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Abstract

This paper studies the effect of pharmaceutical regulation at the wholesale level, if mar-
kets are integrated by parallel trade, i.e. trade outside the manufacturer’s authorized dis-
tribution channel. In particular, maximum wholesale margins, a restriction of pricing by
the intermediary, and mandatory rebates, a restriction of the pricing by the manufacturer,
are analyzed with respect to their effect on drug prices, quantities, and public pharmaceuti-
cal expenditure. Maximum wholesale margins enhance the manufacturer’s ability to reduce
competition from parallel trade in the destination country by increasing wholesale prices. In
a symmetric equilibrium, maximum wholesale margins of both countries partly offset each
other. Mandatory rebates may be a policy alternative, as they exhibit a reinforcing effect
with respect to drug prices.

JEL classification: F12, 111, 118
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1 Introduction

This paper studies the effect of pharmaceutical regulation at the wholesale level, if markets are
integrated by parallel trade, i.e. trade outside the manufacturer’s authorized distribution channel.
In particular, maximum markups, a restriction of pricing by intermediaries, are analyzed with
respect to its effect on drug prices, quantities, and public health expenditure. As a policy
alternative, mandatory rebates, mandatory discounts by the manufacturer, are suggested.

This analysis is motivated by the observation that pharmaceutical regulation and parallel
trade are interdependent. Pharmaceutical parallel trade occurs in highly regulated markets. The

continuous increase in public health expenditure in many countries over the last decades has
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induced a considerable number of government interventions (Maynard & Bloor, 2003). Conse-
quently, pharmaceuticals markets are characterized by a variety of regulatory instruments that
are partly overlapping and impede each other (see Espin & Rovira 2007 for an overview of
regulatory interventions in the European Union).

Cross-country differences in regulation result in price differences, which are a precondition for
engaging in parallel trade. The profitability of parallel trade depends on substantial price differ-
ences. In the European Economic Area, where parallel trade is legal, price differences of up to
300 % percent between countries can be observed (Maskus, 2000b; Glynn, 2009). They may stem
from pharmaceutical manufacturer’s price discrimination between different countries and/or dif-
ferences in national pharmaceutical regulations in the individual member states (Kanavos et al.,
2004; Enemark et al., 2006; EU Commission, 2003). Consequently, by creating price differences,
pharmaceutical regulation may trigger parallel trade or determine the extent of parallel trade.

Parallel trade itself may induce regulation. That is, there is a direct response of regulation
to parallel trade: Many destination countries provide incentives for patients to purchase lower-
priced parallel imports (via the cost-sharing mechanism) or legal requirements to dispense parallel
imported drugs, which ensures the sale of parallel imports for parallel traders (Kanavos et al.,
2004). In addition, the regulatory authority in source countries of parallel imports may change
its behavior, if parallel trade takes place: Under segmented markets, a price cap only affects
the regulating country, but via the channel of parallel imports, a sufficiently low maximum price
may reduce prices in other countries as well, amplifying the negative impact of a price cap on
the manufacturer’s profit. Taking this link into account, regulatory bodies refrain from setting
prices too low, if the manufacturer can credibly threaten to refuse to supply the respective market.
Konigbauer (2004) and Grossman & Lai (2008) suggest this argument. In destination countries
of parallel imports, the lower prices of parallel imports may reveal the information which price
level is still profitable for manufacturers and regulatory authorities may adjust maximum prices
downwards. At last, in countries with a strong pharmaceutical industry, where pharmaceutical
regulation also takes industrial policy goals into account, regulation may respond to parallel
trade, as it reduces manufacturers’ profits.

In this paper, pharmaceutical regulation directly addresses price changes induced by parallel
trade: Price interdependencies limit the manufacturer’s ability to address the double marginal-
ization problem created by vertical separation in imperfectly competitive markets by a two-part
tariff. Pharmaceutical manufacturers do not sell directly, but through independent wholesalers
(Taylor, Mrazek & Mossialos, 2004). The manufacturer and the wholesaler both add a markup
to their marginal cost, without considering the impact of their pricing decision on the respective
other actor (Rey & Verge, 2008). For separated markets, the manufacturer’s optimal strategy
to avoid the double marginalization problem is to specify a two-part tariff with a low wholesale
price and a fixed fee that extracts the intermediary’s profit. However, in the presence of par-
allel trade, the manufacturer raises both wholesale prices in response to parallel trade, creating

a double marginalization effect with higher prices than in the absence of parallel trade. The



first best solution to the double marginalization effect would be to stimulate competition or to
enforce vertical integration. The first is impossible at the manufacturer level due to patent pro-
tection, large fixed cost of entry and economies of scale and scope inhibit entry at the retail level.
The latter is prohibited by national regulation (Taylor; Mrazek & Mossialos, 2004). Therefore,
the regulatory instrument analyzed here, maximum wholesale margins, attempts to address the
double marginalization effect by restricting the markup surcharged by the intermediary. Maxi-
mum wholesale margins are applied in virtually all European countries. As a policy alternative,
mandatory rebates are suggested. Mandatory rebates are a fictitious alternative, based on the
Herstellerzwangsrabatt (compulsory manufacturer discounts) according to § 130a Social Security
Code V in Germany, which force the manufacturer to grant a discount on the wholesale price.

The effects on drug prices and quantities in destination and source countries of parallel imports
are studied in a two-country model following Maskus & Chen (2002) and Chen & Maskus (2005).

Parallel trade provides the manufacturer with the possibility to exploit the strategic effect of
exclusive territories in the destination country. It generates a competition effect in the destination
country and double marginalization effects in both countries, resulting in a higher price than from
direct sales.

Maximum wholesale margins try to mitigate this effect by limiting markups of intermediaries.
They also result in an adjustment of wholesale prices by the manufacturer. Maximum wholesale
margins enhance the manufacturer’s ability to reduce competition from parallel trade in the
destination country by increasing wholesale prices. In the symmetric equilibrium with both
countries applying maximum wholesale margins, regulatory instruments exhibit an offsetting
effect. This is, a restriction of pricing by intermediaries in the destination country reduces drug
prices in the destination country, but raises the price in the source country. Similarly, a restriction
of pricing by the intermediary in the source country results in higher prices in the destination
country.

Mandatory rebates are a policy alternative that also addresses the double marginalization
effect by restricting pricing. It also reduces drug prices in both countries. In the symmetric
equilibrium with both countries applying mandatory rebates, regulatory instruments exhibit a
reinforcing effect with respect to prices. This is, a restriction of the wholesale price in the
destination country reduces drug prices in both countries.

The rest of the paper is organized as follows. Section 2 studies the equilibrium without
regulation, section 3 examines the equilibrium with maximum wholesale margins. Section 4

analyzes mandatory rebates as policy alternative, section 5 concludes.

2 The Model

The structure of the model is based on Maskus & Chen (2002), (2005). Consider a (domestic)
manufacturer M selling a brand-name drug b in two countries, its home country D and a foreign

country S. In both countries, the manufacturer does not sell directly, but through an independent



intermediary I; (j = D, S )L. With respect to the intermediaries, the manufacturer adopts a two-
part pricing strategy, it charges each intermediary a wholesale price w; per unit and a fixed fee
?;

In a regime of international exhaustion of intellectual property rights, due to lack of complete
vertical control, intermediaries may engage in parallel trade and resell the drug b in the respective
other country as parallel import (hereafter noted as ). By assumption the foreign intermediary
in country S, Ig takes advantage of this opportunity, but the domestic intermediary in country
D, Ip does not (one-way parallel trade). Accordingly, the intermediary I exports the drug from
country S and sells it in country D as a parallel import. That is, the foreign country is the source
country of the parallel import and the home country is the destination country. Therefore, the
home country will be denoted as country D and the foreign country as country S.

While consumers in country S buy the drug from the foreign intermediary Ig, consumers
in country D have the choice between the locally sourced version b when purchasing from the
local intermediary Ip and the parallel import 5 when buying from the foreign intermediary Ig.
Consumers associate a lower quality with the parallel import, which is captured by a discount
factor 7 in consumer valuation. The perception of parallel imports as qualitatively inferior results
from differences in appearing and packaging (Maskus (2000)). In addition, following Schmalensee
(1982), uncertainty regarding product characteristics can be translated into quality differentials.
If consumers are not sure whether the parallel import is identical with the locally sourced version
of the drug, their willingness to pay for the parallel import will be lower and the intermediary
must offer a price reduction in order to convince consumers to try and learn about the parallel
import. Moreover, there is evidence that the price of a drug may serve as a quality indicator
(Waber et al. (2008)). Accordingly, due to a lower price, the parallel import may be associated
with lower quality.

Consumers in both countries are heterogeneous with respect to the gross valuation of drug
treatment, represented by a parameter § which is uniformly distributed on the interval [0, 1].
Thus, the total mass of consumers is given by 1 in both countries.

Each consumer demands either one or zero units of the most preferred drug. The utility
derived from no drug consumption is zero, while a consumer who buys one unit of drug ¢ obtains
a net utility
O—pij ifi=0b

U(0,7,7,,pi) = { o (1)

L—7)—;pij ifi=p
where 7 € (0,1) reflects the perceived quality difference between both versions b and § of the
drug, ~; is the coinsurance rate in country j (j = D, S), and p; ; is the price of drug 7 in country
j. For 7 = 1, consumers associate no value at all with the parallel import, for 7 = 0, both
products are homogenous and are thus considered perfect substitutes.

A consumer with a positive net utility of drug consumption will choose the most preferred

IThis setup differs from Maskus & Chen (2002), (2005), who assume that the manufacturer sells directly in
its home country and through an intermediary in the foreign country.



drug version by trading off perceived drug quality against drug copayment. The higher the gross
valuation of drug treatment @, the more the consumer is willing to pay in order to purchase the
(high-quality) locally sourced drug. The consumer heterogeneity with respect to valuation 6 can
be interpreted as differences in willingness to pay for a locally sourced version, differences in
risk aversion regarding the trial of substitutes or differences in the severity of the condition or
differences in prescription practices (see e.g. Brekke, Holmas & Straume (2010)).

In each country, health insurance reimburses a fraction 0 < x; < 1 of the drug price, the
remaining fraction 1 — r; = v, is paid by the patient. Thus, the effective price of the drug to
the patient amounts to the proportion 7, of the market price set by the respective intermediary
I; (Zweifel et al. (2009)).

I assume that the dispersion of coinsurance rates, i.e. price elasticities, across both markets
is sufficiently low:

4
Vs < VDm- (2)
This ensures that the manufacturer finds it profitable to serve both markets in equilibrium.

In country D, consumers in country D have the choice between the locally sourced version
(b) from the domestic intermediary Ip or the parallel import () from the foreign intermediary
Is. The marginal consumer who is indifferent between buying the locally sourced version b and
the parallel import (8 has a gross valuation 9?{)5 , given by

Vp (Pv.0 — P.D) 3)

b, b, b,
0% — vppop = 0% (1— 1) —vpps.p 0% = - ;

while a consumer who is indifferent between buying the parallel import (5) and not buying at

all (0) has a gross valuation 0%0, given by

;0 ,0
9’% (1=7)=~pps,p=0 @9% 1-n

Consequently, in country D, if the parallel import is available, demand for the authorized product

b and for the parallel import 3 is given by

7D (Pb,D - PﬁyD)
T

_ Yo (.0 —PpD)  YpPE.D (5)
T (1-7)°

qZ,‘,D =1- and QE,D

In country S, only a locally sourced version of the brand-name drug, sold by the intermediary
Ig, is available. A consumer who is indifferent between buying the drug and not buying has a

gross valuation 02’0, given by

b, b,
950 —VsPp,s =0 = 950 = YsPb,s- (6)



Accordingly, in country S demand for the authorized product b is given by

Qs =1 —vgDb,s- (7)

Production technologies exhibit constant marginal costs, which are normalized to zero for
simplicity. It is assumed that parallel trade is costless.

The structure of the model can be summarized by the following three-stage game: In the
first stage, the manufacturer specifies for each intermediary a wholesale price w; and fixed fee
¢;. In the second and final stage, the foreign intermediary I sets the price in country S (that
is, pp.s) and the price for the parallel import in country D (namely pg p), while the domestic

intermediary Ip sets the price for the locally sourced version in country D (that is, pp p).

3 Equilibrium without Regulation

As a benchmark consider the case of unregulated markets, when the manufacturer and both in-
termediaries can set prices freely. If parallel trade is allowed, the manufacturer’s pricing decisions
— the wholesale price w}, charged the intermediary Ip and the wholesale price w§ charged the
intermediary Is — are interdependent.

The manufacturer’s profit is given as

. . Yo(Ph,p — Ph.p) N X . (1pPsp —Psp)  VDPhD L ox
Ty = Wp <1 - +w§ (1 - 73Pb,5)+ws - T -n +optos,
—_————
g, D TS Mg

(®)

*

where 7, 1, denotes the wholesale profit from the intermediary Ip’s sales in country D, 7,

the wholesale profit from the intermediary Ig’s sales in country .S, Ty, the wholesale profit from
the intermediary Ig’s sales as parallel imports in country D, and ¢}, and ¢g the fixed fees paid
by the intermediaries.

The intermediaries’ profits are given as

'VD(p:,D _P*,D) *
6) — b, 9)

1, = (.0 wp) (1- 1202

*

Ty, D

YyoWip —P5p)  VpPS
and ﬁs = (PZ,S - wg) (1 - ’YSPZ,S) + (pE,D - wg) < 2 b’DT £.D- (f_ﬁ;_[))

Ty,s .
B,D

)¢; (10)

where 7 , and 7} ¢ denotes the profit from sales in country D and S, resp. and 7 1, the profit
from sales as parallel imports in country D.

In country D, the domestic intermediary Ip maximizes (9) with respect to Py, p which yields



the first order condition

’VD(pZ,D - P*,D) X . Y
(1—T b + (Ps.p —wh) (_TD> =0 (11)
———
%95 p
ap;;D
and the best response function
* 1 * *
Po,p = 5 (T +Pg.pYp + YpWwh) - (12)
D

The foreign intermediary I's maximizes (10) with respect to pj3 p which yields the first order

condition
YoPsp — p[*j D) ’YDPZ D * * D D
, D) ) _ _I'D _ =0 13
( T (I1-7) +(pﬁ’D ws) T (I-7) (13)
Gq;;,D
8p2‘3$D

and the best response function

>k 1 * *
Ps.p = 5 (ws +ppp(1—1)). (14)

Equilibrium prices are p , = %ﬁ‘g?“’g) (1—r)T+W$D(2(:UJ§r;‘)“’B(1_T)) . Note that

both drug prices in country D, py , and pj p, increase in both intermediaries’ marginal costs, i.e.

and pj p, =

both wholesale prices w}, and wg, with the effect of the intermediary’s own marginal cost being
BPZ,D ap;,D BPZ,D 8PZ,D

owy, > owg ? OJwy > owy, )

In country S, the intermediary maximizes (10) with respect to p; . The first order condition

stronger than the effect of the competitor’s marginal cost (

to this maximization problem is

(L =vsps.5) + (Ph,s —ws) (=7s) =0, (15)
resulting in the price pj ¢ = H;i‘js Note that the drug price pj ¢ increases in the wholesale

price wg.
With fixed fees of )
(27 + ypws — vpwh (7 + 1))

¢p = (16)
b T™p (T+ 3)2
T D
* 2 * * 2
and gy = (378 | (pwp (1= 7) 4 (L= )7~ ypu (14 7) -
dvyg ™p (1—7)(T+3)
—_———
TS T5.D

the manufacturer extracts the intermediaries’ total profits.



Substituting (16), (17), and equilibrium prices into (8) and maximizing with respect to w},
_ (1-n) @y pwh) 2(1-7) (57 =7’ +2ypwp (1-7))
- Yp(37+1) 4y p BT+ +7ys(1-7)(7+3)%
Wholesale prices mutually reinforce one another; a higher wholesale price in the destination

and w§ gives the wholesale prices wr, and wg =

country, wj, induces a higher wholesale price in the source country, wg and vice versa.
Equilibrium wholesale prices are given as:

2(1-1)
yp+vsBr+1)(1—7)

20-71)(yp+ms(1—1))
Yp 4yp + 75 BT+ 1) (1—1))

wh = and wg = (18)
For segmented markets, the manufacturer sets the wholesale prices equal to marginal cost, i.e.
wp = wg = 0. This avoids the double marginalization problem resulting from vertical separation
in imperfectly competitive markets. However, if parallel trade is allowed and results in market
integration, the manufacturer raises both wholesale prices. This allows him to induce higher
retail prices and reduce competition from parallel trade in the destination country.

As a result of price competition between the two intermediaries, both drug prices in country
D, py p and pj p, increase in both wholesale prices wy, and wg. The choice of the wholesale
price w}, therefore includes a strategic effect: An increase of wj, raises not only the price for the
locally sourced version but also the price for the parallel import. The same effect holds for the
wholesale price w§, an increase of w§ raises both the price for the parallel import and the locally
sourced version. This allows the manufacturer to exploit a strategic effect: By raising both wy,
and wg, he can enforce a coordinated price increase in the destination country, i.e. induce higher
retail prices for both versions of the drug.

Consider Figure 77 for a visualization of this effect. Dashed lines are best response functions
for wy, = w§ = 0, yielding retail price equilibrium A. Solid lines are best response functions
for wi > 0, wg > 0, yielding retail price equilibrium B. The increase of wholesale prices (from
wj, = wg = 0to wj, > 0, w§ > 0) shifts the retail price equilibrium from A to B, inducing higher
retail prices. Note that also the increase of only one wholesale price would result in higher retail

prices.



Pv.D Ps,D (Pb,p) Pg.D (ﬂ%p)

wp=0,wg=0 wp >0,wg >0

Po,D (}96,9)
W )01'11}3 >0

_ P, (pp.D)

wp=0,wg=0

0 t—+—+F—+——+—+——+—+—+—+—pPg,D
Figure 1: Best response functions for wp = wg = 0 and wp > 0, wg > 0.

This strategic incentive for the manufacturer to raise wholesale price is described by Rey &
Stiglitz (1995), who show that two competing manufacturers can use exclusive territories also to
reduce interbrand competition.

In my model, parallel trade results in competition between two intermediaries with exclusive
territories in the destination country, but they are supplied by the same manufacturer. The
manufacturer cannot suppress this form of intrabrand competition due to lack of vertical control
and international, respectively regional exhaustion of intellectual property rights. But parallel
trade provides the manufacturer with the option to exploit the strategic effect of exclusive ter-
ritories, namely inducing higher retail prices and reducing competition by increasing wholesale
prices. This effect is stronger, when products are close substitutes and prices increase more in
response to wholesale price increases, i.e. the degree of product differentiation is small.

At the same time, an increase of w§ also increases the drug price and decreases the quantity
sold in the source country. If price elasticity in the source country is high, a given price increase
results in a higher reduction of quantity. A wholesale price of zero would be profit-maximizing
for the manufacturer with respect to the source country. Thus, the impact of an increase of
wyg on the profit from the source country restricts the manufacturer in exploiting this strategic
effect.

The first order conditions illustrate the effects of the choice of the wholesale price on the
manufacturer’s profit, see Appendix A for details.

Equilibrium drug prices are

. 2(yp +7ys(1—7)) " (1-7)2yp+715(1—7))

p = , P = and 19
D= S g + s B+ (L= 7)) PP T 5 g s B+ 1 (1= 7)) (19)




. 4vp + 375 (1772)
b 275 (4yp +7s B+ 1) (1 —7))

As compared to segmented markets, parallel trade reduces the price for the locally sourced version

(20)

in country D, py p, but raises the drug price in country S, Ph.s-

Equilibrium quantities are

. 2(vp + 7175 (1—71)) . (1-7)7s
ol 5 = d 21
oD = e Brr ) (A —7) BT gy s Brr )11 (21)
* 47D — s (1 B ST) (1 B 7_) (22)

BT 2y +rs Bre ) A7)
In country D, the quantity of the locally sourced version of the drug ¢, p 1s lower under parallel
trade, but the total quantity of both versions of the drug, g; ,+ ¢ p is higher under parallel
trade than under segmented markets. In country S, the quantity sold, 4y, s 1s lower under parallel
trade than under segmented markets.

Under parallel trade, the manufacturer may increase the profit allocated to the destination
country. Competition from parallel trade has a profit-decreasing effect, but the strategic effect of
reducing competition by increasing the wholesale prices and inducing higher retail prices works
in the opposite direction. If the effect of a higher wholesale profit from sales as parallel imports
and a higher fixed fee extracted from intermediary Is exceeds the effect of competition in the
destination country?, the profit allocated to the destination country is higher under parallel
trade. The strategic effect of reducing competition by increasing wholesale prices is crucial; the
manufacturer’s profit is always lower under direct sales in the destination country. The profit
earned in the source country is always lower due to the double marginalization effect with a higher
drug price and a lower quantity sold. The total effect of parallel trade on the manufacturer’s
profit depends on the relative size of these two effects and with it on the price elasticities in both
countries (i.e. coinsurance rates) and the substitutability of both products (i.e. the degree of

vertical product differentiation).

4 Equilibrium with Maximum Wholesale Margins

In this model, both the manufacturer and each intermediary have a monopoly position, allowing
them to set prices freely. The vertical separation in an imperfectly competitive market results in
inefficient successive markups by both the manufacturer and each intermediary. Under segmented
markets, the manufacturer solves this problem by setting wholesale prices equal to marginal cost
(and extracting the profits of the intermediaries via the fixed fee). Under parallel trade, the

manufacturer exploits the strategic effect of exclusive territories in the destination country and

2That is a lower wholesale profit from sales as locally sourced and a higher fixed fee extracted from intermediary
Ip.
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raises wholesale prices to induce higher retail prices and reduce competition. This results in a
double marginalization effect in the source country. Consequently, in both countries, drug prices
are higher than they would be if the manufacturer sold directly®. In addition, in the source
country, the drug price is higher than in the absence of parallel trade.

This sections studies maximum wholesale margins as a possible regulatory intervention ad-
dressing the problem of double marginalization by restricting the markups charged by intermedi-
aries. This instrument is applied in virtually all European countries. Commonly, intermediaries
are granted a certain (percentage) markup on the wholesale price!. In a strict specification, this
cannot be described in this model®. Therefore, I model maximum wholesale margins instead as
a restriction of the markup charged under free pricing. In country j, intermediaries may charge

a fraction (1 — uj) of the markup under free pricing:

pib = wp' +(1—pp) my, p, With my = py p —wh,
iy = wg' + (1 —pp)mjp, with mj p = pj p — wg,
and ps = wg' + (1 - pg)mp g, with mj g = pj, 5 — w. (23)

The case of 1; = 0 corresponds to no restrictions on pricing, i.e. no regulation (the intermediaries
may set prices freely), while the case of y1; = 1 corresponds to the strictest regulation possible
(the intermediaries are forced to price at marginal cost). This construction allows me to analyze
different degrees of regulation explicitly.

To illustrate the way markup restrictions affect the equilibrium, I start with the extreme
case of one country enforcing marginal cost pricing. Then I describe the general effects for any
degree of regulation in the symmetric equilibrium of both countries applying maximum wholesale

margins.

4.1 Maximum Wholesale Margin Regulation in the Destination Coun-

try

Consider first the case of the destination country prohibiting markups by intermediaries, i.e.
1p =1, whereas in the source country, pricing is free.
In the destination country, both intermediaries are forced to price at marginal cost, p,';, =

wp' and py', = wy. This implies that intermediaries make zero profits in the destination

3Note that although the price of the locally sourced version of the drug in country D is lower under parallel
trade, direct sales would bring about an even lower price, avoiding the impact of double marginalization. The
price change associated with the switch from segmented markets to parallel trade is the net of a competition and
a double marginalization effect.

4In all European countries except for Italy maximum wholesale markups are defined in terms of wholesale
prices.

5Note that in the symmetric equilibrium regulatory instruments of both countries mutually offset one another.
This implies that a binding restriction on markups depends on the restriction in the respective other countries.
Therefore, a symmetric equilibrium with both countries effectively restricting markups can only exist, if restriction
on markups are scaled in terms of the markup under free pricing.

11



country, the corresponding fixed fees (¢73" and the part of ¢ associated with parallel trade) are
also zero. In the source country, intermediary Is may set the drug price freely.

The enforcement of marginal cost pricing results in the manufacturer not being able to exploit
the strategic effect of exclusive territories anymore. With free pricing of intermediaries, the
manufacturer raises both wholesale prices to induce higher retail prices and to reduce competition
from parallel trade. Under maximum wholesale margins, the regulation of pricing cuts the link
between wy," and pg', and the link between wg and p;'},. Accordingly, an increase of wp} does
not raise the price for the parallel import, an increase of wg" does not raise the price for the
locally sourced version.

Consequently, not being able to restrict competition via (inducing higher) retail prices, the

manufacturer raises the wholesale prices to reduce competition by parallel trade:
wp' —wp >0, wd" —ws > 0. (24)

An increase of the wholesale price w¢' aggravates the double marginalization effect in the source
country by increasing the drug price and reducing the quantity sold. But the effect of an increase
of w:;.” on increasing the price of the parallel import (and thus reducing competition) is stronger
than on increasing the price of the drug in the source country (and thus aggravating the double
marginalization effect). Consequently, the manufacturer can reduce competition to larger extent
by increasing wholesale prices under maximum wholesale margins than by increasing wholesale
prices to induce higher retail prices under free pricing. The increase of the wholesale price under
maximum wholesale margins translates directly to an increase in the retail prices by the same
amount, while under free pricing, intermediaries increase their prices less than proportionally.
Thus, under maximum wholesale margins, the price difference between the two versions of the
drug is lower.

However, the double marginalization effect prevents the manufacturer from raising wE“ suf-

ficiently to induce the same retail price for locally sourced version as under free pricing:
Py'p — Php <0 (25)

Note that an increase of w7’ requires also equivalent raise of wg“ to restrict competition.
Depending on the price elasticity in the source country, the relative importance of the double

marginalization effect may be low enough to result in an increase of price of parallel import:
- X . 2
Psp —Pap >0, ifyg < HVD- (26)

That is, under maximum wholesale margins, the manufacturer is able to reduce competition to
a larger extent, but he fails to maintain the same price level for the locally sourced version. He
increases the price for the parallel import in relative (or even absolute terms). This results in

a shift of demand from the parallel import to the locally sourced version, the quantity of the

12



locally sourced version increases, the quantity of parallel import decreases:

qlt,MD - QZ,D >0, qz;fLD - QE,D < 0. (27)

In the source country, the increase of the wholesale price w;” increases the drug price and

decreases quantity sold:
Py's = phs > 0, @'s — dp,s < 0. (28)

Thus, if the destination country implements marginal cost pricing, the manufacturer cannot
exploit the strategic effect of exclusive territories. Instead he increases wholesale prices to reduce
competition directly. Under maximum wholesale margins, competition from parallel trade is
weaker, but takes place on a lower price level. In the source country, the increase of the wholesale

price aggravates the double marginalization effect.

4.2 Maximum Wholesale Margin Regulation in the Source Country

Consider now the case of the source country prohibiting markups by intermediaries, i.e. ug =1,
whereas the destination country is not regulated.

In the source country, the intermediary Is is forced to price at marginal cost, p;'s = wg".
This implies that the intermediary makes only profits from parallel importing, the profit from
sales in the source country is zero. In the destination country, this intermediary is not constrained
in setting a price for the parallel import. Intermediary Ip may also set the price for the locally
sourced version freely.

In the source country, the enforcement of marginal cost pricing results resolves the double
marginalization effect. The drug price includes only the manufacturer’s markup.

This allows the manufacturer to increases both wholesale prices to exploit the strategic effect
of exclusive territories to a greater degree and to further reduce competition from parallel trade
in the destination country:

wp' —wp >0, wg' —ws > 0. (29)

The profit from selling to the sourced country is maximized for a retail price of pj ¢ = i
Under segmented markets, the manufacturer induces this retail price by setting the wholesale
price w§ to zero, since the intermediary surcharges a monopoly markup. Thus, if the interme-
diary’s monopoly markup disappears and the intermediary sets the price to marginal cost, a

1

wholesale price of wg" = e would maximize profits from selling in the source country. How-

ever, when setting wholesale prices, the manufacturer also considers the strategic effect of higher
wholesale prices for the destination country. Consequently, it may be profitable to raise wg"

above this profit-maximizing level of wg' = i and reduce competition from parallel trade,

increasing profits from selling in the destination country,while reducing profits from selling in

the source country by decreasing the quantity sold®. Thus, the manufacturer increases wholesale

6Note that an increase of the wholesale price above the profit maximizing wg” = ﬁ induces a higher reduction
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prices balancing the increase in profits from limiting competition destination country and the
decrease in profits from reducing the quantity in the source country.
In the source country, the reduction in quantity prevents the manufacturer from raising wg"

sufficiently to induce the same retail price for locally sourced version as under free pricing;:

Pyls — Ph,s < 0. (30)
Due to the lower drug price, the quantity is higher under maximum wholesale margins:

%'s — ap,s > 0. (31)

By increasing the wholesale prices the manufacturer induces even higher retail prices in the

destination country:

Py'n = Pip >0, Pi'n —php > 0. (32)

The effect of higher prices dominates the effect of reducing competition from parallel trade and

the quantity of the locally sourced version is lower:
QZ,MD —q,p < 0. (33)

Depending on the price elasticity, i.e. the coinsurance rate the manufacturer may limit

competition from parallel trade or even block parallel entirely:
a5’y — 450 <0, g5y > 0if vg > m%} (34)

Thus, if the source country implements marginal cost pricing and thereby avoids the double
marginalization effect, the manufacturer is able to exploit the strategic effect of wholesale price
increases in the destination country to a greater extent. This increases drug prices in the desti-
nation country and reduces competition from parallel trade. In the source country, the double

marginalization effect is mitigated, the drug price is lower.

4.3 Symmetric Equilibrium under Maximum Wholesale Margins

Consider now the symmetric equilibrium with both countries restricting markups of intermedi-
aries, which is the case for basically all member states in the European Union.

If the destination country restricts markups, the manufacturer cannot exploit the strategic
effect of exclusive territories and increases wholesale prices to reduce competition directly. This
effect is limited by the double marginalization effect in the source country. If the source country
also restricts markups, the double marginalization effect is mitigated. This increases the incentive

to raise wholesale prices to reduce competition. The total effect on drug prices in the destination

of quantity and thus a higher reduction of profits than an increase of the wholesale price above zero under free
pricing.
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country is ambiguous, as the further increase of wholesale prices due to the restriction of markups
is not offset by stricter markup limits in the destination country. Also in the source country, the
total effect on the drug price is ambiguous. The increase of the wholesale price emerging from
the restriction of markups in the destination country is not compensated by a tougher restriction
of markups in the source country.

Similarly, if the source country restricts markups and mitigates the double marginalization
effect, the manufacturer raises wholesale prices to exploit the strategic effect of wholesale price
increases in the destination country to a greater extent. If the destination country restricts
markups as well, the impact of wholesale price increases on reducing competition is even higher.
Intermediaries do not absorb wholesale price increases partly, but pass them on to retail prices
completely. Accordingly, the manufacturer increases wholesale prices more, with the total effect
on drug prices in both countries being ambiguous.

Thus, in a symmetric equilibrium, regulatory instruments of both countries mutually offset
one another, with the total effect being ambiguous.

Proposition 1 summarizes the effect of maximum wholesale margins on drug prices and quan-

tities:

Proposition 1 A restriction of markups in the destination country i) reduces competition from
parallel trade by reducing the relative price difference between both versions in the destination
country, but reduces the price for the locally sourced version and ii) aggravates the double mar-
ginalization effect by increasing the drug price in the source country. A restriction of markups in
the source country i) mitigates the double marginalization effect by decreasing the drug price in
the source country and ii) increases the drug prices and reduces competition from parallel trade

in the destination country. Regulatory instruments of both countries partly offset each other.

5 Policy Alternative: Mandatory Rebates

As an alternative to the restriction of pricing for intermediaries, pricing of the manufacturer can
also be restricted to mitigate the double marginalization effect and reduce drug prices.

Under mandatory rebates, the manufacturer is forced to grant a discount on the wholesale
price. This reduces or even avoids the monopolistic markups on the first market stage.

When being forced to grant discounts and subject to free pricing at the same time, man-
ufacturers may simply avoid discounts by increasing prices. Therefore, mandatory rebates are
applied in combination with price freezes, which prevent strategic price increases in response to
discounts. Here, price freezes apply to wholesale prices only, as the regulatory intervention is

intended to be limited with respect to one level only”.

"In Germany, the increase of mandatory rebates from 6 to 16% in the SHI-Amending Law (GKV-AndG) of
2010 was combined with a price freeze at the retail level. As a price freeze at the retail level would leave drug
prices and quantities sold unchanged and only affect marginal cost, this analysis restricts the price freeze to the
wholesale level only.
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Under mandatory rebates, wholesale prices are discounted by the factor ¢; in country j. In

country D, the wholesale price amounts to:

wpy = (1= ¥p)wh (35)
and in country S to:
we’ = (1—1g) wk. (36)

The case of ¢, = 0 corresponds to no restrictions on pricing, i.e. no regulation (the manu-
facturer may set wholesale prices freely), while the case of y; = 1 corresponds to the strictest
regulation possible (the manufacturer is forced to price at marginal cost). Similarly as for maxi-
mum wholesale margins, I first consider the extreme case of one country enforcing marginal cost
pricing.

To illustrate the way mandatory rebates affect the equilibrium, I start with the extreme
case of one country enforcing marginal cost pricing. Then I describe the general effects for any
degree of regulation in the symmetric equilibrium of both countries applying maximum wholesale

margins.

5.1 Mandatory Rebates in the Destination Country

Consider first the case of the destination country implementing marginal cost pricing and forcing
the manufacturer to set the wholesale price to zero, i.e. ¥, = 1 and wz;/’ = 0. In the source
country, pricing is free. This implies that the wholesale profit from intermediary Ip’s sales in
the destination country is zero.

In the destination country, the manufacturer can no longer exploit the strategic effect of
inducing higher retail prices by increasing both wholesale prices. However, this is no longer
necessary, the manufacturer can control drug prices with the wholesale wg/’ effectively: As the

effect of a change in wg is stronger for the price for the parallel import than for the price of

the locally sourced version, setting w:fb slightly higher than wg’b is sufficient to induce a shift in

demand from the parallel import to the locally sourced version. With w% being set to zero, the
manufacturer can decrease wg«/) and reduce competition from parallel trade more effectively:
wi —wh >0 (37)
s s :

Both wholesale prices are lower than under free pricing and accordingly, also drug prices are

lower in the destination country:
p'h = pip <0, Py —Php <0 (38)

The price difference decreases and induces a shift of demand from the parallel import to the
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locally sourced version. The quantity of locally sourced version is higher:
*) *
4,0 — .0 > 0. (39)

Depending on the price elasticity, i.e. the coinsurance rate the manufacturer may limit

competition from parallel trade or even block parallel entirely:

qﬁtﬁD — 43,0 <0, q@fbp >0if yg > W'YD- (40)

In the source country, the decrease of the wholesale price wgw mitigates the double marginal-

ization problem. The drug price is lower, the quantity sold is higher:
Pyls —pis <0, q5% —gis > 0. (41)

Thus, if the destination country implements marginal cost pricing, the manufacturer can
reduce competition from parallel trade more effectively. This decreases drug prices in the des-
tination country, but also reduces competition from parallel trade. In the source country, the

double marginalization effect is mitigated.

5.2 Mandatory Rebates in the Source Country

Consider now the case of the source country implementing marginal cost pricing and forcing the
manufacturer to set the wholesale price to zero, i.e. g = 1 and w;w = 0. In the destination
country, pricing is free.
In the source country, a wholesale price of zero avoids the double marginalization effect.
The drug price is lower than under free pricing and corresponds to the drug price under
segmented markets. Similarly, the quantity is higher than under free pricing and corresponds to

the quantity under segmented markets:
Prls —pis <0, ;% —qps > 0. (42)

In the destination country, a wholesale price wj;«w of zero induces the maximum competition

from parallel trade. To cope with competition and to also sell the locally sourced version, the

manufacturer decreases the wholesale price wgb as well:

wil —wh < 0. (43)

This reduces both drug prices:
=P <0, P8 —php <0 44
Py.p —Pop <UsPgp—Psp <V (44)
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A change in the wholesale price wgﬁ still exhibits the strategic effect, both drug prices increase

in w*Dw. Consequently, the manufacturer does not set wgp to zero. This implies that the relative
prices decreases. There is a shift in demand from the locally sourced version to the parallel
import. The quantity of the locally sourced version is lower than under free pricing, the quantity

of the parallel import is higher:

QZ,wD —qyp <0, q;;,bp —qsp > 0. (45)

If the source country implements marginal cost pricing, the double marginalization effect is
mitigated, the drug price is lower. In the destination country, competition from parallel trade is

intensified, resulting in lower drug prices.

5.3 Symmetric Equilibrium under Mandatory Rebates

Consider now the symmetric equilibrium with both countries adopting mandatory rebates and
restricting the wholesale prices.

If the destination country restricts the wholesale price, reducing competition from parallel
trade requires a lower wholesale price for the intermediary in the source country. Reducing the
wholesale price in the source country mitigates the double marginalization effect and reduces the
drug price in the source country. If the source country restricts the wholesale price, competi-
tion from parallel trade is intensified and the manufacturer reduces the wholesale price in the
destination country. This reduces drug prices in the destination country.

Thus, in a symmetric equilibrium, regulatory instruments of both countries mutually reinforce
one another with respect to drug prices in both countries. The total effect on competition
from parallel trade is ambiguous, mandatory rebates in the destination country tend to limit
competition from parallel trade, whereas mandatory rebates in the source country work towards
intensified competition from parallel trade.

Proposition 2 summarizes the effect of mandatory rebates:

Proposition 2 A mandatory rebate on the wholesale price in the destination country i) reduces
competition from parallel trade by reducing the relative price difference between both versions in
the destination country, but reduces drug prices and i) mitigates the double marginalization effect
by decreasing the drug price in the source country. A mandatory rebate on the wholesale price
in the source country i) mitigates the double marginalization effect by decreasing the drug price
in the source country and ii) decreases the drug prices and intensifies competition from parallel
trade in the destination country. Regulatory instruments of both countries mutually reinforce

each other with respect to drug prices.
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6 Conclusion

In this paper, I have studied the effect of pharmaceutical regulation at the wholesale level, if
markets are integrated by parallel trade. In particular, I have analyzed maximum wholesale
margins and mandatory rebates as a policy alternative with respect to effects on drug prices,
quantities, and public pharmaceutical expenditure.

In the model used in this paper, parallel trade provides the manufacturer with the possibil-
ity to exploit the strategic effect of exclusive territories in the destination country. He raises
wholesale prices in both countries to induce higher retail prices in the destination country and to
reduce competition from parallel trade. This results in a double marginalization effect in both
the destination country and the source country of parallel imports, increasing drug prices and
reducing quantities sold. In the absence of the possibility to stimulate downstream competition
or to enforce vertical integration, regulatory authorities may implement regulatory instruments
such as maximum wholesale margins or mandatory rebates to limit pricing at one of the two
market stages. At the same time, the respective other market stage is also affected by these
instruments. Under maximum wholesale margins, pricing by intermediaries is restricted, but the
manufacturer incorporates this effect in his price setting and adjusts wholesale prices in response.
Under segmented markets, the manufacturer may neutralize the effect of maximum wholesale
margins by increasing wholesale prices, but parallel trade prevents the manufacturer from offset-
ting this effect completely. Under mandatory rebates, wholesale prices set by the manufacturer
are restricted; intermediaries, however, do not pass through discounts completely, but keep a
part of it.

Maximum wholesale margins enhance the manufacturer’s ability to reduce competition from
parallel trade in the destination country by increasing wholesale prices. Restrictions of pricing by
intermediaries in the destination country shift the competition-reducing effect from retail prices to
wholesale prices, which improves the effect of price increases. Under maximum wholesale margins,
intermediaries do not absorb wholesale price increases partly, but pass them on to retail prices
completely. Restrictions of pricing by intermediaries in the source country mitigate the double
marginalization effect, allowing the manufacturer to focus on exploiting the strategic effect in
the destination country. Since the manufacturer cannot offset the effect of markups completely,
restrictions of pricing also reduce drug prices in the respective country. But via the increase of
wholesale prices, they increase drug prices in the respective other country. In the symmetric
equilibrium with both countries applying maximum wholesale margins, regulatory instruments
exhibit an offsetting effect. Therefore, this regulatory instrument may be inappropriate in a
setting where markets are integrated by parallel trade.

Mandatory rebates may be an alternative, they restrict wholesale prices set by the manufac-
turer. A restriction of the wholesale price in the destination country allows the manufacturer
to reduce competition from parallel trade more easily, since a shift in demand from the parallel
import to the locally sourced version requires a lower wholesale price for the foreign manufac-

turer than under free pricing. At the same time, drug prices in both countries are reduced.
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A restriction of the wholesale price in the source country intensifies competition from parallel
trade. It also reduces drug prices in both countries. In the symmetric equilibrium with both
countries applying mandatory rebates, regulatory instruments exhibit a reinforcing effect. This
is, the regulation of wholesale prices has a positive externality.

Generally, the results of the model are conditional on the contract choice of the manufacturer.
The model assumes the manufacturer to have full contract freedom and thus, being able to write
a two-part tariff in order to avoid the double marginalization problem. Limited contract choice
may also have an impact on the consequences of parallel trade, which needs to be investigated
further.
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Appendix A: The Effect of Parallel Trade

Demand

If parallel trade is not allowed (regime of national exhaustion of intellectual property rights), only
the locally sourced version is available in country D. The marginal consumer who is indifferent
between buying the locally sourced version from the domestic intermediary (b) or not purchasing

at all (0), has a gross valuation 03’3’0, given by
b, * b, *
QDO —YpPpp =0 9130 = YDpPy,D- (46)

Hence, in country D, if the parallel import is not available, demand for the locally sourced version
b is given by
QZ,D =1- ’YDPZ,D- (47)

An asterisk is used to denote variables associated with segmented markets.

If parallel trade is legal (international exhaustion of intellectual property rights), consumers in
country D have the choice between the locally sourced version (b) from the domestic intermediary
Ip or the parallel import (3) from the foreign intermediary Is. The marginal consumer who is
indifferent between buying the locally sourced version b and the parallel import §has a gross
valuation H%ﬁ , given by

Vp (Py,p — Ps,D)

0% —vppo,p = 0% (1 — 1) —yppsp & 03 = - ; (48)

while a consumer who is indifferent between buying the parallel import (8) and not buying at

all (0) has a gross valuation 9%0, given by

YpPB,D (49)

,0 ,0
9% (1=7)—~vppsp=0 @9% = i-n"

Consequently, in country D, if the parallel import is available, demand for the authorized product

b and for the parallel import 3 is given by

7o (Po0 —Ps0) o gop = 12 (Po.p —Ps,D) _ YDP8.D (50)
T ’ T (I-7)

Q,p =1~—

Demand in country Sis not affected by the availability of parallel imports. Here, only a
locally sourced version of the brand-name drug, sold by the intermediary Ig, is available. A
consumer who is indifferent between buying the drug and not buying has a gross valuation 92’0,
given by

0% —vgpps =0 = 0%° =v4pp.s. (51)
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Accordingly, in country S demand for the authorized product b is given by
a5 =1 —7sP,s- (52)

Equilibrium without Parallel Trade

When parallel trade is not allowed and markets are segmented, pricing decisions by the man-
ufacturer with respect to both countries — wholesale prices wp and wg, which determine drug
prices in both countries — are independent.

The manufacturers profit is given as

T = Wh (1 - 7DpZ,D) + ws (1 - ’Yspz,s) +¢p + ¢s, (53)

T

* *
wy,, D Trwb,S

where 7,  and 7, ¢ denote the wholesale profit from the intermediaries’ sales in country D
and S resp. and ¢}, and ¢% the fixed fees, which are used to extract the intermediaries’ profits.

For the intermediary Ip, profit is given as:

75, = (ph.p —wp) (L = vpPip) — 0D (54)

T

b
b,D

and for the intermediary Ig as:

Tis = (phs — ws) (1 —vsph.s) — 95, (55)

*
Ty, s

where 7} , and 7} ¢ denote the profits from sales in country D and S, respectively.
In country D, the intermediary Ip maximizes (54) with respect to pj ¢ The first order

condition to this problem is

(1 =vpphp) + (o0 — wh) (—7s) =0, (56)
N———— |
I %45 p
o1y p
IT
resulting in the monopoly drug price py , = % The drug price py p, increases in the

M *
wholesale price wp,.

In country S, the intermediary /s maximizes (55) with respect to pj ¢ The first order con-
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dition to this problem is

(1 —vspi.s) + (Ph.s — ws) (—v5) =0, (57)
——
]
o5 5
resulting in the monopoly drug price p; ¢ = %SSWS) The drug price py ¢ increases in the

wholesale price wg.

Turning to the second stage of the game, the manufacturer M sets the fixed fees to

% 2
(1 —wpyp)”

4vp

" 2
(1- wsVS)

and ¢ = Ths = s

b =Thp = (58)
in order to extract the intermediaries’ profits. In the absence of parallel trade and for segmented
markets, the manufacturer’s optimal strategy is to set the wholesale price equal to the marginal
cost of production, i.e. w}, = w§ = 0%. This pricing decision avoids the double marginalization
problem and results in the same drug price and sales volume as if the manufacturer sold directly
to the consumers.

Equilibrium drug prices are

1
D —— and p; ¢ = . (59)
oD 29p b8 2vg
Equilibrium quantities are
Q,p = bR p,5 = 9 (60)

The manufacturer’s profit is

Equilibrium with Parallel Trade

If parallel trade is allowed, the manufacturer’s pricing decisions —the wholesale price wp charged
the intermediary Ip and the wholesale price wg charged the intermediary Ig — are no longer
independent.

The manufacturer’s profit is given as

Pv,.D — PB,D Pv,D — PB,D Pg,D
Ty = wWp 1— 7D( 5 ) +wS (1 _ fyspb,S)'i_'wS ’YD( B ) _ YD B +¢D+¢Sa
T —_— T (1-7)
Twy,S
Twy,, D 7Tu76

(61)
where 7, p denotes the wholesale profit from the intermediary Ip’s sales in country D, 7, s

8This result can also be obtained by substituting (58) and equilibrium prices into (53) and maximizing with
respect to w.
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the wholesale profit from the intermediary I's’s sales in country S, 7., the wholesale profit from
the intermediary Ig’s sales as parallel imports in country D, and ¢ and ¢¢ the fixed fees.

The manufacturer’s profit differs from the profit under segmented markets in two aspects:
First, as the domestic intermediary Ip faces competition by the foreign intermediary Ig in country
D, the wholesale profit from Ip’s sales in country D and the fixed fee ¢ extracted from Ip are
lower. Second, the intermediary [g’s sales as reimports result in additional wholesale profit for
the manufacturer and for a given wholesale price, the fixed fee extracted from the intermediary
Is, ¢g is higher

The intermediaries’ profits are given as

1o = (o — wp) (1= L ZL20)) (62)

Tb,D

ond 77, = (s = ws) (1= vsps) + (s — ws) (TEPRLZLED) _IDIERY g3

b, S

Trﬂ,D
where 7 p and 7, g denotes the profit from sales in country D and S, resp. and 7 p the profit
from sales as parallel imports in country D.
In country D, the domestic intermediary Ip maximizes (62) with respect to py, p which yields

the first order condition

(1 _ Yp(ps,n —Pﬁ,D)) + (oo — wp) (77?D) _o

T

7 II

and the best response function

Dy,D = (7 +ps,pYp +YpWD)

27p

Compared to the first order condition for segmented markets, part I and consequently py p
are lower under parallel trade, if pg,p < pp.p (1 — 7), i.e. if the parallel import is priced below
the discounted price of the locally sourced drug, which is specified by the vertical product differ-
entiation. Part II of the first order condition differs by the factor % from the first order condition
without parallel trade. For 0 < 7 < 1, part II and consequently p, p are lower under parallel
trade.

The foreign intermediary Is maximizes (63) with respect to pg p which yields the first order

condition

(Wp(pr— Ps.0) _ ?fpza;r;) + (o — ws) (_'77_[1 _ (1%7)) =0
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and the best response function

1
ps,p = 5 (ws +pop (1 =7)). (64)
. S1epe . . _ 274+vp(ws+2wp) _ A=) 1+vpRws+wp(1—7))
Solving for equilibrium prices results in p, p = % and pg,p = ’YW?D(TJ’S*?)) 2 .

In country S, the intermediary maximizes (63) with respect to p, 5. The first order condition

to this maximization problem is

(1 —=vgpy,s) + (Pb,5s —ws) (—v5) =0, (65)

resulting in the price py s = The first order condition is identical to the first order

1+wsvg

2vs
condition under segmented markets. Note that as py s increases in the wholesale price wg, py.s
will be higher under parallel trade, if wg > 0.

With fixed fees of )
(27 + ypws —vpwp (T + 1))

= mp (T +3)° (66)
and g = 17078 | (pwp A=)+ (1 =7)7 = ypws (1+7))" (67)
S 4vg Typ (1 —7) (7—1—3)2
~—
Tb,S N

the manufacturer extracts the intermediaries’ total profits.

Substituting (??), (?7?), and equilibrium prices into (??) and maximizing with respect to wp
_ (-7)(@2T+ypws) 2(1—7)(57—72+2’waD(1—7—))

- vYp(37+1) 4y p BT+ +71yg(1—7)(7+3)? °
Wholesale prices mutually reinforce one another; a higher wholesale price in the destination

and wg gives the wholesale prices wp and wg =

country, wp induces a higher wholesale price in the source country, wg and vice versa.
Equilibrium wholesale prices are given as:

2(1—17)
dyp+7sBr+1)(1—71)°

wp= 20D +ms0=7) o

CpWyp+rsBr+ 1) (1—1))

(68)

For segmented markets, the manufacturer sets the wholesale prices equal to marginal cost, i.e.
wp = wg = 0. This avoids the double marginalization problem resulting from vertical separation
in imperfectly competitive markets. However, if parallel trade is allowed and results in market
integration, the manufacturer raises both wholesale prices. This allows him to induce higher
retail prices and reduce competition from parallel trade in the destination country.

As a result of price competition between the two intermediaries, both drug prices in country
D, py,p and pg p increase in both wholesale prices wp and wg. The choice of the wholesale
price wp therefore includes a strategic effect: An increase of wp raises not only the price for the
locally sourced version but also the price for the parallel import. The same effect holds for the

wholesale price wg, an increase of wg raises both the price for the parallel import and the locally

27



sourced version. This allows the manufacturer to exploit a strategic effect: By raising both wp
and wg, he can enforce a coordinated price increase in the destination country, i.e. induce higher
retail prices for both versions of the drug.

In this model, parallel trade results in competition between two intermediaries with exclusive
territories in the destination country, but they are supplied by the same manufacturer. The
manufacturer cannot suppress this form of interbrand competition due to lack of vertical control
and international, resp. regional exhaustion of intellectual property rights. But at the same time,
parallel trade provides the manufacturer with a situation, where he can exploit the strategic
effect of exclusive territories, namely inducing higher retail prices and reducing competition by
increasing wholesale prices. This effect is stronger, when products are close substitutes and prices
increase more in response to wholesale price increases, i.e. the degree of product differentiation
is small.

At the same time, an increase of wg also increases the drug price and decreases the quantity
sold in the source country. If price elasticity in the source country is high, a given price increase
results in a higher reduction of quantity. A wholesale price of zero would maximize profits with
respect to the source country. Thus, the impact of an increase of wg on the profit from the
source country restricts the manufacturer exploiting this strategic effect.

The first order conditions illustrate the effects of the choice of the wholesale price on the man-
ufacturer’s profit. Maximizing the manufacturer’s profit with respect to wp gives the following

first order condition:

om g _ <_2’VDWD (T+1)—2T—’7Dws> +wg (T(’YD >

Jwp T(T+3) T+ 3)
Omw, D Omw g
dwp dwp

. (_2<T+1> (2r + ypws — Ypwp <T+1>>> . (2(7(1—T>—7Dws<7+1>+waD (1-

T(T+3)2 T(T+3)2
2¢p 9¢g
dwp dwp

An increase of the wholesale price wp shifts demand from the locally sourced version to the
parallel import by increasing the price for the locally sourced version by more than the price of
the parallel import. This affects the wholesale profit from sales of the locally sourced version
(first term) through a price effect and a quantity effect. By decreasing demand for the locally
sourced version, an increase of wp decreases the fixed fee extracted from intermediary Ip (third
term). By increasing demand for the parallel import, an increase of wp increases the wholesale
profit from sales of the parallel import (second term) and the corresponding part of the fixed fee
extracted from intermediary Is (fourth term).

By reference to impact of the choice of wp on the wholesale profit from sales of the locally
OTw, . D
3w63

sourced version ( ), three effects of the choice of wp on the manufacturer’s profit can be
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illustrated. Consider the following decomposition:

OMwyD _ <2T+7Dws — Ypwp (T + 1)) +wp (_(27D> +wp <7D(1_7)> (70)

Owp T(T+3) T+3)T (t+3)7
dwp 9qy. g 9Pp, H 9qp. g 9P . H
dwp b.H WD Bpy g Owp WD Bps g Owp

The first part illustrates the wholesale profit-increasing effect of a higher wholesale price per
unit sold, while ignoring changes in quantity. The second part gives the standard direct effect
of an increase of wp. Via the increase of the price for the locally sourced version, an increase of
wp decreases demand for the locally sourced version and the wholesale profit. The third part
indicates the strategic effect: An increase in wp raises the price for the parallel import as well,
thus it increases indirectly the demand for the locally sourced version. Similarly, the impact of
the choice of wp on the other components of the manufacturer’s profit can be decomposed.
Maximizing the manufacturer’s profit with respect to wg gives the following first order con-

dition:

87TM_<1 wp >+<_(275ws—1)) +(_27Dws(7+1)—T(l—T)—vaD(l—T)>

ows P73 2 T(r+3)(1—7)
aﬂwb‘D wab‘s 87rmﬁ
duwg dug dug
n 2(27 +ypws —ypwp (1 + 7)) n _(I—VSws)+_2(T+1)(T(1—T)—vows(7+1)+70w0(1—7
7 (r+3)* 2 r(1=7)(r+3)*
2¢p 9¢g
dwg dwg

With respect to the destination country, an increase of wg shifts demand from the parallel
import to the locally sourced version by increasing the price for the parallel import by more
than the price of the locally sourced version. This affects the wholesale profit from sales of the
parallel import (third term) through a price effect and a quantity effect and decreases the fixed
fee extracted from intermediary Ig (fifth term) by reducing the quantity of the parallel import.
By increasing demand for the locally sourced version, an increase of wg increases the wholesale
profit from sales of the locally sourced version (first term) and the the fixed fee extracted from
intermediary Ip (fourth term). With respect to the source country, an increase of wg affects the
wholesale profit from sales of the locally sourced version (second term) through a price effect and
a quantity effect and decreases the fixed fee extracted from intermediary Ig (fifth term).

Equilibrium drug prices are

2(yp+7ys(1—1)) (1-=7)2vp + 775 (1 —17))

DPbv,D = , Pg,D =
"D My 5B+ ) (1 —7) PP T Ay + s BT+ 1) (1 - 7))

and (72)

B 4yp +37s (1 —77)
2vs(4p +7sBr+1) (1 —7))

Pv,s
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As compared to segmented markets, the price for the locally sourced version of the drug in
country D is lower under parallel trade:

po _ 40p+Tys(1—7)) <1 (74)

pip @ptrs@Br+1)(1-1))

The total change of the drug price is the net of a competition effect and a double marginalization
effect?. In country S, the drug price is higher under parallel trade, as the wholesale price wg is

higher under parallel trade:

Prs  (Arp+7sBr+1)(1—71))

> 1. (75)

Equilibrium quantities are

2(vp + 175 (1 =1)) (1-7)7s
— , = d 76
WD = T rs BT A D7) P T Iy TG D) (76)
Ay — g (1—37)(1—
qb’S — ’YD ,YS( T) ( T) (77)

2(4vp +ysBr+ 1) (L—7))

n country D, the quantity of the locally sourced version of the drug ¢, p is lower under parallel

_ 2
trade if vp < %75, but the total quantity of both versions of the drug, ¢, p+ ¢s,p is

higher under parallel trade than under segmented markets.

1 1— 67 + 572
q!:D _ 8(vp+1ys(1—17)) <1 ifyp < ( T+oT )VS,
) (4p+7sBr+1)(1—7)) 4
2 1-— 4 1
Qb,Dj‘(Ib,D _ Spt v (l—=7)(4r+1) o1 78)
9%,p (dvp +7vs (1 —7) (37 + 1))

In country S, the quantity sold, g5 is lower under parallel trade than under segmented

markets.

W5 _ (4yp —vsBr—1) (7 - 1))
Gs  Mptrs@rand-n) " (79)

The manufacturer may increase the profit allocable to the destination country. Competition

from parallel trade has a profit-decreasing effect, but the strategic effect of reducing competition
by increasing the wholesale prices and inducing higher retail prices works in opposite direction. If
the effect of a higher wholesale profit from sales as parallel imports and a higher fixed fee extracted
from intermediary Ig exceeds the effect of competition in the destination country, i.e. a lower
wholesale profit from sales as locally sourced and a higher fixed fee extracted from intermediary

Ip, the profit allocable to the destination country is higher under parallel trade. The strategic

27 (74+3)(yp+Typ(A—7))
v (47E BT+ +ryp (1-7)(7+3)%)

9For wyg = 0, the drug price would be py,H (wg =0) =

2(yg+ryp(1=7)) —
SYalvptrpGraD-m) — PhH-
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effect of reducing competition by increasing wholesale prices is crucial; the profit is always lower
under direct sales in the destination country. The profit allocable to the source country is always
lower due a double marginalization effect with a higher drug price and a lower quantity sold.
The total effect of parallel trade on the manufacturer’s profit depends on the relative size of
these two effects and with it on price elasticity in both countries (i.e. coinsurance rates) and the
substitutability of both products (i.e. the degree of vertical product differentiation).
The total profit is higher under parallel trade if vg is sufficiently low:

™ _ 310 +757 ~ 91570 s +7p) ip +rsBrH ) (A -7)
T 47 +957p (T +1) (5= 37) + 4775 (1 - 7)

. Ay BTN (A1) 495 (1 +1) (37 —5) — (1 —7)°
T8 = 27, 37+ 1) (1—7)
\/(1 — 1) =8y, BT+ 1) (1 —7)° + 292 (507 + 6972 +13) (1 — 7)> + 7% (3 — 27 +372) (8 (37 + 1) (1 -

2yp 37+ 1) (1 —171)

)

+

Appendix B: The Effect of Contract Choice on the Effec-

tiveness of Regulation under Segmented Markets

Whether the two regulatory instruments, maximum markups and mandatory rebates also have
an effect, in other words lower prices, under segmented markets, depends on the form of contract
between manufacturer and intermediary: Under two-part tariffs, the increase of wholesale prices
neutralizes the effect of maximum markups completely and mandatory rebates cannot applied,
as wholesale prices are equal to zero. Under linear pricing, however, both regulatory instruments

have an effect on drug prices.

Two-part tariff
No regulation

When parallel trade is not allowed and markets are segmented, pricing decisions by the man-
ufacturer with respect to both countries — wholesale prices wp and wg, which determine drug
prices in both countries — are independent.

The manufacturers profit is given as

Ty = wh (1 — ’YDPZ,D) +ws (1 - VSPZ,S) +¢p + ¢s, (80)

™

. *
wyy, D Twy,, S

where 7, and 7, o denote the wholesale profit from the intermediaries’ sales in country D

and S resp. and ¢}, and ¢g the fixed fees, which are used to extract the intermediaries’ profits.
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For the intermediary Ip, profit is given as:

71, = (Po.p —wp) (L=7ppip) — oD (81)

»
b,D

T

and for the intermediary Ig as:

71 = (phs —ws) (1 —vspis) — 05 (82)

*
Ty, s

where 7} , and 7} ¢ denote the profits from sales in country D and S, respectively.
In country D, the intermediary Ip maximizes (81) with respect to pj ¢ The first order

condition to this problem is

(1 =7pps.p) + (5.0 —wh) (—75) =0, (83)
resulting in the monopoly drug price py , = % The drug price py p, increases in the

wholesale price w,.
In country S, the intermediary /s maximizes (82) with respect to pj ¢ The first order con-

dition to this problem is

(1 —~spi.s) + (Ph.s — ws) (—v5) =0, (84)
resulting in the monopoly drug price p; ¢ = (1%5575) The drug price py ¢ increases in the

wholesale price wg.

Turning to the second stage of the game, the manufacturer M sets the fixed fees to

(1- U’B’YD)2

(1- wg’Ys)Q
dvp

and ¢ = The = =
s

o = mip = (85)
in order to extract the intermediaries’ profits. In the absence of parallel trade and for segmented
markets, the manufacturer’s optimal strategy is to set the wholesale price equal to the marginal
cost of production, i.e. w}, = w¥ = 0'°. This pricing decision avoids the double marginalization
problem and results in the same drug price and sales volume as if the manufacturer sold directly
to the consumers.

Equilibrium drug prices are

1
—_ 86
2yg (86)

)

= — d * p—
Py, D D and py g

10This result can also be obtained by substituting (85) and equilibrium prices into (80) and maximizing with
respect to w.
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Equilibrium quantities are

Maximum markups

Under maximum markups, the regulatory body of country j restricts the markup surcharged to

;. Drug prices are

1

pZ,“D = wp' + (1= pp)my p, mj p=pyp—wp = F (88)
D

pZ“s = wg' +(1—pg)myg, myg=pps — W5 = 27 (89)

The manufacturers profit is given as

i =wp (1 - ’prZﬁ)) +wg' (1 - vspig> + o5 +od", (90)

*p
wp, D

<

4 wy,S

s

where W;‘Z p and w;‘z g denote the wholesale profit from the intermediaries’ sales in country D
and S resp. and ¢} and ¢¢" the fixed fees, which are used to extract the intermediaries’ profits.

For the intermediary Ip, profit is given as:

mi = (= pp) mip (1= 1ml) — 03 (1)

W;,“D
and for the intermediary Ig as:

mit = (1= ug)mis (1 spls) - ¥, (92)

*1
Ty,S

where 7,/ and ﬂZ’g denote the profits from sales in country D and S, respectively.

Turning to the second stage of the game, the manufacturer M sets the fixed fees to

b= WZ,#D =1 —pp)mpp (1—7p (wp' 4+ (1— uD)mZ,D))
and ¢ = o= (1—pg)mie (1 —rs (we + (1 —ps)mp5)) (93)

in order to extract the intermediaries’ profits. Substituting (93) and equilibrium prices (89) into

90) and maximizing with respect to w7}’ and wg" gives the wholesale prices:
D s

. (1 —2vp (1 —pp) mZ,D) "
wp' = and wg' =

29p

(1 =275 (1 — pg) mZ,S)
2vg .
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The manufacturer increases wholesale prices in response to maximum markups. The stricter
regulation is, i.e. the higher u;, the higher the wholesale price is. An increase of the wholesale
price decreases demand for the drug and accordingly the profit of the intermediary and the fixed
fee. At the same time, there is a positive impact on the wholesale profit, if the effect from a
higher price per unit offsets the effect from a lower quantity. The positive effect on the wholesale
profit dominates and consequently, the manufacturer raises the wholesale price to the point that
the effect from maximum markups on drug prices is neutralized: Equilibrium drug prices are

* " 1
pbf‘D = —— and pbfg = (94)

29p %

Higher wholesale prices offset the effect of lower markups allowed completely; drug prices under
maximum markups are identical to drug prices under no regulation.

Equilibrium quantities are

* LU 1 * 1
qbe = 57 qbfg = 5 (95)

Mandatory Rebates

As wholesale prices w}, and wg are set to zero under segmented markets, this instrument cannot

be applied.

Linear Pricing
No Regulation

Under linear pricing, the manufacturer charges a wholesale price per unit, but abstains from
charging a fixed fee.

The manufacturers profit is given as

71'}‘\4 = U)*D (1 — ’}/DpZ,D) + ’U}g (1 - ’Ysp;s)a (96)

* *
Trwb.D ﬂ—wb,S

where 7,  and 7, ¢ denote the wholesale profit from the intermediaries’ sales in country D
and S resp..

For the intermediary Ip, profit is given as:

71, = (Pb.o —wp) (L =vppip) (97)

.
Ty, D

and for the intermediary Ig as:

*

Trg = (PZ,S - wg) (1 - ”Yspz,s)v (98)
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where 7 , and 7} ¢ denote the profits from sales in country D and S, respectively.
In country D, the intermediary Ip maximizes (97) with respect to Ph.s. The first order

condition to this problem is

(1 - WDPZ,D) + (pZ,D - wE) (=vs) =0, (99)
resulting in the monopoly drug price p; , = % The drug price pj j, increases in the

wholesale price wp,.
In country S, the intermediary Is maximizes (98) with respect to py.s. The first order con-

dition to this problem is

(1 =7spr.s) + (Pb.s — w5) (=) =0, (100)
resulting in the monopoly drug price p; ¢ = %S;S) The drug price py ¢ increases in the

wholesale price wg.
Substituting equilibrium prices into (96) and maximizing with respect to wj, and w¥ gives

the wholesale prices:

Under linear pricing, the manufacturer extracts profits through the wholesale price instead of
through the fixed fee, as under two part-tariffs. Accordingly, the manufacturer sets profit-
maximizing wholesale prices ( = monopolistic wholesale prices) and ignores the impact on higher
wholesale prices on the intermediary’s profit, as it cannot be appropriated.

Equilibrium drug prices are

3

—_— 101
dyg (10D

Py,p = —— and PZ,S =
The intermediary surcharges a monopolistic markup on the wholesale price. Thus, the final drug
price is comprised of two monopolistic markups (double marginalization effect) and is higher
than if the intermediary sold directly.

Equilibrium quantities are

_1 (102)
4,D 1’ qy,s = 4

Maximum Markups

Under maximum markups, the regulatory body of country j restricts the markup surcharged to

;. Drug prices are

* * * * * * 1

pb,“D = wp' +(1-pp) My py My p = Pp,p — Wp = m (103)
* * * * * * 1

pb,‘g‘ = wg +(1—pg) My 5, Mp g = Pp,s — Wg = m (104)
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The manufacturers profit is given as

mi = wift (1= vopilp) +wi (1 - spifs), (105)

* L

wy, D

s

™ wy, S

s

where 7" ;, and 7" ¢ denote the wholesale profit from the intermediaries’ sales in country D

and S resp..

For the intermediary Ip, profit is given as:

T = (1= pp)myp (1 = vaZfb) (106)
o
b,D
and for the intermediary Ig as:
s = (L= ps)mis (1 = vspi‘s), (107)
Tls

where 7/, and 7,/ denote the profits from sales in country D and S, respectively.
Substituting equilibrium prices (104) into (105) and maximizing with respect to wj}" and wg"

gives the wholesale prices:

o _ 1—yp (1 —pp)myp

w 1 —vg(1—pg)mps
b 27p .

2vg

R _
and wg =

Wholesale prices are lower than under no regulation. The stricter regulation is, i.e. the higher
#, the higher the wholesale price is.

Equilibrium drug prices are

. 1 1- 5—
P (I+vp (L —pp)msp) _ (5—pp) (108)
’ 29p 8Yp
. 1 1— 5—
and pi = (I +79s (1 = pg)mps) _ ( Ms)_ (109)
’ 2vg 87s

Drug prices are lower than under no regulation. That is, under linear pricing, the manufacturer
cannot offset the effect of maximum markups by raising wholesale prices. The stricter regulation
is, i.e. the higher y;, the higher the drug price is.

Equilibrium quantities are

Btus) (110)
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Quantities are higher than under no regulation. The stricter regulation is, i.e. the higher y;, the
lower the quantity is.
Mandatory Rebates

Under mandatory rebates, wholesale prices are discounted by the factor 1; in country j. In

country D, the wholesale price amounts to:

1

wj:)w =1 —9¢p)wp =(1—-9p) % (111)
and in country S to:
1
ws’ = (1 - vg)ws = (1-vs) 5. (112)
For the intermediary Ip, profit is given as:
il = (pit — i) (1= o0 (113)
™Y
and for the intermediary Ig as:
w1 = (m% —wg’) (1= vsmi%). (114)
'l
where Wz% and WZ% denote the profits from sales in country D and S, respectively.

In country D, the intermediary Ip maximizes (97) with respect to ng The first order

condition to this problem is

(1=vomip) + (bt —w5’) (=35) =0, (115)
i i ; wp (1+w}}va)
resulting in the monopoly drug price p, , = o

In country S, the intermediary Is maximizes (98) with respect to p:fg The first order con-

dition to this problem is
(1 - VSpi/é) + (pi/é - wgw) (—7s) =0, (116)

resulting in the monopoly drug price p

)

Equilibrium drug prices are
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Drug prices are lower than under no regulation. That is, an obligatory discount on wholesale
prices is passed on to drug prices. However, intermediaries do not pass discounts on completely.

Equilibrium quantities are

1 1
Gbp = (1+49p) +4wD), Ts = (1+49s) +4w5)- (118)

Quantities are higher than under no regulation.

7 Appendix C: Equilibrium with Maximum Markups

Under maximum markups, the regulatory body of country j restricts the markup surcharged to

a fraction p1; of the markup surcharged under unregulated markets'':

ps,D = wp + (1= pp)me,p,
. 21 (yp+ 175 (1 = 7))
with mpp = pop —wp = , (119)
Yo 4vp +7sBr+1)(1—1))
Pop = ws+(1—pup)mgp,
ith s (r—1)° (120)
W1 m D = P D — ws = y
’ g Yp vp +7s(Br+1)(1—1))
and py ¢ = ws+ (1 —pg)mys,
4 — 1—-37)(1—
with Mps = Dp,s— Ws = b~ 7s ( T) ( T) (121)

295 (4vp +ys BT+ 1) (1 —17))

The case of p; = 0 corresponds to no restrictions on pricing, i.e. no regulation (the intermediary
may charge the profit-maximizing markup as under no regulation), while the case of py =1
corresponds to the strictest regulation possible (the intermediary is forced to price at marginal

cost).

7.1 Maximum Markup Regulation in the Destination Country

Consider first the case of the destination country restricting pricing by intermediaries by restrict-
ing markups. Assume that markups are completely restricted, i.e. g = 1. In the source country,

pricing by intermediary Ig is free.

Tn all European countries except for Italy maximum wholesale markups are defined in terms of wholesale
prices.
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The manufacturer’s profit is given as:

, , Yo Phy.p — Ps.p) Yo (Php —Psp)  VpPsp
Thy = Wh (1 - : +wy (1 - ’Ysplzf,s) +uwg 8D- . +oh+ s,

T T 1-7)
—_— ———
- ﬂ'ﬁ’b’S p
wy, D wp
(122)
with fixed fees given as
(1~ whvs)”
! =0and ¢y = ——55 (123)
4y

Substituting (123), and equilibrium prices into (122) and maximizing with respect to wp and

. . T+2y pwh
wg gives the wholesale prices wh, = % and wl =
D

dypwh (1-7)

Ty Equilibrium wholesale

prices are given as

(4rp+7ys(1=17)) 2(1-17)

wh = and wh = . 124
P 2yp yp +ys(1—1)) S (yp+rs(l—7) (124)
Both wholesale prices are higher than under free pricing:
) 7 (1673 + 4y57p (47 + 1) (1 = 1) +93 (77 = 3) (1 - 7)*)
wH —Wp = >0,
P 27p vp +7s(1=7)) (4yp + 715 BT +1) (1 = 7))
u 67vg (1 —7)°
wy —wg = > 0. (125)

(4yp+7s(1=7))(4yp +7sBT+1) (1 —=1))

Equilibrium drug prices are:

pu _ (4’VD+T'7S (1_7—)) noo_ 2(1_7_)
5D 2vp (4yp + 75 (L=7) " PP (4yp +75(1—71))
dyp +3vg (1 —7)
d pt = . 126
WAPs = o @y + s (1— 1) (126)

In the destination country, the price of the locally sourced version is lower than under free pricing,
the price of the parallel import may be higher or lower than under free pricing. In the source

country, the drug price is higher than under free pricing:

3ry% (1 — 7')3

" _

Pyp —Pb,p = — <0

bP 29p (4yp +7s(1—7)) (dvp +vsBr+1)(1—1))

29p —vs (L —=7)) Ty 1—7)°

s = 210 =15 (1 = 7)) 775 (1 = 7) 0

’ Yp (4yp +7s (1 =7)) (4yp +7s BT+ 1) (1 —17))

" 3ryg (1 —7)2

Dy s — Pb,S >0 (127)

(4yp+vs(1=7))(4vp +7s BT+ 1) (1= 1))
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Equilibrium quantities are:

1
q{iD = 57
m o Vs (1 B T)
= and
B0 = 2y Ty (- 1)
s~ (p=s0-m) -
58 2(4yp +vs(1—1))

In the destination country, maximum markups shift demand from the parallel import to the

locally sourced version. In the source country, the quantity is lower than under free pricing:

Vs (7' - 1)2
2(4vp +7s(Br+1) (1 —7))
po s =1)(yp+rg(1=37)(1—7)) “0
4.0 =50 2(@7p +75(L—7) (vp +75 BT+ 1) (1 —7))
Ghs— s = — 3 (- 7)° <0. (129)
bs T (4yp+7sBT+1)(1—7) (47p+7s(1—7))

>0

m
% p — 4,D

7.2 Maximum Markup Regulation in the Source Country

Consider now the case of the source country restricting pricing by intermediary Is by restricting
his markup. Assume that the markup is completely restricted, i.e. g = 1. In the destination
country, pricing by intermediaries is free.

The manufacturer’s profit is given as:

o0y p — Ps.p) Yp(Pyp —Psp)  VpPhp
iy = wh (1 - 2l L )t (1 - sl g )+l N i RN
—_— ————

" wy, S n
wy,, D Tr’WB

’ (130)

with fixed fees given as

(rpwh (L =7) + (L= 7) 7 = ypwh (1 +7)°

Tp (1=7) (7 +3)°

2
u QT+ ypuwl —ypuwh (T+1))

= and ¢% =
b Typ (7 +3)

(131)

Substituting (131), and equilibrium prices into (123) and maximizing with respect to wp and

. . (1—7)(27+ypwh (1—7)(7(144+57+72)+2 B (1—T)
wg gives the wholesale prices wh, = W and wg = 22’}/(;—((37'%»1)17'7’—75)(1*77'[))(717}'13)2)T )

Equilibrium wholesale prices are given as

(1=7)(p2=7)+4rys(1 7))
29p (Yp +75 B7+ 1) (1 - 7))

Br+2)(1-1)
2(yp +vs B+ 1) (1-7))

wh = and wy = (132)
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Both wholesale prices are higher than under no regulation:

wh —w _ (1—7-)2(47D—75(2—37')(1_7—)) -
D~ WD 2y +ysBr+1)(1—7)(vp +rsBr+1)(1—7) "
Br+1)(1—17)(4yp —75(2—37)(1—1))

2vp +7sBr+ D) (1 =7)) (vp + 75 BT+ 1) (1 = 7))

>0, (133)

Equilibrium drug prices are:

woo_ _Q@=maptdmys-7) (A =7)(pC+7)+2ry5(1 7))

Pop = (b +rs BT+ (A7) AP 27p (vp +vs BT+ 1) (1 —7))
Br+2)(1-1)
2(p +ysBr+ 1) (1 —7))°

and p) ¢

(134)

In the destination country, prices are higher than under free pricing. In the source country, the

price is lower than under free pricing:

A (1—7) (47 — 75 (2~ 37) (1 — 7))
Pop =D = S B )(L- 1) (hp s Br DA 7))

B pe = (r+1)(1—7)(4yp —7s(2—37)(1—17)) -
8,0~ EP, 2(p +1sBT+ DI —7) yp +1sBr+ DA -7)
4 e (13D A -1+ Br ) (1 - 7)
2% (vp+vsBr+1)(1—7))(4yp +75B7+1) (1 — 1))

2

Phs = Db,s <0 (135)

Equilibrium quantities are:

4 = b 2-7)+4my5(1—71) - 1s(L=7)=p
oD 2(p+1s BT+ 1) (1 =7)"PP (yp+ysBT+1)(1-7))
2 3 1—
and ql’is = Yo +377s ( 7) (136)

2(vp+ s Br+ 1) (L—7))

In the destination country, maximum markups shift demand from the parallel import to the

locally sourced version. In the source country, the quantity is higher than under free pricing;:

Yp(L=7)@yvp =752 =37)(1 = 7))

Go D = g Br F (- 7) (hp + s BT+ D7)
P v (47 — 76 (2~ 37) (1 — 7))
5.0~ . (i 775 G+ D (L= 1) (47p + 75 B7 L D (1 —7)
2 2 2
q{:S . qb,S _ 47D —7sYD (1 - 3T) (1 - T) + ’YS (3T + 1) (1 - T) (137)

2(vp+7sBr+ 1) (L=7)) (4yp +75Br+1) (1 - 7))
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8 Appendix D: Mandatory Rebates

Under mandatory rebates, wholesale prices are discounted by the factor ¢; in country j. In

country D, the wholesale price amounts to:
wh = (1—¢p)wp (138)

and in country S to:
wf = (1—vg) ws. (139)

8.1 Mandatory Rebates in the Destination Country

Consider first the case of the destination country implementing marginal cost pricing and forcing
the manufacturer to set the wholesale price to zero, i.e. v = 1 and w% = 0. In the source
country, pricing is free.

The manufacturer’s profit is given as:

» p p
'VD(pb,D —-bp ,D) YpPs,D
w%w?@vw&ﬂ+w%< (=1 R R D
—_—
¥
wy, S ﬂ'ﬁ,@

with the fixed fees given as

% v \?
(27’—1—’}/Dws) “ (1 — ws’Ys)
¢D = y Pg = 475

141
T™vp (T+ 3)2 (141)

Substituting (141), and equilibrium prices into (140) and maximizing with respect to wg gives

the wholesale price:

27 (1 — —
wg _ T(l—7)(5—7) . (142)
(47D Br+1)+1myg(1—7)(7+3) )
The wholesale price is lower than under free pricing:
1-17)° 1-
I 8(1=1)° (1p + 775 (1= 7)) <0 (148)

(490 Br+ 1)+ 775 (1= 7) (7 +3)°) (4yp + 75 (B + 1) (1= 7))
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Equilibrium drug prices are given as:

W rrdeptrson)

' YD (471) Br+1)+1myg(1—71) (T+3)2)
= TA-7)@Byp+1ys(r+3)1—1))
8,D

D (471) Br+1)+1myg(1—7)(7+ 3)2) ’

Wy - (4’)/D(3T+1)+T’)/S(177')(4T+7’2+129))' (144)
295 (490 (37 + 1) + 775 (1 = 7) (7 + 3)°)

All prices are lower than under free pricing:

41D+ s A=) @y (+ D+ 15 (+3) (1= 7))
7o (47 (B + 1) + 795 (1= 1) (1 +3)*) (4yp +75 37+ 1) (1= 7))
_ 2(1-7)° (vp+715s(1=7) (4yp + 715 (T +3) (1 — 7))
b (470 37+ 1) + 775 (1= 7) (7 +3)°) (d7p + 75 (37 + 1) (1 = 7))
11 -1 (p + 795 (1= 7))

Pls—Phs = — ) < 0(145)
’ (490 B+ 1)+ 775 (1= 7) (7 +3)°) (dyp + 75 (B + 1) (1 = 7))

PZ%D —Db,p = <0,

p}f,D —PB,D <0,

Equilibrium quantities are

g 2EOptrsiom)
’ (4’)/D(37'—|-1)+T’ys(1—7’)(7+3)2)
v (1—7)(1y5 (T +3) —27p)
ds.p =

(490 Br+ 1) + 775 (1= 7) (7 +3)%)

Q;,ps _ 4'7D(37'+1)_778(1—7)(1—87'_72-2)' (146)
2(4’)/D(3T+1)+T’YS(177)(T+3) )

In the destination country, mandatory rebates shift demand from the parallel import to the

locally sourced version. In the source country, the quantity is higher than under free pricing:

@p—mp = 207 (p+71s A=) Brp+1sC+HA-T)T+D)

(47 +75 37 +1) (1= 7)) (47p B + 1) + 775 (1 = 7) (7 +3)°)

@p—asp = - 2(1— 1) (vp + 775 (1 — 7)) (4yp + g (T +3) (1 — 7)) B

(47 +75 (37 +1) (1= 7)) (470 B + 1) + 775 (1 = 7) (7 + 3)°)

475 (1 =7)* (yp + 775 (1= 1))
(47p+75 37 +1) (1= 7)) (47p Br+ 1) + 775 (1= 7) (7 +3)°)

> 0.

qZ,‘fS — b5
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8.2 Mandatory Rebates in the Source Country

Consider now the case of the source country implementing marginal cost pricing and forcing the
manufacturer to set the wholesale price to zero, i.e. g = 1 and wg = 0. In the destination
country, pricing is free.

The manufacturer’s profit is given as:
Yp\Pb,D — PB,D
=i (1 om0l i
with fixed fees given as

(vowh (1= 7) + (=) r —ypul 1 +7))
15 (- 1) (7 + 37

(27’—|— w¥ —ypw? (T+1))2
¢¢ B TpWg — VYpWp qbw B
b T™p (7‘+3)2 $ S

(148)
Substituting (148), and equilibrium prices into (147) and maximizing with respect to w%
gives the wholesale price:

vy (1=7)
wph = 27',7D Gril) (149)

The wholesale price is lower than under free pricing:

b 2(r—1)°
WD D = T R Y (I 1 s Br L )T (150)

Equilibrium drug prices are given as

2T

Pip = —
5D vp (31 +1)’
.t _ 1-7)7
8,D vp (3T + 1)’
1
and pj g = P (151)
All prices are lower than under free pricing:
2(1—-1)
P
_ = — <0
Pop D BraD(p+sGrDI-7)
2(1-7)(r+1)
P
— = — <0,
Ps.p = PB.D 37+ 1) (dvp +7s BT+ ) (1 —7))
1—7
Phs—Pbs = — 17 <0. (152)

(4yp +7s BT+ 1) (1 —17))
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Equilibrium quantities are:

L (153)

b 1 Yo
ST 9

quZQLaqz)Dzia qy
’ 3r+1" 7% 31 +1

In the destination country, mandatory rebates shift demand from the locally sourced version

to the parallel import. In the source country, the quantity is higher than under free pricing;:

o (1 — 7')
— = -2 <0,
%.0 ~ @D TP @Br+1) (yp + 75 BT+ 1) (1 - 7))
P YD
— = 4 >0
9.0 25D Br+ ) +rsBr+D(L-7)
1—7
‘1;;/},5 — Qs = 75( ( ) > 0. (154)

yp+7sBr+1)(1-7))
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