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Abstract

In this paper we analyze the e¤ects of the introduction of a cocktail composed of
a �xed proportion of two existing stand-alone products in a Bertrand duopoly with
imperfectly substitutable goods, with a special focus on pharmaceutical markets.
First, we �nd that a cocktail rises the Bertrand equilibrium prices as it introduces
a certain degree of complementarity. Moreover, it creates an incentive to sell the
separate components at a discount or at premium depending on the degree of substi-
tutability. While discounts are always detrimental to consumers, premiums might
increase consumer surplus. Finally, we study how such e¤ects are altered in the
presence of new substitutes that are not part of a cocktail. We show that a cock-
tail reduces the opportunity of a single-product entrant to earn positive pro�ts, but
that an incumbent can pro�tably introduce an innovation whenever goods are close
substitutes or if they are highly di¤erentiated. Interestingly, a higher quality incum-
bent�s innovation can be at the same time pro�table and welfare reducing, so that
its introduction might harm consumers. On the other hand, it is never the case that
an innovation that increases consumer surplus is not pro�table.
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1 Introduction

Typically, goods are perceived by all consumers either as substitutes or complements.

For instance, purchases in a supermarket and gasoline from the gas station near the

shopping mall are (imperfect) substitutes. Hardware and software and (perfect) comple-

ments. Market interactions with either substitute or complement goods have been an-

alyzed thoroughly: competition and pricing policy, quality choices by �rms, investment

in innovation, and bundling strategies have all been studied under countless di¤erent

assumptions. Similarly, there is also a growing literature on markets in which both sub-

stitute and complement goods are produced at the same time. Hardware and software

are produced in oligopolies, in which many �rms produce substitute pieces of hardware

and substitute software programs.1.There are goods, however, that are perceived as sub-

stitutes by some consumers and as complements by others. About these goods, very

little has been said, although they are very common and somehow crucial for consumers.

A very prominent example can be found in pharmaceutical markets, where patients

very often take combinations of di¤erent drugs to improve the e¢ cacy of a particular

treatment or to weaken collateral e¤ects. For instance, half of the new cholesterol re-

ducing treatments entering phase 3 of clinical trials in 2007 were actually �cocktails� of

drugs that had already been approved as single products to treat the same symptoms

(Blume-Kohout and Sood, 2008). Similarly, in 2008, more than one-third of US colorec-

tal cancer patients under chemiotherapy were under �cocktail� regime, and nowadays

most HIV +/AIDS patients are still cured with a combination of two or more drugs

(Lucarelli, Nicholson and Song, 2010). In other terms, it is sometimes the case that in a

pharmaceutical market with a given number of stand-alone (imperfectly) substitutable

drugs, a new �rival� product becomes available (after the approval by the Food and

Drug Administration, that is after the �cocktail� proves to be either superior in e¢ cacy

or more convenient or with less side e¤ects of its separate components), composed of a

precise combination of existing products that act here as complementary components of a

therapy. Similarly, tourist attractions (such as the museums of a city) can be substitutes

for some consumers but complements for other. In fact, they are often explicitly o¤ered

in a "cocktail" through a "tourist card" and such card can be o¤ered at a discount.

Clearly, cocktails will have an e¤ect on price competition, but the direction of such

in�uence is not obvious a priori. Do cocktail soften competition or increase it? At

1See Alvisi et al. (2011) and Alvisi and Carbonara (2010, 2011).
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this purpose, in the �rst part of the paper we study the e¤ects of the introduction of

�cocktails� on equilibrium prices, pro�ts and social welfare in markets where some (or

all) competing products become complements for (at least) a portion of the demand.

More speci�cally, we verify how the presence of a new �bundle�composed of a �xed pro-

portion of two existing stand-alone products in�uences the competition in a Bertrand

duopoly with imperfectly substitutable goods and how the new cocktail a¤ects the in-

centives of selling products at a discount (or at a premium, if feasible). We �nd that

the introduction of a cocktail rises the Bertrand equilibrium prices as it introduces a

certain degree of complementarity between two goods that were previously substitutes.

Interestingly, when the degree of substitutability is particularly low, the introduction of

a cocktail decreases both duopolists�pro�ts, so that it is not obvious that �rms are in

favor of new therapies composed of combinations of existing drugs being approved by

the FDA. Moreover, while in a multiproduct monopoly cocktails do not induce any form

of price discrimination, in a duopolistic setting it creates an incentive to sell the sepa-

rate components of a cocktail at a discount when the degree of substitutability between

stand-alone products is low and at premium when such degree is high. While discounts

happen to be always detrimental to consumers, premiums might increase consumer sur-

plus as they render the competition on single products �ercer, so that from an Antitrust

perspective prohibiting price discrimination in drug markets might not be desirable in

welfare terms.2

Such results also represent the benchmark for the second part of the paper, pointing

directly to the question of entry in the market. In particular, would entry of a new

product be facilitated by the presence of a cocktail? Our answer is that a cocktail

reduces the opportunity of a single-product entrant to earn positive pro�ts and at the

same time enlarges the parameters�range such that the two incumbents �nd it pro�table

to o¤er a discount for the components of the cocktail. Conclusions are di¤erent, however,

if the new product is supplied by an existing �rm already participating to a cocktail.

The new product will be a substitute of both the existing products and of the cocktail

but will not participate to the cocktail, so that it can be interpreted as an "innovative",

2While two independent �rms might not �nd feasible to directly coordinate on a premium when
their goods are combined in a cocktail by consumers, they could do that indirectly adopting strategic
packaging as a form of price discrimination. In fact, if good 1(2) is not sold in single units but in packages
of d1(d2) units only, and if the ratio d1/d2 is di¤erent from the required proportion of the two goods in
the cocktail, then the e¤ective price of one unit of the cocktail could be higher than the ones for one
unit of the two separate products.
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possibly more e¤ective, product. In the early 2000s, for example, Abbott launched

Kaletra, a drug for treating HIV/AIDS. At the time Abbott was already selling Norvir,

which was used in a cocktail regimen to help boost the performance of its competitor�s

drug. We investigate in which cases an existing �rm has the incentive to become a

multiproduct duopolist and introduce the new product (which we call �innovation�) and

how is price competition a¤ected by such move.We �nd that such duopolist will raise

the price of its old product in order to divert part of the demand to the new product.

Consistently with our �ndings, shortly after the launch of Kaletra, Abbott increased

Norvir�s price four-fold while pricing Kaletra more competitively, presumably to drive

customers from the cocktail regimen to its new stand-alone regimen. Speci�cally, in opur

model the new product will be pro�table only if all products are close substitutes or if

they are highly di¤erentiated in their quality level. Interestingly, it exists a parameters�

region such that the introduction of the new good is at the same time pro�table and

welfare reducing, so that the presence of new therapies in the market might also harm

consumers. This may happen even if the new product improves on the existing ones,

i.e., it is of higher quality. On the other hand, it is never the case that an innovation

that increases consumer surplus is not pro�table. In other words, all innovations that

improve consumer welfare are always introduced. Finally, we �nd that the introduction

of the new stand-alone product reduces the price of the cocktail because the increase in

the price of the old component is accompanied by a more than proportional decrease in

the price of the rival�s product. Proofs of Propositions and Lemmas can be found in the

Appendix.

1.1 Related literature

Firms often bundle or tie their own products for various reasons: to price discriminate

(McAfee et al., 1989), to leverage monopoly power in one market by foreclosing sales and

discouraging entry in another market (Whinston, 1990, Chen, 1997, Nalebu¤, 2004), but

little is known from a theoretical standpoint about price changes when a �rm�s product

is bundled with those of its rival and about the welfare e¤ects of such practice.

More is known about the incentives for rivals to provide a joint discount when con-

sumers purchase from all �rms participating to such agreement. Gans and King (2006)

study the optimal discounting strategy of two rivals bundling two independent products

as a way to relax price competition against a set of stand-alone competitors. Speci�-
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cally, Gans and King (2006) prove that such �rms can pro�t from o¤ering a bundled

discount to the detriment of other �rms and of consumers, whose preferences are farther

removed from the bundled brands. Indeed, when both pairs of �rms negotiate bundling

arrangements, there are no bene�ciaries and consumers simply �nd themselves consum-

ing a sub-optimal brand mix. With respect to such results, we �nd that when goods

are initially not independent but imperfect substitutes, the creation of a cocktail might

prompt �rms to sell their components at a premium rather than at a discount and such

practice might not necessarily be welfare-reducing. Similarly to our setting, Armstrong

(2011) extends the standard model of bundling to allow for substitutable products and

�nds that �rms have an incentive to introduce bundling discounts when the demand

for a bundle is elastic relative to the demand for stand-alone products. In particular,

he �nds that separate �rms often have a unilateral incentive to o¤er inter-�rm bundle

discounts when products are substitutes, although this depends on the detailed form

of substitutability. Bundle discounts mitigate the innate substitutability of products,

which can relax competition between .�rms. Our model focuses less on market elasticity

and directly relates the incentives to discount or to sell at a premium to the degree of

substitutability. It also generalizes Armstrong�s results to market structures in which

products might be vertically di¤erentiated and present di¤erent (possibly asymmetric)

weights in the complementary relationship implied by the cocktail. Moreover, di¤erently

from Armstrong, we also focus on cases in which markets can be characterized by �rms

producing goods that do not belong to cocktails or by multiproduct duopolists.

Lucarelli et al. (2010), empirically analyze the welfare e¤ects of cross-�rm bundling

in the pharmaceutical industry3 In their data-set �rms cannot price discriminate because

each drug is produced by a di¤erent �rm and it is a physician that creates the bundle

in her o¢ ce from the component drugs. However, they are able to analyze the economic

e¤ects of cocktails by performing a series of counterfactual exercises on the estimated

demand and pro�t-maximizing condition.Their conterfactual analysis is consistent with

the main results of our model. First, they �nd that cocktail regimens increase pro�ts

for all �rms involved in the cocktail (and also for entrants producing new drugs) but

harm consumers. This occurs because cocktail regimens result in higher drug prices;

and the e¤ect of internalizing pricing externalities dominates the business stealing e¤ect

of substitute products. Second, they �nd that the incremental pro�ts from creating a

3The title of their paper clearly inspired ours, as the sale of cocktails at a discount or at a premium
is indeed equivalent to the sale of bundles of substitute goods supplied by independent competitors.
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bundle are sometimes as large as the incremental pro�ts from a merger of the same two

�rms. Finally, in the third conterfactual, they allow a �rm to set two separate drug

prices, one for its stand-alone regimen and the other for its component drug in a cocktail

regimen. This is equivalent to the case that we analyze in Section 5, where a �rm has two

separate drugs, one used by itself and the other in a cocktail regimen, and applies very

well to the Kaletra/Norvir case illustrated above. Although Lucarelli at al.do not observe

a similar situation in their colorectal drug market, they implement this exercise as an

"out-of-sample" validation test for their static Nash pricing assumption. Consistently

with our theoretical model and with the Abbott case, they �nd that �rms set the price of

the cocktail component higher than the stand-alone drug when this �exibility is allowed.

The paper is organized as follows. Section 2 derives demand functions when a cock-

tail of imperfectly substitute goods is introduced in an oligopolistic market and Section 3

determines the e¤ect of such nenwly available product on the Bertrand-Nash equilibrium

prices, quantities and pro�ts. In Section 4, we �nd �rst that a multiproduct monopolist

would have no incentive to engage in price discrimination when its two products can

be used in a cocktail by consumers and then we observe how such conclusions changen

when oligopolistc competition among subtitutes is introduced and �rms can coordinate

on a bilateral discount (or premium, if feasible) when the two goods are purchased to

compose a cocktail. Particularly, we determine the optimal pro�t-sharing rule and �nd

cases under which "bundling among rivals" might bene�t consumers. Section 5 analyzes

the impact of cocktails on the introduction of new products in the market, studying

separately the case of the entry of new �rms from the case in which it�s one of the two

incumbents that introduces a new product or "innovation". In this part, we focus on

the impact of innovations on equilibrium prices, pro�ts, consumer surplus and on the

ability to continue coordinating on a discount (or premium) when a cocktail composed

of the exisiting product is purchased. In Section 6 we recognize that coordination on

price discriminatory practices might not be feasible but that �rms might be able to

indipendently and simultanenously price their products di¤erently when consumers pur-

chase them to form a cocktail. In such case the resulting Bertrand-Nash equilibrium is

similar to the outcome of a Prisoner�s Dilemma, where both �rms would �nd selling at a

premium a dominant strategy, but where pro�ts are lower than under uniform pricing.

Section 7 extends some of the results to the case of vertically di¤erentiated products and

to di¤erent dosages of the components Section 8 concludes. Proofs of Proposition
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2 The Model

Consider �rst a standard model in which two substitute goods are sold (e.g., two drugs to

cure HIV/AIDS). The market demands for the two goods are derived from the following

social welfare function (Dixit, 1979)

U(q1; q2;M) =M + (�1q1 + �2q2)�
�

2

�
q21 + q

2
2 � q1q2

�
(1)

where M is the total expenditure on other goods di¤erent from 1 and 2 and  measures

the degree of substitutability between the two goods ( 2 [0; 1]). Parameters �1 and
�2 represent the quality of goods 1 and 2 respectively. In that follows, we assume

�1 = �2 = � because we want to isolate the impact on prices of the introduction of a

cocktail from that due to an asymmetric quality distribution.

Following Shubik and Levitan (1980), we set

� = n� (n� 1) = 2�  (2)

where n is the number of products available (here n = 2), to prevent changes in n and

 to a¤ect total market demand. Using such normalization, the demands for the two

products are

q1 =
2�(1� )� p1(2� ) + p2

4(1� ) (3)

q2 =
2�(1� )� p2(2� ) + p1

4(1� ) (4)

Consider now this same market when some consumers, as before, use only one drug,

whereas some others are prescribed a cocktail of the two substitute goods by their physi-

cian. For the latter type of consumers, then, the two drugs works as complements. In

fact, it is sometimes the case that in the US oncology market a pharmaceutical cocktail

composed (in a �xed proportion) of two or more already approved drugs is also approved

by the Food and Drug Administration because it demonstrates superior e¢ cacy, fewer

side-e¤ects or greater convenience. In the market for colorectal cancer chemotherapy

drugs, cocktails of two or more substitute drugs are often used to treat patients who

su¤er strong side - e¤ects when treated with one single drug in the amount prescribed

by the organizations such as The National Comprehensive Cancer Network (NCCN).
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Such organizations also recommend the amount of each drug that doctors should use in

each cocktail/regimen, based on the dosages used in clinical trials or in actual practice

(Lucarelli et al., 2010). Physicians prescribe either one of the two single drugs or the

cocktail, according to the characteristics of the patient. Consumption of the three avail-

able regimes amount then to q1, q2 and q3 respectively. The social welfare function then

becomes

U(q1; q2; q3;M) =M + �(q1 + q2) + �3q3 �
1

2

0@q21 + q22 + q23 + X
i=3

X
j 6=i

qiqj

1A (5)

As a �rst approximation, we assume that �3 = �, i.e., combining the two goods does

not lead to a product of di¤erent quality. However, considering that the introduction

of cocktails is often motivated by their superior quality (as in the US pharmaceutical

markets), we will later present an extension with �3 6= �.
The demands for the three products are

q1 =
3�(3� )� p1(3� ) + (p2 + p3)

9(1� ) (6)

q2 =
3�(3� )� p2(3� ) + (p1 + p3)

9(1� ) (7)

q3 =
3�(3� )� p3(3� ) + (p1 + p2)

9(1� ) (8)

Assume that the newly developed and approved cocktail combines goods 1 and 2 in

proportions r1 and r2, r1, r2 > 0 and r1 + r2 = 1. One unit of the cocktail then costs

p3 = r1 p1 + r2 p2: (9)

Substituting p3 from (9) into demands (6) - (8), we obtain demands as a function of

p1 and p2 only:

qc1 =
3�(1� )� p1(3� (1 + r1)) + p2(2� r1)

9(1� ) (10)

qc2 =
3�(1� )� p2(3� (2� r1)) + p1(1 + r1)

9(1� ) (11)

qc3 =
3�(1� )� p1((3� )r1 � )� p2((3� )(1� r1)� )

9(1� ) (12)
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3 The E¤ects of the Cocktail

In order to clarify that the incentives to o¤er cocktails at a discount or a premium typi-

cally arise in oligopolistic settings only, consider brie�y as a benchmark a multiproduct

monopolist selling both drugs 1 and 2 with no �xed costs. Its marginal costs are con-

stant, common to both products and normalized to zero. In such setting, the pro�t

function would be � = p1 q1 + p2 q2 and the pro�t- maximizing price and output leveles

would simply amount to pM1 = pM2 = a
2 and q

M
1 = qM2 = �

4 . If the cocktail becomes

available and total demand remains unchanged through 2, then pro�t-maximizing prices

and outputs remain unchanged. Unsurprisingly, the introduction of a cocktail does not

a¤ect the monopolist�s behavior.

Results di¤er if the two separate drugs are o¤ered by two independent �rms. If the

cocktail is not available, the Bertrand-Nash equilibrium prices are pnc1 = pnc2 = 2�(1�)
4�3 ;

which, not surprisingly, are lower that piM ; i = 1; 2: Quantities are q
nc
1 = qnc2 = �(2�)

2(4�3)

and pro�ts �nci = �2(2�)(1�)
(4�3)2 ; i = 1; 2:

When the new regimen becomes available, each �rm�s demand becomesDi = qi+riq3;

i = 1; 2 and, substituting the de�nitions of qi (i = 1; 2) and q3 from (6) - (8), pro�ts are

�1 =
p1
�
3�(1 + r1)(1� )� p1((1 + r21)(3� )� 2r1)� p2 (r1(3� )(1� r1)� 2)

�
9(1� ) (13)

�2 =
p2
�
3�(2� r1)(1� )� p1 (r1(3� )(1� r1)� 2)� p2(2(3� 2)(1� r1) + r21(3� ))

�
9(1� ) (14)

In order to separate the impact of the creation of a cocktail from the possible asym-

metry in the dosage of the two drugs (i.e., r1 6= r2), we now assume r1 = 1
2 ; leaving the

asymmetric case for later.

Pro�t functions become

�1 =
p1 (6�(1� )� p1(5� 3)� p2(1� 3))

12(1� ) (15)

�2 =
p1 (6�(1� )� p1(5� 3)� p2(1� 3))

12(1� ) (16)

From the �rst order conditions , each �rm�s reaction function results:
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pi =
6�(1� )� (1� 3)pj

2(5� 3) ; i = 1; 2 (17)

Notice that the slope of such function changes its sign as  increases In particular,
dpi
dpj

Q 0 i¤  R 1
3 :In other words the degree of substitutability across products in�uences

the nature itself of the competition. In other words, the creation of the cocktail renders

the two substitute goods complementary at some degree, as well, and a particular version

of the Cournot problem (also known as "complementary monopoly") might emerge.

In fact, when the two goods become complements, each separate �rm does not fully

recognize the negative impact that a price increase has on its rival�s demand, generating

a negative externality that tend to increase prices. When  > 1
3 , however, the goods are

close substitutes and this latter characteristics prevails and reaction functions remain

positively sloped. On the other hand, when  < 1
3 , the Cournot problem becomes

dominant and �rms react to their rivals�price reduction with a price increase As we

will see, this switch will have a clear impact on the �rms�incentives to o¤er the cocktail

at a discount. At the moment, we simply verify the that Bertrand-Nash equilibrium

prices are pc1 = p
c
2 =

6�(1�)
11�9 , while the quantities sold of each regimen (i.e., demands of

the two separate drugs, qc1, q
c
2 and of the cocktail q

c
3) are q

c
i =

�(5�3)
33�27 , i = 1; 2; 3. Given

that q3 consists of r1 units of q1 and r2 units of q2, then the equilibrium quantities are

q�1 = q
�
2 =

3�(5�3)
2(33�27) . Finally, equilibrium pro�ts are �c1 = �

c
2 =

3�2(1�)(5�3)
(11�9)2 .

We can prove the following results.

Proposition 1 When a cocktail is available, pci > p
nc
i and q

�
i < q

nc
i . �

c
i > �

nc
i (i = 1; 2)

i¤  > 0:175; so that the introduction of a cocktail can reduce each �rm�s pro�ts.

Thus, the introduction of the cocktail increases prices. for any  2 (0; 1) Ceteris
paribus, the creation of a complementary relationship between the two goods softens

competion,even if this e¤ect does not necessarily favors �rms. In fact, when  is partic-

ularly low ( < 0:175), the negative externality characterizing the Cournot problem is

particularly severe (the low degree of substituability infact is not enough to push prices

su¢ ciently down through competition), so that the demands for the two goods drop

signi�cantly, lowering each �rm�s pro�t. In conclusion, there might be cases in which

at the same time the introduction of cocktails softens price competition, at consumers�

expenses, and penalizes rather than favors �rms. Notice that this is a particularly rel-

evant conclusion for the market of drugs. In fact, if the quality of a cocktail is not
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signi�cantly higher from that of the existing therapies, its presence might harm both

sides of the market. This justi�es the attention with which the Food and Drug Ad-

ministration (FDA) approves new pharmaceutical cocktails in the US, as they need to

exhibit superior e¢ cacy, fewer side e¤ects or greater convenience relative to existing

drugs. The "convenience" argument might however work ambiguously, because �rms

can use discounts to price discriminate against those consumers using the original ther-

apies, as correctly pointed out by Gans and King (2006) and Armstrong (2011). This is

why, in the next Section we investigate whether such incentives to price discriminate are

present for any degree of substitutability and whether they always generate discounts

rather than premiums, favouring those consumers purchasing the cocktail.

4 Discounting Cocktails

Consider �rst the multiproduct monopolist�s incentive to price discriminate. Partic-

ularly, consider a case in which the monopolist o¤ers the cocktail at a price p3 =

r1p1 + r2p2 � �, where � is a real number representing the discount (or premium, if
� < 0) that a consumer receives when she buys one unit of the cocktail. The monopo-

list�s pro�ts are �M = p1 q1+p2 q2+(r1 p1+r2 p2��) q3 and, substituting the expressions
for demands q1 - q3 from (6) - (8), equilibrium prices are p�1M = p�2M = 3�+2�

6 and quan-

tities are q�1M = q�2M = q�3M = 3�(1�)�2�
18(1�) . Then, monopolist�s pro�ts as a function of

the discount � become ��M (�) =
9�2(1�)�8�2

36(1�) , which is monotonically decreasing in j�j.
Then, the monopolist would �nd it optimal to set � = 0 and no price discrimination

occurs.4

Proposition 2 When the cocktail is available, price discrimination is not optimal for a

multiproduct monopolist.

Then, when quality di¤erentiation is absent and demand size remains constant as

the number of products available grows, a monopolist does not have any incentive to

o¤er the cockail at a discount (premium).

Conclusions might di¤er when competition is introduced. Particularly, we now con-

sider the incentive to set a bilateral discount (or premium) by two independent �rms

producing the two separate drugs. Again, the cocktail will be o¤ered at a unit price
4As we will see later, the incentive to price discriminate, selling the cocktail either at a discount or

at a premium, may arise when the cocktail�s quality di¤ers from the quality of the initial components.
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p3 = r1p1 + r2p2 � �, where �rm 1 bears a portion k of the discount (or enjoys a

portion k of the premium when � < 0), whereas �rm 2 contributes for the remaining

portion 1 � k. The e¤ective revenues per-unit of the cocktail become then r1 p1 � k �
and r2 p2 � (1 � k) � for �rms 1 and 2, respectively. Pro�ts therefore are �1 = p1 q1 +
(r1 p1 � k �) q3 and �2 = p2 q2 + (r2 p2 � (1� k) �) q3. Equilibrium prices and quantites

are (p�1 =
2(1�)(9�(3�)+�(k(11�9)+8))

3(33�38+92) , p�2 =
2(1�)(9�(3�)+�(19�9�k(11�9)))

3(33�38+92) ) and (q�1 =
�(45�87+512�93)�2�(8�(5+)+k(92�20+11))

9(1�)(92�38+33) , q�2 =
�(45�87+512�93)�2�(19�(25�8)�k(92�20+11))

9(1�)(92�38+33) ,

q�3 =
3�(32�8+5)+4�(6�5)

9(1�)(11�9) ), respectively. Following Gans and King (2006), �rms 1 and

2 coordinate, choosing � and then k to maximize joint pro�ts ��1 + �
�
2. Proceeding

by backward induction they choose k for every level of � and then � given the optimal

sharing rule k, 1�k. We �nd that, for any �, the optimal sharing rule is k� = 1
2
5. Under

such rule, we can now prove the following

Proposition 3 Under the optimal sharing rule k = 1
2 , �rms coordinate on a discount

when 0 <  < 1
3 , while they coordinate on a premium when 1

3 <  < 1:

Proof. When k = 1
2 , joint pro�ts become�

�
1+�

�
2 =

2[27�2(1�)2(5�3)+3�(1�4+32)��(123�200+812)�2]
9(11�9)2(1�)

Maximizing such function with respect with �;we obtain �� = 3�(1�4+32)
(246�400+1622) . Notice

that �� > 0 if and only if 0 �  < 1
3 , so that a discount would be pro�table if and only

if the degree of substitutability is su¢ ciently low.

Then, as noticed in 17, when  < 1
3 complementarity prevails and results are consis-

tent with those obtained by Gans and King (2006), establishing that discounts can be

used as a device to soften price competition on the separate prices. In fact, in such case,

p��i = 3a(1�)(45�37)
246�400+1622 ; i = 1; 2 and p

��
i > pci i¤  < 1

3 . However, when  >
1
3 ;the strength

of substitutability is stronger and the �rms would �nd pro�table to sell the cocktail at

a premium (if this is feasible) rather than at a discount, making competition on single

products �ercer. As a result, consumer surplus can increase through price discrimina-

tion, and the following proposition establishes that this happens indeed for intermediate

degrees of substitutability

Proposition 4 CS� > CSc i¤ 1
3 <  < 0:78. Then, when cocktails are sold at a

premium, consumers might bene�t from price discrimination.

5See Appendix
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This result appears interesting when working on price competition without qual-

ity di¤erentation. Even when the three regimen are perceived as being of the same

quality (so that, as established earlier, the introduction of the cocktail always damages

consumers if �rms are constrained to price both their stand-alone products and their

components of a cocktail the same), there is a rationale for allowing �rms to price dis-

criminate when the bene�t of a �ercer competition on stand alone products more than

counterbalances the cost of a cocktail sold at a premium. Notice that consumer sur-

plus remains lower than under uniform pricing at the extremes of the distribution of 

When  is particularly low, this happens because of the Cournot problem. When  is

very high, the reason is to be found on the particulary large premium imposed for the

cocktail dominating over the very low prices of separate goods.

5 The impact of cocktails on the introduction of new ther-

apies in the market

In the early 2000s Abbot launched Kaletra, a drug fro trating HIV/AIDS. At the time

Abbott was already selling Norvir, which was used in a cocktail regimen to help boost

the performance of its competitor�s drug. Shortly after the launch of Kaletra, Abbot

increased Norvir�s price four-fold while pricing Kaletra more competitively, presumably

to drive customers from the cocktail regimen to its new stand-a.lone regimen. Our

model is consistent with such behavior and in order to demonstrate that we proceed in

two steps. We �rst analyze the case in which a third �rm enters this particular drug

market with a new product, and we show that entry is more di¢ cult when a cocktail of

the two existing products is available, and this independently of the quality level of the

newly-available therapy. In other words, we show that, ceteris paribus, the introduction

of a cocktail requires a new product to be of higher quality than without it in order to be

pro�tably produced. Second, consistently with the case described above, we explicitly

recognize that new therapies are very often introduced by the incumbents themselves.

Thus, we analyze how the incentives of a duopolistic �rm to introduce a third therapy

change when the two exisiting ones are also combined into a cocktail.

13



5.1 The e¤ect of cocktails on the entry of new �rms.

We �rst assume the presence of three �rms, each producing an imperfectly substitutable

drug such that, without the cocktail, the social welfare function and the demand for

the three products are those listed in (5)-(8). We also assume for the moment that

products are not vertically di¤erentiated (so that �i = �; i = 1; 2; 3). In this setting,

the (symmetric) Bertrand-Nash equilibrium involves each �rm pricing its product at

pnci = 3�(1�)
2(3�2) and obtaining a pro�t of �

nc
i = �2(3�)(1�)

4(3�2)2 ; i = 1; 2; 3.

When the new cocktail is introduced, it becomes the fourth available (same-quality)

therapy. Consumption of the four products amount then to q1, q2, q3 and q4 respectively.

The social welfare function becomes

U(q1; q2; q3; q4;M) =M + �
X
i=4

qi �
�

2

0@X
i=4

q2i + 
X
i=4

X
j 6=i

qiqj

1A (18)

and using again the normalization for � in 2, the demand for each of the four products

is

qc3i =

4�(1� ) + 
P
j 6=i
pj � pi(4� )

16(1� ) ; i = 1; ::; 4 (19)

Firms�demands become Di = qi+riq4; i = 1; 2 and D3 = q3, respectively. If we again

assume r1 = 1
2 and consider that p4 =

p1+p2
2 ; substituting these demands into the three

�rms�pro�t functions we obtain

�1 =
p1 [24�(1� ) + p2(9 � 4)� 6p3 � p1(20� 9)]

64(1� ) (20)

�2 =
p2 [24�(1� ) + p1(9 � 4)� 6p3 � p2(20� 9)]

64(1� ) (21)

�3 =
p3 [8�(1� ) + 3(p1 + p2)� 2p3(4� )]

32(1� ) (22)

From the system of the three �rst order conditions, we derive the following Bertrand-

Nash equilibrium prices: pc31 = pc32 = 6�(8�)(1�)
88�(76�9) ; p

c3
3 = �(44�9)(1�)

88�(76�9) The quantities

sold of each regimen are qc3i = �(160�92+92)
16(88�7692) , i = 1; 2; 4 and qc33 = �(176�80+92)

16(88�7692) .

Given that q4 consists of r1 units of q1 and r2 units of q2, then the equilibrium quantities

for �rms 1 and 2 are q�31 = q�32 = 3�(160�92+92)
32(88�7692) . Finally, equilibrium pro�ts are

14



�c31 = �c32 = 9�2(1�)(20�9)(8�)2
16(88�76+92)2 and �c33 = �2(1�)(4�)(44�9)2

16(88�76+92)2 . Using these results, it

is easy to conclude that �c33 < �
nc
i for every  2 (0; 1) so that the following Proposition

holds

Proposition 5 The presence of a cocktail reduces the pro�ts of Firm 3. Then, ceteris

paribus, a cocktail makes entry less pro�table.6

It could be interesting to combine this conclusion to our previous results, considering

how the incentives to set a bilateral discount (or premium) change when two independent

�rms producing the two drugs combined in a cocktail face the competition of a stand-

alone rival. Again, the cocktail will be o¤ered at a unit price p4 = r1p1+r2p2��, and the
e¤ective revenues per-unit of the cocktail are r1 p1 � k � and r2 p2 � (1� k) � for �rms 1
and 2, respectively. Pro�ts therefore are �1 = p1 q1+(r1 p1�k �) q4, �2 = p2 q2+(r2 p2�
(1 � k) �) q4 and �3 = p3q3 When r1 = 1

2 ; we �nd again that, for any �, the sharing

rule that maximizes �rm 1 and 2�s joint pro�ts is k = 1
2 Using this result, we obtain

�rst the optimal amount of �, �0 = 2�(�16+58�472+53)
2624�4512+24682�4573+274 ; which is e¤ectively a

discount (premium) if and only if 0 �  < 2
5(
2
5 <  < 1): At such value, the Bertrand-

Nash equilibrium prices and quantities are p�31 = p�32 = 6�(240�478+2882�533+34)
2624�4512+24682�4573+274 ,

p�33 = 2�(1312�2704+17532�3883+274)
2624�4512+24682�4573+274 and q�31 = q�32 = �(14336�20544+92802�15153+814)

32(2624�4512+24682�4573+274)

, q�33 = �(4�)(1312�1392+3612�273)
16(2624�4512+24682�4573+274)

7. Equilibrium pro�ts amount to ��31 = ��32 =

�2(1�)(8�)2(61�27)
16(2624�4512+24682�4573+274) , �

�3
3 = �2(4�)(1�)(1312�1392+3612�273)2

16(2624�4512+24682�4573+274)2 . The values

pc3i and p
�3
i ; i = 1; 2 can be easily compared with pci and p

�
i , noticing that the higher

number of competitors in the market for a given demand size has pro-competitive e¤ect,

that is pc3i < p
c
i and p

�3
i < p�i , i = 1; 2. All such results are summarized in the following

proposition:

Proposition 6 The presence of a third competitor, ceteris paribus, lowers prices and

enlarges the range of  such that it is optimal to set a discount.

6This result can be generalized to new products exhibiting better perfomances. In fact, when a
cocktail produced by the incumbents is available, new products will be pro�table, net of quality costs,
only if they perform better compared to what they�d need to without the cocktail.

7See the Appendix for a detailed demonstration of such results.
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5.2 The e¤ect of cocktails on the introduction of new products by the

incumbents.

Consider now, consistently with the Abbot case, the introduction of third product by

one of the two incumbents. In particular, we assume that �rm 1 produces two prod-

ucts, the existing drug 1 and the newly introduced drug 3; while �rm 2 continues pro-

ducing drug 2: If the cocktail between 1 and 2 were not available, the social welfare

and the demand functions would be the same as in (5) -(8). The pro�t functions

of the two �rms would be �1 = p1 q1 + p3q3 and �2 = p2 q2, and solving the sys-

tem of the three �rst order conditions, we get thfollowing Bertrand equilibrium prices:

p�1 =
��32+�(36�42+72)

12(6�6+2) ; p�2 =
�(18�21+42)��3(3�2)

6(6�6+2) ; p�3 =
(6�)(�3(6�5)��)

12(6�6+2) , where

�3 is the quality of the new product. In this section we allow for �3 6= �, since verti-

cal di¤erentiaition provides very interesting implications on the e¤ect of higher-quality

innovations on social welfare.8:

Quantities are q�1 =
�(�83+692�162+108)��3(42�33+36)

108(1�)(2�6+6) , q�2 =
(3�(�(42�21+18)+�3(2�3))

54(1�)(2�6+6) and

q�3 =
�3(�43+512�144+108)��(82�51+54)

108(1�)(2�6+6) .

Comparing these results with the case in which there are two products and they are

not combined in a cocktail we can state the following results. When the new good has

the same quality of the existing ones (�3 = �) the following Lemma applies, ralize to

(�3 6= �).

Lemma 7 The introduction of a new good with �3 = � by �rm 1 increases p1 and

decreases p2. It increases ��1 and decreases �
�
2, so that �rm 1 will have the incentive to

introduce it. Consumer surplus decreases.

This result can be now generalized to the case (�3 6= �) with the following Proposi-
tion:

Proposition 8 If �3 6= � , the introduction of a new good by �rm 1 increases p1 i¤

�3 >
33�142+12

42�33 . Pro�ts increase i¤ either R < R1() or R > R2(). Consumer

surplus increases i¤ either R < RCS1 () or R > RCS2 (). Given that RCS1 () < R1()

and RCS2 () < R2(), there exists values or R such that the introduction of the new good

is pro�table for �rm 1 but harms consumers.
8Notice that when �3 is particularly high, product 2 might be forced out of the market, and only

products 1 and 2 would then be produced by a multiproduct monopolist. Symmentrically, when �3 is
particularly low, it might not be priced above or equal to the marginal cost (here zero) and would then
be unpro�table. To avoid this latter case we assume from now on that �3

�
> 

6�5 .
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So far we have excluded the possibility that consumers bought a cocktail of goods. We

now introduce this possibility, assuming that the cocktail is formed by good 1, already

produced by �rm 1 and the good produced by �rm 2. The two goods are again combined

in �xed proportions r1 and r2, with r1 = r2 = 1
2 .

The Bertand-Nash equilibrium prices in this case are p3c1 =
3�(132�60+48)+�3(2�5)

3(212�98+88) ,

p3c2 =
2(3�(72�30+24)+�3(7�10))

3(212�98+88) and p3c3 =
(�4)(3�+�3(19�22))

2(212�98+88) .

Quantities are q3c1 =
�(633�4202+816�480)+7�3(32�20+20)

48(�1)(212�98+88) ,

q3c2 =
�(633�4082+816�480)+�3(212�64+52)

48(�1)(212�98+88) ,

q3c3 =
3�(72�34+32)+�3(73�862+240�176)

16(�1)(212�98+88) and q3c4 =
�(213�1382+272�160)+�3(72�34+32)

16(�1)(212�98+88) ,

where q3c4 is the quantity of the cocktail. Pro�ts for the two �rms now become:

�3c1 =
9�2

�
4415 � 48864 + 201123 � 382082 + 33984 � 11520

�
144( � 1) (212 � 98 + 88)2

+ (23)

+
6��3

�
4414 � 48863 + 180442 � 25560 + 12192

�
144( � 1) (212 � 98 + 88)2

+

+
�23
�
4415 � 94224 + 598963 � 1545682 + 172656 � 69696

�
144( � 1) (212 � 98 + 88)2

�3c2 =
(9 � 20)

�
3�
�
72 � 30 + 24

�
+ �3(7 � 10)

�2
144( � 1) (212 � 98 + 88)2

(24)

Consumer surplus is

CS3c =
6��3(8352� 18072 + 137242 � 42143 + 4414)

288(�1 + )(88� 98 + 212)2 + (25)

+
�23(�69696 + 172656 � 1564882 + 631603 � 107664 + 4415)

288(�1 + )(88� 98 + 212)2 +

+
9�2(�19200 + 50880 � 505922 + 236163 � 52224 + 4415)

288(�1 + )(88� 98 + 212)2

By comparing prices, pro�ts and consumers surplus in this case with those in the case

in which �rm 1 produces one good only, we reach conclusions similar to those obtained

above, where a cocktail was not available.

Particularly, there exists thresholds R3c1 (), R
3c
1 (), such that the introduction of
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the product 3is pro�table for �rm 1 i¤ R < R3c1 () and R > R3c2 Similarly, there

exist thresholds RCS3c1 (), RCS3c1 (), such that the introduction of product 3 enhances

consumer surplus i¤ R < RCS3c1 () and R > RCD3c2 . Again, RCS3c1 () < R3c1 () and

RCS3c2 () lies above R3c2 (). Then, there exists an area, such that the introduction of

product 3 is pro�table for �rm 1 but detrimental for consumers.

Di¤erently from the previous case, however, the degree of di¤erentiation (di¤erence

between � and �3) required to render the introduction of product 3 pro�table and also

welfare enhancing for consumers is higher (namely, the thresholds R3c1 () and R
CS3c
1 ()

are smaller than before, whereas R3c2 () and R
CS3c
2 () are larger.

5.3 Discounting Cocktails in the Presence of New Products

Consider now the incentives to set bilateral discounts (or premia) by �rms 1 and 2 when

they sell a cocktail q4 consisting of r1 = 1=2 units of good 1 and r2 = 1=2 units of

good 2, given that �rm 1 also produces a second good, q3. Using the same methodol-

ogy applied in the previous sectiton, we obtain the following Nash equilibrium prices:

p3c1d =
6�(172�89+72)+�(92�128+(992�284+176)k+128)

9(212�98+88) ,

p3c2d =
2(12�(72�25+18)+�(632�206+(�632+142�88)k+152))

9(212�98+88) and p3c3d =
66�(2�5+4)+�(�9+(27�44)k+4)

6(212�98+88) .

Quantities then are q3c1d =
6�(213�1402+239�120)+�(�212�184+(2312�568+352)k+256)

72(�1)(212�98+88) ,

q3c2d =
6�(213�1182+217�120)+�(2132�752+(�2192+568�352)k+608)

72(�1)(212�98+88) ,

q3c3d =
3�(73�472+84�44)+�(�11+(19�22)k+14)

12(�1)(212�98+88) and q3c4d =
3�(73�432+76�40)+�(216+2(k�47)�192)

12(�1)(212�98+88) .

Firms 1 and 2 o¤er the cocktail at a discount (or a premium), setting a price p4 =

(p1+p2)=2��. As before, we assume that they choose the pricing policy for the cocktail
cooperatively, i.e., maximizing joint pro�ts �3c1 + �

3c
2 , where �

3c
1 = p1q1 + (

1
2p1 � k�).

In such a setting we obtain the following result:

Proposition 9 1. When  � 0:029, the two �rms sell their products at a discount

�3c > 0, of which �rm 1 bears a share k�3c and �rm 2 a share 1� k�3c. The share
k�3c is decreasing in  and k�3c = 1

2 for  = 0.

2. When  > 0:029, only �rm 2 price discriminates in the market, applying a discount

�3c0 > 0 if  � 0:44 and a premium �3c0 < 0 if  > 0:44. Hence k = 0.

We now compare the two cases in Proposition 9 with the no-discount case, starting

with the interval 0 <  � 0:029:
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Proposition 10 By practicing a coordinated discount, both �rm 1 and 2 can charge a

higher price on their standalone products (p3c1d > p3c1 , p
3c
2d > p3c2 , p

3c
3d > p3c3 ). Firm 1

gains from the coordinated discount, whereas �rm 2 gains for 0:000619 <  � 0:029.

Consumer surplus is always reduced by coordinated discount practices.

Proof. See Appendix.

The case with  > 0:029 is discussed in the following Proposition.

Proposition 11 If  > 0:029, given k = 0, �rm 1 charges a higher price on product 1

(p01 > p
3c
1 ) if and only if  2 (0:029; 0:44], i.e., when �rm 2 practices a discount on its

product when sold in the cocktail. Firm 1 always charges a higher price on its newly in-

troduced product 3 (p03 > p
3c
3 ), while �rm 2 always charges a higher price on its standalone

product 2 (p02 > p
3c
2 ). Firm 1 always gains from �rm 2�s price discrimination, whereas

�rm 2 is always losing. Consumer surplus is always reduced by price-discriminatory

practices.

From Proposition 11 it can be immediately inferred that �rm 2 will never agree to

coordinated price discriminatory policy to which �rm 1 does not actively participate

(k = 0). Therefore, the following corollary ensues:

Corollary 12 If  > 0:029, a coordinated policy of price discrimination in the sale of

the cocktail q4 is not feasible.

Therefore, to analyze �rm 1�s incentives to introduce the new product 3, we need to

compare pro�ts in the two-product case (in which both �rm 1 and 2sell a unique good,

which can be combined in a cocktail) with those in the three-product case with price

discriminatory practices. Therefore, the analysis will be limited to the case in which

 � 0:029, in which k = k�3c > 0 and only a discount is applied. The results of this

comparison are reported in the following Proposition.

Proposition 13 If  � 0:029, �rm 1 always gains from the introduction of a new

product, whereas �rm 2 is harmed. Finally, consumer surplus decreases.

Proof. See Appendix.
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6 Uncoordinated Cocktail Pricing

7 Extensions

7.1 Di¤erent Cocktail Quality

In this extension we assume that the cocktail�s quality di¤ers from the quality of its single

components. Particularly, the cocktail may represent an improvement on the existing

products. In case of drugs, it may cure the same symptoms with less side e¤ects. This

should be the most relevant case when drug are concerned, since the Food and Drug

Administration concedes marketability of a drug cocktail when it has superior e¢ cacy,

fewer side-e¤ects or greater convenience. The cocktail may also be of lesser quality.

In case of drugs, this may mean that, although it has fewer side e¤ects, and it is more

tolerable for some patients, a cocktail requires taking more pills during the day or implies

a longer cure. Using a di¤erent example, a cocktail of lesser quality is perfectly plausible

when the goods provided are visits to a museum. In that case, seeing two museums in

a day may reduce the time spent in each visit, reducing the quality of the visit itself.

Still, some consumers may enjoy the possibility to visit two museums rather than one.

The analysis in this Section con�rms and somehow generalizes the results in Sections

3 and 4. Particularly, the introduction of a cocktail increases the prices of the standalone

products if the cocktail�s quality is not lower than the quality of its components. If the

cocktail is of lesser quality, prices increase if and only if  is high enough.

In order to analyze this case, we rewrite the utility function of the representative

consumer in terms of relative qualities. Particularly, we normalize the quality of the two

standalone components to 1 (� = 1) and set the relative quality of the cocktail as Q,

where Q > 1 (Q < 1) implies higher (lower) cocktail quality.

U(q1; q2; q3;M) =M + (q1 + q2) +Qq3 �
1

2

0@q21 + q22 + q23 + X
i=3

X
j 6=i

qiqj

1A (26)
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7.2 Asymmetric Cocktails

7.3 Endogenous r1

So far we have assumed that the cocktail is exogenously given and that each �rm partic-

ipates with r1 = r2 = 1
2 . We now remove this assumption. In this subsection, both �rms

choose whether to supply a cocktail to the market and then they choose r1 to maximize

joint pro�ts. The timing of the game then becomes:

1. Firms decide whether to supply a cocktail;

2. They decide whether to engage in price discrimination or not;

3. They choose r1;

4. If they price discriminate, they choose �;

5. If � is chosen cooperatively, �rms then choose k;

6. Firms compete à la Bertrand, setting prices.

We consider �rst the case in which �rms decide to supply the cocktail but not to

engage in price discrimination. We establish the following result.

Proposition 14 a) If  � 1
3 , the unique value of r1 that maximizes joint pro�ts �

c
1+�

c
2

is r1 = 1
2 .

b) If 0:175 �  < 1
3 , there exist multiple equilibria, in which di¤erent cocktails can be

formed. If �rms have equal bargaining power and are symmetric, however, r1 = 1
2 .

c) If  < 0:175 no cocktail is formed.

Proof. The proof is rather straightforward, although algebraically tedious. By dif-

ferentiating the expression �c1 + �
c
2 with respect to r1 we obtain a polynomial of 9th

degree.

Solving it with respect to r1, we �nd that r1 = 1
2 is always a solution. We then �nd

six roots that are complex 8 2 [0; 1]. Finally, we have two roots, ~r1 =
3��

p
92�30+9

2(3�)

and ~~r1 =
3�+

p
92�30+9

2(3�) that are real for  � 1
3 and complex for  <

1
3 . Moreover,

0 < ~r1 < ~~r1 < 1 8 2 [0; 13 ].
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a) Let us consider �rst the case  � 1
3 . In that case there is only one real solution in

the interval [0; 1], i.e., r1 = 1
2 . At r1 = 0, @

@r1
[�c1 +�

c
2] < 0, whereas, at r1 = 1,

@
@r1
[�c1 +�

c
2] > 0. Hence r1 =

1
2 is a maximum of �c1 +�

c
2.

b) When 0:175 �  < 1
3 , at r1 = 0, @(�

c
1+�

c
2)

@r1
> 0, whereas, at r1 = 1, @(�

c
1+�

c
2)

@r1
< 0.

Given that there are three real roots in the interval r1 2 [0; 1], @(�
c
1+�

c
2)

@r1
changes

sign three times. It is positive for 0 � r1 < ~r1, then negative for ~r1 < r1 < 1
2 . This

means that ~r1 is a maximum. Again,
@(�c1+�

c
2)

@r1
> 0 for 12 < r1 <

~~r1 and negative

for ~~r1 < r1 < 1. Then, ~~r1 too is a maximum. Clearly, r1 = 1
2 is a minimum.

The combined pro�ts �c1 + �
c
2 take the same value at r1 = ~r1 and at r1 = ~~r1. In

fact (�c1 +�
c
2)jr1=~r1 = a2

4 = (�
c
1 +�

c
2)jr1=~~r1 . Then

a2

4 is the maximum value that

joint pro�ts reach in the interval [0; 1]. Hence, the two �rms should pick r1 equal

to either ~r1 or ~~r1 and would enjoy higher pro�ts than without a cocktail.9

Numerical simulations show that, 8 2 [0; 13 ], �
c
1 is monotonically increasing in

r1, with �c1jr1=0 < �nc1 and �c1jr1=1 > �nc1 , so that there exists a unique value

0 < r11 < 1 such that �c1 Q �nc1 i¤ r1 Q r11.

Similarly, there exists a unique value 0 < r12 < 1, with r11 < r12, such that

�c2 R �nc2 i¤ r1 Q r12.10

Then, r11 represents the minimum r1 �rm 1 is prepared to accept, whereas r12 is

the maximum r1 �rm 2 is willing to accept. Then, in the equilibrium, r1 2 [r11; r12].
The �nal value will depend on the relative bargaining power of the two �rms, with

r1 closer to r12 the stronger �rm 1�s bargaining power.

At r1 = 1
2 , �

c
1 = �c2, hence �rms with equal bargaining power are most likely to

set r1 = 1
2 , if �

c
i jr1= 1

2
> �nci .

c) We know from Proposition 1 that, with r1 = 1
2 , �

c
i < �

nc
i when  < 0:175.

It is possible to prove that r11, the minimum share that �rm 1 is prepared to accept

to agree to form the cocktail, is greater than r12, the maximum �rm 2 is willing

to accept, for all  < 0:175. To prove it, substitute r1 = 1
2 into �

c
i (i = 1; 2) and

obtain �ci � �nci =

�
�2(1�)(13�92�2)
(11�9)2(4�3)2

�
. Solving it with respect to , there are

9When  = 0 we have the maxima at r1 = 0 and r1 = 1.
10An analytical proof for �rm 1 is available upon request from the authors. The proof for �rm 2 is

analogous. Such proofs are very long and tedious, while adding little to the discussion. Therefore they
have been omitted.
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three roots: 1 = 0:175, 2 = 1:27 and 3 = 1. The only admissible value is 1, so

that �ci � �nci i¤  � 1. Then, setting  < 1 into �ci and solving �ci � �nci = 0

numerically for r1, we �nd r11 < r12 (whereas, setting a value  > 1, and solving

for r1, we �nd r11 < r12, which allows a cooperative solution and the formation of

a cocktail as seen above).

8 Conclusions

We have analyzed the e¤ects of the introduction of a cocktail composed of a �xed pro-

portion of two existing stand-alone products in a Bertrand duopoly with imperfectly

substitutable goods. We have shown that a cocktail rises the Bertrand equilibrium prices

as it introduces a certain degree of complementarity. Moreover, it creates an incentive

to sell the separate components at a discount or at premium depending on the degree of

substitutability. While discounts are always detrimental to consumers, premiums might

increase consumer surplus. We have then analyzed the entry of new substitutes that are

not part of a cocktail. A cocktail reduces the opportunity of a single-product entrant to

earn positive pro�ts, but an incumbent can pro�tably introduce an innovation whenever

goods are close substitutes or if they are highly di¤erentiated. Interestingly, a higher

quality incumbent�s innovation can be at the same time pro�table and welfare reducing,

so that its introduction might harm consumers. On the other hand, it is never the case

that an innovation that increases consumer surplus is not pro�table.
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A Appendix

B Proof of Proposition 1

Note �rst that pc�{ � pnci = 2�(1�)
(11��9)(4�3) > 0 and qc�{ � qnc1 = � �(1�)

(11��9)(4�3) < 0,

i = 1; 2 for any  2 [0; 1). As for pro�ts, �ci � �nci = ��2(1�)(92�13+2)
(11��9)2(4�3)2 > 0 , i = 1; 2

i¤ :175 <  < 1:

Results di¤er if the two separate drugs are o¤ered by two independent �rms. If the

cocktail is not available, the Bertrand-Nash equilibrium prices are pnc1 = pnc2 = 2�(1�)
4�3 ;

which, not surprisingly, are lower that piM ; i = 1; 2: Quantities are q
nc
1 = qnc2 = �(2�)

2(4�3)

and pro�ts �nci = �2(2�)(1�)
(4�3)2 ; i = 1; 2:

At the moment, we simply verify the that Bertrand-Nash equilibrium prices are

pc1 = pc2 =
6�(1�)
11�9 , while the quantities sold of each regimen (i.e., demands of the

two separate drugs, qc1, q
c
2 and of the cocktail q

c
3) are q

c
i =

�(5�3)
33�27 , i = 1; 2; 3. Given

that q3 consists of r1 units of q1 and r2 units of q2, then the equilibrium quantities are

qc1 = q
c
2 =

3�(5�3)
2(33�27) . Finally, equilibrium pro�ts are �c1 = �

c
2 =

3�2(1�)(5�3)
(11�9)2 :

C The Optimal Sharing Rule when the Cocktail is o¤ered

at a discount.

When the the two �rms coordinate on a discount (or premium), their goal is to maximize

joint pro�ts. When �1 = �2 = �3 = � and r1 = r2, substituting the equilibrium prices

and quantites p�1, p
�
2, q

�
1, q

�
2and q

�
3 into the pro�t function we obtain:
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��1 +�
�
2 =

81�2(5� 3)(3� 4 + 2)2
27(11� 9)2(1� )(3� )2 + (27)

+
18��(3� 4 + 2)(8(5� 8 + 32)� k(77� 118 + 452))

27(11� 9)2(1� )(3� )2 +

+
4�2A

27(11� 9)2(1� )(3� )2

where A = (16(1 � )2(5 � 3) � k(1760 � 4003 + 31312 � 9453 + 814) � k2(11 �
20 + 92)2) and

��2 =
81�2(5� 3)(3� 4 + 2)2
27(11� 9)2(1� )(3� )2 + (28)

+
18a�(3� 4 + 2)(37� 54 � 212 � k(77� 118 + 452))

27(11� 9)2(1� )(3� )2 +

� 4�2B

27(11� 9)2(1� )(3� )2

where B = (1801 � 4235 + 35532 � 12573 + 1624 � k(2002 � 4883 + 43272 +
16653 � 2434) + k2(11� 20 + 92)2).

Both expressions depend on the discount � and on k, and the same applies to their

sum. In particular, ��1 + �
�
2 depends on k in a quadratic form and, for a given �, the

�rst order condition for pro�t maximization w.r.t. k is very simple. In fact, @(�
�
1+�

�
2)

@k =
8(1�2k)(1�)�2

27(3�) and @(��1+�
�
2)

@k = 0 when k = 1
2 .

D Proof of Proposition 4

Substituting k� = 1
2 and �

� = 3�(1�4+32)
(246�400+1622) on the Bertrand-Nash equilibrium prices,

quantites and pro�ts we obtain p��i = 3a(1�)(45�37)
246�400+1622 ; i = 1; 2; q

��
i = �(111�155+542)

6(123�200+812) ; i =

1; 2; q��3 = �(57�82+272)
369�600+2432 and �

��
i = �2(1�)(61�36)

492�800+3242 ; i = 1; 2, respectively. In such equi-

librium, consumer surplus is de�ned as CS�� = U(q��1 ; q
��
2 ; q

��
3 ;M)�

�
2P
i=1
p��i q

��
i +

q��3 (p
��
1 +p

��
2 ���)

2 +M

�
=

�2(6216�17393+180192�81873+13774)
4(123�200+812)2 . Without discount, consumer surplus was CSc =

U(qc1; q
c
2; q

c
3;M) �

�
2P
i=1
pciq

c
i +

qc3(p
c
1+p

c
2)

2 +M

�
= �2(5�)2

2(11�9)2 and CS
�� � CSc > 0 i¤ 1

3 <

 < :78. In such a range for the degree of substitutability, �rms would pro�tably sell the
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cocktail at a premium, so that in such case price discrimination is welfare enhancing.

E Proof of Lemma 7

Given the Bertrand-Nash equilibrium prices and quantities p�i , q
�
i ; i = 1; 2; 3, equilibrium

pro�ts are

��1 =
�2
�
325 � 4594 + 23403 � 51842 + 5184 � 1944

�
648( � 1) (2 � 6 + 6)2

+ (29)

+
2��3

�
164 � 2373 + 11162 � 1836 + 972

�
648( � 1) (2 � 6 + 6)2

+

+
�23
�
85 � 1834 + 13323 � 37802 + 4536 � 1944

�
648( � 1) (2 � 6 + 6)2

and ��2 =
(�3)(�(42�21+18)+�3(2�3))

2

324(�1)(2�6+6)2 .

Consumer surplus in this case is

CS� =
�2
�
325 � 4954 + 28623 � 76142 + 9072 � 3888

�
1296( � 1) (2 � 6 + 6)2

+ (30)

+
2��3

�
164 � 2013 + 8102 � 1242 + 648

�
1296( � 1) (2 � 6 + 6)2

+
�3
�
85 � 2194 + 14223 � 38342 + 4536 � 1944

�
1296( � 1) (2 � 6 + 6)2

When �3 = �, equilibrium prices are p�1 = p�2 =
�(6�7+2)
2(6�6+2) ; p

�
3 =

�(3�)(1�)
(6�6+2) . Par-

ticularly, p�1 and p
�
3 (the price of the good produced by �rm 2) can be easily compared

with pnci = 2�(1�)
4�3 , i = 1; 2, �nding that p�1 > pnci > p�3 for every  2 [0; 1]. Simi-

larly, when �3 = �, ��1 =
�2(6�)2(1�)(3�2)

18(2�6+6)2 and ��2 =
�2(3�)3(1�)
9(2�6+6)2 and it is easy to

verify that ��2 < �nci < ��1 , i : 1; 2:Finally, consumer surplus when �3 = � equals

CS� =
�2(162�252+1352�293+24)

36(2�6+6)2 and can be compared to CSnc = U(qnc1 ; q
nc
2 ;M) ��

2P
i=1
pnci q

nc
i +M

�
= �2(2�)2

2(4�3)2 . Particularly CS
� < CSnc for every  2 (0; 1).
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F Proof of Proposition 8

When �3 6= �;and using the pro�ts functions introduced in the Proof of Lemma 7,

we �rst notice that ��1 � �nc1 whenever  � 0:836. If  < 0:836, then ��1 > �nc1 if

either R < R1() or R > R2(), where R = �3
� and R1(); R2() are the solutions

to ��1 � �nc1 = 0. R1() and R2() are plotted in Figure 1, panel (a). It can be seen

that R1() > 0 for  > 0:55 and that it takes its maximum value at  = 0:836, where

R1(0:836) = 0:56. Thus we can have that ��1 > �nc1 for �3 much lower than �. It

can also be seen that R2() is always positive and increasing, with R2(0) = 0:7 and

R2(0:836) = 0:76. Then ��1 > �
nc
1 also when �3 > � but for the introduction of the new

product to be pro�table we don�t need that �3 is much higher than �. From Figure 1(a),

pro�tability requires R to lie outside the area delimited by R1() and R2(). Notice that

the higher  (i.e., the closer substitutes the goods), the more di¤erentiated the goods

have to be in order for the production of good 3 to be pro�table for �rm 1.

Similar conclusions can be obtained for consumer surplus. Again, CS� > CSnc i¤

either R < RCS1 () or R > RCS2 (). However, Figure 1, panel (b) shows that RCS1 () lies

below R1(), whereas RCS2 () lies above R2(). In order for the introduction of the new

good to be welfare enhancing for consumers, � and �3 have to di¤er quite substantially.

Thus, the degree of product di¤erentiation that ensures pro�tability for the introduction

of product 3 is much lower than the degree of di¤erentiation that guarantees higher

consumer surplus. In any case, the required degree of di¤erentiation increases with .

In conclusion, from Figure 1(b) it can be seen that the introduction of the new

product by �rm 1 may be pro�table but not good for consumers. This occurs when

R lies between the (smaller) area delimited by R1(), R2() and the area delimited by

RCS1 (), RCS1 ().

G Proof of Proposition 9

Substituting equilibrium prices and quantities, pro�ts as a function of � and k are

�3c1d =
�2(�1)(8823�85752+25614�21672)�

18(212�98+88)2 +

+
��(�38433+252942�44392+(62373�425062+78344�44352)k+23040)

54(212�98+88)2 +

+
�2(�5674+233823�825042+100352+2(175774�2132823+7458322�993856+450560)k�40960)

648(�1)(212�98+88)2 +

+
(266494�1302663+2413042�199936+61952)�2k2

648(�1)(212�98+88)2 and
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�3c2d =
(141754�691023+1242162�99968+30976)�2k2

324(�1)(212�98+88)2 +

+
�
�
36�2(9�20)(72�25+18)

2�6�(�1)(�44733+240982�39848+(85053�474582+82216�44352)k+21312)
�

324(�1)(212�98+88)2 +

+
�2(311854�2682183+8264562�1043648�8(56704�433173+1236982�149224+64064)k+461056)

324(�1)(212�98+88)2 , for

�rms 1 and 2, respectively.

Firms 1 and 2 maximize joints pro�ts choosing �. Then, they choose how to share

the burden of the discount (if � > 0) or the gains from the price premium (if � < 0)

by �xing k, again cooperatively. Proceeding by backward induction, maximizing total

pro�ts with respect to k for every possible value of � 2
�
� inf; 12q1 +

1
2q2
�
,

k3c =
24�

�
5673 � 18052 + 2206 � 968

�
+
�
277834 � 1332543 + 2437522 � 199936 + 61952

�
�

(549994 � 2684703 + 4897362 � 399872 + 123904) �
(31)

It is immediate to see from (31) that, if � < 0 (i.e., the good is sold at a premium),

k3c is negative, meaning that the �rm producing two goods would be wiling to transfer

money to the other competitor. To simplify the analysis, we assume this is ruled out.

So, if � < 0, k3c = 0.

We then need to check when this is the case. Assume �rst that � > 0 and check

whether such assumption is consistent with 0 � k � 1. In order to do that, we substitute
k = k3c into the expression for total pro�ts �3c1 +�

3c
2 , obtaining

�Tot =
�2( � 1)2

�
244443 � 1013132 + 135392 � 61568

�
� 2�

�
11914 � 42033 + 54442 � 2944 + 512

�
�

2( � 1) (549994 � 2684703 + 4897362 � 399872 + 123904) +(32)

+

�
183874 � 901763 + 1650722 � 135168 + 41984

�
�2

2( � 1) (549994 � 2684703 + 4897362 � 399872 + 123904)

We then maximize (32) with respect to �, obtaining

�3c =
�
�
11914 � 42033 + 54442 � 2944 + 512

�
183874 � 901763 + 1650722 � 135168 + 41984 (33)

and substituting �3c from (33) into (31):
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k�3c =
�51513 + 115082 � 9088 + 256
�11913 + 30122 � 2432 + 512 (34)

It is immediate to check that 0 � k�3c � 1 if and only if  � 0:029, and that k�3c

is decreasing in , with k�3c = 1
2 when  = 0. Then, for  � 0:029, � > 0: �rms

apply a discount on the cocktail and k�3c < 1, decreasing from 1
2 when  = 0 to 0 when

 = 0:029.

When  > 0:029, k�3c hits the lower boundary and becomes zero. We then substitute

k = 0 into the expression for total pro�ts and maximize with respect to �. We obtain

�3c0 =
12�

�
�3154 � 2833 + 28702 � 3136 + 864

�
618034 � 5130543 + 15704082 � 1986944 + 881152 (35)

which is positive (implying discount) for  � 0:44 and negative (premium) for  �
0:44. This implies that, for  � 0:029, the �rm producing two goods charges the same

price p1, no matter whether good 1 is sold on its own or combined with good 2 in a

cocktail. Firm 2, however, will either sell at a discount (that it bears entirely) or at a

premium (which it fully enjoys).
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