
Chapter 2
Incentivesto Innovate: ReferencePricesvs. Copayments

2.1 Intr oduction.

Recently, herehasbeenmuchdebateaboutthelikely consequencesof implementinga ref-

erencepricesystemin themarket for ethicaldrugs.Much hasbeensaidfrom adescriptive

point of view, but little hasbeendonefrom a theoreticalone. Theaim of this paperis to

provide insightson firms’ long run decisions(R&D decisions)underthe implementation

of a referenceprice system.This approachcomplementsMestre-Ferrándiz(2001)where

short-rundecisions(prices,quantities)wereanalysed.

Referenceprice systemshave beenimplementedin variousdevelopedcountries,suchas

Germany, Sweden,DenmarkandHolland. Furthermore,in eachcountry, this systemhas

beenimplementedin a differentway. For example,in Germany if the price setby phar-

maceuticalfirms exceedsthereferenceprice, theconsumerpaysthedifference,while the

patientdoesnot needto copayotherwise(Pavcnik 2000). In Spain,the following mecha-

nism hasbeenenforced:whena physicianprescribesa drugwith a price higherthanthe

referenceprice, the consumerhastwo options: either (s)hebuys a genericor a branded

(moreexpensive)version.In theformercase,theconsumerpaysthesamecopaymentthat

waspaid beforethe implementationof the referenceprice system.In the latter, the total

paymentresultsfrom thesumof thedifferencein pricebetweenthebrandedgoodandthe

referencepriceandthecopaymentassociatedto thereferenceprice (El Pais,21July2000).
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Thedifferencebetweenthis systemwith thepreviously enforcedis thatthepatientusedto

pay only a (fixed) copaymentof the price, irrespectively of the goodpurchased.For ob-

vious reasons,we will usetheSpanishway of implementingreferencepricesthroughout

this paper. Hence,this settingis implicitly assumingthat the referenceprice is setbelow

thepriceof thebrandedgood,but equalor higherthanthepriceof thegenericdrug. One

of the main purposesof implementingreferencepricesis to try to achieve more intense

price competitionbetweenbrandedandgenericproducers;HealthAuthoritieshopethat

brandedgoodproducersactuallyreducetheir prices.Pavcnik (2000)shows theeffectsof

implementingreferencepricesin Germany empirically, andherresultsconfirmthatimple-

mentingsuchsystemaffect thepricing decisionof firms. The interestedreadercanfind a

moredetailedexplanationontheobjectivesof referencepricesin Mestre-Ferrándiz(2001).

Thereexist two opposingviewswith respectto theeffectsthatsuchsystemwill haveonthe

R&D decisionof pharmaceuticalfirms. On theonehand,it is arguedthattheintroduction

of thissystemwill reduceprofitswhichwill leadto decreasedrevenuesto financetheR&D

costsnecessaryto developnew drugs. On theother, it is assumedthat theR&D decision

of thesefirms dependon total sales.Pharmaceuticalenterprisesareusuallymultiproduct

firms, so even thoughsalesfor the drugswhich aresubjectto referencepricesmight be

reduced,total salesmaynotnecessarilybeso.

Most literatureonR&D racesin oligopolydealswith theevaluationof incentivesto under-

takecostreducinginvestments.However, thiskind of settingwouldbeinappropriatein our

context, sincetheR&D undertakenin this industryaimsat discoveringnew drugs,or im-

proving versionsof older ones(Sola-Sola(2000)). Hencewe will assumethat according
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to the level of investmentin R&D, thefirm will beableto producecompletelynew drugs

(so-calledbreakthroughdrugs),or alternatively, improvedversionsof anexistingone(me-

too drugs). Hence,theR&D undertakenaffectsthedegreeof differentiationbetweenthe

drugsavailable,ratherthanreducingcostsof producingtheexisting goods.This is appro-

priatein this industrybecausewe observe thatfirms competethroughproductinnovation,

eitherin new drugs,or in innovationsof existingdrugs.

Wewill havea“mature”market in thesensethatthepatentfor abrandeddrughasexpired,

so thata genericalternative hasenteredthemarket. Thedegreeof productdifferentiation

betweenthesetwo will be exogenous. The producerof the brandeddrug then facesa

decision: whetherto producea secondbrandeddrug, and if this is so, to determinethe

degreeof productdifferentiationbetweenthis new drugandtheexistinggoods.If thefirm

decidesto producea new drug,thenthis firm can,by spendingenoughresourcesin R&D,

obtaina revolutionary, or breakthroughdrug. This allows thefirm to createa new market,

acting as a monopolist. However, if the firm spendslesson R&D, then a me-toodrug

will beproduced,enteringthealreadyestablishedmarketandcompetingvis-a-viswith the

olderbrandeddrugandits genericalternative. Moreover, wealsohave to take into account

thepossibilityof substitutingtheolderbrandeddrugby thenew one.Thefactthatit is the

brandeddrugthatundertakestheR&D investmentis consistentwith reality, sincegeneric

firms do not needto spendhugeamountsof money on R&D, asthey just have to carryout

testsof bioequivalence7 in order to enterthe market. For this purpose,we will treat the

brandedproducerasa Stackelberg leader, leadershipthatarisesbecauseit is this firm thatë
Bioequivalentimpliesbeingstatisticallyindistinguishablefrom theestablishedproductin key aspectsof

therapeuticuse.
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carriesout R&D andcanachievea patent.Hence,thegenericproduceractsasa follower,

in thesensethatthis firm dependsonwhattheincumbentputsinto themarket.

More precisely, the timing of the gamewill be as follows. Supposewe have a mature

duopolymarket wherea brandedanda genericdrug arealreadyin the market. The de-

greeof productdifferentiationbetweenthesetwo goodsis exogenous.Theincumbentfirm

now facesthefollowing decision:produceanothergoodanddeterminethedegreeof sub-

stitutability betweenthis new drug and the existing ones(branded/generic)and become

multiproduct,or producethe seconddrug but substitutethe older brandedversionby the

new one, remainingsingled-product.When the incumbentdecidesto producethis new

drug, it hastwo possibleoptions:eitherspenda largeamountin R&D to obtaina break-

throughdrug (andmarketsbetweenthe existing drugsandthe new onewill be separate

andindependent)or alternatively, spendlessto obtainjustame-toodrugsothatthemarket

structurebecomesa triopoly, with theincumbentcompetingin thematuremarketwith two

goods. Whenthe breakthroughdrug is produced,andundercertainassumptions,the in-

cumbentfirm will neverhave incentivesto substitutetheold drugby thenew one,sincethe

two goodsproducedby this firm competein differentmarkets. However, with theme-too

drug the analysisis not that straightforward: will the leaderpreferto have both goodsin

thesamemarket,cannibalisingpartof thedemandfor theolderbrandeddrug,or will prof-

its be higherby removing the old versionfrom the market? As shown later, onecrucial

parameterfor this comparisonis thepotentialmarketsizesfor eachgoodproduced.

Whatwe want to analyseis whetherthe leaderwill have higherincentivesto producethe

breakthroughdrugandtheme-toodrugunderreferencepricesor copayments.Moreover,
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on moregeneralterms,we will alsofocuson whenwill the incumbentfirm have incen-

tivesto producethebreakthroughdrugor the me-too,given thateitherreferencepriesor

copaymentsareenforced.

Thepaperis organisedasfollows. Section2 presentsthemodel,boththedemandandthe

supplyside,andwill explainin detailtherelationshipbetweenthelevel of R&D investment

andthetypeof new drugproduced.Section3 describestheequilibriumthatariseswhena

breakthroughdrug is produced,andcomparesthesituationobtainedwith referenceprices

with the one obtainedundercopayments.Section4 shows the samecomparisons,but

this time given that a me-toodrug is produced. Section5 analyseswhen will the firm

have incentivesto substitutetheold drugby new one,while Section6 givesconditionsfor

the incumbentfirm to producethe breakthroughdrug ratherthanthe me-too,both under

referencepricesandcopayments.Section7 concludesandpresentsfutureresearch.

2.2 The Model.

We have a duopolysettingwherefirms actnoncooperatively. In thefirst stage,the leader

choosesthelevel of R&D investment,which determinesthedegreeof productdifferentia-

tion betweenthenew brandedgood,if produced,andtheold branded/genericgood.Once

this variablehasbeendetermined,firms will competein pricesà la Stackelberg i.e. the

incumbentchoosesfirst thepricesof bothgoods.

The demandside is a simplified versionof Singh andVives (1984),but taking into ac-

countthat undercopaymentsandreferenceprices,the consumerdoesnot pay the whole
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price. Thereis a continuumof consumersof thesametype. Therepresentative consumer

maximises

[ O]\�%n$ < \R% / < \R4n_ + %n$g` % / ` 4b 6 c� 6 < (53)

where
�A82BD:=<FB >*<FEG<

denotestheold brandedgood,thenew brandedgoodandthegeneric

respectively,
\ 6 is theamountof good

�
and c� 6 is thenetpricepaidby theconsumerfor this

good.
[ O]\�%a$ < \R% / < \�4m_ is assumedto bequadraticandstrictly concaveas

[ Ol\R%a$ < \R% / < \�4m_ 82� %a$�\R%a$ 0 � % / \�% /�0 � 4a\�4 + :> O]\ /%n$ 0 \ /% / 0 \ /4 _ + (54):> O > . $ \�%n$�\�4 0 > . / \R%a$�\�% /¥0 > . / \�% / \R4m_ Z
The degreeof productdifferentiationbetweenthe old brandedand the genericgood is

exogenousandequalto
. $ °»O]Q <R: _ Z Theparameter

. / representsthedegreeof differentiation

betweenthe new drug (if it is produced)and the old branded/genericgood. This is the

variablethat the incumbentchoosesafter observinga periodwhereonly the old branded

versionandits genericalternativeco-exist in themarket. As shown in equation(2.54),the

lower thevalueof
. / (implying higherproductdifferentiationbetweentheexisting goods

andthenew product)
<
thehighertheutility functionof therepresentativeconsumer. Hence,

thatis why wehavethatHealthAuthoritiesshouldtry to promotehighly innovativeethical

drugs.
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Thenext stepis to defineexplicitly thenetpricepaidby theconsumer, denotedas c� 6 Z As

mentionedin theintroduction,we will usetheSpanishreferencepricesystem.Hence,we

obtainthatundercopayments,

c� 6 8 ì � 6 < �A8CBD:=<JB�>*<FEG<
(55)

while underreferenceprices,

c� 6 8 Û ì � 4
if consumerbuysgeneric,ì 	 0 O � %1^ +3	 _ if consumerbuysbranded,

f�8H:u<?>*< (56)

with
ì M2O&Q <�: _

beingthecopaymentand
	�U Q

is the referencepriceset8. Moreover, we

needthat
� 4 ½ 	 X�� % for thesystemto bewell defined.

The decisionthe leaderfirm facesis whetherto produceor not to producea new drug.

Moreover, if this firm decidesto becomea multiproductfirm, thereis a seconddecisionto

be taken: thedegreeof differentiationbetweenthe existing brandedandgenericandthis

new drug. Thefirm hastwo options:eitherproducea breakthroughdrug,or alternatively,

producea me-too. Obviously, the R&D cost associatedwith the former is higher than

the costassociatedto the latter, althoughwith the breakthroughdrug, this firm is ableto

createa new market for this drugdueto thehigh degreeof innovation.On theotherhand,

with the me-toodrug, if it is produced,the market becomesa triopoly, so it is as if the

incumbentfirm is cannibalisingpart of its demandof the olderdrug with this (marginal)í
Thesetwo parametersarechosenby HealthAuthorities,andwill betreatedasexogenousthroughoutthe

wholeanalysis.However, we will carryout comparativestaticanalysisto seehow firms’ decisionvariables
areaffectedby thechoiceof thesetwo parameters.
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improvedversionof thedrug.Anotherpossibilitythathasto betakeninto accountis giving

the incumbentfirm thepossibilityof substitutingtheold drugby thenew one,remaining

singled-product.

Relatingthis line of argumentto the valuethat
. / will take for eachparticularsituation

<
it impliesthatthis parameterwill take two valuesdependingon thetypeof new drugpro-

duced. When
. / 8 Q <

the incumbentfirm producesa breakthroughdrug, so that two

separatemarketsexist. The incumbentcompetesin thesetwo markets;in theold market

thesituationis unchanged,but now, this firm becomesa monopolistin themarket for the

breakthroughdrug (the new market). In this caseit is trivial to show that this firm will

never have incentivesto remove theold drugfrom themarket, sincetheold andnew drug

do not directly compete,so that it is profitablefor the incumbentfirm to keepbothgoods

in themarket9. If
. / 8 . $ < this is thecasewhena me-toodrugis produced.Thenew drug

in themarket is not innovative enough,so that thereexistsonly onemarket. This market

is now a triopoly, with two brandeddrugsandonegeneric.Underthis situation,it is also

possiblefor theincumbentfirm to substitutetheold drugby thenew one,sothatthereare

still two goodsin theold market.

The questionswe want to answerare twofold: the first thing we want to know is given

that the brandedgoodproducerhasdecidedto spendthe amountof investmentrequired

to obtaina breakthroughdrug,will this firm be betteroff undercopaymentsor reference

prices?Secondly, we areinterestedto seewhenthe incumbentfirm will have incentives

î
As shown later, wewill assumethatthecostof productionof thenew drugis sufficiently low sothatthere

arealwaysincentivesto produceit, sothattheprofitsobtainedby producingthis drugarenevernegative.
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to producejust a me-toodrugratherthanproducinga very innovativedrug,or substituting

theolderdrugby thenew one.

Theutility functionexpressedin (2.54)givesrise to a lineardemandsystem.Theinverse

demandsare

c� %n$ 8 � %a$ + \�%n$ + . $ \R4 + . / \R% / <
c� % / 8 � % / + \�% / + . / O]\R%a$ 0 \�4m_ <
c� 4 8 � 4 + \R4 + . $ \R%a$ + . / \�% /»Z

Notice that c� 6 < with
��8ïBD:=<JB�>*<FEG<

denotesthe net price paid by the consumerif (s)he

decidesto buy the old brandeddrug, the new brandeddrug, or the genericgoodrespec-

tively. Theexactdefinitionof this netprice is identicalto expressions(2.55)and(2.56)if

copaymentsor referencepricesexist respectively.

Invertingtheseinversedemandfunctions,weobtainthefollowing demandfunctions:

\R%a$ 8 O :v+ . // _mO � %a$ + c� %a$T_ + . / O :v+ . $ _mO � % / + c� % / _ + Ol. $ + . // _mO � 4 + c� 4m_: 0 > . $ . // + . / $ +P> . // <
\R% / 8 O : 0 . $ _mO � % / + c� % / _ + . / O � %a$ 0 � 4m_ 0 . / O c� 4 0 c� %a$T_: 0 . $ +ª> . // <

\�4 8 O :v+ . // _mO � 4 + c� 4m_ + O³. $ + . // _mO � %n$ + c� %a$T_ + . / O :v+ . $ _mO � % / + c� % / _: 0 > . $ . // + . / $ +P> . // Z
Noticethattheparameters

� %a$ <F� % / and
� 4

will determinethe(potential)sizeof themarket

for the threegoods.For example,the larger is
� %a$ <

thebiggerthemarket sizefor theold

brandedgood,ceterisparibus. The samereasoningappliesfor the relationshipbetween� % / and
� 4

and the market size for the new brandedgoodand the genericrespectively.
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This relationshipbetweenthesethreeparametersand market sizeswill be shown to be

very importantfor the resultsobtainedlater. Hence,the total (potential)market size is� %n$�O :v+ . / _ 0 � % / O : 0 . $ +ª> . / _ 0 � 4�O :w+ . / _: 0 . $ +ª> .�// <
which is (monotonically)increasingin� %n$ <F� % / and

� 4 Z
For computationalreasons,we will make additionalassumptionson the valuesof some

parameters.Weassumethat
� %n$ 82� 4 8;:=<

andwe let
� % / U Q . Moreover,

ì 8 Q Z � < which

is theaveragecopaymentpaidin Spain.

The ideabehindthe R&D technologyis similar to LambertiniandRossini(1998). The

incumbentcan spend ð %ñMò��Q < ðuóhô�õ S�< where ð % representsthe R&D investmentof this

firm. Hence,obtaininga breakthroughdrug (
. / 8 Q

) in this caseimplies spendingðuóhô�õ `
while obtainingame-toodrug(

. / 8 . $ ) impliesspendingð � MPO]Q < ðuóhô�õ _ Z Alternatively, no

new drugis producedwhenever theincumbentfirm doesnotspendany resourcesonR&D

i.e. ð 8 Q . This framework is implicitly assumingthat thehigherthe level of investment,

the higher the degreeof productdifferentiationbetweenthe new drug producedand the

alreadyexisting ones,so the lower thevalueof
. / . Of course,theR&D effort hasa cost

associated,denotedas
� O ð %y_ Z We assumethatthis costfunctionis convex, and

� O&Q�_ 8 Q Z
Furthermore,sincewearenotconsideringentryconditions,wewill assumethatthehighest

possiblecost,
� O ðuóhô�õ _ is nottoohigh. Thisimpliesthatprofitsobtainedfor thenew product

by theincumbentarenon-negativefor all valuesof ð % . Weassumeaseparablecostfunction

for innovationandproduction.

Theproductioncostsareassumedto belinear, with nofixedcosts.Hence,
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� O]\ 6 _ 8C
 6 \ 6 <��A82B�:=<FB�>*<JE Z
Moreover, we will have constantmarginal costsof productionfor thethreegoods,andfor

computationalreasons,thesecostsaresetequalto zero(

 %a$ 82
 % / 8C
 4 8 Q�_ 10 Z

2.3 BreakthroughDrug.

Supposethat the conditionsthat give rise to a breakthroughdrug aremet, so that the in-

cumbentfirm becomesmultiproductand thereexist two separatemarkets. This implies

that
. / 8 Q Z Assumefirst that copaymentsareenforced.With

. / 8 Q <
andincluding the

assumptionson theparametervalues,demandfunctionsreduceto:

\ #%n$ O³. / 8 Q=_ 8 p :v+ Q Z � � #%a$ s + . $ p :v+ Q Z � � #4 s:w+ .�/ $ <
\ #% / O³. / 8 Q=_ 8«� % / + Q Z � � #% / <\ #4 Ol. / 8 Q�_ 8 p :v+ Q Z � � #4 s + . $ p :v+ Q Z � � #%a$ s:v+ .�/ $ Z

Solvingby backwardinduction,theproblemfor thegenericproducerbecomes

ö�÷�øù�úû x #4 O � #%a$ <�� #4 _ 8ª� #4 \ #4 O � #%a$ <�� #4 _ <
yielding�lü

This assumptionwill have someconsequenceswhen we compareequilibrium values,as shown later.
However, it doesnot changequalitative theresultsandintuitionsobtained.
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� #4 O � #%a$ _ 8L: Z >=ý O :§+ . $ _ 0 Q Z ý . $ � #%n$ Z (57)

Theleaderthenchooses
� #%n$

and
� #% / to maximiseprofits,taking(2.57)into account.The

maximisationprogramfor theincumbentthenbecomes:

öD÷Iøù úþ�ÿ ` ù úþ�� x #% O � #%n$ <&� #% / <�� #4 O � #%a$ _T_ 8ª� #%n$ \ #%a$ O � #%a$ <�� #4 O � #%a$ _T_ 0 � #% / \ #% / O � #% / _ + � O ð=óhô�õ _ Z
Thismaximisationprogramyields� #%n$98H: Z >=ý >�+ . $ + . / $>�+ . / $ <

(58)� #% / 8L: Z >=ýu� % /RZ (59)

Note that the price of the new brandeddrug doesnot dependon
. $ Z This is becausethe

leaderactsasa monopolistin themarket createdfor thenew drug,andthenew drugdoes

not competewith thealreadyexistingdrugs.Evaluating(2.57)resultsin

� #4 8 Q Z�� >=ý��J� +ª> . $ +Pê . / $ 0 .�� $>�+ .�/ $ � Z (60)

Evaluatingquantities,theassociatedequilibriumvaluesare

\ #%n$�8 :� � > 0 . $: 0 . $ � < (61)\ #% / 8 Q Z ýu� % / < (62)\ #4 8 :� �@� +P> . $ +Pê . / $ 0 .�� $O >"+ .�/ $ _nO :w+ .�/ $ _ � Z (63)

We canevaluateprofitsto obtain
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x #%·8P� #%a$ \ #%a$ 0 � #% / \ #% / 8Q Z ê*:I>9ý p >!+ . $ + . / $ s > 0 . $O >�+ . / $ _nO : 0 . $ _ 0 Q Z	� >=ýu� // %�+ � O ðuóhô�õ _ <
x #4�8P� #4 \ #4Ü8Q Z :»ý � >=ý p � 0 > . $ + . / $ s � +ª> . $ +Pê . / $ 0 .�� $O : 0 . $ _mO >�+ .�/ $ _ / Z

Whenreferencepricesareenforced,demandfunctionsbecome:

\ '1)%a$ Ol. / 8 Q�_ 8 p : 0 Q Z	� 	"+·� '1)%a$ s + . $ p :v+ Q Z � � '*)4 s:w+ . / $ <
\ '*)% / Ol. / 8 Q�_ 82� % /¥0 Q Z	� 	"+·� '1)% / <\ '*)4 O³. / 8 Q=_ 8 p :v+ Q Z � � '*)4 s + . $ p : 0 Q Z	� 	"+·� '1)%a$ s:v+ . / $ Z

Beforesolving the model, it is interestingto note that whenall pricesarezero,we can

comparethemaximummarket sizefor thethreegoodsbetweencopaymentsandreference

prices. For both brandedgoods,implementinga referencepricesystemcanactasa sub-

sidy comparedto the situationwith copayments,since
\ '*)%n$ O � '*)%a$P8Y� '1)% / 8¨� '1)4 8 Q=_ 8:v+ . $ 0 Q Z	� 	:w+ . / $ and

\ #%n$ O � #%a$ 8H� #% / 8H� #4 8 Q�_ 8 :w+ . $:w+ . / $ Z However, for thegenericpro-

ducerthisresultis reversed,since
\ '*)4 O ��'1)%a$K8P��'*)% / 8P��'1)4 8 Q�_ 8 :v+ . $ O : 0 Q Z�� 	 _:v+ .}/ $ while\ #4 O � #%a$§8d� #% / 8d� #4Ü8 Q�_ 8 :v+ . $:v+ .�/ $ Z This resultwill provide a niceexplanationfor some

of theresultspresentedlater.

Usingthesameapproachaswith copayments,thegenericproducermaximisesprofitsby
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ö�÷�øù�

�û x '*)4 O � '*)%a$ <�� '*)4 _ 8ª� '*)4 \ '1)4 O � '1)%a$ <�� '1)4 _
s.t.
� '1)4 ½ 	 Z

The restrictionon
� '*)4

arisesbecausethe referenceprice hasto be equalor higher than

the genericprice for thesystemto be well defined.Hence,the genericproducerhastwo

options;eitherseta pricebelow thereferencepriceor choosethecornersolutionwhereby� '*)4 8C	 Z For theinteriorsolutionto beafeasiblesolution,weobtainnegativequantitiesfor

the relevant rangeof
	 Z Hence,this possiblesolutionis disregarded.A well definedequi-

librium only existswhenthegenericproducerchoosesthehighestpossibleprice:
� '*)4 8C	 Z

Taking this resultinto account,theproblemfor thebrandedproduceris thesameaswith

copayments.Thepricesthatmaximisesprofitsarehence:

� '*)%a$�8 Q Z ý O :v+ . $ _ 0 O&Q Z ê 0 Q Z > . $ _ 	�< (64)� '*)% / 8 Q Z ýu� % /¥0 Q Z ê�	 Z (65)

Notice thatall threepricesareincreasingwith the level of the referenceprice. However,

theresponseof a changein
	

is differentfor all prices.Formally,

� � '1)4� 	 { � � '1)%a$� 	 { � � '*)% /� 	 U Q Z
In words,thegenericproducerwill have incentivesto increaseits pricethemostwhenthe

referencepriceincreases.Evaluatingquantities,
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\ '1)%a$�8 Q Z : � ý O :w+ . $ _ 0 O ê 0 > . $ _ 	O³. $ 0 : _nO :w+ . $ _ � <\ '*)% / 8 Q Z ýu� % /�0 Q Z êu	I<\ '*)4 8 Q Z : � : Q +ªý . $ +ªý . / $ + O � 0 ê . $ +ª> . / $ _ 	Ol. $ 0 : _mO :v+ . $ _ � Z
However, whenwe analysewhatis therelationshipbetweenquantitiesandthelevel of the

referenceprice,we seethat the responsesfor thebrandedgoodsandthegenericdrugnot

only arequantitatively different,but alsoqualitatively. Formally, wehave that

� \ '*)4� 	 ½ Q < � \ '*)%a$� 	 { Q < � \ '1)% /� 	 { Q Z
Whencomparingtheabsolutevalueof thesederivativesin orderto rank them,we obtain

that

¿¿¿¿ � \ '1)4� 	
¿¿¿¿ { ¿¿¿¿ � \ '*)%a$� 	

¿¿¿¿ { ¿¿¿¿ � \ '*)% /� 	
¿¿¿¿ Z

In words,an increasein
	

resultsin an increasein demandfor both brandeddrugs,but a

decreasein thedemandfor thegenericdrug. Again, it is for thegenericproducerthatan

increasein the level of the referenceprice causesthe biggestchange,this time in quan-

tity, in absolutevalue. This setof inequalitieswill prove to becrucial whenwe compare

equilibriumvaluesbetweencopaymentsandreferenceprices.Evaluatingprofits,weobtain

x '1)% 83� '*)%a$ \ '1)%a$ 0 � '*)% / \ '*)% / + � O ðuóhô�õ _ 88 Q Z Q : O ý O :v+ . $ _ 0 O ê 0 > . $ _ 	 _ /O : 0 . $ _mO :v+ . $ _ 0 OlQ Z ýu� % /¥0 Q Z ê�	 _ / + � O ðuóhô�õ _ <
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x '1)4 8P� '*)4 \ '*)4 8
8 Q Z : � : Q +ªý . $ +ªý . / $A+ O � 0 ê . $ +ª> . / $ _ 	Ol. $ 0 : _mO :w+ . $ _ � 	 Z

Thenext stepis to give theconditionsunderwhich themodelis well defined.This implies

giving conditionsunderwhichquantitiesarenon-negativeandpricesfor thebrandedgoods

arehigherthanthereferenceprice.Theseamountto

\ '*)4 U Q!¼ 	 X ý O >!+ . $ + . / $ _O � 0 ê . $ +P> . / $ _ Ù,E��³<� '*)%n$ +3	 U Q!¼ 	�X Q Z ý O :v+ . $ _Q Z é�+ Q Z > . $ Ù�� � <� '*)% / +-	�U Q�¼ 	 X Q Z ýu� % /Q Z é Ù���� Z
The first thing we needto do is to comparethe threecritical valuesfor

	
shown in the

inequalitiesabove (
E � <�� � <�� �

) andseewhich one is the most restrictive. Simplealgebra

shows that
ý O >�+ . $ + . / $ _O � 0 ê . $ +ª> .�/ $ _ U Q Z ý O :§+ . $ _Q Z é"+ Q Z > . $ for therelevantrangeof

. $ Z Hence,
E � U�� � <

sothatwe requirethat
	�X��q�&Ä���� � <�� ��� Z Direct comparisonbetweenthesecritical valuesO � � <�� � _

givesusthefollowing inequality:

����U �!� ¼ � % / X é O :v+ . $ _é�+P> . $ Z
Notice that

� ¹ é O :§+ . $ _é�+ª> . $ º
� . $ ½ Q Z Thefollowing lemmasummarisestheconditionsunder

which theequilibriumthatgivesriseto abreakthroughdrugis well defined.
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Lemma 15 When
. / 8 Q <m� %a$ 8 � 4 8 :=< ì 8 Q Z � there exists an equilibrium both

under referenceprices and copayments,characterisedby equations(2.58)-(2.65),when"####$ ####%
	�X Q Z ýu� % /Q Z é Ù�� �

if
� % / MH¹�Q < é O :v+ . $ _é�+ª> . $ º <'&I	

	 X Q Z ý O :§+ . $ _Q Z é�+ Q Z > . $ Ù(� � if � % / U é O :w+ . $ _é�+P> . $ Z
It is importantto mentionat this point how thesecritical valuesdependon

� % /»Z When
� % /

takeslow values,implying not only small (potential)demandfor the new brandeddrug,

but alsolow priceanddemandfor this drug, thenit is moredifficult that thepriceof this

drug is higher than the referenceprice, so that the inequality that dominatesis actually��'*)% / +3	�U Q i.e. thereferencepricecannotbesettoo high becausethepricethatthis firm

canchargefor thenew brandeddrugis low, dueto thesmall(potential)market. However,

as the parameter
� % / startsto take highervalues,implying higherpricesset for the new

brandeddrugby theleader, thentheconditionthatstartsto dominateis
� '*)%a$G+3	 U Q Z This

is becausethehigheris
� % / < thelower thedifference(

� '*)%a$ +�� '*)% / ), sothatthepriceof the

new brandeddrugcanactuallybemuchhigherthanthepriceof theold brandeddrug.

Thenext stepis to compareequilibriumvaluesobtainedundercopaymentsandreference

prices. We canfirst evaluatehow the differencein pricesvary as the parametersof the

modelvary. More precisely, weobtainthat

� O � '*)%a$G+·� #%a$ _� 	 8 Q Z ê 0 Q Z > . $ U Q < and

� O � '1)%a$G+·� #%n$ _� . $ 8 Q Z Q ý : Q 0)� ý . / $¥+t: Q�.+* $ 0 : � O :§+ . / $ _ 	 0 � 	 .+* $ _O +"> 0 .�/ $ _ / U Q Z
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This implies that thedifferencebetweenthepricesetfor theold brandeddrugunderref-

erencepriceandundercopaymentsincreasesasthereferencepricesincreases,andasthe

degreeof productdifferentiationbetweenthis old brandeddrugandits genericversionde-

creases(
. $

increases).With respectto thepricesof theold brandeddrug,directcomparison

yieldsthat

� '1)%a$ +·� #%a$§U Q�¼ 	 U ý O ê!+ . $ _> O ê 0 > . $ _ Ù � � Z
We needto compare

� �
with

� �
and
� �

to seewhetherunderthe feasiblerangefor the

referenceprice, the price of the old brandedgood is higherunderreferenceprices. We

obtainthat

� � +,� � 82> Z ý :Iý�+W:u: . $ 0-� . / $O ê 0 > . $ _mO é Z Q +P> . $ _ U Q <�� . $ MPO&Q <R: _ <� �×+.���}U Q�¼ � % / XWê Z ý ê�+ . $ê 0 > . $ <
where

ê Z ý ê!+ . $ê 0 > . $ U é O :v+ . $ _é�+ª> . $ Z This impliesthatwhen
� % / is low enough,

� � U(� � <
and

for highervaluesof
� % / < we alsohave that

� � U/� � Z Hence,for therelevantrangeof
	

for

themodelto bewell defined,
� '1)%a$-XC� #%a$ Z Usinga similar procedurefor demandsfor the

old brandeddrug,wehave that

\ '*)%a$ + \ #%a$�8 Q Z Q ý >�	 O ê 0 > . $ _ +Pý . $ O :§+ . $ _Ol. $ 0 : _mO :w+ . $ _ U Q!¼
	�U ý . $ O :v+ . $ _> O ê 0 > . $ _ Ù,B0� Z
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Noticefirst thatthedifference(
\ '*)%n$ + \ #%a$

) is increasingin
	
. Comparing

B �
with therele-

vantcritical valuesfor
	I<

weobtainthat
B � X1� �

, and
B � X � �

when
� % / Utê Z ý . $ :v+ . $ê 0 > . $ O Xé O :v+ . $ _é"+ª> . $ _ Z Therefore,whencomparingquantitiesfor theold brandedgood,we needto

considerthreeintervalsfor
� % /IZ When

� % / MV¹�Q <Fê Z ý . $ :v+ . $ê 0 > . $ º <
B � U ö3254 �6� � <�� �5� 87� � Z Hencefor thesevaluesof

� % / < demandunderreferenceprices

will alwaysbelowerundertherelevantrangeof
	 Z When

� % / ML¹ ê Z ý . $ :w+ . $ê 0 > . $ < é O :v+ . $ _é!+3> . $ º <
B � X ö3254 �
� � <�� �5� 88� � Z This implies that for the lower (higher)valuesof the reference

price
¹ 	�X O U _ ý . $ O :v+ . $ _> O ê 0 > . $ _ º , demandundercopaymentswill behigher(lower) thanun-

derreferencepricesfor thisoldbrandeddrug.Forhighvaluesof
� % / ¹ higherthan

é O :v+ . $ _é�+P> . $ º ,B � X ö3254 �6� � <�� � � 89� � Z Hence,when
	 MtO&Q <FB � _ < \ '1)%a$3X \ #%a$@<

but when
	 U,B � < \ '*)%a$�U\ #%a$ Z Summarisingthen,when

� % / is sufficiently low, demandunderreferencepricesfor

this goodwill alwaysbelower (undertherelevantrangefor
	
). However, asthis parame-

ter increases,implying a highermarket sizefor thenew brandedgood,demandfor theold

brandeddrugcanbehigherunderreferenceprices.For this to bethecase,we needthat
	

is setsufficiently high.

With respectto thegenericproducer, thedifference(
��'*)4 +G��#4

) is increasingin
	

andin
. $

.

Thisdifferenceis positiveor negative,dependingon thevaluesof
	
, asshown below
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� '1)4 +·� #4ÜU Q�¼ 	 U ý O � +ª> . $ +Pê . / $ 0 . � $ _: O >�+ .�/ $ _ Ù � � Z
Following the sameapproachas before,we needto comparethe critical value

� �
withö;2<4 �
� � <�� � � to seeif theformerlies in theinterval thatthereferencepricemustsatisfyfor

themodelto bewell defined.Comparingthesecritical valuesyieldsthat

� �×+,���z8 Q Z	� >uý 0 :I>"+ � . $ +3è . / $ 0 ý . � $A+ª> . * $Ol.�/ $A+ª> _nO +�é 0 > . $ _ U Q <�� . $ M3O&Q <R: _ <
� �×+.����U Q!¼ � % / X Q Z : é=ý}� +ª> . $ +Pê . / $ 0 .�� $>!+ . / $ <

where
Q Z : éuý}� +ª> . $ +Pê . / $ 0 .�� $>�+ .�/ $ U é O :v+ . $ _é�+P> . $ <�� . $ M�O&Q <�: _ Z Theseinequalitiesimply

thatundertherangefor
� % / that ö;2<4 �6� � <�� �5� 8=� � < � � U1� � < andwhen ö3254 �6� � <�� ��� 8�� � <� � U�� � Z Hence,undertherelevantrangefor

	�<
wehave that

� '*)4 X�� #4 Z
Comparingquantitiesfor thegenericdrug,

\ '1)4 + \ #4Ü8 Q Z Q ý > Q +t: Q�. $ +ª>uý . / $ 0 ý . � $ 0 : Q�. * $ +ª> O : 0-� . $ + : . / $ +Pê . � $ 0 > . * $ _ 	O >�+ .�/ $ _nO :v+ .�/ $ _ U Q
¼ 	�X > Q +t: Q�. $ +3>=ý . / $ 0 ý .�� $ 0 : Q�.+* $> O : 0)� . $ + : . / $A+Pê . � $ 0 > . * $ _ Ù�>;� Z

Fromtheexpressionshown above for thedifference(
\ '*)4 + \ #4

), we canseethat this dif-

ferenceis decreasingin
	
. Thenext stepis to comparethis critical value,

> � <
with

� �
and� �

. We have that
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>;��U1��� ¼ Q X . $ X Q Z : >*<>;��U1��� ¼ � % / XWê Z ý � +ª> . $ +ªý . / $ 0 .�� $ 0 > .?* $: 0)� . $ + : . / $ +Pê . � $ 0 > . * $ <
where

ê Z ý � +P> . $ +Pý . / $ 0 .�� $ 0 > .?* $: 0)� . $ + : .�/ $ +3ê . � $ 0 > . * $ U é O :w+ . $ _é�+ª> . $ when
Q X . $ X Q Z : > Z Hence,when

comparingdemandsfor thegenericgood,weneedto considerdifferentintervalsfor thepa-

rameters.Supposefirst that
Q X . $ X Q Z : > Z Then,

> �
is alwaysgreaterthan ö3254 �6� � <�� � � Z

This impliesthatwhen
. $

is sufficiently small(lessthan
Q Z : > ), undertherelevantrangefor	I<

demandwill be higherfor the genericgoodunderreferenceprices. Considernow the

casewhen
. $ U Q Z : > Z Assumethat

� % / ML¹�Q < é O :v+ . $ _é!+3> . $ º Z When

� % / XWê Z ý � +ª> . $ +ªý . / $ 0 .�� $ 0 > .?* $: 0-� . $ + : . / $ +Pê . � $ 0 > . * $ O X é O :w+ . $ _é�+ª> . $ _ <> � U ö3254 �6� � <�� � � 8�� � Z However, when
� % / increasessuchthat

� % / ML¹ ê Z ý � +ª> . $ +ªý . / $ 0 . � $ 0 > . * $: 0-� . $ + : .}/ $A+Pê . � $ 0 > . * $ < é O :v+ . $ _é!+ª> . $ º <> � X ö3254 �6� � <�� �5� 8�� � Z
Hence,we cansaythat for sufficiently low levelsof

� % / < demandfor the genericdrug is

higherunderreferencepricesfor the valuesthat
	

mustsatisfy for the model to be well

defined,for all levelsof
. $

. However, as
� % / increases,andis higherthan

ê Z ý � +ª> . $ +ªý . / $ 0 . � $ 0 > . * $: 0-� . $ + : .�/ $�+Pê . � $ 0 > . * $ <
if
	

is sethigh enough,demandfor this drug will be higherundercopayments.As
� % /

increasesfurther, so that ö3254 �6� � <@� �<� 8A� � < andwith
. $ U Q Z : > , > � XB� � Z This implies
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thatwhen
	 MjO&Q <�> � _ < \ '1)4 U \ #4�<

but whenthereferencepriceis sethigherandabove
> �

(but lower than
� �

), thenthesignof thelastinequalityis reversedandhence
\ '1)4 X \ #4 Z

Summarisingthen, for low levels of
. $

(implying lesssubstitutabilitybetweenthe old

brandedandthegenericdrug),undertherelevantrangefor
	�<

demandfor thegenericdrug

will behigherunderreferenceprices.This resultis maintainedfor low valuesof
� % / when. $

increases.However, whenthevalueof
� % / is sufficiently high, thendependingon the

valueof the referenceprice set,demandfor the genericdrug will be higheror lower un-

der referenceprices. If the referenceprice is set low enough,thendemandwill still be

higherunderreferenceprices.However, if suchreferencepriceis setsufficiently high,then

demandwill behigherundercopayments.

Beforegoing into direct comparisonsbetweenpricesfor the new brandeddrug, it is in-

terestingto comparehow theprice for this drugvariesastheparameter
� % / varies. Both

undercopaymentsandreferenceprices,anincreasein
� % / increasesthepriceof this drug,

but whencomparingthesechanges,weobtainthat

� � #% /� � / % 8L: Z >=ý U Q Z ý�8 � � '*)% /� � / % < and

� p � '*)% / +·� #% / s� � / % X Q <
andmoreover,

� p � '*)% / +·� #% / s� 	 U Q Z
In words,theseinequalitiesshow thatthehigherthevalueof

� / % < (implying a higher(po-

tential) market for this new drug), the differencebetweenthe pricessetunderreference

pricesandcopaymentsis decreased,but thatasthelevel of thereferencepriceis increased,
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this differencewill actually increase.Moreover, an increasein
� / % makes

� #% / increase

morethan
� '*)% / Z For thenew brandeddrug,whereamarket hasbeencreateddueto its high

degreeof innovation,wegetthat

� '*)% / +N� #% / 8 Q Z ê�	"+ Q Z é=ýu� / % U Q�¼	 U Q Z éuýu� / %Q Z ê Ù(CD� Z
Whenwecomparethiscritical value,

C � <
with ö;2<4 �6� � <@� �<� < wegetthefollowing inequal-

ities:

CD��U1���
,
�a� / % U Q <F��Äa�C � U�� �

for
� / % U > O :§+ . $ _é�+P> . $ Z

Since
é O :w+ . $ _é�+ª> . $ U > O :§+ . $ _é�+P> . $ < for the smallervaluesof

� % / < so that ö;2<4 �6� � <�� � � 8E� � <C � U�� � <
andfor thelargervalues,

C � U=� � Z This resultimpliesthatfor therelevantrange

of the referenceprice, the price of the innovative drug will be higherundercopayments

thanunderreferenceprices.

Comparingquantitiesis straightforward,andyieldsthat
\ '1)% / U \ #% / <»�}	�U Q Z

Thefollowing propositionsummarisestheresultsobtainedwhenthe incumbentfirm pro-

ducesabreakthroughdrug.

Proposition 16 When
. / 8 Q <�� %n$ 8;� 4 8Ý:=<�� % / U Q < ì 8 Q Z � < and

	DX ö3254 �6� � <�� �5� <
pricesfor theold branded,thenew brandedandthegenericdrugsarehigherundercopay-

mentsthat underreferenceprices. Moreover, demandfor thenew brandeddrug is higher
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underreferenceprices. Demandfor theold brandeddrug canbe higherunderreference

prices,dependingon the valueof the parameters. For small valuesof
� % / < demandfor

this drugwill behigherundercopayments.For intermediateandhighvaluesof
� % / < when

thereferenceprice is setsufficientlyhigh,demandfor theold brandeddrug will behigher

underreferenceprices. For
Q X . $ X Q Z : >1< demandfor the genericdrug will be higher

underreferenceprices.For valuesof
. $ U Q Z : >*< for sufficiently low levelsof

� % / < this re-

sult is maintained.However, as
� % / becomeshighenough,this resultdependsonthevalue

of thereferenceprice. For low levelsof
	I<

demandis still higher for thegenericdrug un-

der referenceprices,but if it is setabovea certainthreshold,demandwill behigherunder

copayments.

The intuition behindthis propositioncomesfrom analysingthe variables’responseto a

changein theparameters.Let usconcentratefirst on thenew brandeddrug. We know that

underthe relevant rangefor the referenceprice, the price for this drug will be sethigher

undercopayments.This is duefirst to thehigherpositiveeffect thattheparameter
� / % has

on
� #% / comparedto its effect on

� '*)% / Z Secondly, eventhoughthereis positiveeffect on the

differencebetweenthe price setunderreferencepricesandundercopayments,sincethe

referencepricecannotbesettoo high, thenegativeeffect that
� / % hason this differenceis

sufficient to offsetthepositiveeffect causedby thelevel of
	
. Hence,thepositiverelation-

ship between
� / % and

�(#% / is higherthanthepositive effect of
� / % and

	
on
��'1)% / because

for the modelto be well defined,the referenceprice mustnot be too high. With respect

to thequantitiesdemandedfor this drug,theeffect is reversed,however. Theeffect of the

parameter
� / % is identical for the equilibrium quantityunderreferencepricesandunder
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copayments;nonetheless,thereis a positive effect of
	

on
\ '*)% / thatdoesnot exist on

\ #% / <
hencetheresultobtained.

For theold brandeddrug,thepriceof this drugwill behigherundercopaymentsbecause

thepositive effect of
	

on
� '*)%n$

is not high enough,againbecausethereis anupperbound

for thereferencepriceby theAuthorities.With respectto quantitiesfor thisdrug,theresult

dependson the valueof
� / % becausethis parameterdeterminesthe upperboundthat the

referenceprice can take. When this parameter(
� / % ) is sufficiently low, decreasingthe

upperboundfor
	
, thenthepositiveeffect that

	
hason

\ '1)%a$
cannotbesufficiently high,so

thatquantitydemandedfor this drugwill actuallybehigherundercopayments.However,

as
� / % takeshighervalues,increasingthe upperboundfor

	
, thenthe critical valueof

	
thatdetermineswhetherthedifference(

\ '*)%a$K+ \ #%a$
) is positive lies in theinterval that

	
can

take; hence,if
� / % increases(andtherebythepotentialtotal market sizeincreases),there

is a possibility thatdemandfor this goodwill behigherunderreferenceprice. For this to

occur, thereferencepricehasto besethigh enoughsothatthepositiveeffect that
	

hason

demandfor this productactuallydominates.

Pricesfor the genericgoodundercopaymentsarehigherdueto a similar reasoningthat

causesthatundertherelevantrangefor
	

thepricesof bothbrandedgoodsarehigherunder

copayments:sincethereis an upperboundfor
	
, the positive effect that

	
hason

� '*)4
is

not sufficiently strong.Theanalysisfor demandsfor this drugis somewhatmorecomplex.

We know that for sufficiently low levels of
	
, demandfor the genericalternative will be

higherunderreferenceprices.This is becausethenegative effect that
	

hason
\ '1)4

is not

toohigh. However, thecritical valueof
	

thatgivesriseto anegativedifference(
\ '*)4 + \ #4

)
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actuallydependson
� / % < becauseasmentionedbefore,

� / % determinestheupperboundfor	
. Hence,when

� / % is low enough,theupperboundfor
	

is low enough,sothatthenegative

effect of
	

on
\ '*)4

is never too strong.However, as
� / % startsto increase,theupperbound

for
	

startsto increasealso,so that thereis room that for sufficient high levels of
	
, the

negativeeffectof
� / % on genericdemandunderreferencepricescanstartto dominate,and

actuallybecomesdominant.Hence,underthis circumstances,we obtainthat thequantity

for this goodundercopaymentsis higher.

2.4 Me-too drug.

Assumethat the conditionsthatgive rise to a me-toodrug aresatisfied,so that
. / 8 . $ Z

Therearethreegoodsin thesamemarket, two brandedandonegeneric.Supposefirst that

copaymentsareenforced11. Demandfunctionsbecome

\ #%a$ Ol. / 8 . $ _ 8 Q Z > ý O :§+ . $ � % / _ +ª> O : 0 . $ _ � %n$ 0 > . $ O � % /¥0 � 4m_: 0 . $ +ª> .�/ $ <
\ #% / O³. / 8 . $ _ 8 Q Z > ý�� % / O : 0 . $ _ +t: Q�. $ +P> O : 0 . $ _ � % /�0 > . $ O � %n$ 0 � 4m_: 0 . $ +ª> .�/ $ <

\ #4 Ol. / 8 . $ _ 8 Q Z > ý O :v+ . $ � % / _ +ª> O : 0 . $ _ � 4 0 > . $ O � %a$ 0 � % / _: 0 . $ +ª> . / $ Z
In this case,sincethenew drug is a me-too,it will directly competewith theold branded

drugandthegenericversion.Proceedingby backwardinductionagain,equilibriumprices

���
Recallthatweareassumingthat F È � ��FHGG�·��Ê and I���®�� J��
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are:

� #4N8 Q Z	� >=ý > 0 ê . $ +ª> . / $ +ª> . � $ + . $ O : 0 . $ + . / $ _ � % /Ol. $ 0 : _aO : 0 . $ + .�/ $ _ <
(2.66)� #%a$ 8 Q Z	� >uý > 0 . $ +Pê . / $: 0 . $ + .�/ $ < (2.67)� #% / 8 Q Z�� >=ý > O : 0 . $ + . / $ _ � % / + . $ O : 0 . $ _: 0 . $ + . / $ <
(2.68)

yielding theassociatedequilibriumquantities:

\ #4 8 Q Z >=ý > 0 ê . $ +P> . / $�+P> .�� $�+ . $ � % / O : 0 . $ + . / $ _O > . / $ +t: . $ +t: _nO³. / $ + . $ +W: _ <
(2.69)\ #%n$�8 Q Z >=ý > 0 ê . $ + . $ � % / O > 0 ê . $ _O : 0 . $ +ª> .�/ $ _mO³. $ 0 : _ < (2.70)\ #% / 8 Q Z >=ý O > 0 � . $ 0 . / $ _ � % / +3ê . $ + � . / $O : 0 . $ +ª> .�/ $ _mOl. $ 0 : _ Z (2.71)

Noticethatthepriceandquantityof thenew drugdependpositively on theparameter
� % / <

while the generic’s price, its demandand the old branded’s demanddependnegatively.

Hence,anincreasein the(potential)sizeof themarket for thenew drughastwo opposing

effectsfor theleader:on theonehand,it increasesprofitsearnedby thenew brandeddrug;

ontheother, it decreasestheprofitsobtainedwith theold one.Moreover, asshown later, the

sizeof this parameterwill actuallyaffect thedecisionwhetheror not to actuallysubstitute

theold drugby thenew one. For thegenericproducer, anincreasein thisparameterhasan

unambiguouseffect: higher
� % / implieslowerprofits,ceterisparibus.

Underreferenceprices,demandfunctionsareasfollows:
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\ #%a$ Ol. / 8 . $ _ 8 Q Z > ý O :§+ . $ � % / _ 0 êu	�+ªý O : 0 . $ _ � %a$ 0 ý . $ � % /�0 > . $ � 4O :v+ . $ _mO : 0 > . $ _ <
\ #% / O³. / 8 . $ _ 8 Q Z > ý�� % / O : 0 . $ _ +W: Q�. $ 0 ê�	�+ªý O : 0 . $ _ � % /�0 ý . $ � %a$ 0 > . $ � 4 <O :w+ . $ _mO : 0 > . $ _\ #4 O³. / 8 . $ _ 8 Q Z > ý O :v+ . $ � % / _ + � . $ 	�+P> O : 0 . $ _ � 4 0 ý . $ O � %a$ 0 � % / _O :w+ . $ _aO : 0 > . $ _ Z

As whenabreakthroughdrugis produced,comparingdemandfunctionswhencopayments

or referencepricesareenforcedshows that the referenceprice actsasa subsidyfor both

brandedgoods,while actsasakind of tax for thegenericgood.

Solving first for the genericproducer, we obtaina cornersolution. Hence,we have that� '*)4 8C	 Z Thebrandedfirm thenchooses
� '1)%a$

and
� '1)%a$

soasto maximiseprofits,yielding

� '*)%a$ 8 :> O :§+ . $ _ 0 O&Q Z ê 0 Q Z > . $ _ 	I< (2.72)� '*)% / 8 :> O � % / + . $ _ 0 O]Q Z ê 0 Q Z > . $ _ 	 Z (2.73)

With theseequilibriumprices,weobtaintheassociatedequilibriumquantities:

\ '1)%a$�8 Q Z : ý O :v+ . $ � % / _ 0 O > . $ 0 ê _ 	O :v+ . $ _mO : 0 > . $ _ <
(74)\ '*)% / 8 Q Z : ý O : 0 . $ _ � % / +W: Q�. $ 0 O > . $ 0 ê _ 	O :v+ . $ _mO : 0 > . $ _ <
(75)\ '1)4 8 Q Z : : Q 0 ý . $ +Pý . $ � % / + O � 0 : Q�. $ + � . / $ _ 	O :v+ . $ _mO : 0 > . $ _ Z (76)

Carryingcomparative staticanalysiswill provide useful for later results. Thereis still a

positive relationshipbetweenthe level of the referenceprice andthe pricesfor all three

goods. With respectto the relationshipbetween
	

and quantities,the positive relation-
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shipstill remainsfor bothbrandedgoods,but thereis a negative relationshipbetweenthe

quantitydemandedfor thegenericdrugandthereferenceprice.Moreover, wehave that

¿¿¿¿ � � '*)4� 	
¿¿¿¿ U ¿¿¿¿ � � '1)%a$� 	

¿¿¿¿ 8 ¿¿¿¿ � � '1)% /� 	
¿¿¿¿ < and¿¿¿¿ � \ '*)4� 	

¿¿¿¿ U ¿¿¿¿ � \ '*)%n$� 	
¿¿¿¿ 8 ¿¿¿¿ � \ '*)% /� 	

¿¿¿¿
The relationshipbetweenthe valueof the parameter

� % / andtheseequilibrium valuesis

thesamequalitatively aswhenabreakthroughdrugis produced:highermarketsizefor the

new drugimplieshigherpricesandquantitiesfor this new drug,but lower demandfor the

old brandedandlowerpriceanddemandfor thegenericversion.

Evaluatingprofitsfor bothproducersundercopayments,weobtain

x #%N8 Q Z : � O :v+ . $ � / %y_mO > 0 ê . $ _ /O : 0 . $ _nO > . $ 0 : _nO : 0 . $ + . / $ _ 0Q Z : � p >u� / %�O : 0 . $ + . / $ _ + . $ + . / $ s � / %�O > 0 � . $ . / $ _ +Pê . $ + � . / $O +�:w+ . $ 0 . / $ _mO > . / $ + . $ +t: _nO : 0 . $ _ + � O ð � _ <

x #4�8 Q Z�� >=ý O > 0 ê . $ +P> . / $�+P> .�� $¥+ . $ � / %�O : 0 . $ + . / $ _e_ /O > . / $�+ . $ +t: _nO +�:w+ . $ 0 . / $ _ / O : 0 . $ _ Z
Underreferenceprices,profitsare:
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x '1)% 8 Q Z Q : � O ý O :v+ . $ _ 0 O ê 0 > . $ _ 	 _ ý O :v+ . $ � % / _ 0 O > . $ 0 ê _ 	O :v+ . $ _nO > . $ 0 : _ � 0
Q Z Q :LKMMN ý Q � / %�O : 0 . $ +ª> . / $ _ +ªý Q�. $ O : 0 . $ +ª> . / $ _ 0 ý�	�� / %�O ê 0 ý . $ 0 > . / $ _+�: Q 	 . $ O ê 0 > . $ _ 0 	 / O è 0 :I> . $ 0 � . / $ _: 0 . $ +P> .�/ $ OQPPR + � O ð � _ <

x '*)4 8 Q Z : � : Q 0 ý . $ +ªý . $ � % / + O � 0 : Q�. $ + � . / $ _ 	O :v+ . $ _nO > . $ 0 : _ � 	 Z
Thenext stepis to definetheconditionsthatensurethat this equilibriumis well-behaved.

Thenext lemmashows thatundercertainconditions,this equilibriumexists.

Lemma 17 When
. / 8 . $g` � %a$ 8«� 4 8L:=< ì 8 Q Z � and

� % / M ¹ . $ O ê 0 � . $ _> 0 . / $ 0 � . $ < :. $ º <
there existsan equilibriumbothunderreferencepricesandcopayments,characterisedby

equations(2.66)-(2.76),and
� '*)4 8C	I<

when"##$ ##% CASES1 and2:
	 X ý O :v+ . $ _é�+ª> . $ Ù��

if
� % / M ¹ :u< :. $ º <'&I	

CASE3:
	 X ý O � % / + . $ _é�+P> . $ Ù(�

if
� % / M ¹ . $ O ê 0 � . $ _> 0 .}/ $ 0 � . $ <R: º Z

Proof. For theequilibriumto bewell defined,we requirenon-negativeequilibriumprices

andquantities.Undercopayments,werequirethat
� #4�<g� #4A<�� #% / < \ #4�< \ #%a$@< \ #% / U Q Z Weobtain

that
��#%a$

is alwaysnon-negativewhen
. $ M3O&Q <R: _ Z Fromstraightalgebraicmanipulation,we

obtainanupperandalowerboundfor
� % / suchthatall equilibriumvaluesarenon-negative.

The lower boundis givenby the last inequality, where
\ #% / U QD¼ � % / U . $ O ê 0 � . $ _> 0 .}/ $ 0 � . $ Z

Theupperboundis givenfrom the inequality
\ #%a$ U Q <

wherebyfor it to besatisfied,we
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needthat
� % / X :. $ Z It canbeeasilyshown that

. $ O ê 0 � . $ _> 0 .�/ $ 0 � . $ X¨:KX :. $ for
. $ M«O&Q <R: _@¯

hencetheinterval is well defined.Thefirst stepof theproof is completed.Underreference

prices,weneedthefollowing inequalitiesto besatisfied:\ '1)4 U Q�¼ 	�X ý> � > 0 > . / $A+ . $ 0 . $ � % /> 0 ý . $ +ª> .}/ $ � Ù,E Z� '*)% / +-	�U Q�¼ 	 X ý O � % / + . $ _é�+ª> . $ Ù(��<
� '*)%a$�+W	ÜU Q�¼ 	ÜX ý O :v+ . $ _é�+P> . $ ÙS� Z The next stepis to compare

EG<��
and
�

in order

to seewhich inequality is more restrictive. We have that
� UT� ¼ � % / U : Z More-

over, we have that
� U¢E ¼ � % / U : � 0 é . $ + � . / $� 0 :Ié . $ + � .�/ $ < where

¹ . $ O ê 0 � . $ _> 0 .�/ $ 0 � . $ X º :3X: � 0 é . $ + � . / $� 0 :Ié . $ + � .�/ $ X :. $ for
. $ M3O&Q <R: _ Z Wealsohavethat

�DXtE ¼ � % / X : Q +-ê . $ +P> . / $. $ O é"+ª> . $ _ ¹ U :. $ º Z
Hence,for the interval that theparameter

� % / mustlie in,
�¶XHE Z This setof inequalities

imply thatwehave threepossiblecases:

U Case1. When
: � 0 é . $ + � . / $� 0 :»é . $ + � .}/ $ Xt� % / X :. $ < then

�DXtEYX � Z
U Case2. When

:�Xt� % / X : � 0 é . $ + � . / $� 0 :Ié . $ + � .�/ $ < then
� X �àXjE Z

U Case3. When

. $ O ê 0 � . $ _> 0 . / $ 0 � . $ XW� % / X,:u< then
� X1�DXWE Z

Therefore,Cases1and2 imply that
�q��Ä���EG<���<@� � 8���<

whileCase3 impliesthat
�q��Ä���EK<���<�� � 8� Z
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The next stepis to comparepricesandquantitieswhena me-toodrug is producedunder

referencepricesandcopayments.For theold brandedgood,weobtainthat� '1)%a$�+·� #%n$µU Q!¼
	�U ý O �w0 ý . $ +ªé . / $A+ � .�� $ _� O ê 0 ý . $ + .�/ $ +P> . � $ _ Ù � Z

We needto compare
�

with
�q��Ä���EG<���<�� �

to seeif it is in the interval for the reference

price
	
. Comparisonsyield that

�
is alwaysgreaterthanthe

�q�&Ä���EK<���<�� �
sothatunder

the relevant rangeof
	
,
� '*)%a$ÝXï� #%a$ Z The next comparisonis for quantitiesfor the old

brandedgood.Weobtainthat

\ '*)%n$D+ \ #%a$µU Q�¼
	 U ý . $ O :w+ . $ � % / _�v0 : Q�. $ 0 � . / $ Ù(> Z

Analysingcaseby caseasillustratedin thepreviouslemma,wehavethatunderCase1 and

2,
> X1�

. UnderCase3, wehave thefollowing:

"####$ ####% V
W �RÄ � % / MPO :»ê . $ 0 : . / $ 0 � .�� $��0 : Q�. $ 0 :=: .�/ $¥+P> . � $ <�: _ <X>äX1��<

V
W �RÄ � % / MPO . $ O ê 0 � . $ _> 0 .�/ $ 0 � . $ < :»ê . $ 0 : . / $ 0 � .�� $�w0 : Q�. $ 0 :=: .�/ $A+ª> . � $ _ <Y>äU1� Z

What this resultis sayingis thatwhenthemarket sizeis biggerfor thenew brandeddrug

than for the old brandedandgeneric(
� % / Uk:

), then for sufficiently high levels of the

referenceprice, demandwill be higher for this old brandeddrug underreferenceprices

thanundercopayments.Whenthemarket sizefor thenew brandeddrugis not sufficiently

high, so that ö3254 ��EG<���<�� � 8Z��< thenwe have two possibleresults. For valuesof
� % /
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higher than
:»ê . $ 0 : . / $ 0 � .[� $�w0 : Q�. $ 0 :u: . / $ +ª> . � $ (but lower than

:
), so that

> X\��<
then the same

reasoningappliesaswhen
� % / U¦: : demandfor theold brandeddrugwill behigherunder

referencepricesonly whenthereferencepriceis sethighenough.When
� % / decreases,so

that
>ïU���<

demandfor thebrandeddrugwill alwaysbehigherundercopaymentsunder

therelevantrangefor
	
. In this subcase,thepositive effect that thereferencepricehason\ '1)%a$

is not sufficiently highsincethereferencepricecannotbesettoohigh.

Let uscomparenow betweentheequilibriumvaluesfor thenew brandeddrug. For prices,

weobtainthat

� '1)% / +·� #% / U Q!¼	 U ê Q � % / O : 0 . $ 0 . / $ _ +Pý . $ O : 0 . $ 0 � . / $ _:»> 0 > Q�. $ + � . / $ + : . � $ Ù � Z
Weneedto comparethisboundof

	
,
� <

to seeif it is placedin theinterval for thereference

price. Algebraicmanipulationshows that
�

is alwaysgreaterthan
�q��Ä���EG<���<�� �

, sothat

undertherelevantrangefor
	
,
� '1)% / X3� #% / Z Hence,thepricefor thenew brandeddrugwill

behigherundercopaymentsthanunderreferenceprices,on the interval for the reference

pricethatensuresthata well-behavedequilibriumexists.Comparisonof quantitiesfor the

new brandeddrugyieldsexactly thesameresultaswith theold brandeddrug,since

\ '*)% / + \ #% / U Q�¼	 U ý . $ O :w+ . $ � % / _�v0 : Q�. $ 0 � . / $ Ù(> Z
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The next stepis to do the samewith the price and demandof the genericgood. Price

comparisonsyield

� '*)4 +N� #4¶U Q!¼
	 U ý O > 0 ê . $ +ª> . / $A+ª> . � $ _ +ªý . $ � / O : 0 . $ + . / $ _: O : 0 > . $ + . � $ _ Ù(C Z

UnderCases2 and3, algebraicmanipulationshows that
C

is higherthan
�

and
�

respec-

tively. This impliesthatin thesetwo cases,undertherelevantrangefor thereferenceprice,

thepriceof thegenericgoodis higherundercopayments.However, underCase1, theanal-

ysis is not that straightforward. We have two possiblesubcases,dependingon thevalues

of
. $

and
� % / . When

. $ MWO&Q Z >*:=<�: _ < thenfor all relevantvaluesof
� % / , we still have that� '*)4 X,� #4 Z However, for sufficiently low levelsof

. $ <
andfor sufficiently high valuesof� % / , we canhave that

� '1)4 Uª� #4 Z Therefore,for thepriceof thegenericgoodto behigher

underreferenceprices,we requiresomedegreeof monopolypower (low valueof
. $

) and

sufficientdemandfor thenew brandeddrug(high valueof
� % / ). Formally, wehave that

] W �RÄO
Case1

_
"########$ ########%
"$ % � % / MPO �w0 è . $ + � . / $ +3> . � $ + � . * $é . $ 0 ý . / $ +Pè . � $ 0 > . * $ < :. $ _�´� '*)4 U�� #4

for
. $ MPO&Q < Q Z >1: _ ��Äa��	 M3O C�< ö;2<4 �IEG<���<�� � _ Z"$ % � % / M3O : � 0 é . $ + � . / $� 0 :Ié . $ + � .�/ $ < ��0 è . $ + � . / $ +ª> . � $ + � . * $é . $ 0 ý .�/ $�+Pè . � $ 0 > . * $ _�´� #4 U�� '*)4 � . $ MPO&Q <�: _ ��Äa��	 MPO&Q < ö;2<4 ��EK<���<�� � _ Z

] W �RÄ
(Cases2 and3)

"$ % � % / MPO . $ O ê 0 � . $ _> 0 . / $ 0 � . $ < : � 0 é . $ + � . / $� 0 :Ié . $ + � . / $ _�´��#4�U���'1)4 � . $ MPO]Q <R: _ ��Än�!	 MPO]Q < ö3254 ��EG<���<�� � _ Z
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Summarisingthen,when
� % / is low enough,pricesunderreferencepricesfor thegeneric

goodarelowerirrespectiveof thedegreeof productdifferentiation,undertherelevantrange

for
	
. However, for asufficiently high(potential)marketsizefor thenew brandedgood,the

priceof thegenericdrugcanactuallybehigherunderreferenceprices.For this to occur,

thevalueof
. $

shouldbelow enough(lower than
Q Z >*: ) andthevalueof thereferenceprice

shouldbe sethigh enough,so that the positive effect that the level of the referenceprice

hason
� '1)4

is sufficiently highto dominateandoffsetthenegativeeffect that
� % / hason

� #4
(asshown in equation(2.66))12 Z Hence,only when

	
is sethighenough,themarketsizefor

thenew brandeddrugis sufficiently high, andthedegreeof productdifferentiationis low,

will thegenericproducerhave incentivesto setits pricehigherunderreferencepricesthan

undercopayments.

Comparisonbetweenquantitiesyields that demandcanbe higherunderreferenceprices

dependingon thevalueof thethreeparameters
. $ <J� % / and

	
. Moreprecisely, wehavethat

\ '*)4 + \ #43U Q!¼
	�X : Q 0 :»ý . $ +ª> Q�. / $¥+ª> Q�.?� $ 0 > Q�.+* $�+ªý . $ � % / O : 0 . $ + . / $ _� O > 0 é . $ 0 . / $ +ªé . � $ 0 > . * $ _ Ù(^ Z

Dependingon the valueof
� % / , we canhave two subcases.Let us consideronecaseat

a time. Supposethat
� % / is sufficiently high, so thatwe areunderconditionsof Case1,

where

� % / M ¹ : � 0 é . $ + � . / $� 0 :Ié . $ + � .�/ $ < :. $ º Z�]�
recall that Ç�_�`G ��­F�
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Then,when
. $

is sufficientlyhigh(higherthan0.32),
^LX1��<

whichimpliesthatfor positive

valuesof
	

lowerthan
^

,
\ '*)4 U \ #4 Z However, shouldthereferencepricebesethigherthan^§<

the demandfor the genericgoodwill be higherundercopayments.For lower values

of
. $

(
. $ MäO&Q < Q Z ê=> _ ), thendependingon the value that

� % / takes
<

the directionof the

inequalitywill bereversed.For thehighestvaluesof
� % / possible(when� % / ML¹ � +Pê . $ +t: Q�. / $ 0 :I> .?� $. $ O é 0 ý . $ +Pè . / $ 0 > . � $ _ < :. $ º!_ <

simple algebraicmanipulationshows that
^ UZ� Z This implies that in this subcase,for

whatever valuesthat
	

takesin the interval required,
\ '1)4 U \ #4 Z However, if thevalueof� % / is reduced,sothat� % / M ¹ : � 0 é . $ + � . / $� 0 :»é . $ + � .}/ $ < � +Pê . $ +t: Q�. / $ 0 :I> .?� $. $ O é 0 ý . $ +Pè .�/ $ 0 > . � $ _ º <

then
^ Xa�

. Hence,whenthereferenceprice is setbelow (above)
^v< \ '*)4

will behigher

(lower) than
\ #4 Z

For Case2, with � % / MH¹ :=< : � 0 é . $ + � . / $� 0 :Ié . $ + � . / $ º <
wealsohavedifferentsubcases.For very low valuesof

. $
(lower than0.32),

^YU)�
sothat

for therelevantrangeof
	
,
\ '*)4 U \ #4 Z When

. $ MPO]Q Z ê=>*< Q Z � : _ < whenever� % / ML¹ :=< � +Pê . $ +t: Q�. / $ 0 :I> .�� $. $ O é 0 ý . $ +Pè . / $ 0 > . � $ _ º <^�U/��<
sothatthedemandfor thegenericgoodunderreferencepriceswill behigherthan

undercopayments.However, when� % / ML¹ � +Pê . $ +t: Q�. / $ 0 :»> . � $. $ O é 0 ý . $ +Pè . / $ 0 > . � $ _ < : � 0 é . $ + � . / $� 0 :»é . $ + � . / $ º <
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^ XB��<
sothat thedemandfor this goodunderreferencepriceswill behigherdepending

on themagnitudeof
	
. Finally, whenever

. $
is sufficiently high (higherthan0.48)sothat

thethreegoodsbecomeclosersubstitutes,then
^VX)�

alwaysZ
Finally, considerthecasethat � % / M ¹ . $ O ê 0 � . $ _> 0 . / $ 0 � . $ <R: º <
so thatwe areunderthe conditionsthatgive rise to Case3. Whenthedegreeof product

differentiationis sufficiently low (lower than 0.48), then for the relevant rangeof
� % / <^ñU��

, sothat
\ '*)4 U \ #4 Z For highervaluesof

. $ <
therearetwo subcases,dependingon

thevalueof
� % /»Z Whenever� % / ML¹ . $ O ê 0 � . $ _> 0 . / $ 0 � . $ < : � 0 >=ý . $ + � . / $ +j: � .�� $ 0 : .+* $: 0 ê�ý . $ 0 è . / $�+Pê=é . � $ 0 : Q�. * $ º <^YU1��<

but whenthevalueof this parameterincreases,and� % / ML¹ : � 0 >=ý . $ + � . / $ +t: � .�� $ 0 : .�* $: 0 ê�ý . $ 0 è .�/ $�+3ê�é . � $ 0 : Q�. * $ <R: º <
thedirectionof thepreviousinequalityis reversed,sothat

^VX�� Z Hence,if
� % / is around

thelowervaluesthis parametercantake in this case,thedemandfor thegenericgoodwill

behigherunderreferenceprices;however, if
� % / increasesandis closerto 1,andthedegree

of differentiationis highenough,thenfor sufficiently high levelsof thereferencepricethe

demandfor thegenericdrugcanactuallybehigherundercopayments.

Thefollowing propositionsummarisestheresultspresentedin this section.

Proposition 18 When
. / 8 . $ <�� %n$ 82� 4 8L:=< ì 8 Q Z � <�	 X ö;2<4 �IEK<���<�� � <� % / ML¹ . $ O ê 0 � . $ _> 0 . / $ 0 � . $ < :. $ º <
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pricesfor theold brandeddrug and thenew brandeddrug are higherundercopayments.

Genericprices are higher under copaymentswhen
� % / is low enoughfor all valuesof. $ M,O&Q <�: _ Z However, when

� % / is sufficientlyhigh, theprice of thegenericgoodcanbe

higherunderreferenceprices.For this to happen,werequire that
. $

is sufficientlylow and

thereferenceprice is sethigh enough.Otherwise, theprice of thegenericalternativewill

be higher undercopayments.Demandfor the old and new brandeddrug can be higher

under referencepriceswhenever
� % / is high enoughand the referenceprice is sethigh

enough.However, for lower valuesof
� % / < demandfor this brandeddrug will be higher

undercopaymentsundertherelevant range for
	

that givesrise to a well-definedequilib-

rium. Demandfor the genericdrug can also be higher underreferencepriceswhenever

thereferenceprice is setlow enough.Moreover, wealsorequire that theparameters
� % /

and
. $

take certainvalues.Considerthecasewhen
� % / lies in theupperpart of theinter-

val it mustlie in for theequilibria describedto bewell defined(i.e. thetotal marketsizefor

thenew drug is high). Then,for high valuesof
. $ <

theprice of thegenericgoodis higher

underreferencepricesif the referenceprice is not settoo high. However, for lower val-

uesof
. $ <

implyinghigherproductdifferentiation,wecanhavethat irr espectiveof thelevel

of the referenceprice set,demandfor this drug will behigherunderreferenceprices. As� % / startsto decreasethis relationshipis qualitativelymaintained;for lower valuesof
. $

demandfor thegenericdrugwill alwaysbehigherunderreferencepricesunderthecondi-

tion that
	 X ö3254 ��EK<���<�� � Z However, for thehighervaluesof

. $ <
demandfor thegeneric

producerwill be higher under referencepricesonly whenthe referenceprice is set low

enough.
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2.5 Substitution.

This sectionanalyseswhetheror not the incumbentfirm hasincentivesto remove theold

drug from the market if a seconddrug is produced. When the leaderfirm producesa

breakthroughdrug, so that two distinct markets exist, then it is clear that this firm will

never have incentivesto remove the old drug from the market. This is becausethe two

goodscompetein differentmarkets. However, whenonly enoughresourcesarespentso

thatame-toodrugis produced,theappearanceof this seconddrugcannibalisespartof the

demandof theold brandeddrug. Hence,whatwe wantto seeis whetherremoving theold

drugactuallyleavestheincumbentfirm betteroff thanproducingtwo goods.

Beforemakingthecomparisons,we needto becarefulhow to definethe inversedemand

functions.Recallthatdemandfunctionswith threegoodswere:

\ �%a$�8 O :v+ . // _mO � %a$ + c� %a$T_ + . / O :v+ . $ _mO � % / + c� % / _ + Ol. $ + . // _mO � 4 + c� 4m_: 0 > . $ . // + . / $ +P> . // <
\ �% / 8 O : 0 . $ _mO � % / + c� % / _ + . / O � %a$ 0 � 4m_ 0 . / O c� 4 0 c� %a$T_: 0 . $ +ª> .�// <

\ �4·8 O :v+ . // _mO � 4 + c� 4m_ + O³. $ + . // _mO � %a$ + c� %a$T_ + . / O :v+ . $ _mO � % / + c� % / _: 0 > . $ . // + . / $�+ª> . // <
wherethesuperscript3 refersto thesituationwith threegoodsin themarket. Total (poten-

tial) market sizein this situationis hence
> 0 � % /: 0 > . $ (when

� %a$ 83� % / 8ª� 4 8 Q ), andgiven

that
� %n$ 8C� 4 8L:

.

However, with only two goods,sothatthegooddenotedby
BD:

is removedfrom themarket

andonly staythe new branded(
B�>

) andthe genericdrug (
E

), inversedemandfunctions

become:



2.5 Substitution. 94

c� % / 8 c� % / + \�% / + . / \�4 <
c� 4 8 :v+ \R4 + . / \�% /»Z

Recallthat c� 6 , ��8CB�>*<FE standsfor thenetpricepaidby theconsumerfor thenew branded

drug and the genericdrug respectively. Moreover, we are assumingthat
� 4 8 : Z The

parameterc� % / is thecrucialonewhencomparingthesituationsbetweentwoor threegoods.

Moreover, we cannotdirectly assumethat c� % / 8ä� % / < sincethis could leadto erroneous

conclusions.This is becausewe have to considervariouspossiblesituationswhentheold

drugis replacedby thenew one:we canhave a market expansioneffect,market reduction

effect,or nochangein thetotalmarketsize.Dependingontherelationshipbetweenc� % / and� % / < oneof threepossiblesituationswill occur.

Demandfunctionswith thetwo goodsare:

\ /% / 8 c� % / + . / + c� % /¥0 . / c� 4:w+ . // <
\ /4 8 :§+ . / c� % / + c� 4 0 . / c� % /:v+ . // <

wherethesuperscript2 in this casedenotesthesituationwith two goods,thenew branded

andthe old generic.Total market sizewhentherearetwo goodsis
: 0 c� % /: 0 . $ Z Comparing

total market sizeswith two andthreegoods,we obtainthat if
: 0 c� % /: 0 . $ U > 0 � % /: 0 > . $ < then

therewill beamarket expansioneffect.
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For comparisonpurposes,let usfix first theparameter
� % / 8æ:

(which lies in the interval

definedfor this parameterthatensuresthattheequilibriumthatgivesriseto ame-toodrug

is well behaved).Hence,amarket expansioneffectwill occurwhenever

: 0 c� % /: 0 . $ U ê: 0 > . $ ¼
c� % / U > 0 . $: 0 > . $ O U2:"8C� % / _ Z

Thelastinequalityimpliesthatif c� % / is sufficientlyhigh(andnotjustbiggerthan
� % / 8L: ),

thenamarketexpansioneffectwill occur. Takingthis into account,wecancompareprices

and quantitiesobtainedwith two and threedrugs in the market undercopaymentsand

referencepricesto examinewhenwill theincumbentfirm have incentivesto substitutethe

old drugby thenew one.

Considerfirst whencopaymentsareenforced.Recallequations(2.66)-(2.71)thatdefinethe

equilibriumobtainedundersuchprice regulationsystem.Whentheold drug is removed,

wehave thatequilibriumpricesare13:

� # /% / 8H: Z >=ý O >�+ . / $ _ c� % / + . $O >�+ .}/ $ _ <
� # /4 8 Q Z	� >=ý O � +Pê . / $ _ + . $ O >�+ . / $ _ c� % /O >�+ .�/ $ _ <

with theassociatedequilibriumquantities:

�]�
We have proceededalsoby backward induction,wherethe incumbentfirm is treatedasa Stackelberg

leader.
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\ # /% / 8 :� O >!+ . / $ _ c� % / + . $:w+ .�/ $ <
\ # /4 8 :� � +3ê . / $ + . $ O >�+ . / $ _ c� % /O >�+ . / $ _mO :v+ . / $ _ Z

Recallthatthesuperscript
� >

standsfor thesituationundercopaymentswith twogoodsin

themarket.

Thenext stepis to compareequilibriumvalueswith two andthreegoods.To maketheanal-

ysistractable,asimulationexercisewascarriedout,giving usefulintuition. Thefollowing

tablesummarisesthesesimulationresults.

Table 1 COPAYMENTS: Simulation resultswith
� % / 8H: Z. $ 8 Q Z : . $ 8 Q Z ê . $ 8 Q Z ý . $ 8 Q Z é . $ 8 Q Z è� # �4 U�� # /4 : Z : � X c� % / : Z�� ê�X c� % / : Z � ý X c� % / : Z >�èGX c� % / : Z :I> X c� % / � *\ # �4 U \ # /4 : Z é*:�X c� % / : Z ê�ý X c� % / : Z : � X c� % / : Z Q é�X c� % / : Z Q > X c� % /��# �% / U���# /% / c� % / X Z èuè=è c� % / X Z è=è�ý c� % / X Z è : � c� % / X Z è�é=> c� % / X Z è�é=>\ # �% / U \ # /% / c� % / X Z è=> c� % / X Z : > c� % / X Z éuè c� % / X Z : Q c� % / X Z è Q/cb ± ÿ$ b
/ ± ÿ : Z éuý : Z �=� : Z >=ý : Z :»>=ý : Z Q �

Thesuperscripts
� ê

and
� >

standfor thesituationundercopaymentswith threeandtwo

goodsrespectively. Thelastrow shows thecritical valuefor which if theparameterc� % / is

higherthanthis value,thereis a market expansioneffect. This critical valuedependsneg-

atively on thevaluefor
. $

i.e. thehigherthedegreeof productdifferentiation(lower
. $

),

thehigherthis critical value.We canseefrom thetableabove thatthecomparisonsfollow

a similar trend: the price andquantityof the genericgoodwill be both higher(implying

higherprofits)whentherearethreegoodsonly whenthereis amarketexpansioneffectand

potentialdemandfor theonly brandeddrug in themarket is sufficiently high. Therefore,

it seemsthat thegenericproducerprefersthat thebrandedgoodproducerbecomesmulti-
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productonly whenthereis a high potentialdemandfor thenew drugwhenthis producer

remainssingled-product.Thereasonfor this is thatif theleaderremovestheold drugfrom

themarket, andthepotentialdemandfor thenew drug is very high, thenthegenericpro-

ducerwill be left worseoff becausein relative terms,it will losemarket share.Hence,if

this is thecase,thisgenericproducerprefersto competewith two productsratherthanwith

onewith veryhighpotentialdemand.

Alternatively, thebrandedgoodproducerwill sethigherpricesfor the new brandeddrug

whenthis firm becomesmulti-productonly whentheparameterc� % / is low enough.More-

over, it seemsfrom thesimulationsthat c� % / requiresto belessthan
� % / 8V: for this result

to betrue. Therefore,if thepotentialdemandfor thenew drug(whenthis new drugis the

only brandeddrug in themarket) is not sufficiently high, thenthebrandedgoodproducer

will earnhigherprofits from thenew brandedgoodwhenit is multiproduct14. In orderto

concludewhenthe incumbentfirm will have incentivesto substitutethe old drug by the

new one,we have to considerthatwhenthis firm is multiproduct,therearetwo sourcesof

revenues(old andnew drug). However, whenonly the new drug remainsin the market,

thenthereis only onerevenuesource.Hence,weneedto compare:

� # �% / \ # �% / 0 � # �% / \ # �% /�d � # /% / \ # /% / Z
Continuingwith thesimulations,wecansummarisetheresultsobtainedwith thenext table.

� ¬
Note that since F È � �W� ( �,F È � ), the price andquantityfor the old brandedgoodwill be equalto the

priceandquantityof thenew brandeddrugwhenthefirm is mutiproduct.
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Table2 COPAYMENTS: Incentivesto remove the old drug
O � % / 8;: _ Z

. $ 8 Q Z : . $ 8 Q Z ê . $ 8 Q Z ý . $ 8 Q Z é . $ 8 Q Z è� # /% / \ # /% / U � # �% / \ # �% / 0� # �% / \ # �% / : Z êGX c� % / : Z > X c� % / : Z :�X c� % / : Z Q X c� % / : Z Q X c� % /
It seemsfrom theresultsshown above thatfor theleaderfirm to remove theold drugfrom

themarket, thepotentialtotal market sizefor thenew drugwhenthereareonly two goods

in themarket (
B >

and
E

) hasto besufficiently high. Moreover, recall that
� % / wasequal

to one,soit seemsthata necessary(but not sufficient) conditionfor thereto beincentives

to remove theold drug is that c� % / UV� % /IZ The tablealsoshows that the lower thedegree

of differentiation(higher
. $

) betweenthedrugsin themarket, themoreprobablethat the

incumbentfirm will have incentivesto remove theold drugfrom themarket. Theintuition

is thatwhen
. $

is very low, thenfirms havehighermonopolypower, sincegoodsaremore

differentiated.Hence,it is asif it is betterfor theleaderto keepbothgoodsin themarket.

Under this case,the leaderfirm requiresthat the potentialmarket for the new branded

drugwhenthis firm is singled-productis higher. It appearsthat for low valuesof
. $ <

the

incumbentfirm is sacrificingprofits by substitutingonedrug for the other. However, for

high valuesof
. $ <

implying thatgoodsarevery similar, firms have lessmarket power, so

that it is easierto remove theold drugbecauseprofitsearnedfor eachproductarelower.

Hence,in this case,it is betterto sacrificeprofitsearnedfrom theolderdrug,eliminating

competitionin the market, andconcentratingsalesin just onedrug. Let us concentrate

now on thecasewhenreferencepricesareenforced.Recallthatwith threegoods,demand
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functionsare given by equations(2.72)-(2.76),plus the fact that
� '*) �4 8Á	 15 Z With two

goods,equilibriumpricesare16

� '1) /% / 8 Q Z ý O c� % / + . $ _ 0 O&Q Z ê 0 Q Z > . $ _ 	I<� '*) /4 8d	 Z
Theassociatedequilibriumquantitiesare

\ '*) /%n$�8 Q Z : ý O c� % / + . $ _ 0 O ê 0 > . $ _ 	O : 0 . $ _aO :v+ . $ _ <
\ '*) /4 8 Q Z : ý O >"+ . / $ + . $ c� % / _ + O � 0 ê . $ +P> . / $ _ 	O : 0 . $ _nO :v+ . $ _ Z

We know that thepriceof thegenericdrugwill be thesameandequalto
	

irrespectively

of thenumberof goodsin themarket. Again,evaluating
� % / 8Y: for simulationpurposes,

we cancompareequilibriumpricesandquantitieswhenthe leaderproducesoneandtwo

goodsrespectively. Thenext tablepresentsthesimulationresults.

�]¾
Notice that we distinguishagainthe situationwith threegoodswith the superscripte andthe situation

with two goodswith thesuperscriptf .�]Æ
In this case,we alsoproceedby backward induction,anda cornersolutionfor the genericproduceris

obtained.
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Table 3 RPs: Simulation resultswith
� % / 8H: Z� '1) /% / U�� '*) �% / \ '*) /% / U \ '1) �% /. $ 8 Q Z : c� % / U,: Z Q 	�UC+�: : Z é=ý c� % /�0 :Ié Z ê � O U Q!¼ c� % / X Q Z è=ê _. $ 8 Q Z ê c� % / U,: Z Q 	�U,+�é Z � : c� % /�0)�zZ �=� O U Q�¼ c� % / X Q Z : é _. $ 8 Q Z ý c� % / U,: Z Q 	�U2+"ý Z Q c� % /¥0 � Z ê � O U Q!¼ c� % / X Q Z :�: _. $ 8 Q Z é c� % / U,: Z Q 	�U,+"ê Z è Q c� % /�0 ê Z ý � O U Q�¼ c� % / X Q Z èz: _. $ 8 Q Z è c� % / U,: Z Q 	�U,+"ê Z > � c� % /�0 ê Z : � O U Q�¼ c� % / X Q Z è�é _

We obtainthat
� '*) /% / UW� '*) �% / whenever c� % / U�: Z Moreover, since

� % / 8ñ:=<R� '*) /%n$ Ut� '1) �% /
when c� % / Uà: Z Hence,if c� % / 8�� % / 8 :=<

then
� '*) �%a$ 8ñ� '*) �% / 8ñ� '*) /% / Z Therefore,the

incumbentfirm will chargea higherpricefor thenew drugwhenbeingmultiproductonly

whenthepotentialmarketsizefor thenew brandeddrugwhenbeingsingled-productis low

enough.Whenwe comparedemandsfor thenew brandeddrug,we canobserve from the

tablethatdemandfor this drugwill behigherwith only two goodsin themarket (
B�>

andE
) for a referenceprice higherthana critical value. However, noticethat for the values

of
. $

presentedin the table, this critical value of
	

can be negative if the value c� % / is

high enough.Hence,what this is sayingis that it seemsthatwhenever c� % / is sufficiently

high, thendemandfor thenew brandeddrugwill behigherwhenthe incumbentfirm just

producesthe new (me-too)drug, since
	

is always (strictly) positive. Nevertheless,we

have to take into considerationthatwhenthebrandedgoodproduceris multiproduct,this

firm obtainsrevenuefrom two sources,theold andthebrandeddrug. Therefore,this firm

will have incentivesto substitutethe old drug with the new drug, underreferenceprices,

whenever:

� '*) /% / \ '1) /% / U�� '*) �% / \ '*) �% / 0 � '1) �%a$ \ '*) �%a$ Z
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This inequality, undertheparametervalueschosenfor our simulationexercise,is reduced

to:

� '1) /% / \ '*) /% / Ud>@� '1) �% / \ '1) �% / <
giventhat

��'*) �% / 8C��'*) �%a$
, and

\ '1) �% / 8 \ '*) �%a$�<
since

� % / 8Y� %n$ 8æ: Z A necessary(although

not sufficient) conditionfor this firm to have incentivesto remove the old drug from the

market onceame-toodrugis producedis hence

� '*) /% / U � '*) �% / < and\ '*) /% / U \ '1) �% / Z
It seemsfrom the simulationresultsthat thesetwo inequalitiesaremet for a sufficiently

high level of c� % / i.e. whenthepotentialtotal demandfor the new brandeddrug aloneis

sufficient to sacrificetheprofitsearnedwhensellingtheold drug.

2.6 Comparisons.

The aim of this sectionis to provide the conditionsunderwhich the incumbentfirm will

producethebreakthroughdrugor theme-toodrug.

Givena referenceprice system,the profit obtainedby the incumbentfirm whena break-

throughdrugis producedandbecomesmultiproductis:
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x '*) �% O³. / 8 Q�_ 8 Q Z Q : O ý O :§+ . $ _ 0 O ê 0 > . $ _ 	 _ /O : 0 . $ _nO :v+ . $ _ 0 O&Q Z ýu� % /¥0 Q Z ê�	 _ / + � O ðuóhô�õ _ <
while profitswhenproducingame-toodrugare

x '1) �% Ol. / 8 . $ _ 8 Q Z Q : � O ý O :§+ . $ _ 0 O ê 0 > . $ _ 	 _ ý O :§+ . $ � % / _ 0 O > . $ 0 ê _ 	O :v+ . $ _nO > . $ 0 : _ � 0
Q Z Q :LKMMN ý Q � / %�O : 0 . $ +ª> . / $ _ +ªý Q�. $ O : 0 . $ +ª> . / $ _ 0 ý�	�� / %�O ê 0 ý . $ 0 > . / $ _+�: Q 	 . $ O ê 0 > . $ _ 0 	 / O è 0 :I> . $ 0 � . / $ _: 0 . $ +P> .�/ $ OQPPR + � O ð � _ <
For tractabilityreasons,wemustusesimulationsto comparethesetwo profit levels.Again,

wewill fix
� % / 8L: Z Thefollowing tableshowstheresults.

Table4 ReferencePrices: Breakthrough or Me-too?� % / 8L: x '*) �% Ol. / 8 Q�_ U x '*) �% O³. / 8 . $ _. $ 8 Q Z : Û + Q Z : : 0 Q Z :Rèu	 0 Q Z QuQ � 	 / U1g <
V
W �R	u�P+ Q Z : : 0 Q Z :»è�	 0 Q Z Q=Q � 	 / U Q!¼ Q Z è=ý�X�	. $ 8 Q Z ê Û + Q Z Q é 0 Q Z > � 	 0 Q Z Q=QuQ è=èu	 / U�g <

V
W �R	u�P+ Q Z Q é 0 Q Z > � 	 0 Q Z Q=Q=Q èuèu	 / U Q�¼ Q Z ê�> XW	. $ 8 Q Z ý Û Q Z Q > 0 Q Z >ué�	"+ Q Z Q :Ié�	 / U/g <
V
W �R	u� Q Z Q > 0 Q Z >ué�	"+ Q Z Q :Ié�	 / U Q�¼ Q X�	 X,: �zZ Q :. $ 8 Q Z é Û Q Z :=: 0 Q Z > : 	"+ Q Z Q é�	 / U�g <
V
W �R	u� Q Z :u: 0 Q Z > : 	"+ Q Z Q é�	 / U Q�¼ Q X�	 X � Z ýuê. $ 8 Q Z è Û Q Z > Q 0 Q Z ê Q 	"+ Q Z ê � 	 / U�g <
V
W �R	u� Q Z > Q 0 Q Z ê Q 	"+ Q Z ê � 	 / U Q�¼ Q X�	 X,: Z êz:

where
g2Ù � O ðuóhô�õ _ + � O ð � _ U Q (by assumption).

Table4showsthatthereisanambiguousrelationshipbetweenx '1) �% Ol. / 8 Q�_ andx '1)% Ol. / 8. $ _ <
andnoclearcutconclusioncanbearrivedto. It seemshowever, thatwhenthereis high

productdifferentiation(low
. $

), thenthereferencepricehasto besethigh enoughfor the

incumbentfirm to have incentives to producethe breakthroughdrug; however, for high

valuesof
. $

the referencepriceshouldbesetnot too high for the leaderto preferto pro-
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ducethebreakthroughdrug.Also notethatasexpected,thelowerthecostassociatedto the

breakthroughdrugcomparedto theme-too,themoreprobablethattheleaderwill produce

a breakthroughdrug,ceterisparibus.

Let usanalysethecasewhencopaymentsareenforced.We will proceedthesameway as

with referenceprices. Recallthat theprofitsearnedby the leaderwhenthebreakthrough

drugis producedaregivenby:

x # �% Ol. / 8 Q�_ 8 Q Z êz: p >�+ . $ + . / $ s > 0 . $O >�+ .�/ $ _mO : 0 . $ _ 0 Q Z�� >=ý�� // % + � O ðuóhô�õ _ <
andwhename-too:

x # �% Ol. / 8 . $ _ 8 Q Z : � O :v+ . $ � / %A_mO > 0 ê . $ _ /O : 0 . $ _nO > . $ 0 : _mO : 0 . $ + . / $ _ 0Q Z : � p >�� / %�O : 0 . $ + . / $ _ + . $ + . / $ s � / %�O > 0 � . $ . / $ _ +3ê . $ + � . / $O +�:w+ . $ 0 .�/ $ _nO > .}/ $ + . $ +W: _mO : 0 . $ _ + � O ð � _ Z
Again,simulationresultsarepresentedin thenext table(still assumingthat

� / % 8;: ).
Table5 Copayments:Breakthrough or Me-too?� % / 8;: x # �% Ol. / 8 Q�_ U x #% O³. / 8 . $ _. $ 8 Q Z : Q Z > � U � O ðuóhô�õ _ + � O ð � _. $ 8 Q Z ê Q Z ý=é U � O ðuóhô�õ _ + � O ð � _. $ 8 Q Z ý Q Z é � U � O ðuóhô�õ _ + � O ð � _. $ 8 Q Z é Q Z : > U � O ðuóhô�õ _ + � O ð � _. $ 8 Q Z è Q Z : :�U � O ðuóhô�õ _ + � O ð � _

Table5 shows that undercopayments,it seemsthat only whenever the R&D costof ob-

tainingthebreakthroughdrugis not toohigh,thentheincumbentfirm will tendto produce

thebreakthroughdrug. Moreover, from thesimulationresults,we cansaythat thehigher

thevalueof
. $ <

thehigherthevaluethat
� O ðuóhô�õ _ cantake to give rise to a breakthrough
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drug,ceterisparibus. The intuition behindthis resultis thatwith high productdifferenti-

ation (implying lower valueof
. $

), firms have moremarket power, so that it is beneficial

for theincumbentfirm to spendlessR&D resources,obtainame-toodrugandcompetedi-

rectly with the(own) existing brandedandgenericin thesamemarket. However, if goods

arevery similar, thenit is actuallymoreplausiblethat the leaderwill have incentivesto

spendðuóhô�õ < sincethe tradeoff betweenthe costof R&D andthe revenueobtainedfrom

sellingtheproductfavoursspendingthemaximumamountof resources.

2.7 Conclusion.

Theaim of this paperhasbeento analysehow theR&D decisionof a brandedgoodpro-

duceris affectedby theexistenceof eitherareferencepricesystemor copayments.Weob-

serve that in the pharmaceuticalindustry, firms competethroughinnovation,andbroadly

speaking,theoutcomeof their researchcanresultin a breakthroughdrug,or alternatively,

a me-too.Themaindifferencebetweenthesetwo kind of drugsis that in theformercase,

theappearanceof suchdrugopensor createsanew marketsincethegoodis highly innova-

tive; in thelatter, thedrugproducedis amarginal improvementof existingones.Moreover,

whenit is introducedin themarket, it usuallycompeteswith existingethicaldrugs.

We want to analysehow the decisionof producinga breakthroughor a me-toodrug is

affectedby theprice regulationin thedemandside. More precisely, we want to examine

whethera changein thenetpricepaidby theconsumeractuallyaffectstheR&D decision

of pharmaceuticalfirms. The two possibleregulationswe considerarecopaymentsand

referenceprices.Copaymentsinvolve theconsumerpayingafixedpercentageof theprice,
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irrespectively of the goodpurchased.When referencepricesareenforced,the situation

differsbecauseif theconsumerbuysthebrandedgood,with apricehigherthanthegeneric,

then (s)henot only paysthe samecopaymentas before,but this time associatedto the

referenceprice, but also the differencebetweenthe price of the brandedgood and the

referenceprice.If theconsumerdecidesto buy thegenericgood,thesituationis unchanged,

in thesensethat(s)hepaysthesamecopaymentof thepriceof thegenericasbefore.

Resultsobtainedshow thatchanginga copaymentsystemto a referencepricesystemcan

actuallyaffect the R&D decisionof firms. Whena breakthroughdrug is produced,one

of the(short-run)objectivesof referencepricesis actuallyachieved: pricesarelower than

with copayments.However, we canhave caseswherethe demandfor the brandeddrugs

is alsolower underreferenceprices,so thatoverall, profits for the incumbentfirm might

be reduced.Hence,if this is the case,HealthAuthoritiesmight actuallydiscouragethe

productionof breakthroughdrugsif referencepricessubstitutecopayments,sinceprofits

for thesefirms will be reduced. The story is somewhat similar when a me-toodrug is

produced. Pricesfor the brandeddrugsare reducedwith the introductionof reference

prices.Again,undercertainconditions,demandfor thesegoodscanbehigherundersuch

system. For this to be the case,we requirethat the referenceprice is set high enough.

Moreover, thedemandfor thenew drugproducedhasto besufficiently high. Otherwise,

theincumbentfirm will againbeleft worseoff underreferenceprices.

The incumbentfirm will not substitutetheold drugby thenew onewhena breakthrough

drug is produced,assumingthat thecostof obtainingsuchdrug is not too high, irrespec-

tively of whetherreferencepricesor copaymentsareenforced.However, whena me-too
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drug is produced,this decisiondependson the degreeof productdifferentiationbetween

the existing drugsand the new one produced,and the (potential)demandfor this new

drug. If the demandfor the new drug is not too high whenthe incumbentfirm remains

singled-product,thenthis firm will have incentivesto becomemultiproduct,giventhatei-

therreferencepricesor copaymentsarein place.

Finally, it is not clearfrom theresultsobtainedwhenwill profitsbehigherfor the leader,

irrespectively of thepricesystemenforced,if whenproducingabreakthroughor ame-too.

This resultactuallyseemsto dependon two factors:thedifferencein R&D costbetween

obtainingoneof the two drugs(asexpected),but alsoon the degreeof monopolypower

(or productdifferentiation)of firms. Simulationresultsshow thatthehigherthemonopoly

power, themoredifficult to obtainthebreakthroughdrug.This is becausewith highdegree

of market power, firms do not needto spendtoo many R&D resources,andareactually

betteroff just producinga me-toodrug.

It mustbementionedthatsomeof theresultsobtainedarebasedon simulations.However,

we feel thattheresultscanbetreatedasfairly robust.Nevertheless,it is truethatchanging

thevaluesof theparametersmaychangetheresultsquantitatively. Throughoutthewhole

analysis,we have (implicitly) assumedthat the total market size for the genericdrug is

lower thanthetotalpotentialsizeof thebrandeddrug.Thisseemsconsistentwith whatwe

areobservingin reality at themoment,althoughthis couldchangein thenext years.This

is becausegenericdrugswill becomeincreasinglyimportant,speciallydueto the interest

HealthAuthoritiesaredemonstrating,promotingtheiruseandproduction.
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The main result that canbe extractedfrom this article is that HealthAuthoritiesmustbe

careful when to set referenceprices,and to what level. We have seendifferent effects

for the brandedandgenericproducers,andthat theseeffectsalsodependon the existing

degreeof marketcompetition.Hence,Authoritiesshouldnotonly look atpricelevelswhen

decidingwhetherto implementareferencepricesystem,but alsoshouldanalysethemarket

structure.
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