Chapter 2

Incentivesto Innovate: ReferencePricesvs. Copayments

2.1 Intr oduction.

Recently herehasbeenmuchdebateaboutthelik ely consequences implementinga ref-
erencepricesystemin the market for ethicaldrugs.Much hasbeensaidfrom a descriptve
point of view, but little hasbeendonefrom a theoreticalone. The aim of this paperis to
provide insightson firms’ long run decisiong(R&D decisions)underthe implementation
of areferenceprice system. This approachcomplementdMestre-FerrandiZ2001) where
short-rundecisiongprices,quantities\wereanalysed.

Referenceprice systemshave beenimplementedn variousdevelopedcountries,suchas
Germary, SwedenDenmarkandHolland. Furthermorejn eachcountry this systemhas
beenimplementedn a differentway. For example,in Germayy if the price setby phar
maceuticafirms exceedgshe referenceorice, the consumeipaysthe difference while the
patientdoesnot needto copayotherwise(Pavcnik 2000). In Spain,the following mecha-
nism hasbeenenforced:whena physicianprescribesa drug with a price higherthanthe
referenceprice, the consumerthastwo options: either (s)hebuys a genericor a branded
(moreexpensve) version.In theformer case the consumepaysthe samecopaymenthat
was paid beforethe implementatiorof the referenceprice system. In the latter, the total
paymentresultsfrom the sumof thedifferencein price betweernthe brandedyoodandthe

referencepriceandthe copaymenassociatetb therefeeenceprice (El Pais,21 July 2000).
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Thedifferencebetweerthis systemwith the previously enforceds thatthe patientusedto
pay only a (fixed) copaymenbf the price, irrespectvely of the good purchased For ob-
vious reasonsyve will usethe Spanishway of implementingreferencepricesthroughout
this paper Hence,this settingis implicitly assuminghatthe referencepriceis setbelow
the price of the brandedgood, but equalor higherthanthe price of the genericdrug. One
of the main purposesf implementingreferencepricesis to try to achieve moreintense
price competitionbetweenbrandedand genericproducers;Health Authorities hopethat
brandedyood producersactuallyreducetheir prices. Pavcnik (2000) shows the effects of
implementingeferencepricesin Germalry empirically, andherresultsconfirmthatimple-
mentingsuchsystemaffect the pricing decisionof firms. The interestedeadercanfind a
moredetailedexplanationon the objectvesof referencepricesin Mestre-Ferrandig2001).
Thereexist two opposingviewswith respecto theeffectsthatsuchsystemwill haveonthe
R&D decisionof pharmaceuticdirms. Ontheonehand,it is arguedthattheintroduction
of thissystemwill reduceprofitswhichwill leadto decreasedevenuedo financetheR&D
costsnecessaryo develop new drugs. Onthe other it is assumedhatthe R&D decision
of thesefirms dependon total sales. Pharmaceuticatnterprisesre usually multiproduct
firms, so even thoughsalesfor the drugswhich are subjectto referencepricesmight be
reducedtotal salesmaynot necessariljpe so.

Mostliteratureon R&D racesn oligopoly dealswith theevaluationof incentvesto under
take costreducinginvestmentsHowever, thiskind of settingwould beinappropriaten our
context, sincethe R&D undertalenin this industryaimsat discoveringnew drugs,or im-

proving versionsof older ones(Sola-Sola(2000)). Hencewe will assumehataccording
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to the level of investmenin R&D, thefirm will be ableto producecompletelynewn drugs
(so-calledbreakthoughdrugs), or alternatvely, improvedversionsof anexisting one(me-
too drug9. Hence,the R&D undertalen affectsthe degreeof differentiationbetweernthe
drugsavailable,ratherthanreducingcostsof producingthe existing goods.This is appro-
priatein this industrybecauseave obsene thatfirms competethroughproductinnovation,
eitherin new drugs,or in innovationsof existing drugs.

We will have a“mature” marketin the sensehatthe patentfor abrandeddrughasexpired,
sothata genericalternatve hasenteredhe market. The degreeof productdifferentiation
betweenthesetwo will be exogenous. The producerof the brandeddrug then facesa
decision: whetherto producea secondbrandeddrug, andif this is so, to determinethe
degreeof productdifferentiationbetweerthis new drugandthe existing goods.If thefirm
decidedo producea new drug,thenthis firm can,by spendingenoughresourcesn R&D,
obtainarevolutionary or breakthroughdrug. This allows the firm to createa nev market,
acting as a monopolist. However, if the firm spenddesson R&D, thena me-toodrug
will beproducedgenteringthe alreadyestablishednarketandcompetingvis-a-viswith the
olderbrandeddrugandits genericalternatve. Moreover, we alsohave to take into account
the possibility of substitutingthe olderbrandeddrugby the new one. Thefactthatit is the
brandeddrugthatundertalkesthe R&D investmenis consistentvith reality, sincegeneric
firms do not needto spenchugeamountsof monegy on R&D, asthey justhaveto carryout
testsof bioequialencé in orderto enterthe market. For this purpose we will treatthe

brandedoroducerasa Staclelbeg leadey leadershighatarisesbecauset is this firm that

7 Bioequivalentimplies beingstatisticallyindistinguishabldrom the establishegroductin key aspectsf
therapeutiase.
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carriesout R&D andcanachiere a patent.Hence the genericproduceractsasa follower,
in the sensehatthis firm depend®nwhattheincumbentputsinto the market.

More precisely the timing of the gamewill be asfollows. Supposewe have a mature
duopoly market wherea brandedand a genericdrug are alreadyin the market. The de-
greeof productdifferentiationbetweerthesetwo goodsis exogenousTheincumbentirm
now facesthefollowing decision:produceanothergoodanddeterminethe degreeof sub-
stitutability betweenthis new drug andthe existing ones(branded/genericand become
multiproduct,or producethe seconddrug but substitutethe older brandedversionby the
new one, remainingsingled-product. When the incumbentdecidesto producethis new
drug, it hastwo possibleoptions: eitherspenda large amountin R&D to obtaina break-
throughdrug (and markets betweenthe existing drugsandthe new onewill be separate
andindependentdr alternatvely, spendessto obtainjustame-toodrugsothatthe market
structurebecomes triopoly, with theincumbentcompetingn the maturemarket with two
goods. Whenthe breakthroughdrug is producedandundercertainassumptionsthe in-
cumbenfiirm will neverhave incentivesto substituteheold drugby thenew one,sincethe
two goodsproducedoy this firm competen differentmarkets. However, with the me-too
drugthe analysisis not that straightforvard: will the leaderpreferto have both goodsin
thesamemarket, cannibalisingpartof the demandor theolderbrandeddrug,or will prof-
its be higherby removing the old versionfrom the market? As shown later, one crucial
parametefor this comparisoris the potentialmarket sizesfor eachgoodproduced.
Whatwe wantto analysas whetherthe leaderwill have higherincentvesto producethe

breakthroughdrug andthe me-toodrug underreferencepricesor copaymentsMoreover,
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on more generalterms,we will alsofocuson whenwill the incumbentfirm have incen-
tivesto producethe breakthrougtdrug or the me-too,giventhat eitherreferencepriesor
copaymentsareenforced.

The paperis organisedasfollows. Section2 presentghe model,boththe demandandthe
supplyside,andwill explainin detailtherelationshibetweerthelevel of R&D investment
andthetypeof new drugproduced.Section3 describeshe equilibriumthatarisesvhena
breakthroughdrugis producedandcompareghe situationobtainedwith referenceprices
with the one obtainedundercopayments. Section4 shaws the samecomparisonsjput
this time given that a me-toodrug is produced. Section5 analysesvhenwill the firm
have incentivesto substitutethe old drugby new one,while Section6 givesconditionsfor
the incumbentfirm to producethe breakthrougtdrug ratherthanthe me-too,both under

referencepricesandcopaymentsSection7 concludesandpresentgutureresearch.

2.2 The Model.

We have a duopolysettingwherefirms actnoncooperatiely. In thefirst stage theleader
chooseghelevel of R&D investmentwhich determineghe degreeof productdifferentia-
tion betweerthe new brandedgood,if producedandthe old branded/generigood. Once
this variablehasbeendeterminedfirms will competein pricesa la Staclelbeg i.e. the
incumbentchoosedirst the pricesof bothgoods.

The demandsideis a simplified versionof Singhand Vives (1984), but taking into ac-

countthat undercopaymentsandreferenceprices,the consumerdoesnot pay the whole
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price. Thereis a continuumof consumer®f the sametype. Therepresentatie consumer

maximises

B1,B2,G

U (CIBla dB2, QG) - Z ﬁia (53)

where; = B1, B2, G, denotesheold brandedyood,thenew brandedyoodandthegeneric
respectrely, ¢; is theamountof goodi andp; is the netprice paid by the consumefor this

good.U (g1, gB2, ¢c) is assumedo be quadraticandstrictly concae as

1
U(gs1,9B2,9c) = aB19B1 + GB2qB2 + acqc — 5(‘]1231 + gy + C]é) — (54)
1
9 (2'71QBIQG + 2v,9B19B2 + Q%QquG) -

The degreeof productdifferentiationbetweenthe old brandedand the genericgood is

exogenousandequalto v,¢(0, 1). Theparametery, representshe degreeof differentiation
betweenthe new drug (if it is produced)andthe old branded/generigood. This is the
variablethat the incumbentchoosesafter observinga periodwhereonly the old branded
versionandits genericalternatve co-exist in the market. As shavn in equation(2.54),the

lower the valueof ~, (implying higherproductdifferentiationbetweerthe existing goods
andthenew product) thehighertheutility functionof therepresentatie consumerHence,
thatis why we have thatHealthAuthoritiesshouldtry to promotehighly innovative ethical

drugs.
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The next stepis to defineexplicitly the netprice paid by the consumerdenotedasp;. As
mentionedn theintroduction,we will usethe Spanisthreferenceprice system.Hence we

obtainthatundercopayments

while underrefeenceprices

L ppg If consumebuysgeneric,
pi = pr + (pg; — r) if consumebuysbranded;j = 1,2,

(56)
with p € (0, 1) beingthe copaymentndr > 0 is the referenceprice sef. Moreover, we
needthatp; < r < pp for thesystemo bewell defined.

The decisionthe leaderfirm facesis whetherto produceor not to producea new drug.
Moreover, if thisfirm decideso becomea multiproductfirm, thereis a seconddecisionto
be taken: the degreeof differentiationbetweenthe existing brandedand genericandthis
new drug. Thefirm hastwo options:eitherproducea breakthroughdrug, or alternatvely,
producea me-too. Obviously, the R&D costassociatedwvith the former is higherthan
the costassociatedo the latter, althoughwith the breakthroughdrug, this firm is ableto
createa new marketfor this drugdueto the high degreeof innovation. On the otherhand,

with the me-toodrug, if it is producedthe market becomesa triopoly, soit is asif the

incumbentfirm is cannibalisingpart of its demandof the older drug with this (maiginal)

8 Thesetwo parametersrechoserby HealthAuthorities,andwill betreatedasexogenoughroughouthe

whole analysis.However, we will carry outcomparatie staticanalysisto seehow firms’ decisionvariables
areaffectedby the choiceof thesetwo parameters.
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improvedversionof thedrug. Anotherpossibilitythathasto betakeninto accounis giving
theincumbentfirm the possibility of substitutingthe old drug by the new one,remaining
singled-product.

Relatingthis line of agumentto the valuethat v, will take for eachparticularsituation
it impliesthatthis parametewill take two valuesdependingn thetype of new drug pro-
duced. When~, = 0, the incumbentfirm producesa breakthroughdrug, so that two
separatanarketsexist. Theincumbentcompetesn thesetwo markets;in the old market
the situationis unchangedbut now, this firm becomesa monopolistin the market for the
breakthroughdrug (the new market). In this caseit is trivial to show that this firm will
never have incentivesto remove the old drug from the market, sincethe old andnew drug
do not directly competesothatit is profitablefor the incumbentfirm to keepbothgoods
in themarlet. If v, = 7, thisis the casewhena me-toodrugis produced.The new drug
in the market is not innovative enough,sothatthereexists only onemarket. This market
is now atriopoly, with two brandeddrugsandonegeneric.Underthis situation,it is also
possiblefor theincumbentfirm to substitutehe old drugby the newv one,sothatthereare
still two goodsin the old market.

The questionswve want to answerare twofold: the first thing we wantto know is given
that the brandedgood producerhasdecidedto spendthe amountof investmentrequired
to obtaina breakthroughdrug, will this firm be betteroff undercopaymentsr reference

prices? Secondly we areinterestedo seewhenthe incumbentfirm will have incentves

9 Asshown later, we will assumehatthe costof productionof thenew drugis sufficiently low sothatthere

arealwaysincentivesto produceit, sothatthe profits obtainedby producingthis drugarenever negative.
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to producegust a me-toodrugratherthanproducinga very innovative drug, or substituting
theolderdrugby thenew one.
The utility function expressedn (2.54)givesriseto alineardemandsystem.Theinverse

demandsre

PB1 = Gp1 — ¢B1 — Y19¢ — Y2982,

P2 = aps — (B2 — Y2 (4B1 + qc)

~

Pc = ag —49G — Y19B1 — Y24B2-

Notice that p;, with : = B1, B2, G, denoteshe net price paid by the consumeif (s)he
decidesto buy the old brandeddrug, the new brandeddrug, or the genericgoodrespec-
tively. The exactdefinitionof this netpriceis identicalto expressiong2.55)and(2.56)if
copayment®r referencepricesexist respectiely.

Invertingtheseinversedemandunctions,we obtainthe following demandunctions:

(1 —73) (aB1 — PB1) — v2(1 = 71) (aB2 — PB2) — (71 — 73) (ac — Pa)

dB1 = )
1+27175 — 71— 273
_ (L+71) (a2 — Pr2) — 72 (aB1 + ag) + 72 (P + Pp1)
dB2 = 2 )
L+ —27;
=" 73) (a6 = be) = (1 = 73) (a1 — Pr1) — Yo (1 = 71) (@B2 — Pi2)

1+ 27,73 — 72 — 273

Noticethattheparameters g, ags; andag will determinghe (potential)sizeof themarket
for thethreegoods. For example,thelargeris a g1, the biggerthe market sizefor the old
brandedgood, ceterisparitus. The samereasoningappliesfor the relationshipbetween

apy andag andthe market size for the newv brandedgood andthe genericrespectiely.
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This relationshipbetweenthesethree parameterand market sizeswill be shavn to be

very importantfor the resultsobtainedlater Hence,the total (potential) market size is

a31(1 — ’72) + aBQ(l + 7 — 2’)’2) + aG(l - 72)
1+71 - 293

, which is (monotonically)increasingin

a1, ape andag.

For computationakeasonswe will make additionalassumption®n the valuesof some
parametersWe assumeéhatag; = ag = 1, andweletag, > 0. Moreover, p = 0.4, which

is theaveragecopaymenpaidin Spain.

The ideabehindthe R&D technologyis similar to Lambertiniand Rossini(1998). The
incumbentcanspendkg € [0, knax| , Wherekg representshe R&D investmentof this
firm. Hence,obtaininga breakthroughdrug (v, = 0) in this caseimplies spendingkmax,

while obtainingame-toodrug(y, = 7,) impliesspendingc* € (0, knax) - Alternatively, no
new drugis producedvheneertheincumbentfirm doesnot spendary resource®n R&D

i.e. k = 0. Thisframework is implicitly assuminghatthe higherthe level of investment,
the higherthe degreeof productdifferentiationbetweenthe nev drug producedandthe
alreadyexisting ones,so the lower the valueof v,. Of coursethe R&D effort hasa cost
associateddenotedasC (k). We assumehatthis costfunctionis corvex, andC(0) = 0.

Furthermoresincewe arenotconsideringentryconditionswe will assumehatthehighest
possiblecost,C(kmax) is Nottoohigh. Thisimpliesthatprofitsobtainedor thenew product
by theincumbentarenon-neativefor all valuesof k5. We assume separableostfunction
for innovationandproduction.

The productioncostsareassumedo be linear, with no fixed costs.Hence,
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C(qz) = C;4;, 7 = Bl, B2,G

Moreover, we will have constanimaiginal costsof productionfor the threegoods,andfor

computationateasonsthesecostsaresetequalto zero(cg; = cpz = cg = 0)*.

2.3 BreakthroughDrug.

Supposéhat the conditionsthat give rise to a breakthroughdrug are met, so thatthe in-
cumbentfirm becomegnultiproductandthereexist two separatemarkets. This implies
thatvy, = 0. Assumefirst thatcopaymentsreenforced.With v, = 0, andincludingthe

assumptionsnthe parametevalues,demandunctionsreduceto:

1—0.4p%,) — v, (1 —0.4p5
5 (72 =0) = ( Bl)l — 71%( G)a

qgQ(’)’Q = O) =ap2 — 0-427(5;2;

(1—0.4pG) — v, (1 — 0.4p5,)
1 -4

46 (7, =0) =

Solvingby backwardinduction,the problemfor the genericproducemecomes

Ir;gmg(p%l,pg) = peas (P51, PG,
G

yielding

10 This assumptiorwill have someconsequenceshenwe compareequilibrium values,as shovn later
However, it doesnot changequalitative theresultsandintuitions obtained.
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P& (%) = 1.25(1 — ) + 0.5v,p%,. (57)

Theleaderthenchoose®%, andp$, to maximiseprofits, taking (2.57)into account.The

maximisationprogramfor theincumbenthenbecomes:

max Wg(pglapgmpg(pgl)) = pgﬂ]gl (pglapg(pgl)) +p§2q§2(p§2) - C(kmax)-
Pp1:PB2

This maximisationprogramyields

2—7—M
Po = 1-252%721, (58)
1

15, = 1.25azs. (59)
Note that the price of the new brandeddrug doesnot dependon v,. This is becausehe
leaderactsasa monopolistin the market createdor the new drug,andthe new drugdoes

not competewith the alreadyexisting drugs.Evaluating(2.57)resultsin

4 — 2y, — 32 3
S = 0.625 [ N—om 71] . (60)
2-m
Evaluatingquantitiestheassociate@quilibriumvaluesare
1247y
(& 1
=-|— 61
qu = 0.9ap2, (62)
1[4-2y —372+73}
C 1 1 1
ac =7 (63)
¢4 { 2= (1=

We canevaluateprofitsto obtain
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c_ .C C c C _
Tp =Ppi19p1 T Pp2dps =

24+
2_7%)(1"‘71)

0.3125 (2 — v, — 7}) ( +0.625025 — C(kmax),

TG = DG =
4-27 =i+

0.15625 (4 + 27, —73) :
(L+7) 2=

Whenreferencepricesareenforceddemandunctionsbecome:

(1+0.6r — pE) — ~, (1 — 0.4pEF)
i =) = #) (10"

a5 (72 = 0) = aps + 0.6r — pgy,

(1 — 0.4ng) - (1 + 0.6r — pglf)
1 -9} '

qu(% = 0) =

Before solving the model, it is interestingto note that whenall pricesare zero,we can
comparehe maximummarket sizefor thethreegoodsbetweerncopaymentsandreference
prices. For both brandedgoods,implementinga referenceprice systemcanactasa sub-

sidy comparedo the situationwith copaymentssinceqil’ (piP = phP = pEF = 0) =

1-— 0.6 1-— :
1%__;2 " andg$, (08, = pS, = S = 0) = - z; However, for the genericpro-
1 1

1=y (1+0.6r)
1=
1-— . . . . .
=7 7;. This resultwill provide a nice explanationfor some
-7
of theresultspresentedater.

while

ducerthisresultis reversedsinceqlt” (pii = piy = p&" =0)

Usingthe sameapproachaswith copaymentsthe genericproducemaximisegrofits by
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RP( RP _ RP RP _RP/ RP _ RP RP
maxn; (pp1,Pe ) =P 9o Psi-Pe ) Stpe <7

Y e]

The restrictionon p£" arisesbecausehe referenceprice hasto be equalor higherthan
the genericprice for the systemto be well defined. Hence,the genericproducerhastwo
options;eitherseta price belov thereferenceprice or choosethe cornersolutionwhereby
p&F = r. Fortheinterior solutionto beafeasiblesolution,we obtainnegative quantitiesfor
therelevantrangeof r. Hence,this possiblesolutionis disregarded.A well definedequi-
librium only existswhenthegenericproducerchooseshehighestpossibleprice: p&- = r.
Taking this resultinto accountthe problemfor the brandedoroduceris the sameaswith

copaymentsThe pricesthatmaximisesrofitsarehence:

pRP = 0.5(1 — ;) + (0.3 +0.27y,) 7, (64)

pEY = 0.5apy + 0.3r. (65)

Notice thatall threepricesareincreasingwith the level of the referenceprice. However,

therespons®f achangen r is differentfor all prices.Formally,

Opc” . Opsi o Ophy

or — or — Or 0-

In words,the genericproducemwill have incentvesto increasats pricethe mostwhenthe

referencepriceincreasesEvaluatingquantities,
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RP _ 5(1—7y) +@B+2y)r
31—0.1[ (m+1D A=) }’

q&P = 0.5a, + 0.3r,

RP 10 — 591 = 59f = (4 + 37, — 29D)r
qG - 0.1 .
(’71 + 1) (1 - 'Yl)

However, whenwe analysewhatis the relationshippetweerguantitiesandthe level of the

referenceprice, we seethatthe response$or the brandedyoodsandthe genericdrug not

only arequantitatvely different,but alsoqualitatvely. Formally, we have that

RP RP RP
Ya_ g % o Y2 5
or or or

Whencomparingthe absolutevalue of thesederivativesin orderto rankthem,we obtain

that

dqRy
or

OqRy
or

Oq&P
or

Z ‘

Z ‘

In words,anincreasdn r resultsin anincreasan demandfor both brandeddrugs,but a
decreasén the demandor the genericdrug. Again, it is for the genericproducerthatan
increasen the level of the referenceprice causeghe biggestchange this time in quan-
tity, in absolutevalue. This setof inequalitieswill prove to be crucialwhenwe compare

equilibriumvaluesbetweercopaymentandreferenceprices.Evaluatingprofits,we obtain

TRl =pitam +pisaps — Clkmax) =

(B —=7)+B+2y)r)°

R (e ¥ gy

+ (0.5ap2 + 0.37)* — C(kmax),
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RP _ _RP _RP __
T =DPg 9¢ =

10 — 571 = 574 — (4+ 37, — 299)r

=0 (it D) (L=

Thenext stepis to give the conditionsunderwhich the modelis well defined.Thisimplies
giving conditionsunderwhich quantitiesarenon-ngative andpricesfor thebrandedyoods

arehigherthanthereferenceprice. Theseamountto

RP
" >0&r<
“ (4+3’Y1_2/Y%)

0.5(1 —74)

RP 1) — gy

- 0 — =" =H

PoL =T > 0TS O 02y,
0.5

PRl —r>0&71r< Oa7BQEI’.

The first thing we needto do is to comparethe threecritical valuesfor » shovn in the

inequalitiesabove (G', H', I') and seewhich oneis the mostrestrictve. Simplealgebra

52—, —77) . 0.5(1 —7,)
(4+37,—272) ~ 0.7— 0.2,

sothatwe requirethatr < min {H', I'} . Direct comparisorbetweerthesecritical values

shaws that

for therelevantrangeof v,. Hence,G' > H',

(H', I') givesusthefollowing inequality:

71—
H >T & apy < =) 71).
<7 (1- 71))
: -2 . . .
Noticethat 78 i < 0. Thefollowing lemmasummariseshe conditionsunder
71

which theequilibriumthatgivesriseto a breakthrougtdrugis well defined.
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Lemmal5 Wheny, = 0, agy = ag = 1, p = 0.4 there exists an equilibrium both

under refelenceprices and copaymentscharacterisedby equations(2.58)-(2.65),when
0.5 . 7(1—
< 952 _ if agy € (0,w>, or

r< 05(1 B 71) = H'if agy > 7(1 _’71)
0.7—02v, T— 2y,

It is importantto mentionatthis point how thesecritical valuesdependn agz,. Whenapg,
takeslow values,implying not only small (potential)demandfor the newv brandeddrug,
but alsolow price anddemandfor this drug, thenit is moredifficult thatthe price of this
drug is higherthanthe referenceprice, so that the inequality that dominatess actually
pRP —r > 0 i.e. thereferenceprice cannotbe settoo high becausehe price thatthis firm
canchagefor the new brandeddrugis low, dueto the small (potential)market. However,
asthe parametewn g, startsto take highervalues,implying higherpricessetfor the nen
brandeddrugby theleader thenthe conditionthatstartsto dominateis pE — r > 0. This
is becausehe higheris a g, the lower the difference(pi!’ — pEL), sothatthe price of the
new brandeddrugcanactuallybe muchhigherthantheprice of theold brandeddrug.
The next stepis to compareequilibrium valuesobtainedundercopayment@andreference
prices. We canfirst evaluatehow the differencein pricesvary asthe parameter®f the

modelvary. More preciselywe obtainthat

O(PE1 — P1)
or
O(pB1 = P1) _ 510+ 6571 = 1071 + 16(1 — 7)r + 4r7))
om ' (—2+3)°

=0.3+4 0.2y, > 0, and

> 0.
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This implies thatthe differencebetweenthe price setfor the old brandeddrug underref-
erenceprice andundercopaymentsncreasessthe referencepricesincreasesandasthe
degreeof productdifferentiationbetweerthis old brandeddrugandits genericversionde-
creases$y, increases)With respecto thepricesof theold brandedirug,directcomparison

yieldsthat

5(3 _71) — AI.

RP C
— >0&7r> =
Pp1 = Pm 2(3 + 27,)

We needto compareA’ with H' and I’ to seewhetherunderthe feasiblerangefor the

referenceprice, the price of the old brandedgoodis higherunderreferenceprices. We

obtainthat
15 — 117, + 642
A —H =25 : L >0,Vy, €(0,1),
(34 27,) (7.0 = 24) '
3—
A —TI'>0<ap < 3.5 L
B2 3127,

3 — 7(1— . . .

where3.5 N > ( 71). Thisimpliesthatwhenaps is low enough,A” > I', and

for highervaluesof ag,, We alsohavethat A’ > H'. Hence for therelevantrangeof r for

the modelto be well defined,pEl’ < p$,. Using a similar procedurefor demanddor the

old brandeddrug,we have that

2r(3 4+ 27v;) = 57, (1 — 74)
(r+1 1 =)
5y, (1 — ) _ B

>0&

a5 — i = 0.05

23+2vy,)
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Noticefirst thatthedifference(¢?l’ — ¢%,) is increasingn r. ComparingB’ with therele-

1_’71 (<

vantcritical valuedfor r, weobtainthat B’ < H',andB’ < I' whenagy > 3.5713 2
Y1

7 (1 - 71)
7=27
considerthreeintervalsfor ag,. When

). Therefore whencomparingquantitiesfor the old brandedgood, we needto

1 _
ags € (0’3'5%3+ 2771 ) ,
1

B' > min{H',I'} = I'. Hencefor thesevaluesof az,, demandunderreferenceprices

will alwaysbelowerundertherelevantrangeof r. When

1—7 7(1—%)>’

e (35
52 ( N3 2y, 727,

B' < min{H',I'} = I'. Thisimpliesthatfor the lower (higher)valuesof the reference

price (r < (>)M>, demandundercopaymentsvill be higher(lower) thanun-
2(3 4 2v,)
derreferencepricesfor thisold brandedirug. For highvaluesof a g, (higherthaniz(1 _2%)>,
— <M

B' < min{H',I'} = H'. Hencewhenr € (0, B'), ¢&f’ < ¢§,, butwhenr > B’ ¢i¥ >
¢%,. Summarisinghen,whenaz, is sufficiently low, demandunderreferencepricesfor
this goodwill alwaysbe lower (undertherelevantrangefor r). However, asthis parame-
terincreasesimplying a highermarket sizefor the new brandedyood,demandor theold
brandeddrug canbe higherunderreferenceprices. For this to be the case we needthatr
is setsufficiently high.

With respecto thegenericproduceythedifference(pf”” — p&) is increasingn r andin ;.

This differenceis positive or negative, dependingon the valuesof r, asshavn belov
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5(4 =27, — 3vi +13)

=",
8(2—11)

pgp—pg>0(:)7“>

Following the sameapproachas before,we needto comparethe critical value C’ with
min {H', I'} to seeif theformerliesin theinterval thatthereferenceprice mustsatisfyfor

themodelto bewell defined.Comparinghesecritical valuesyieldsthat

+12 — 67, — 99f +597 — 27}
(v =2) (=7 +27)
=2y, =31+

2 -1

C'— H =0.625

> OaV’Yl € (Oa 1) ’

4
C'—I'>0&ap, <0.875

I

_2’)’1_3’)’%"‘7? > 7(1_71)
2—’)/% 7—2v,

thatundertherangefor ag, thatmin {H', I'} = I',C" > I', andwhenmin {H', I'} = H',

4
where0.875

, Vv, € (0,1). Theseinequalitiesimply

C' > H'. Henceundertherelevantrangefor r, we have thatp2f” < p&.

Comparingquantitiesfor thegenericdrug,

0 — 107y, — 2592 + 573 + 107yF — 2(8 + 67, — 872 — 3y} + 29])r
2= 1=
20 — 10y, — 2592 + 5793 + 10v] .

=Sr< =
2(8 + 67, — 872 — 37 + 27%)

2
" - g = 0.05

>0

Fromthe expressionshavn above for the difference(¢Z” — ¢5), we canseethatthis dif-
ferencels decreasingn r. The next stepis to comparethis critical value,D’, with H' and

I'. We have that
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D'>H &0<v,<0.82,

4-2y, - 5i+7i+20

D' >I&apy, <35 ,
8+ 67, — 873 — 37} + 271

4 — 2v, — 5?2 3 4 244 7(1—
where3.5 Y1 ’Y21 + 713"‘ 714 ( 71)
8+ 67, =871 =311 +27; 727

comparingdemanddgor thegenericgood,we needto considedifferentintervalsfor thepa-

when0 < v, < 0.82. Hence,when

rametersSupposdirst that0 < v, < 0.82. Then,D' is alwaysgreaterthanmin { H', I'} .
Thisimpliesthatwheny, is sufiiciently small(lessthan0.82), undertherelevantrangefor
r, demandwill be higherfor the genericgoodunderreferenceprices. Considemow the

7(1—
casewheny, > 0.82. Assumethatag, € (O, w) . When

72y
4—2v, —5v2 + 3 4+ 294 7(1—
aps < 35 Y1 ’);1 713 ’)’14(< ( '71)),
8467, — 871 =371 + 271 7=27

D' > min{H',I'} = I'. However, whena s, increasesuchthat

s € 354—271—57?+7?+27‘% T(1-m)
846y, =8 -3 +2v1 T2y )

D' <min{H,I'} =1,
Hence,we cansaythatfor sufficiently low levels of ag,, demandfor the genericdrugis
higherunderreferencepricesfor the valuesthat »r mustsatisfyfor the modelto be well

defined for all levelsof v,. However, asap, increasesandis higherthan

55 4=2n =5+ i+ 27
8467, — 897 — 30 + 291

if r is sethigh enough,demandfor this drug will be higherundercopayments.As a g,

increasedurther, sothatmin {H', I'} = H', andwith v, > 0.82, D’ < H'. Thisimplies
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thatwhenr € (0, D), ¢&° > ¢<, but whenthereferencepriceis sethigherandabove D’
(but lowerthan H'), thenthesign of the lastinequalityis reversedandhenceg 27 < ¢&.
Summarisingthen, for low levels of v, (implying less substitutability betweenthe old
brandedandthe genericdrug),undertherelevantrangefor r, demandor the genericdrug
will behigherunderreferenceprices.Thisresultis maintainedor low valuesof ag, when
v, increasesHowever, whenthe valueof ap, is sufiiciently high, thendependingn the
value of the referenceprice set,demandfor the genericdrugwill be higheror lower un-
der referenceprices. If the referenceprice is setlow enough,thendemandwill still be
higherunderreferencerices.However, if suchreferencepriceis setsufficiently high,then
demandwill be higherundercopayments.

Before going into direct comparisondetweenpricesfor the new brandeddrug, it is in-
terestingto comparehow the price for this drug variesasthe parameter g, varies. Both
undercopaymentgandreferenceprices,anincreasen a g, increaseshe price of thisdrug,

but whencomparingthesechangesye obtainthat

c RP
Wbz _ 195 0.5 Pz
8a23 8a23
0 (P75 — p%s)

80,23
0 (PR — p%s)
or

, and
< 0, andmoreover,

> 0.

In words,theseinequalitiesshav thatthe higherthe valueof ay 5, (implying a higher(po-
tential) market for this new drug), the differencebetweenthe pricessetunderreference

pricesandcopaymentss decreasedyut thatasthelevel of thereferencepriceis increased,
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this differencewill actuallyincrease.Moreover, anincreasein a,p makesp$, increase
morethanp®?. For thenew brandeddrug, wherea market hasbeencreateddueto its high

degreeof innovation,we getthat

Pl —p%, = 0.3r —0.75a35 > 0 &
0.75@23
> = El.
r 0.3

Whenwe comparethis critical value, E’, with min { H', I'} , we getthefollowing inequal-

ities:
E' > I' Vayg > 0,and
2(1 —
E' > H'for ayp > 21=m)
727
. 7(1— 2(1 —
Since (1= > ( 71), for the smallervaluesof ap,, sothatmin {H’, I'} = I,

E' > I', andfor thelargervalues,E' > H'. Thisresultimpliesthatfor therelevantrange

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

Comparingquantitieds straightforvard,andyieldsthat¢®&? > ¢%,, Vr > 0.

The following propositionsummariseshe resultsobtainedwhenthe incumbentfirm pro-

ducesabreakthrougtdrug.

Proposition16 Wheny, = 0, ag; = ag = 1, a2 > 0, p = 0.4, andr < min {H', I'},
pricesfor theold brandedthenew brandedandthegenericdrugsare higherundercopay-

mentsthat underrefelenceprices. Moreover, demandor the new brandeddrug is higher
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underreferenceprices. Demandfor the old brandeddrug can be higherunderrefeence
prices, dependingon the value of the parametes. For small valuesof ag,, demandfor
thisdrug will be higherundercopaymentsior intermediateand high valuesof a g2, when
thereferenceprice is setsuficiently high, demandor the old brandeddrug will be higher
underreferenceprices. For 0 < v, < 0.82, demandfor the genericdrug will be higher
underrefeenceprices. For valuesof v, > 0.82, for suficientlylow levelsof aps, thisre-
sultis maintained.However, asa g, becomesigh enoughthisresultdepend®nthevalue
of therefelenceprice. For low levelsof r, demands still higher for the genericdrug un-
derreferenceprices,butif it is setabove a certainthreshold,demandwill be higherunder

copayments.

The intuition behindthis propositioncomesfrom analysingthe variables’responsdo a
changan the parametersLet usconcentratdirst on the new brandeddrug. We know that
underthe relevantrangefor the referenceprice, the price for this drugwill be sethigher
undercopaymentsThisis duefirst to the higherpositive effect thatthe parameter,z has
on p%, comparedo its effect on p&F. Secondlyeventhougtthereis positive effect on the
differencebetweenthe price setunderreferencepricesand undercopaymentssincethe
referenceprice cannotbe settoo high, the negative effect thata,z hason this differences
sufficientto offsetthe positive effect causedy the level of . Hence the positive relation-
ship betweena,z andp$, is higherthanthe positive effect of ay5 andr on pZL’ because
for the modelto be well defined,the referenceprice mustnot be too high. With respect
to the quantitiesdemandedor this drug, the effectis reversed however. The effect of the

parametem,p is identicalfor the equilibrium quantity underreferencepricesandunder
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copaymentsnonethelesshereis a positive effect of r on ¢&F thatdoesnot exist on ¢%,,
hencetheresultobtained.

For the old brandeddrug, the price of this drugwill be higherundercopaymentbecause
the positive effect of r on p&¥ is not high enough,againbecausehereis an upperbound
for thereferencepriceby the Authorities. With respecto quantitiesfor thisdrug,theresult
dependson the valueof ayp becausehis parametedetermineshe upperboundthat the
referenceprice cantake. Whenthis parameterasp) is sufficiently low, decreasinghe
upperboundfor r, thenthe positive effect thatr hason ¢&F cannotbe sufficiently high, so
thatquantitydemandedor this drugwill actuallybe higherundercopaymentsHowever,
asayp takeshighervalues,increasingthe upperboundfor r, thenthe critical value of r
thatdeterminesvhetherthedifference(¢&l — ¢%,) is positive liesin theinterval thatr can
take; hence|f asp increasegandtherebythe potentialtotal market sizeincreases)there
is a possibility thatdemandor this goodwill be higherunderreferenceprice. For this to
occur thereferenceprice hasto be sethigh enoughsothatthe positive effect that~ hason
demandor this productactuallydominates.

Pricesfor the genericgood undercopaymentsre higherdueto a similar reasoningthat
causeshatundertherelevantrangefor r the pricesof bothbrandedyoodsarehigherunder
copaymentssincethereis an upperboundfor r, the positive effect thatr hason p&” is
not sufficiently strong.The analysisor demanddor this drugis somevhatmorecomplex.
We know that for sufficiently low levels of , demandfor the genericalternatve will be
higherunderreferenceprices. This is becausehe negative effect thatr hason ¢2” is not

too high. However, thecritical valueof r thatgivesriseto anegative difference(¢&" — ¢5)
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actuallydepend®na, g, becaus@asmentionedefore,a,z determinesheupperboundfor
r. Hencewhena, s is low enoughtheupperboundfor r is low enoughsothatthenegative
effect of r on ¢2F is nevertoo strong.However, asa,p startsto increasethe upperbound
for r startsto increasealso, so that thereis room that for sufficient high levels of r, the
negative effect of a, 3 on genericdemandunderreferencericescanstartto dominate and
actuallybecomesiominant.Hence,underthis circumstancesye obtainthatthe quantity

for this goodundercopaymentss highet

2.4 Me-toodrug.

Assumethatthe conditionsthat give rise to a me-toodrug aresatisfied sothatvy, = ;.
Therearethreegoodsin the samemarket, two brandedandonegeneric.Supposdirst that

copaymentareenforced*. Demandfunctionsbecome

5(1 — yyap2) — 2(1 4+ 71)pe1 + 271 (PB2 + D)

qg1(72 = ’)’1) =0.2

1479, — 273 ’
Sapa(1 +71) = 1071 — 2(1 +v1)pB2 + 271 (pB1 + Pa)
qgQ('YQ =7,) =02 - - - D) ! ;
T+, — 271
5(1 — yiap2) — 2(1 + v1)pe + 271 (PB1 + PB2)
Qg(f}/Q = 71) = 02 ! 1 1_ 2 2 - .
+ 71 71

In this case sincethe new drugis a me-too,it will directly competewith the old branded

drugandthegenericversion.Proceedindy backwardinductionagain,equilibriumprices

1 Recallthatwe areassuminghatag; = ag = 1, andp = 0.4.



are.

2.4 Me-toodrug.

243y — 29 =29 — v (L+ v, —])ame

c
pe = 0.625 ,
“ (71"‘1)(1"‘71_’)’%)
2 — 3y?
PGy = 0.625- 1 1=
I+ =11
pC _ 0 6252(1 + Y1~ /Y%)GBQ - /Yl(]‘ + 71)
B2 — V- )

L+7 -7

yielding theassociate@quilibriumquantities:

a5

c
qdp1

c
U§zD)

09521371 — 271 — 273 —yiap(1+ 7y

-7

-1 -1)"i-7 -1

2+ 37, — 71082(2 + 374)
(T4+7—=29]) (r, +1)
(2447, +71) a2 — 37, — 40

I+7r =29 (n+1)

0.25

I

0.25

81

(2.66)
(2.67)

(2.68)

(2.69)
(2.70)

(2.71)

Noticethatthe priceandquantityof the new drugdependoositively onthe parametet: g,

while the generics price, its demandand the old brandeds demanddependnegatively.

Hence,anincreasan the (potential)sizeof the market for the new drughastwo opposing

effectsfor theleader:ontheonehand.,it increaseprofitsearnedoy the new brandedirug;

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

sizeof this parametewill actuallyaffectthe decisionwhetheror notto actuallysubstitute

theold drugby thenew one For thegenericproduceranincreasen this parametehasan

unambiguougffect: highera g, implieslower profits, ceterisparitus.

Underreferenceprices,demandunctionsareasfollows:
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5(1 — viapz) +3r — 5(1 +v,)pp1 + 571PB2 + 271Pa
(1 —71) (1 +27) ’
25032(1 +71) — 10y, + 3r — 5(1 +v1)pB2 + 571PB1 + 271Pa,
(T —71) (1 +274)
5(1 —viap2) — 6717 — 2(1 +7v1)pc + 571(pB1 + PB2)
(T —71) (1 +27)

Q}%(’Yz = ’Yl) =0.2

qgg(% = 71) =0.

Qg(72 = 71) =0.2

As whenabreakthroughdrugis producedcomparingdemandunctionswhencopayments
or referencepricesare enforcedshaws that the referenceprice actsasa subsidyfor both
brandedyoodswhile actsasakind of tax for thegenericgood.

Solving first for the genericproducey we obtaina cornersolution. Hence,we have that

p&F = r. Thebrandedirm thenchoose® ! andpf!” soasto maximiseprofits, yielding

1
[ 5(1—71)+(0.3+0.271)7~, (2.72)

1
phl = §(a32 — ;) + (0.3 4+ 0.27,)r. (2.73)

With theseequilibrium prices,we obtaintheassociate@quilibrium quantities:

5(1 —vyap) + (29, +3) 7

RP
qg; = 0.1 : (74)
o (1—7) (T +2y)
1 -1 92
B — 0.15( +7y)ape — 10y, + (2v, + 3) T’ 75)
(1 - ’Yl) (1 + 271)
g = 0.1 20571 = 5mam — (4+ 10y, — ) (76)

(T —71) (1 +27)

Carrying comparatre staticanalysiswill provide usefulfor later results. Thereis still a
positive relationshipbetweenthe level of the referenceprice andthe pricesfor all three

goods. With respectto the relationshipbetweenr and quantities,the positive relation-
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ship still remainsfor both brandedjoods,but thereis a negative relationshipbetweenhe

guantitydemandedor the genericdrugandthereferenceprice. Moreover, we have that

ope” Oppl | |Opiy
‘ or or | | or , and
dqs” dqpt | |Oans
or or | | or

The relationshipbetweenthe value of the parameter g, andtheseequilibrium valuesis
thesamequalitatvely aswhenabreakthrougldrugis producedhighermarketsizefor the
new drugimplieshigherpricesandquantitiesfor this new drug, but lower demandor the
old brandedandlower priceanddemandor thegenericversion.

Evaluatingprofitsfor both producersindercopaymentsye obtain

(1 - ’7’1‘12B) (2 + 371)2
(1 + ’71) (2’)’1 + 1) (1 + 7 ’Y%)
a28(2 +47,71) = 37 — 47

0.16 (2a25(1 +7v, —72) — v, — 73 — C(k"),
(azp(1 %71 =) = e @iy DT W)

7% =0.16

2
(2 + 37 — 27% — 27? — 71G2B(1 +7 — ’Y%))

T& = 0.625 . 2
=7 =D)L=y +7)" 1 +m)

Underreferenceprices,profitsare:



2.4 Me-toodrug. 84

5(1 - 71a32) + (271 + 3) r
(1 - ’71) (2'}’1 + 1)
50a28(1 + v, — 277) — 507, (1 + v, — 29}) 4 5razp(3 + 57, + 273)
=107y, (3 + 27,) + r%(9 + 127, + 49?)

147, —279%

7RE = 0.01 |(5(1 — ;) + (3 + 2v,)r)

0.01 —O(kY),

10 + 57, — 5yjap2 — (4 + 109, — 4y3)r .

7BP — 0.1
“ (1 - ’)’1) (271 + 1)

The next stepis to definethe conditionsthatensurethatthis equilibriumis well-behaed.

Thenext lemmashows thatundercertainconditions this equilibriumexists.

Lemmal7? Wheny, =, aps =ag =1, p=0.4and

3+4 1
aps € ('71( +471) _>’

247 +41
there existsan equilibrium bothunderrefeencepricesand copaymentsgharacterisedoy

equationg2.66)-(2.76)andpZ” = r, when

5(1— .
CASESlLand2: r < w =TIifag, € (1,— , or
. 7= 2y 3 Zl
CASE3: r < 209827 7) _ prig o <M1)

Proof. Fortheequilibriumto bewell defined we requirenon-ngative equilibriumprices
andquantities.Undercopaymentsyerequirethatp&, p&, p%,, 65, 451, 45, > 0. Weobtain
thatp$, is alwaysnon-ngatvewhenv, € (0, 1). Fromstraightalgebraiananipulationye

obtainanupperandalowerboundfor a g suchthatall equilibriumvaluesarenon-ngatie.

71(3+4’Y1)
2+ 92+ 4y,

The upperboundis givenfrom the inequality¢, > 0, wherebyfor it to be satisfied,we

The lower boundis givenby the lastinequality whereq$, > 0 < ap, >
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1 . 3+4 1
needthatag, < —. It canbe easilyshavn thatM <1< —fory, €(0,1);
"1 2+ 71 +4y "1

hencetheinterval is well defined.Thefirst stepof the proofis completedUnderreference

prices,we needthefollowing inequalitiesto be satisfied:

5242y —~, +7va
qu>0<:>7‘< < 71 /Yl ’)/21 B2

= (.

5(ap2 — 1)
pgg—T>O<:>T<7_72/YIIEH,
o(1— . .
PP —r>06er< % = I. The next stepis to compareG, H and [ in order
— N

to seewhich inequality is more restrictve. We havethat H > I < agy > 1. More-
14 + 77y, — 672 3+4
+ 7 'y;,where(%( + 1) <)1 -
44177y, — 673 2477 +47,

14 — 672 1 10 — — 272 1
+ 67; < — fory, € (0,1). Wealsohavethat! < G < ap, < 0= 37% — 29 (> —) :
4417y, — 692 " 71 (7= 271) 71

Hence for theinterval thatthe parameter g, mustlie in, I < G. This setof inequalities

over, we havethat H > G < apy, >

imply thatwe have threepossiblecases:

14 + T, — 672 1
M T < 4py < —, thenl < G < H.

e Casel. When
4417y, — 697 7

Case2. Whenl < <
* 9B2S 1Ty, — 692

,then] < H < G.

3+4
e Cases. Whenw <apy < 1,thenH < I < @.
2+97+47

ThereforeCased and2imply thatmin {G, H, I} = I, while Case3impliesthatmin {G, H, I} =
H.
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The next stepis to comparepricesand quantitieswhena me-toodrugis producedunder

referencepricesandcopaymentskFor the old brandedyood,we obtainthat

RP . C
P —Pp1 >0

5(6+ 5y, — 7] — 499)

> = A.
43457, =71 —273)

We needto compareA with min {G, H, I'} to seeif it is in the interval for the reference
pricer. Comparisonyield that A is alwaysgreaterthanthemin {G, H, I'} sothatunder
the relevant rangeof r, p&° < p%,. The next comparisonis for quantitiesfor the old

brandedyood. We obtainthat

RP C
g1 —49p > 0=

5v, (1 —
> 71( 71CLB22) =D
6+ 10y, + 4v7

Analysingcaseby caseasillustratedin the previouslemma,we have thatunderCasel and

2, D < I. UnderCase3, we have thefollowing:

137y, + 872 + 4~}
6+ 10y, + 1192 — 273’

when aps € ( 1), D < H,
Y1(3 + 471) 137, + 877 + 473

2492+ 47, 6+ 10y, + 1192 — 243
Whatthis resultis sayingis thatwhenthe market sizeis biggerfor the new brandeddrug

when aps € ( ), D> H.

thanfor the old brandedandgeneric(age, > 1), thenfor sufficiently high levels of the
referenceprice, demandwill be higherfor this old brandeddrug underreferenceprices
thanundercopaymentsWhenthe market sizefor the new brandeddrugis not sufficiently

high, sothatmin {G, H, I} = H, thenwe have two possibleresults. For valuesof ags
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137, + 873 + 4%
7t 71+2 L 5 (but lower than1), sothat D < H, thenthe same
6 4+ 10y, + 1197 — 295

reasoningappliesaswhenag, > 1: demandor theold brandeddrugwill be higherunder

higherthan

referencepricesonly whenthereferencepriceis sethighenoughWhenag, decreaseso
thatD > H, demandor the brandeddrugwill alwaysbe higherundercopaymentsinder
therelevantrangefor r. In this subcasethe positive effect that the referenceprice hason
¢&? is notsufficiently high sincethe referenceprice cannotbe settoo high.

Let uscomparenow betweerthe equilibriumvaluesfor the new brandeddrug. For prices,

we obtainthat

RP . C
DBy — Ppe > 0&

_ 30amy(l+7, + 3) =57, (1+ v, +47))

=C.
12 4+ 207y, — 492 — 893

We needto comparehisboundof r, C, to seef it is placedin theinterval for thereference
price. Algebraicmanipulationshavs thatC' is alwaysgreatethanmin {G, H, I}, sothat
undertherelevantrangefor r, pEY < p%,. Hence the price for the new brandeddrugwill
be higherundercopaymentshanunderreferenceprices,on the interval for thereference
pricethatensureghata well-behaedequilibriumexists. Comparisorof quantitiesfor the

new brandeddrugyields exactly the sameresultaswith theold brandeddrug,since

RP C
02 —qpa > 0=

971 (1 — ’YlaB2) _

6+ 10y, + 492
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The next stepis to do the samewith the price and demandof the genericgood. Price

comparisonyield

pel —p& > 0&

5(24 37, — 291 — 29}) — 57,a2(1 + 7, —73)
8(1+2y,—73)

r> = F.

UnderCase and3, algebraicmanipulationshavsthat £ is higherthanl and H respec-
tively. Thisimpliesthatin thesetwo casesundertherelevantrangefor thereferenceprice,
thepriceof thegenericgoodis higherundercopaymentsHowever, underCasel, theanal-
ysisis not that straightforvard. We have two possiblesubcasesjependingon the values
of v, andag,. When~y, € (0.21,1), thenfor all relevantvaluesof az,, we still have that
pE < p&. However, for sufficiently low levels of v,, andfor sufficiently high valuesof
a2, we canhave thatpZ? > p&. Thereforefor the price of the genericgoodto be higher
underreferenceprices,we requiresomedegreeof monopolypower (low valueof v,) and

sufficientdemandor the new brandeddrug (high valueof ag,). Formally, we have that

( 6+9y, —4y2 — 293 —4y1 1
aps € ( - 152i931241,—)=>
Y1+ I TEYT
When pEP > p& for v, € (0,0.21) and r € (F, min {G, H, I}).
g
Casel
( | aps € (14+771—67? 6+9%—47?—2vi”—47‘%) N
o ATy =6y Ty 4597 =977+ 2]
\ & > pEF Vv, € (0,1) and r € (0,min {G, H, I}).
3+14 14+ 7y, — 672
When aps € (71( ;_ Zl) ' * 7§)=>
(Case® and3) 2471+ 4y, 4+ 17y, — 675

p§ > pBF Wy, € (0,1) and r € (0, min {G, H, I}).
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Summarisinghen,whenag, is low enough pricesunderreferencepricesfor the generic
goodarelowerirrespectve of thedegreeof productdifferentiationundertherelevantrange
for r. However, for asufficiently high (potential)marlketsizefor thenew brandedyood,the
price of the genericdrug canactuallybe higherunderreferenceprices. For this to occug

thevalueof v, shouldbelow enough(lowerthan0.21) andthevalueof thereferenceprice
shouldbe sethigh enough,so thatthe positive effect that the level of the referenceprice
hasonpf? is sufficiently highto dominateandoffsetthenegative effectthata g, hason pg,

(asshawvn in equation(2.66))2. Hence only whenr is sethigh enoughthe marketsizefor

the new brandeddrugis sufficiently high, andthe degreeof productdifferentiationis low,

will thegenericproducerave incentivesto setits price higherunderreferencepricesthan
undercopayments.

Comparisorbetweenquantitiesyields that demandcan be higherunderreferenceprices

dependingnthevalueof thethreeparameters, , ag> andr. More preciselywe have that

5" -6 >0&

=F.

_ 10+ 15y, = 2097 — 2097 + 2091 — Smiame(l + 71 — 1)
42+ 7y +9% = T8 +291)

Dependingon the value of ag,, we canhave two subcasesLet us considerone caseat
atime. Supposehatap, is sufiiciently high, sothatwe areunderconditionsof Casel,

where

(14+771—67§ 1)
apo € 5 — |-
4+ 17y, — 677 7

12 recallthatpZF = r.
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Then,wheny, is sufficiently high (higherthan0.32),F < I, whichimpliesthatfor positive
valuesof r lowerthanF, ¢&” > ¢&. However, shouldthereferenceprice besethigherthan
F, the demandfor the genericgoodwill be higherundercopayments.For lower values
of v, (v, € (0,0.32)), thendependingon the valuethat ag, takes the direction of the
inequalitywill bereversed.For the highestvaluesof az, possible(when

6—3y, —107? +1273 1
GBZE( Y1 Y1 71 ))’

Y (T+57 =9 +29%) 1

simple algebraicmanipulationshavs that ¥ > I. This implies thatin this subcasefor
whatever valuesthatr takesin the interval required,gZ” > ¢&. However, if the value of

apsy IS reducedsothat

(14 + 7y, — 672 6—3y, — 1072 + 123 )
ap2 ) )
4417y, = 6977 71 (T+ 571 — N7 +291)

thenF < I . Hence whenthereferencepriceis setbelow (above) F, ¢Z” will be higher
(lower) thang.

For Case2, with

14 + 7y, — 672
aps € | 1, * 7; )

we alsohave differentsubcasedror very low valuesof v, (lowerthan0.32),F > I sothat

for therelevantrangeof r, ¢Z” > ¢&. Whenv, € (0.32,0.48) , wheneer

6 — 3y, — 10’)/% + 12’)/?
apo S ]-7 2 3 )
Y1 (7457, — 971 + 277)

F > I, sothatthedemandor the genericgoodunderreferencepriceswill be higherthan

undercopaymentsHowever, when

. E<6—371—10ﬁ+12ﬁ 14+771—67§)
PN (T+57, 973 +293) 4+ 17y, — 693
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F < I, sothatthe demandor this goodunderreferencepriceswill be higherdepending
on themagnitudeof r. Finally, whenever v, is sufficiently high (higherthan0.48) sothat
thethreegoodsbecomeclosersubstitutesthen F' < I always

Finally, considerthe casethat

4
apy € (71(3+ ’Yl) 1>’

247 +4y
sothatwe areunderthe conditionsthat give rise to Case3. Whenthe degreeof product
differentiationis sufficiently low (lower than 0.48), then for the relevant rangeof ap,,
F > H, sothat¢Z" > ¢&. For highervaluesof v,, therearetwo subcasesiependingon

thevalueof ag,. Whenever

o Y1(8+47,) 144257, — 673 — 1673 + 871
B 2472+ 4y, 8+ 35y, + 9792 — 373 + 10~ )’

F > H, but whenthevalueof this parametemcreasesand

. 14 + 257, — 692 — 1673 + 87}
B2\ 84357, + 972 =373 + 104477 )7

thedirectionof the previousinequalityis reversedsothat F* < H. Hence,if ap, is around
thelower valuesthis parametecantake in this case the demandor the genericgoodwill
behigherunderreferencerices;however, if ags increasesindis closerto 1, andthedegree
of differentiationis high enoughthenfor sufiiciently high levelsof thereferencepricethe
demandor thegenericdrugcanactuallybe higherundercopayments.

Thefollowing propositionsummarisegheresultspresentedn this section.

Proposition18 Wheny, =v,,ap1 =ac =1,p=0.4,7r <min{G, H, I},

(’71(3+471) 1)
aB2 = |
2471 +4
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pricesfor the old brandeddrug and the new brandeddrug are higherundercopayments.
Genericprices are higher under copaymentsvhenap, is low enoughfor all valuesof
v, € (0,1). However, whenap, is suficiently high, the price of the genericgoodcanbe
higherunderreferenceprices. For thisto happenwerequire that+y, is suficientlylow and
therefeenceprice is sethigh enough.Otherwise the price of the genericalternativewill
be higher under copayments.Demandfor the old and new brandeddrug can be higher
under refeencepriceswhene&er ap, is high enoughand the refeenceprice is sethigh
enough.However, for lower valuesof ag,, demandfor this brandeddrug will be higher
undercopaymentsindertherelevantrange for r that givesrise to a well-definedequilib-
rium. Demandfor the genericdrug can also be higher underrefeencepriceswhenaer
thereferenceprice is setlow enough.Moreover, we alsorequire that the parametes a g,
and~, take certainvalues.Considerthe casewhenag, liesin theupperpart of theinter-
valit mustlie in for theequilibria describedo bewell defined(i.e. thetotal market sizefor
the new drug is high). Then,for high valuesof v,, the price of the genericgoodis higher
underreferencepricesif the refeenceprice is not settoo high. However, for lower val-
uesof v, , implyinghigherproductdifferentiation,wecanhavethatirr espectivef thelevel
of therefelenceprice set,demandor this drug will be higherunderrefeenceprices. As
apy Startsto decreasethis relationshipis qualitativelymaintained;for lower valuesof v,
demandor thegenericdrug will alwaysbe higherunderrefeencepricesunderthecondi-
tionthatr < min {G, H, I'} . However, for the highervaluesof v, , demandor thegeneric
producerwill be higher underreferencepricesonly whenthe refeenceprice is setlow

enough.
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2.5 Substitution.

This sectionanalysesvhetheror not the incumbentfirm hasincentvesto remove the old
drug from the market if a seconddrug is produced. Whenthe leaderfirm producesa
breakthroughdrug, so that two distinct markets exist, thenit is clear that this firm will
never have incentvesto remove the old drug from the market. This is becausehe two
goodscompetein differentmarkets. However, whenonly enoughresourcesre spentso
thata me-toodrugis producedthe appearancef this seconddrugcannibalisepartof the
demandof the old brandeddrug. Hence whatwe wantto seeis whetherremoving theold
drugactuallyleavestheincumbentfirm betteroff thanproducingtwo goods.
Beforemakingthe comparisonsye needto be carefulhow to definethe inversedemand

functions.Recallthatdemandunctionswith threegoodswere:

&= (1 —3) (aB1 — Ps1) = 72(L —71) (ap2 — Pr2) — (71 — 73) (a6 — Po)
142717 — 71 — 273
2, = (1+7) (a2 — Pr2) — 7, (a1 + ag) + 72 (P + Pr1)
I+7— 2'}’%
(1 =73) (ag — Pa) = (71 = 73) (@B — PB1) — Yo(1 = 1) (aB2 — P2)
142775 =71 - 273

7

bl

3 _
QG_ )

wherethe superscripB refersto the situationwith threegoodsin the market. Total (poten-
tial) market sizein this situationis henceﬁ—gsi (whenpg: = pp2 = pg = 0), andgiven
thatag; = ag = 1.

However, with only two goods sothatthegooddenotedoy B1 is removedfrom the market

andonly staythe new branded(B2) andthe genericdrug (G), inversedemandfunctions

become:
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P2 = QB2 — ¢B2 — Y24a,

Pc = 1—4qg—798B2-

Recallthatp;, : = B2, G standdor thenetprice paidby theconsumefor thenew branded
drug andthe genericdrug respectrely. Moreover, we are assumingthataz = 1. The
parametet g, is thecrucialonewhencomparinghesituationsdetweertwo or threegoods.
Moreover, we cannotdirectly assumehatags, = aps, sincethis could leadto erroneous
conclusions.Thisis becausave have to considervariouspossiblesituationswhenthe old
drugis replacedoy the new one: we canhave a market expansionreffect, market reduction
effect,or nochangen thetotalmarketsize.Dependingpntherelationshipgetweert g, and
apo, oneof threepossiblesituationswill occur

Demandfunctionswith thetwo goodsare:

5 _ Gpa — Y9 — PBa + Yaba
4o = )

1—73
o 1= G2 — DG + V2PB2
qG_ 1_7% )

wherethe superscrip® in this casedenoteghe situationwith two goods the new branded

~

+a/B2

. : .1 .
andthe old generic. Total market sizewhentherearetwo goodsis 1 . Comparing

1
+ apo 2+ ape

, then
+ M 142y

. . . o1
total market sizeswith two andthreegoods,we obtainthat if ]

therewill beamarket expansioneffect.
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For comparisompurposeslet usfix first the parameterg, = 1 (whichliesin theinteral
definedfor this parametethatensureghatthe equilibriumthatgivesriseto a me-toodrug

is well behared). Hence a market expansionreffect will occurwhenever

14+ apo 3
1+, 1+ 2y,
. 2+ 7
> >1=
ap2 1+271( aBZ)

Thelastinequalityimpliesthatif ag- is sufficiently high (andnotjustbiggerthanag, = 1),
thenamarket expansioneffect will occur Takingthisinto accountwe cancompareprices
and quantitiesobtainedwith two and threedrugsin the market undercopaymentsand
referencepricesto examinewhenwill theincumbentfirm have incentvesto substitutehe
old drugby thenew one.

Consideffirstwhencopaymentsreenforced Recallequation$2.66)-(2.71thatdefinethe
equilibrium obtainedundersuchprice regulationsystem.Whenthe old drugis removed,

we have thatequilibrium pricesaré?;

(2—9D)as — 1,

c2
Py = 1.25 ,
B2 2-2)
ng — 0.625 (4 - 3’)’%) - 71(2 - 7%)61132
(2—79) ’

with theassociate@quilibriumquantities:

13 We have proceededilso by backward induction, wherethe incumbentfirm is treatedas a Staclelbeg

leader
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e _12-")ap—m
4C? = 14 -39 — 7112 — 11)ase
C 4 2-0-7)

Recallthatthe superscriptC2 standgor the situationundercopaymentsvith two goodsin

)

themarket.
Thenext stepis to comparesquilibriumvalueswith two andthreegoods.To make theanal-
ysistractable a simulationexercisewascarriedout, giving usefulintuition. Thefollowing
tablesummariseshesesimulationresults.
Table 1 COPAYMENTS: Simulation resultswith ags = 1.
| | =01 | =03 | ,=05 || =07 | 71 =09 |

| pE3 > pS% | 1.86 < s || 1.63 < Gpa || 1.45 < dpp || 1.29 < apy || 1.12 < apoay |
H (]g?’ > q82 H 1.71 < aps H 1.35 < apo H 1.16 < aps H 1.07 < aps H 1.02 < apy H

[753 > p52 [ apz < -999 [ apa < 995 | apz < -986 | aps < 972 | aps < 972 |
(452> g2 | ans < 92 | Gmo <82 || am < .79 || am <80 | am < 90 |
pa=n 1.75 1.44 1.25 1.125 1.04

The superscript€'3 and(C2 standfor the situationundercopaymentsvith threeandtwo
goodsrespectrely. Thelastrow shows the critical valuefor whichif the parametefig, is
higherthanthis value,thereis a market expansioreffect. This critical valuedependseg-
atively on thevaluefor v, i.e. the higherthe degreeof productdifferentiation(lower ),
the higherthis critical value. We canseefrom the tableabove thatthe comparisongollow
a similar trend: the price and quantity of the genericgoodwill be both higher(implying
higherprofits)whentherearethreegoodsonly whenthereis a market expansioreffectand
potentialdemandfor the only brandeddrugin the market is sufficiently high. Therefore,

it seemdhatthe genericproducemrefersthatthe brandedyoodproducerhecomesnulti-
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productonly whenthereis a high potentialdemandfor the new drugwhenthis producer
remainssingled-productThereasorfor thisis thatif theleaderremovestheold drugfrom
the market, andthe potentialdemandor the new drugis very high, thenthe genericpro-
ducerwill beleft worseoff becausen relative terms,it will lose market share.Hence,if
thisis thecasethisgenericproducerprefersto competewith two productsatherthanwith
onewith very high potentialdemand.

Alternatively, the brandedgood producerwill sethigherpricesfor the new brandeddrug
whenthis firm becomesnulti-productonly whenthe parametefi g, is low enough.More-
over, it seemdrom the simulationsthata g, requiresto belessthanag, = 1 for thisresult
to betrue. Thereforejf the potentialdemandor the new drug (whenthis new drugis the
only brandeddrugin the market) is not sufficiently high, thenthe brandedyoodproducer
will earnhigherprofits from the new brandedgoodwhenit is multiproduct®. In orderto
concludewhenthe incumbentfirm will have incentvesto substitutethe old drug by the
new one,we have to considerthatwhenthis firm is multiproduct,therearetwo sourcef
revenues(old andnew drug). However, whenonly the nev drug remainsin the market,

thenthereis only onerevenuesource Hence we needto compare:

c3 .03, C3 C3 <, C2 C2
PB29B2 T PBadp2 < PB29B2-

Continuingwith thesimulationswe cansummariseheresultsobtainedwith thenext table.

14 Notethatsinceag, = 1 (= ap), the price andquantityfor the old brandedgoodwill be equalto the

priceandquantityof thenew brandeddrugwhenthe firm is mutiproduct.
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Table2 COPAYMENTS: Incentivesto remove the old drug (ags = 1).

I [7,=01] 7 =03] 7% =05] 7 =07 ] 7,=09 |

pC3qC3+
pggqgg > 5@2«358«3 13<apy | 1.2<ape || 1.1 <apy || 1.0 < ape || 1.0 < apo
B21B2

It seemdrom theresultsshavn above thatfor theleaderfirm to remove the old drugfrom
the market, the potentialtotal market sizefor the new drugwhenthereareonly two goods
in themarket (B2 and(@) hasto be sufiiciently high. Moreover, recallthatag, wasequal
to one,soit seemghata necessarybut not sufficient) conditionfor thereto beincentves
to remove theold drugis thatag, > aps. Thetablealsoshavs thatthe lower the degree
of differentiation(higher~,) betweernthe drugsin the market, the moreprobablethatthe
incumbentfirm will have incentvesto remove the old drugfrom the market. Theintuition
is thatwhen-y, is very low, thenfirms have highermonopolypower, sincegoodsaremore
differentiated.Hence,it is asif it is betterfor theleaderto keepbothgoodsin the market.
Under this case,the leaderfirm requiresthat the potentialmarket for the nev branded
drugwhenthis firm is singled-products higher It appearghatfor low valuesof v,, the
incumbentfirm is sacrificingprofits by substitutingone drug for the other However, for
high valuesof ~,, implying thatgoodsare very similar, firms have lessmarket power, so
thatit is easierto remove the old drug becauseprofits earnedfor eachproductare lower.
Hence,in this case,it is betterto sacrificeprofits earnedrom the older drug, eliminating
competitionin the market, and concentratingsalesin just one drug. Let us concentrate

now onthe casewhenreferencepricesareenforced.Recallthatwith threegoods,demand
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functionsare given by equations(2.72)-(2.76),plus the fact that p%*® = 7. With two

goods.equilibriumpricesare®

pE? = 0.5(apy —7;) + (0.3 +0.27,) 7,

RP2 __
Pa =T.

Theassociate@quilibriumquantitiesare

RP2 __ 5(apa — 1) + (3+27) 7
qgg; - =0.1 )
(1 + ’Yl) (1 - ’Yl)
RP2 __ 5(2 - 7% - 716‘32) - (4 + 37 — 2’)/%)7“
g “=0.1 .
(1 + 71) (1 - ’)’1)

We know thatthe price of the genericdrugwill bethe sameandequalto r irrespectvely

of thenumberof goodsin the market. Again, evaluatingag, = 1 for simulationpurposes,
we cancompareequilibrium pricesand quantitieswhenthe leaderproducesone andtwo

goodsrespectrely. The next tablepresentshe simulationresults.

15 Notice that we distinguishagainthe situationwith threegoodswith the superscrip8 andthe situation

with two goodswith the superscrip®.

16 In this case,we alsoproceedby backward induction, and a cornersolutionfor the genericproduceris

obtained.
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Table 3 RPs: Simulation resultswith ag, = 1.

! [ pRE? > pED? | qfF? > gl |

[7,=01] ap>10 [[r>—18.75ap, + 17.34(> 0 & ap, < 0.93) |
[7,=03] ap>10 [ r>—T4lag, +6.44(> 0% aps <0.87) |
[7=05] ap>1.0 [ r>—-50ap +4.34(>0« ag, <0.88) |
|7 =07] ap>1.0 [ r>—-390ap;+3.56(>0< ap, <0.91) |
[7,=09] ap>1.0 | r>—-324ap,+3.14(> 0% ap, <0.97) |

We obtainthatp®l? > pRP'S wheneverag, > 1. Moreover, sinceap, = 1, pEF? > pEP3

whenag, > 1. Hence,if ags = apy = 1, thenphl® = piP3 — pEP2 Therefore,the
incumbentfirm will chage a higherprice for the new drugwhenbeingmultiproductonly
whenthepotentialmarket sizefor thenew brandeddrugwhenbeingsingled-producis low

enough.Whenwe comparedemanddor the new brandeddrug, we canobsene from the
tablethatdemandor this drugwill be higherwith only two goodsin the market (B2 and
@) for areferenceprice higherthana critical value. However, noticethatfor the values
of v, presentedn the table, this critical value of » canbe negative if the valueap, is

high enough.Hence whatthis is sayingis thatit seemghatwheneer ag, is sufficiently
high, thendemandor the new brandeddrugwill be higherwhenthe incumbentfirm just
producesthe new (me-too)drug, sincer is always (strictly) positve. Neverthelesswe
have to take into consideratiorthatwhenthe brandedyoodproduceris multiproduct,this
firm obtainsrevenuefrom two sourcesthe old andthe brandeddrug. Therefore this firm

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

wheneer:

RP2_RP?2 RP3 _RP3 RP3 _RP3
Do 4y~ > Ppe 4y T DPp1 4B1 " -
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This inequality underthe parameteralueschoserfor our simulationexercise,is reduced

to:

RP2_RP2 RP3 RP3
Ppa dpa2~ > 2Pps dBs )

giventhatp&l? = piP3 andqhl® = ¢EP3 sinceap, = ap; = 1. A necessaryalthough
not sufficient) conditionfor this firm to have incentvesto remove the old drug from the

market oncea me-toodrugis produceds hence

RP2 RP3
Pga- > DPgy, and

RP?2 RP3
92~ > (4pa -

It seemdrom the simulationresultsthat thesetwo inequalitiesare met for a suficiently
high level of ap, i.e. whenthe potentialtotal demandfor the new brandeddrug aloneis

sufficient to sacrificethe profitsearnedvhensellingtheold drug.

2.6 Comparisons.

The aim of this sectionis to provide the conditionsunderwhich the incumbentfirm will
producethe breakthrougtdrugor the me-toodrug.
Given a referenceprice system the profit obtainedby the incumbentfirm whena break-

throughdrugis producedandbecomesnultiproductis:



2.6 Comparisons. 102

(5(1—7) + B+2y)r)
(T+71) (1 =)

while profitswhenproducinga me-toodrugare

ARP3 (. = 0) = 0.01 +(0-505 + 0.3r)° — C(kmmax),

5(1 —vyaps) + (27, +3) 7

5 (e = 71) = 0.01 |(5(1 = 1) + (3+ 271)r) ) n
1 1
50a25(1 +7; = 297) — 507, (1 + L% 297) + 57“06232(3 + 571 + 27%)
—10 3+2 9412 4
0.01 T71( + 71) +r ( + 127, + ’}’1) _C(k*)’

1+7 - 294

For tractabilityreasonsywe mustusesimulationso comparehesewo profit levels. Again,

we will fix ago = 1. Thefollowing tableshavstheresults.

Table 4 ReferencePrices: Breakthrough or Me-too?
H apy =1 H TE (7 =0) > 75 (7, = 71) H

o1 —0.18 + 0.197 + 0.0047% > U,

Y=Y where — 0.18 + 0.197 + 0.004r2 > 0 < 0.95 < 7
03 —0.07 + 0.24r + 0.00099r2 > U,

T =5 where — 0.07 + 0.24r + 0.0009972 > 0 < 0.32 <
05 0.02 +0.27r — 0.017r2 > U,

7= where 0.02 + 0.27r — 0.017r2 >0< 0 < r < 16.08
_ o 0.11 + 0.28r — 0.07r% > U,

Y=o where 0.11 +0.287 — 0.07r2 > 0 < 0 < r < 4.53
09 0.20 + 0.307 — 0.3472 > U,

T =5 where 0.20 +0.30r — 03412 > 0 < 0 < r < 1.31

whereVU = C(kmax) — C(k*) > 0 (by assumption).

Table4 shavsthatthereis anambiguouselationshipbetweenr 273 (v, = 0) andn &P (v, =
71), andnoclearcutconclusiorcanbearrivedto. It seemdiowever, thatwhenthereis high
productdifferentiation(low ~,), thenthe referenceprice hasto be sethigh enoughfor the
incumbentfirm to have incentvesto producethe breakthroughdrug; however, for high

valuesof v, the referenceprice shouldbe setnot too high for the leaderto preferto pro-
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ducethebreakthroughdrug. Also notethatasexpectedthelowerthecostassociatetb the
breakthrougldrugcomparedo the me-too,themoreprobablethatthe leaderwill produce
a breakthroughdrug, ceterisparitus.

Let usanalysehe casewhencopaymentsreenforced.We will proceedhe sameway as
with referenceprices. Recallthatthe profits earnedby the leaderwhenthe breakthrough

drugis producedaregivenby:

2+

+0.625025 — C(kmax),
2—7%) (1+7) -

T3 (7, =0) =031 (2=, — 7)) (

andwhename-too:

(1 - 71G2B) (2 + 371)2
(1 + ’Y1) (271 + 1) (1 +7 = ’Y%)
azp(2 + 47,71) — 3y, — 4 (k).

0.16 (2a25(1 +7, —73) =71 — 7} —C
(Rasp(1+7 —7) =m 1)(—1—71+7%)(27?—71—1)(1+71)

Wg?’(’)’z = ’)’1) =0.16

Again, simulationresultsarepresentedn the next table(still assuminghatasg = 1).

Table 5 Copayments: Breakthrough or Me-too?
H apy =1 H 15 (1, =0) > 75(r, =) H

[, =01] 026 > Clkma) —C(k) |
[7,=03] 057 > Clkma) —C(k)_|
[7.=05] 0.74 > Cllme) —C(k)_|
[, =0.7] 082> Cllima) —C(k) |

[7.=09] 081> Clhumw) —C(k) |

Table5 shaws that undercopaymentsit seemshat only whenerer the R&D costof ob-
tainingthe breakthroughdrugis nottoo high, thentheincumbentirm will tendto produce
the breakthrougtdrug. Moreover, from the simulationresults,we cansaythatthe higher

the valueof v,, the higherthe valuethat C'(k.,) cantake to give riseto a breakthrough
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drug, ceterisparibus. Theintuition behindthis resultis thatwith high productdifferenti-
ation (implying lower valueof +,), firms have moremarket power, sothatit is beneficial
for theincumbentirm to spendessR&D resourcespbtaina me-toodrugandcompetedi-
rectly with the (own) existing brandedandgenericin the samemarket. However, if goods
arevery similar, thenit is actually more plausiblethat the leaderwill have incentvesto
spendk,.x, sincethe tradeoff betweenthe costof R&D andthe revenueobtainedfrom

sellingthe productfavoursspendinghe maximumamountof resources.

2.7 Conclusion.

The aim of this paperhasbeento analysehow the R&D decisionof a brandedyoodpro-
duceris affectedby the existenceof eitherareferenceprice systemor copaymentsWe ob-
sene thatin the pharmaceuticaihdustry firms competethroughinnovation, andbroadly
speakingthe outcomeof their researcltanresultin a breakthrougtdrug, or alternatvely,
ame-too. The maindifferencebetweerthesetwo kind of drugsis thatin the formercase,
theappearancef suchdrugopensor creates newv market sincethegoodis highly innova-
tive;in thelatter, thedrugproduceds amamginalimprovementof existingones.Moreover,
whenit is introducedn the market, it usuallycompetesvith existing ethicaldrugs.

We want to analysehow the decisionof producinga breakthroughor a me-toodrug is
affectedby the priceregulationin the demandside. More precisely we wantto examine
whethera changean the netprice paid by the consumemctuallyaffectsthe R&D decision
of pharmaceuticafirms. The two possibleregulationswe considerare copaymentsand

referenceprices.Copaymentsnvolve theconsumepayingafixed percentagef theprice,
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irrespectvely of the good purchased.Whenreferencepricesare enforced,the situation
differsbecausd theconsumebuysthebrandedyood,with a pricehigherthanthegeneric,
then (s)henot only paysthe samecopaymentas before, but this time associatedo the
referenceprice, but also the differencebetweenthe price of the brandedgood and the
referencerice. If theconsumedecidegso buy thegenericgood,thesituationis unchanged,
in thesensehat(s)hepaysthe samecopaymenbf the price of the genericasbefore.
Resultsobtainedshow thatchanginga copaymensystemto a referenceprice systemcan
actually affect the R&D decisionof firms. Whena breakthroughdrug is produced,one
of the (short-run)objectvesof referencepricesis actuallyachiered: pricesarelower than
with copayments.However, we canhave casesvherethe demandfor the brandeddrugs
is alsolower underreferenceprices,so that overall, profits for the incumbentfirm might
be reduced. Hence,if this is the case,Health Authorities might actually discouragehe
productionof breakthrougtdrugsif referencepricessubstitutecopaymentssinceprofits
for thesefirms will be reduced. The story is someavhat similar when a me-toodrug is
produced. Pricesfor the brandeddrugsare reducedwith the introductionof reference
prices.Again, undercertainconditions,demandor thesegoodscanbe higherundersuch
system. For this to be the case,we requirethat the referenceprice is sethigh enough.
Moreover, the demandor the new drug producedhasto be suficiently high. Otherwise,
theincumbentirm will againbeleft worseoff underreferenceprices.

Theincumbentfirm will not substitutethe old drug by the nev onewhena breakthrough
drugis producedassuminghatthe costof obtainingsuchdrugis not too high, irrespec-

tively of whetherreferencepricesor copaymentsre enforced. However, whena me-too
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drugis producedthis 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-productthenthis firm will have incentvesto becomemultiproduct,giventhatei-

therreferenceoricesor copaymentsrein place.

Finally, it is not clearfrom the resultsobtainedwhenwill profits be higherfor theleader

irrespectvely of the price systemenforcedjf whenproducinga breakthrouglor a me-too.
This resultactuallyseemdo dependon two factors:the differencein R&D costbetween
obtainingone of the two drugs(asexpected),but alsoon the degreeof monopolypower

(or productdifferentiation)of firms. Simulationresultsshav thatthe higherthe monopoly
power, themoredifficult to obtainthe breakthroughdrug. Thisis becauseavith highdegree
of market power, firms do not needto spendtoo mary R&D resourcesandare actually
betteroff just producinga me-toodrug.

It mustbe mentionedhatsomeof theresultsobtainedarebasedn simulations However,

we feel thattheresultscanbetreatedasfairly robust. Neverthelessit is truethatchanging
the valuesof the parametersnay changethe resultsquantitatvely. Throughoutthe whole
analysis,we have (implicitly) assumedhat the total market size for the genericdrug is

lowerthanthetotal potentialsizeof the brandeddrug. This seemgonsistentvith whatwe

areobservingin reality at the moment,althoughthis could changen the next years.This

is becaus@enericdrugswill becomencreasinglyimportant,speciallydueto the interest

HealthAuthoritiesaredemonstratingpromotingtheir useandproduction.
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The main resultthat canbe extractedfrom this article is that Health Authorities mustbe
carefulwhento setreferenceprices,andto what level. We have seendifferent effects
for the brandedand genericproducersandthat theseeffectsalsodependon the existing
degreeof marketcompetition.Hence Authoritiesshouldnotonly look atpricelevelswhen
decidingwhetherto implementareferencericesystemput alsoshouldanalyseéhe market

structure.
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