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Abstract

The aim of this paper is to analyse the effects of recent regulatory reforms
that Spanish Health Authorities have implemented in the pharmaceutical
market: the introduction of a reference price system together with the pro-
motion of generic drugs. The main objectives of these two reforms are to
increase price competition and, ultimately, reduce pharmaceutical costs. Be-
fore the introduction of reference prices, consumers had to pay a fixed copay-
ment of the price of whatever drug purchased. With the introduction of such
system, the situation differs in the following way: if (s)he buys the more ex-
pensive branded drug, then (s)he pays a sum of two elements: the copayment
associated to the reference price plus the difference between the price of this
good and the reference price. However, if the consumer decides to buy the
generic alternative, with price lower than the reference price, then (s)he has
to pay the same copayment as before. We show that the introduction of a
reference price system together with the promotion of generic drugs increase
price competition and lower pharmaceutical costs only if the reference price
is set in a certain interval. Also profits for the duopolists might be reduced.
These results are due to the opposing effects that reference prices have on
branded and generic producers respectively.



1 Introduction.

The aim of this work is to give some insights on the possible effects that recent
regulatory reforms introduced by the Spanish Health Authorities might have
in the pharmaceutical market. These have been the promotion of generic
drugs coupled with the introduction of a reference price system. A generic
drug may be sold under generic denomination, once the patent of the branded
(pioneer) good for the active ingredient has expired. A reference price system
is a reimbursement system by which drugs are categorised into groups with
similar active ingredient(s). The health authorities set a maximum reim-
bursement (reference) price for each group. Firms are free to set their price.
If the price they set is higher than this reference price, the consumer pays
the difference. The interested reader can find a more detailed explanation of
these reforms, and their relationship in Mestre-Ferrandiz (1999a).

Reference price systems have been implemented in various developed
countries, such as Germany, Sweden, Denmark and Holland. Furthermore,
in each country, this system has been implemented in different ways. For
example, in Germany, if the price set by pharmaceutical firms exceeds the
reference price, the consumer pays the difference, while the patient does not
need to copay otherwise (Pavenik 2000). In Spain, the following mechanism
has been enforced: if the physician has prescribed a drug with a price higher
than the reference price, then the consumer has two options: either (s)he
buys a generic or a branded (more expensive) version. In the former case,
the consumer pays the same copayment that was paid before. In the latter,
the total payment results from the sum of the difference in price between the
branded good and the reference price and the copayment associated to the
reference price (El Pais, 21 July 2000). The difference between this system
with the previously enforced is that the patient used to pay only a (fixed)
copayment of the price. Hence, we want to compare a situation with copay-
ments only with a situation with copayments and reference prices whereby
if the price of the drug prescribed and purchased by the consumer is higher
than the reference price, then the consumer will not only have to pay the
previous copayment, but also an extra cost.

The idea is to see how will firms respond to these changes. Few pa-
pers have tried to modelise this situation theoretically, and most literature is
mainly descriptive (Lopez-Casanovas and Puig-Junoy (1999)). Danzon and
Liu (1997) used a kinked demand model in order to predict price responses
to a reference price system. They do this in the context of a model of physi-
cian decision making under the assumption of imperfect agency between the
physician and the patient. Zweifel and Crivelly (1997) use a duopoly model
to analyse market reactions by pharmaceutical firms, by having a probability



of such system being implemented. Finally, Woodfield et al. (1997) adapt a
simple model of an oligopolistic pharmaceutical market, originally developed
by Johnston and Zeckhauser (1991), where firms compete & la Bertrand. A
recent paper by Pavcnik (2000) makes a very interesting empirical analysis
in Germany, comparing the situation before and after the implementation of
the reference price system. Her results show that in that country, producers
have responded by reducing prices after the introduction of such system, and
that the existence of generic competition is a very important factor. When
the competition faced by branded good producers is tougher, the reduction
in price is higher.

Mestre-Ferrandiz (2000) uses a similar approach as in this paper to anal-
yse the introduction of reference prices, although the analysis of this paper
is different in spirit to this one. In the previous paper, we assume that the
reference price is set below the price of both branded and generic goods. In
this paper, and to take into consideration how Spanish Authorities have im-
plemented such system, the reference price will be higher than the price of
the generic alternative but lower than the price of the branded good. This is
an important difference, as we will see later. Nevertheless, and for clarifying
purposes, it is worth mentioning that the results differ due to the different
response by generic and pioneer firms. Furthermore, copayments will be
introduced here.

The supply side will be a duopoly, with one branded and one generic good
with each firm producing one good respectively. The results we obtain show
that for the reference price system to reduce prices and pharmaceutical costs,
this reference price must be set in a certain interval. However, profits for both
firms might be reduced. Before introducing reference prices, consumers only
had to pay a (fixed) copayment. In this case, results show that under certain
conditions, both firms will have incentives to decrease price the higher is
the copayment. However, if the reference price system is implemented, the
branded good producer and the generic producer respond differently to the
implementation of such system. On the one hand, branded good producers
have incentives to increase their price as the reference price increases, but on
the other, producers of the generic alternative have an incentive to reduce it.
Only in the interval previously mentioned we will obtain that prices for both
firms will decrease.

The structure of this paper is as follows. Section 2 presents the model be-
fore and after the introduction of a reference price system. Section 3 presents
the equilibrium of the game for both cases when firms move simultaneously.
Section 4 compares scenarios. Finally, Section 5 presents the conclusions and
possible extensions.



2 The model.

We will have a differentiated duopoly market, where the patent of the active
ingredient for the branded good has expired, so that a generic alternative
exists in the market. There is going to be a degree of (horizontal) differen-
tiation between both goods, denoted as . This is because a generic product
may not be a perfect substitute for the original brand due to both subjective
and objective factors, and are these factors that allow the original brand to
keep selling despite the presence of low-price generic competition (Hudson
2000). Assumptions on underlying preferences are assumed such that partial
equilibrium analysis can be undertaken.

As discussed above, the first scenario we will consider involves analysing
the pharmaceutical market just with the existence of a (fixed) copayment,
v€[0,1]. The demand functions faced by the branded and generic good pro-
ducer! are, respectively:

(CI,B — Q(J,G) 1 0

= — + ————PGy, 1

v b1—0%)  b(1—6) TP T pa— g7) P M)
(aG — 0@3) 1 0

= - + ——PBy, 2
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where the subscripts B, G represent the branded and the generic producer
respectively, v stands for the case where a copayment system is implemented,
and 0 € [0,1) represents the degree of differentiation between both goods.
This demand system is derived from the inverse demand functions of the
following kind:

vpi = a; — bg; — bOq;; i = B,G,i # j. (3)

where vp; is the net price paid for good ¢ by the consumer,
Once the reference price system is implemented, the demand functions
faced by both producers are, for the branded and generic good respectively,

(ag — bag) 1
4Br b(1 — 6?) o b(1— 6?) (yr +pBr — 1) + WWJGT, (4)
_ (aG - HGB) 1 0
qar = b(l _ 02) - b(l _ HQ)VPGT + m (’)/7“ + pgr — 7«) , (5)

!See Singh and Vives (1984).



where the subscript r denotes the situation under copayments and reference
prices together, and r is the (fixed) reference price set by the Health Au-
thorities. The difference between both scenarios is that the net price paid by
the consumer for the branded good is now the sum of two elements: a pro-
portion «y of the reference price, and the difference between the actual price
set and the reference price. Recall that since we are analysing the Spanish
reference price system, the reference price will be less than the price of the
original good but higher than the generic alternative. In other words, what
we are implicitly assuming with this setting is that there has been a previous
time period where firms chose their prices where consumers only had to pay
the copayment 7 (prices denoted pg, and pg, for the branded and generic
good respectively in demand functions (1) and (2)). What has happened now
is that the Spanish Health Authorities have decided to implement a refer-
ence price system such that this price is set in between the (more expensive)
branded good and the (cheaper) generic alternative. Then, what we want
to see is whether and when will firms reduce prices with such system com-
pared to the previous situation, and under what circumstances (if any) will
pharmaceutical costs for Health Authorities be reduced.

Before going on, we should introduce some restrictions on the parame-
ters to take into account the special features of the pharmaceutical industry
(see Mestre-Ferrandiz (1999b) for more details). More precisely, and due to
demand barriers to entry faced by generic producers, we make the following
assumptions.

Assumption 1. ap > ag. In words, this assumption is telling us that the
size of the market is greater for the branded good, since this implies that
ap — HaG Z ag — 00,3.

Assumption 2. a; > ¢;, + = B,G. This assumption ensures non-negative
profits for all non-negative prices.

With these demand functions, and assuming constant marginal costs for
both firms (denoted by cp and cg for the branded and generic good producer
respectively), we can construct the profit functions for both firms, which are:

TBi = (pBi - CB) 4Bi, (6)

Tqi = (pG’i_CG)QGi: (7)

where i = 7, r (the situation with copayment only and copayment and refer-
ence prices together respectively).

Assumption 3. cg > cg. The marginal cost of production for the branded
producer is greater or equal than the marginal cost for the generic producer,
according to casual observation.



3 Equilibrium.

Assume firms decide prices simultaneously. We will look for a Nash Equi-
librium of the game. Before solving the model, we introduce the following
assumptions to ensure the non-negativity of the equilibrium values.

Assumption 4. (a5 — ) > (a6 — 7¢6) = (a5 — ag) > (cs — 7ca) >
(c — cg) = v (cB — cg) since 7y € [0, 1].

Assumption 5. (2—60%)(ag—vcg) > O(ap—ycg) [> 0 (ap — cg) since v € (0,1]].

In the next subsection, we will solve the model when copayments are
enforced, while subsection 3.2 shows the results when there exists reference
prices.

3.1 Copayments.
For the case of copayments only, the profit functions for both firms are:
(U,Z' — 0aj) 1 0

Tiy = (Piy — Ci) ( W1—6%)  bi—g7) P m%‘%) (8)

Restricting to the analysis of interior solutions, we obtain the following
first order condition (FOC):

Omiy _ ai — 0a; — 2ypiy + 0ypjy + ¢
8p,~7 b(l - 92)
with 7,7 = B, G, i # j.
Hence, from equation (9), and using the implicit function theorem, we
can obtain (as expected) a positive relationship between the two prices:

—0 9)

dpm 0
—==—=>0. 10
dpjy 2 (10

From (9), we derive the best response functions for the two firms, yielding
the Nash Equilibrium in prices?. These are given by,

(2 — 02) a; — Haj + ’)/(201' + Cj)
(4 - 6% ’

(11)

* —
pw -

with i,j = B, G, i # j.

2Second order conditions are satisfied.



We can say that an increase in the copayment  will decrease the equilib-
rium price for the branded good under Assumption 1. With regards to the
response of the generic producer, it will depend on the relative magnitude of
market sizes. More precisely,

op’ 2—0*)ap—0
Py _ _( ) af da <0, (12)
oy (4—6°)7

oG (2 — 02) ag — Bagp ) ag

_— = — <0& — < —X<L1. 13
o0y (4 — 6%)y2 (2-6%) ap ~ (13)

Comparing equilibrium prices, we obtain the following lemma:

Lemma 1 If Assumptions 1 to 3 hold, then pg ., 2> p; , (with strict inequal-
ity if ag > ag and/or cg > cg).

(ap —ag) + 7 (cB — cq)
v(2+0)
assumptions above, and since the denominator is always non-negative, the

numerator will always be greater or equal than zero. m

. With the

Proof. We have that ps, — pg, =

The associated equilibrium quantities for the copayment system are,
" b(4 — 6%)(1 — 6% ’

where i, j = B,G;1 # j.
Note that Assumptions 4 and 5 imply that these quantities are non-
negative. We can check how demand varies with ~:

045 ., Ocg — cp(2 — 6?%)

—1 = <0& 15
oy b4 —6*)(1 — 6% (15)

(2—60%cg > fcg.

oqg; ,, Ocg — ca(2 — 6%)

—_ = <0& 16
oy b(4 —6*)(1 — 6% (16)

2

0 Ca

For the case of the branded good, Assumption 3 guarantees that in-
creasing the copayment 7 decreases quantity demanded for this product (i.e.
there exists a negative relationship between copayments and the quantity de-
manded); for the case of the generic good, this sign depends on the relative

6



magnitude of marginal costs. More precisely, we obtain that if the marginal
cost of production of the branded good is not too high compared to the
marginal cost of the generic, then this negative relationship still holds. This,
as illustrated with Lemma 1, is because the higher the difference between
marginal costs, the higher the price of the branded good compared to the
generic’s price; hence if cp is very high, the difference between pj . and pg;
is too high so that actually increasing the copayment makes people switch
from the branded to the generic good. Hence, whenever cp is sufficiently
high, there will exist a positive relationship between the copayment (and
hence net price paid) and the quantity demanded for the generic alternative.

3.2 Reference Prices.

Next we characterise the equilibrium prices (interior solution) once the ref-
erence price system is implemented. Profit functions for the branded and
generic good producers are, respectively:

(aB — HG,G') 1 ] )
r = r = _— r = + T I
Tg (PBr — cB) ( W=7 b1 (yr +per — 1) b1 — o) Pe
_ (CLG — QCLB) 1 (9
Tar = (par — cq) ( W= o= " T =) (yr + psr =)
The FOCs are as follows:
0T B, ap — Oag — 2pp, + 0ypgr +cg + (1 —7)r
frd ) = 0, (17)
apBT b(l — 0 )
Om Gy ac — 0ag — 2ypar + Oppr +yca — 0 (L — ) r
= 5 =0. (18)
apGr b(l — 0 )

From equations (17) and (18), and using the implicit function theorem, we
can derive some useful comparative statics. This will provide some insights
on how firms will react when parameters of the model change, and will be
helpful to give us some intuition on further results. More precisely, we obtain
that,



de T 07
— = — >0, 19
dpG,r 2 ( )
dpG r 0
er 25, 20
de,r 2’}/ ( )
dps,r (1-7)
T > 0, 21
dr 2 (21)
dpg 1—7)0
dr 27
Equations (19) and (20) show the usual strategic substitutability of prices.
dpc, _ dpp, : o .
Note that “2¢ > OPByr Hence, the increase in price of the generic product
de,r dpG,'r‘

will be higher when its rival increases its price compared to the increase in
price of the branded good when the generic producer increases its price. The
generic producer’s response is larger with the introduction of a reference price
system. Equation (21) tells us that the optimal response of the branded good
producer is to increase (decrease) price when the reference price, r, increases
(decreases). The intuition behind this result is that the reference price acts
as a kind of subsidy for this producer. However, equation (22) implies that
the optimal response of generic producers is to decrease (increase) its price
when the reference price increases (decreases). Notice that the price response
of both producers to a change in the reference price will be different. We
have that

dpG,r
dr

‘de”" Sy>0

dr

> ‘

Recall that both the copayment + and the degree of substitutability 6 are
in the interval (0,1). Hence, if the copayment is higher than the degree of
substitutability, then the absolute value of the change of the price of the
branded good will be higher. Hence, if both goods are close substitutes (so
that 6 ~ 1), then it is probable that the change in prices will be greater for the
generic alternative, specially if we consider that on average, the copayment
in Spain is equal to 0.4. One would expect that as goods become closer
substitutes, it is as if the branded good producer has lost one of the sources
of its advantage over the generic alternative. Hence, the generic producer in
this case can behave more aggressively and fears less the strategic behaviour
of the pioneer firm. These results will provide useful insights on the results
presented below.
When solving for equilibrium prices, we get,

8



. 2 — 0*)ap — fag + 2cp + Oyeg + (1 — ) (2 — 6°)r
- ( Jag — bag j_e'jG (1 —)( ) (23)

— 2 — — —
L = (2—60%)ag — bap + Ocp ;i— 2vcg — (1 —)r (24)
0% (4 —0 )

It would be interesting to analyse how these prices vary with the copay-
ment in order to see if their response varies if we introduce reference prices.
We obtain that

op’y Ocg — (2 —0%)r
o= 25
* _p2 _ _
Wer (2—-60%a¢ 0a32+ fcg —r (26)
oy v (4 - 6%)

From the above equations, we can see that the signs of these derivatives will
depend upon the value of the reference price r. Notice that:

Opp Oca
L < 0&r>-——— d 27
oy " (2-6%) o (27)
apgr 2
W < 0<:>T<(2—9)LLG_0@B+QCB. (28)

Hence, we can say that if r is sufficiently high, then as the copayment in-
creases, one element of the net price paid by the consumer for the branded
good, 7r, increases. Then, as a strategic response, in order to maintain a
sufficient level of demand, the pioneer firm reduces the price for its good, so
that the other element that the consumer has to pay, pg, —r, is not too high.
With respect to the relationship between the copayment and the (gross) price
of the generic alternative, we see that for low values of r, generic producers
have to reduce prices as the copayment increases in order to keep attracting
consumers, so that the net price paid by the consumer for this good is not
too high.
The associated equilibrium quantities are,

. _ (2=0°)(aB —cp) —0(ag —yca) + (1 = 7)(2 = 6*)r
By = b (4 — 92) (1 — 02) ) (29)




. (2-60*)(ag—ycg) —0(ag —c) —0(1 —)r
dGr = b (4 — 92) (1 _ 02) (30)

Assumption 4 is a sufficient condition for ¢}, to be non-negative. As-
sumption 5 is a necessary condition for the non-negativity of gz,. With these
equilibrium quantities, we obtain,

- Oqp

YBr 1
szgn( o > > 0, (31)
(945

YGr _ 9
szgn( B > < 0 (32)

The intuition for equation (31) is as follows: as r increases, we observe
two opposing effects in relation to what happens to the net price paid by the
consumer for the branded good. On the one hand, as r increases, the element
77 increases; on the other, the element (pj, — r) is reduced. Nevertheless,
we see that overall, as r increases, the net price paid for the branded good
decreases®. Hence, for any given pg,, a higher reference price implies a lower
net price, ceteris paribus. This leads to higher quantity demanded for the
branded good. For the generic good, the intuition under equation (32) is
somewhat different but related to equation (31). The higher is r, the higher
is the demand for the branded good as people switch from the generic to the
branded, hence demand for the generic good is reduced.

4 Comparing Scenarios.

It is worth mentioning that the introduction of a reference price system makes
both firms react differently when the rival changes its prices. As we saw

d d 4
Py _ PGy _ U However, with
dpG,’y de,’Y 2

0 d d 0
reference prices, we obtained that 77 = Py o WGr _ 7 Comparing

B dpG,r o de,r B 27
the responses under copayments and reference prices yields the following
inequalities:

before, under copayments, we had that

Olrr + (pBr — )]

3this is because, for a given pg,,

3 = —1+ 7 <0, where as mentioned
.
before, [tr + (pr — r)] is the net price paid for the branded product.

10



de,r < de,'y — dpG,'y < dpG,'r
dpG,r o dpG,'y de,'y o de,'r

(33)

Now, with the introduction of reference prices, the price response of each
firm to a change in price of its competitor is different. Moreover, it is the
generic producer who competes more aggressively. Hence, with this modeli-
sation, what we obtain is that generic prices are more responsive than before,
something that is implicitly wanted when such system is introduced. This is
because one of the objectives of a reference price system is to promote the
use of generics and to increase price competition.

The second thing we want to analyse is how firms respond to the introduc-
tion of a reference price system. The following lemma compares equilibrium
prices for the branded good,

< _ * Z *
Lemma 2 Forr = 72“, we get that PBy Z P
2—40 -0 0
( Jap — Oag + ’)/CG(> 0).

(2 - 67)
(1=9) [(2— #%)an — bag + byeg —1(2— )]

where T =

Proof. We obtain that p};, —p} . =
pB:’Y pB,T 7(4 _ 02)
Since the denominator is always positive, and (1 —v) > 0, we get that

Phy > Ph, <= [(2—0%)ap — Oag + O0ycg — v(2 — 0%)r] > 0 =
(2 - 02)a3 — Oag + Oycg
(2 - 6%)

r < = 7. Furthermore, since ag > ag, we know

that 7> 0. m

This lemma tells us that when there exists a reference price system,
branded good producers will have incentives to decrease its price if the ref-
erence price is not too high. However, if the reference price is set too high
(higher than the upper bound 7), branded good producers will find it more
profitable to increase the price. This critical bound depends positively on ap
and cg, but negatively on ag and 7.

We now proceed to compare equilibrium prices for generic goods, before
and after the introduction of reference prices. The following lemma sum-
marises the result obtained.

> * > *
Lemma 3 Ifr = cp , we get that pg, = pg,-

Proof. The result follows using the following equation, pg., — pg, =
)(L=7) (r — cx)
2
b(4 — 6°)
positive, and (1 — ) @ > 0, the result follows through. m

, and taking into account that the denominator is always

11



The combination of lemmas 1 and 2 gives rise to the following proposition:

P~ > DI
Proposition 1 Ifr < ¢, then{ Boy Byr
pGa’Y < pG,'I‘
% > *
If r = cg, then{ p*BW pf#
pGa’Y pG,'f
£ 3 > *
If cg <r <, then{ pfﬁ p*BaT
pGa’Y > pG,'I‘
* ¥
Ifr=r, then { Py = Py
Pay > PGy
X < E3
Ifr >, then { PBy S PBr
DPay > PG
where T is defined in lemma 2.

Proof. The first step is to prove that the interval (cp , 7) is well defined.
(2 — 0%)ap — Oag + Oycg
(2~ 6%)
positive whenever (2 — 62) (ap — vcg) — 0(ag — ycg) > 0. Assumption 4
guarantees that this difference is positive, hence the interval is well defined.

The second part of the proof follows from combining lemmas 2 and 3. =

We get that r— cp = — c¢p. This difference is

In order for the reference price system to achieve the objective of de-
creasing prices of both goods, the reference price must be set in the interval
(cg, 7). For a reference price above 7, the price of the generic good is reduced,
while the price of the branded good increases with respect to the situation
where only a copayment system exists. On the other hand, we see that if
r is too low (lower than cg), then it is in the generic producer interest to
increase price with respect to the situation with copayments only. Branded
good producer’s interest is to set a price lower with both systems than with
just a copayment system.

The intuition behind this result is given by equations (12), (21) and (22).
As shown by (12), we know that the price set by the original firm depends
negatively on the copayment in the first situation. However, from equation
(21), the optimal response for the branded good producer is to increase its
price as r increases. Nevertheless, recall that for sufficiently high levels of r,
the relationship between copayments and pj, was negative. Then, we see
that the increase in price due to higher r is sufficiently high to increase the
price over the price under a copayment only when r is sufficiently high. That
is, only above this upper bound 7, this effect is stronger than the negative
effect that v has on the equilibrium price.

12



For the case of the generic producer, this effect is reversed, as shown by
G,
dy
the negative effect that r has on p; . is not strong enough. Hence we obtain
that the price of the generic version is lower under copayments. However, as
the reference price starts increasing, this negative effect starts to dominate.
This implies that for values of r greater than cp, the generic’s price is lower

under the reference price system.

Summarising, for low levels of r will the original firm have incentives
to decrease prices when the reference price system is introduced. However,
only for high enough values of r will the generic producer have incentives to
decrease his price when the reference price system is implemented. Hence,
only for the interval (cg,7) will both prices be reduced.

The next step is to compare equilibrium quantities between both scenar-
ios. The next proposition summarises the results:

equation (22). We have seen that for low values of r, < 0. However,

eps o> g
Proposition 2 If r < cg, then { qf,v qf,r
4G,y < dgr

If r = cp, then qf” - q*B’T
qG,’y = qG,r

* < *
If r > cp, then { qf” q*B’T
qG,’y > qG,r

(2—6")(1 =) (r —cp)
b4 —0*)(1—-0%)

. The result follows through. m

Proof. We obtain that g3, — ¢5, = —

(1 —7)(r —cp)
b4 — 6%)(1 — 6%

and ng — G, = 0

The intuition behind this result can be obtained using equations (15),
(16), (31) and (32). The analysis is similar in spirit to Proposition 1. For
low values of 7, the positive effect that » has on the demand for the branded
good under a copayment and a reference price system is not strong enough to
dominate the negative effect that v has under a copayment system. Hence,
demand is higher under a copayment system. However, when r is set high
enough, the effect is reversed, causing an increase in demand for the branded
good with both systems implemented.

For the generic good, the story works in the opposite direction; for low val-
ues of r, demand is higher when the reference price system is implemented; for
higher values of r, the negative effect illustrated by equation (32) is stronger
and dominates. Hence, we obtain that demand for the generic good is higher
under the copayment system only when r is sufficiently high.

13



We are interested in analysing how the net price paid by the consumer
is affected when introducing a reference price system. For this purpose, we
want to compare net prices paid under both scenarios for both goods. For the
branded good, we know that the consumer pays a net price of ypj, under a
copayment system, and (p%, — (1 — v)) under both systems. The difference
between these two prices is equal to:

r—cs)(1-7)
(4- )

* * (
Wiy = (P — (1 —7)) =2 (34)
For the generic good, the consumer pays the proportion v for both sce-
narios, so we are interested in the difference between ~ypg,, and 7pg,.. This
difference is found to be:

r—cs)(1-7)
(4-6%)

VPGy — VPGr = ol (35)

The following proposition summarises equations (34) and (35).

Proposition 3 For r < (>)cp, we get that the consumer pays a higher
(lower) net price for the branded and generic good when the reference price
system is implemented.

Proof. The proof follows by combining equations (34) and (35). =

Propositions 1 to 3 can be illustrated in Table 1.

Table 1. Summary of Propositions 1-3.

H HT<CBHTZCBH7°€(CB,F)HTZFHT>FH
H Phy —Pha L + [ + 1 + [ o | |
H Poo — P | - [ o | + [ + [ + |
H Ty — Gbsr L + [ o | - [ -1 -1
H U6 — Qi [ - [ o | + [ + [ + |
oy =W, —O—r) [ = [ 0 [ + | + | + |
L v(e,-aw,) [ - [ 0 [ + [ + [ + |

It is worth comparing the changes in net prices paid by consumers for
branded and generic goods when the reimbursement system is altered. We
obtain that
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(r—cp)(1 —7)
2446

(Y05, — P — (L= )] = [0y — W] = (36)

What equation (36) tries to analyse is how at the end of the day consumers
are affected in their decision to decide to buy the branded or generic version.
From previous analysis, we know that the net price paid by consumers for
either good is lower under copayments for low levels of r. Furthermore, we
obtain that for these low values of r (< ¢p), the change in price for the
branded good is lower than the change in price of the generic. However, for
reference prices higher than cg, the reverse occurs so that the change in price
for the branded good is higher. Hence, we can say that not only brands’ and
generics’ prices respond qualitatively different, but also quantitatively.

The next step is to compare equilibrium profits for both producers. Re-
sults are shown in Table 2.

Table 2. Comparison between profits for both firms.

H HT<CBH7‘ZCBHTE(CB,F)HT:FHT>T‘H
by —ms. | + [ + [ /- | - [ - |
ey —me, | — [ 0o [ + | + [ + |

Results shown in Table 2 are obtained using the following procedure. For
r < cg, we know from Table 1 that both quantity demanded and price for
the branded good are higher under the copayment system. Hence, profits
are greater for this producer when the copayment system is implemented.
As r is increased, we have seen that eventhough (gross) prices are increased,
demand for this good has also increased. Hence, as r starts to increase,
these two positive effects reinforce each other, which leads to higher profits
for the branded good producer. Note that when r € (cp,7), the sign of
(7T*B,,Y — 7r*B7,) is ambiguous. This is because we have that the price of the
branded good in this region is lower under a reference price system, although
quantity demanded is higher. This means that there exists a critical value
for r such that both profits are the same.

When r < cg, both the price of the generic good and its quantity de-
manded are higher when the reference price system is implemented, so that
profits for this producer are higher under such system. However, when r is
sufficiently high, the generic producer is left worse off. The motivation is as
follows. As r starts increasing, the price of the generic version is decreased.
However, as exposed before, this producer suffers a reduction in its quantity
demanded, so that it has two negative effects moving in the same direction.
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Hence, for sufficiently high levels of 7, the negative effect of the reference price
on prices and quantity is too high, reducing profits and thereby causing the
difference in profits between copayments and reference prices for the generic
producer to be positive.

Overall, then, as we saw in Proposition 1, if Health Authorities set a
reference price in the region (cp,7) so that prices of both goods are decreased,
profits for the generic producer will be lower. However, for profits of the
branded good producer not to be decreased, r should be set close enough
to 7. This is so that the increase in demand caused by the reduction in net
price that consumers have to pay for this good is large enough to offset the
negative effect of the copayment in case 1 on price and quantity demanded
for the branded good.

Given that one objective of the implementation of a reference price system
is to lower the cost of the health sector, next we check this effect in our
model. Before going into the analysis, we have to be precise in defining
what the costs would be for the Health Authorities. In case 1, under the
copayment system, we have that Health Authorities pay a proportion (1 —+)
of the price of both goods; hence we have that the costs of the Authorities
in financing the purchase of generic and branded good, respectively, will be
(1—7) (P&, 4&,) (defined as TC’goft) and (1—7) (pi,a5,) (= TCf’Bo;’t). When
the reference price system is implemented, this proportion is left unchanged
for the generic good (but this time is defined as TC%"); however, the amount
that health authorities will finance now for the branded good will be equal
to (1 —7) (rgg,) (= TCY"). Table 3 summarises these findings.

Table 3 Comparing Total Costs for Health Authorities.
H Hr<cBH7":cBHr€(cB,77)HT:FHT>FH

[Tzt - [ o [+ [+ ]~
[foz—rog | + 1 + [+~ 1 -1 -1

Health Authorities will be better off in financing generics under a reference
price system in the interval where reference prices increases price competition
(r € (cp,7)). However, we get an ambiguous sign for the branded good.
Hence, when r is sufficiently high (r > cp), we see that two opposing effects
arise. On the one hand, total costs for the generic good will be higher under
the copayment system, although costs for the branded good will be higher
under the reference price system. This is due to the different effects that
implementing a reference price system has on prices and quantities for both
goods, as illustrated in Tables 1 and 2.
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5 Conclusion & Future Research.

The aim of this paper has been to analyse theoretically the response of phar-
maceutical firms to the implementation of a reference price system. We have
studied the mechanism that is being used in Spain. For this purpose, using
a differentiated duopoly model, we have compared the following situations;
in the first case, we have that consumers pay a fixed copayment () irrespec-
tively of what drug they buy, generic or branded. However, the situation
differs when the reference price r is introduced. If the consumer decides to
buy the generic good, then he still has to pay the copayment ~. But, if he
decides to buy the branded good, he has to pay the proportion ~y of the ref-
erence price 7, plus the difference between the price of the branded good and
r.

We have seen that the introduction of such reference price system will
effectively reduce prices if it is set neither too high nor too low. This is
because the reference price affects the generic and branded good producer
differently. It makes the latter increase its price, while the opposite effect
appears for the former. If r is set too low, then the price of the generic
good will be higher with the introduction of such r, while if it is set too
high, then the price of the branded good will be set too high. This has
some implications regarding the net price paid by consumers. We have seen
that for both goods, introducing a reference price system allows them to
pay less for them. This effect is important for the branded good producer,
since we obtain that demand for the branded good is higher under such
system. However, the opposite occurs for the generic producer, since now
it faces a lower demand (recall that we are considering r sufficiently high).
Differences in profits between both cases move in opposite directions for
both producers. The branded good producer benefits for a reference price
high enough, although the generic producer suffers and sees her profits being
reduced.

We know that one of the objectives of implementing a reference price
system is to reduce the pharmaceutical bill. Results show that the higher is
r, the more costly it would be to finance branded goods but the cheaper to
finance generics. Again, this is due to the opposite effects that implementing
r has on both producers’ behaviour.

Health Authorities have to be cautious in how to define . Whether Health
Authorities achieve their desired goal of increasing price competition and
reduced health costs depends on the magnitude of r.

A natural extension would be to try to obtain empirical estimates of
the critical bounds of the interval. However, obtaining these critical bounds
might be problematic empirically if they depend on parameters that are not
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easily observable. Moreover, a further question should be addressed, and this
implies going one step ahead: what are the effects on R&D when reference
prices are implemented? Until now, I have not seen any answers; nevertheless,
I hope that my future work enables me to shed some light to this unresolved
question.
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