderthe referenceprice system.This is dueto the differenteffects

that implementinga referencepricesystemhason pricesandquantitiesfor bothgoods,as

illustratedin Tables2 and3.

1.5 Conclusions.

Using a simplemodel,we have tried to analysethe impactof implementinga reference

pricesystem.Our objectivehasbeento seewhatis thereactionprice-wiseof firms to this

system,andultimately, to checkwhetherthis systemincreasestotal welfareandreduces

total costsin pharmaceuticals.For this purpose,we have constructeda horizontallydif-

ferentiatedmodel,wherethesupplysideof theeconomyis composedof a producerof a
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brandedgood,who haslost its patentover its active ingredient,anda genericgoodpro-

ducer. Sincetheway referencepriceshave beenimplementedin variouscountrieshasnot

beenunique,wehaveanalysedtwo possiblescenarios.

In thefirst setup,wecomparethesituationwhereconsumerspaythefull priceof the

ethicaldrugwith thesituationwhereHealthAuthoritiesfinanceapartof thepriceof these

drugs.Hence,thenew situationis asif theAuthoritiespaya subsidywhich is equalto the

referenceprice. This settingimpliesthat thereferenceprice is setbelow thepriceof both

thebrandedandgenericgood’s price. Beforecomparingbetweenscenarios,we construct

themodelsuchthatwe obtainthat in equilibrium,thepriceof thebrandedgoodis higher

than the price of the generic. In order to obtain this resultwith our model, we assume

that the sizeof the market is larger for the brandedgood,aswell asits marginal costof

production,assumptionswhich areconsistentwith whatwe observe in reality. Theresult

obtainedis thatwhenreferencepricesareintroduced,theoptimal responsefor firms is to

increasepricesrelative to thesituationwith no referenceprices.However, ratherthanthis

effect leadingto a decreasein quantitydemanded,whatwe have is anincreasein demand

for bothgoods.This canbeexplainedby thefact thatsincethegovernmentnow paysfor

part of the good, this part (which is up to the referenceprice
	
) covers for the increase

in price causedby the introductionof this system,so that what we have is actually that

the net price paid by the consumerunderreferencepricesis lessthan when thereis no

referenceprice.This resultleadusto concludethatwhenreferencepricesareimplemented

in this way, they arewelfareincreasing(increasebothconsumerandproducersurplus)but

increasetotal costsin pharmaceuticals.
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Thesecondcaserefersto theway referencepriceshavebeenimplementedin Spain.

For this purpose,usingagaina differentiatedduopolymodel,we have comparedthe fol-

lowing situations;in the first case,we have that consumerspay a fixed copayment(
.
)

irrespectively of what drug they buy, genericor branded.However, the situationdiffers

whenthereferenceprice
	

is introduced.If theconsumerdecidesto buy thegenericgood,

then(s)hestill hasto paythecopayment
. Z But, if (s)hedecidesto buy thebrandedgood,

(s)hehasto paytheproportion
.

of thereferenceprice
	I<

plus thedifferencebetweenthe

priceof thebrandedgoodand
	 Z Wehaveseenthattheintroductionof suchreferenceprice

systemwill effectively reducepricesif it is setneithertoohighnor too low. This is because

thereferencepriceaffectsthegenericandbrandedgoodproducerdifferently. It makesthe

latterincreaseits price,while theoppositeeffectappearsfor theformer. If
	

is settoo low,

thenthepriceof thegenericgoodwill behigherwith the introductionof such
	I<

while if

it is settoo high, thenthe price of the brandedgoodwill be settoo high. This hassome

implicationsregardingthenetpricepaidby consumers.We haveseenthatfor bothgoods,

introducinga referenceprice systemallows themto pay lessfor them. This effect is im-

portantfor thebrandedgoodproducer, sincewe obtainthatdemandfor thebrandedgood

is higherundersuchsystem.However, theoppositeoccursfor thegenericproducer, since

now it facesa lower demand(recall that we areconsidering
	

sufficiently high). Dif fer-

encesin profits betweenboth casesmove in oppositedirectionsfor both producers.The

brandedgoodproducerbenefitsfor a referenceprice high enough,althoughthe generic

producersuffersandseesherprofitsbeingreduced.
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We know that oneof the objectivesof implementinga referenceprice systemis to

reducethepharmaceuticalbill. Resultsshow that thehigheris
	I<

themorecostly it would

be to financebrandedgoodsbut thecheaperto financegenericsZ Again, this is dueto the

oppositeeffectsthatimplementing
	

hasonbothproducers’behaviour.

Overall, then, we can say that underthis secondscenario,Health Authorities can

achieve thedesiredgoalsof reducingpricesandreducingpharmaceuticalcostsif the ref-

erenceprice is setnot too low nor too high. However, this resultmay be achievedat the

expenseof reducingprofits for the duopolists.HealthAuthoritieshave to be cautiousin

how to define
	 Z WhetherHealthAuthoritiesachieve their desiredgoalof increasingprice

competitionandreducedhealthcostsdependson themagnitudeof
	 Z

An obvious extensionof the papercould be to analysewhat will be the effectsof

having a referenceprice systemfor pharmaceuticalR&D. Someeconomistshave argued

thatimplementingareferencepricesystemreducestheincentivesfor R&D, althoughothers

arguethe opposite.Hence,thereexists a controversyin which directionthe effect could

go. Furthermore,we couldestimateempiricallythis effect,andcomparesomemeasureof

R&D, not only betweencountrieswith andwithout sucha system,but alsoanalyseif this

measureof R&D hassufferedany changes(if any), for eachparticularcountry, beforeand

after the systemhasbeenimplemented.Until now, I have not seenany answersto these

questions;nevertheless,I hopethatmy futurework enablesmeto shedsomelight to this

unresolvedquestions.

Finally, theoptimalchoiceof
	

hasbeenleft undetermined.Oneof the reasonsfor

doing so is that the way that referencepriceshave beenintroducedin differentcountries



1.5 Conclusions. 52

hasnot beenunique. Every countryhasfolloweda differentalternative on how to define	 Z Hence,theaim of this paperhasbeento try to understand,on generalterms,how such

systemcanaffect thepricedecisionby pharmaceuticalfirms. In orderto seewhat results

we would obtainfor every country, we would have to give somestructureto
	 Z Of course,

in themodelwe have here,onepossibilitycouldbeto define
	

in termsof thepriceof the

genericgoodi.e. set
	�8æå O � 4n_ Z Thequestionthat follows with this settingwould be on

thefunctionalform of
å O�ç7_ <

somethingthat is not only beyondthescopeof this paper, but

alsosomethingthatthereis noconsensuson.
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