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Abstract

Pharmaceutical expenditures are rising rapidly, driven in part by the innovation of highly
effective but very expensive drug therapies that treat multiple diseases. While these drugs
offer substantial health benefits, payers face a critical trade-off between cost containment and
access to new medicines. A key policy question is whether producers should be restricted to
uniform pricing or allowed to use indication-based pricing, where prices vary across patient
groups. We analyse how this choice affects drug producers’ incentives to invest in new
indications, their pricing strategies, and the resulting surplus for health plans. In a monopoly
setting, indication-based pricing yields higher profits and thus strengthens incentives to
invest in new indications, while the payer prefers uniform pricing unless the fixed investment
costs cannot be recouped. The novelty of our study lies in showing that monopoly-based
insights may not hold under competition. Specifically, we identify a softening-of-competition
effect, where a uniform pricing restriction serves as a credible commitment to raise prices
in the competitive market. In this case, the health plan generally favours indication-based
pricing to reduce costs. However, an exception arises, where both parties prefer uniform
pricing, if the uniform price generates significant health gains through demand expansion in
the original monopoly market. Our findings suggest that neither pricing scheme is universally

optimal, underscoring the need for case-by-case assessments across drug classes.
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1 Introduction

New innovative drugs are being introduced at a rapid pace, significantly contributing to the
rise in drug expenditures. According to the IQVIA Institute, global pharmaceutical spend-
ing increased from $1.2 trillion in 2018 to $1.6 trillion in 2023—a growth of more than 30%
(IQVIA, 2024)." This growth in expenditure is driven not only by the large number of global
launches of novel active substances, but also by the increasing approvals of drugs for multiple
new indications.?

The top-selling drug Keytruda, developed by Merck, serves as an excellent example.® First
approved by the U.S. Food and Drug Administration (FDA) in September 2014 for the treatment
of advanced or unresectable melanoma, Keytruda has since expanded its range of approved
indications, including lung cancer, head and neck cancer, bladder cancer, among others. This
year, the drug got its 40th FDA approval. From modest sales after its initial launch, Keytruda’s
global sales peaked at $25 billion globally in 2023, with forecasts projecting it to reach $30 billion
by 2025.4

Many of the new medicines, such as Keytruda, are highly effective in treating a range
of serious illnesses, including various cancers. These drugs prolong life expectancy, improve
quality of life, and provide significant health gains to both patients and the society. However,
the rapid pace of new, innovative drugs also poses challenges to payers due to high prices and
escalating treatment costs. Thus, health plans face a critical trade-off: on the one hand, ensuring
their patients access to new, effective drug therapies; and on the other, controlling prices and
managing drug expenditures.

A key issue at the forefront of recent policy discussions is whether drug producers should be
permitted to set different prices of a medication based on its effectiveness for various indications
or medical conditions—a practice known as indication-based pricing.” Proponents argue that

allowing producers to price discriminate across patient groups aligns drug prices more closely

!These estimates exclude COVID-19 vaccines and therapeutics.

2Once a new drug is approved for its primary indication, pharmaceutical companies often continue investing
in clinical trials to gather evidence of its efficacy for additional medical conditions. In some cases, promising
treatment effects for new indications are discovered by chance. In others, the decision to explore new indications
is guided by existing knowledge about the drug (Berndt et al., 2006).

% According to IQVIA (2023, p. 36), of the 89 solid tumor cancer drugs launched in the United States since
2013, 22 have received approval for multiple indications.

4See Merck’s 4th quarter and full-year financial results published February 1, 2024.

5See, for instance, the article "AstraZeneca calls on UK to change rules on innovative drug pricing" in the
Financial Times on 25 July 2024 or the recent report by Woods et al. (2024) that estimates the population health
effects of uniform and indication-based pricing for the UK NHS.



with their therapeutic value, potentially improving access to new medicines and encouraging
innovation.%

However, health plans typically require uniform pricing of drugs, which prevents drug pro-
ducers from price discriminating across indications, even when there are substantial differences
in therapeutic benefits. Furthermore, once a drug is approved for a primary medical condi-
tion, health plans often restrict drug producers from increasing the (uniform) price of the first
approved indication. This practice effectively imposes a de facto price cap for subsequent indi-
cation approvals, limiting the drug producers’ flexibility to adjust prices based on variations in
demand and health benefits across patient groups.

The primary rationale for health plans to adopt uniform pricing policies is to contain costs.”
However, prior studies have pointed out that this practice may have adverse effects on patients.®
First, it can lead to reduced coverage for low-value indications, as the uniform price may be
too high for these treatments to be considered cost-effective. Second, it can discourage drug
producers from investing in approvals for new indications, as the inability to adjust prices might
result in insufficient demand and profits to recoup fixed investment costs.

In this paper, we explore the trade-off between cost containment and access to new medicines
by analysing how the choice of pricing scheme affects the drug producers’ incentives to invest in
approvals for additional indications, their strategic pricing of the drugs, and the resulting surplus
to the health plan and its patients. While a small but growing body of literature already exists
on indication-based and uniform pricing of pharmaceuticals, a key assumption in this literature
is that the drug producer operates as a monopolist.” However, in reality it is rarely the case
that multi-indication drugs are completely shielded from therapeutic competition. For many
indications, multiple drug therapies are typically available. For example, the top-selling drug
Keytruda, as mentioned above, faces competition from alternative therapies for several cancer
indications.'”

The key contribution of our paper is to incorporate competition into the analysis of the effects

of uniform and indication-based pricing schemes. Building on the two-market (two-indication)

%See, for instance, the systematic review by Preckler and Espin (2022) or the recent report by Woods et al.
(2024).

"Low administrative burdens and simplicity of implementation are also mentioned as arguments in favour of
uniform pricing as opposed to indication-based pricing (see, e.g., Woods et al., 2024).

8Gee, for instance, Preckler and Espin (2022).

9Gee, for instance, Adida (2023) and references therein. We relate our paper to the existing literature in the
next section.

"The main competitors are Opdivo (by Bristol-Myers Squibb), Tecentriq (by Roche) and Imfinzi (by As-
traZeneca), which are approved for a subset of the same indications as Keytruda (by Merck).



framework developed by Adida (2023) for the monopoly case, we introduce competition in
two distinct ways, based on the observation that multi-indication drug producers often face
competition for some indications while having monopoly power for others. First, we analyse the
scenario where a drug producer faces competition in the original market and decides whether to
invest in approval for a second indication, where it would operate as a monopolist. Second, we
examine the reverse scenario, where the drug producer is a monopolist in the original market and
considers investing in approval for a new indication that already has a therapeutic alternative.
We contrast these two competitive scenarios with a benchmark case in which a monopolist drug
producer decides whether to invest in approval for a new indication that currently lacks any
treatment alternatives, as examined by Adida (2023). This approach enables us to evaluate the
extent to which insights from the monopoly benchmark remain applicable in the presence of
competition, whether in the original market or the market for a new indication.

Using a standard duopoly model, where the therapeutic effects of available drug therapies
can vary both vertically and horizontally across patients and indications, we derive the equilib-
rium outcomes for three different pricing schemes: (i) indication-based pricing, where the drug
producer sets prices separately in each market; (ii) unrestricted uniform pricing, where the drug
producer must set the same price across indications but is allowed to adjust the uniform price
upward if profitable after investing in approval for a new indication; and (iii) restricted uniform
pricing, where the price of the originally approved indication acts as a price cap for subsequent
indications.

Starting with the monopoly case, our results align with the findings of Adida (2023). The
drug producer achieves higher profits with indication-based pricing and is more likely to invest
in approval for a new indication compared to either unrestricted or restricted uniform pricing.
The health plan is generally better off with uniform pricing unless the producer’s profits from
the new indication are insufficient to cover the fixed investment costs of approval. In cases
where launching the drug for a new indication is not profitable for the producer, the health plan
and its patients may benefit more from indication-based pricing, as it increases access to the
drug for a broader group of patients. These findings highlight the trade-off health plans face
between containing costs and ensuring access to new medicines.

However, with competition (in either the original or the new market), the insights from the
monopoly case may no longer hold. Specifically, we identify a softening-of-competition effect

due to uniform pricing, where the drug producer can actually earn higher profits than with



indication-based pricing. This effect occurs when the price in the monopoly market is higher

I In this case, the

than the price in the competitive market under indication-based pricing.!
uniform pricing restriction serves as a credible commitment for the drug producer to set a
higher price in the competitive market than what would be possible under indication-based
pricing.

We show that the profit gain of a higher price in the competitive market can outweigh the
profit loss in the monopoly market, where the uniform price is lower than the monopoly price.
Uniform pricing is more likely to be profitable for the producer when the rival drug is a relatively
close substitute, which means that price competition will be fierce in the competitive market
with indication-based pricing. In this case, uniform pricing would make the drug producer
less price aggressive when launching the drug for a new indication. Since prices are strategic
complements, the rival drug producer responds by also being less price aggressive, which in turn
results in higher prices and larger profit margins in the competitive market.

The softening-of-competition effect occurs regardless of whether competition takes place
in the original or in the new market.'> However, if the health plan does not permit upward
adjustments of the uniform price (i.e., restricted uniform pricing), this effect is eliminated for
the scenario with competition in the original market. In this scenario, the drug producer
has an incentive to increase the uniform price when entering the new (monopoly) market but
is constrained by the health plan’s restriction. As a result, the drug producer would prefer
indication-based pricing, as it allows for monopoly pricing in the new market. In the opposite
scenario, where competition occurs in the new market, the drug producer has an incentive to
lower the uniform price set for the original indication upon launching the drug for the new
indication. In this case, the implicit price cap imposed by the restriction on upward price
adjustments no longer constrains the drug producer. Therefore, the potential for a softening-of-
competition effect from uniform pricing is greater when competition occurs in the new market
and/or upward price adjustments are permitted.

While uniform pricing can lead to a softening-of-competition effect that increases profits
for the multi-indication drug producer, the health plan and its patients are generally worse off

in this scenario and prefer indication-based pricing to reduce drug expenditures. However, we

Tn the opposite case, where the price in the competitive market is higher than the price in the monopoly
market, uniform pricing intensifies (instead of softens) competition. In this case, the drug producer always prefers
indication-based pricing, and the results are qualitatively similar to the monopoly case.

12The necessary condition is, as mentioned above, that the price in the monopoly market is higher than the
price in the competitive market under indication-based pricing.



also identify an exception where both the drug producer and the health plan are better off
with uniform pricing. This exception occurs when competition takes place in the new market,
leading to a reduction in the (uniform) price in the original (monopoly) market when the drug
is launched for the new indication. In this scenario, uniform pricing expands demand in the
original market, generating a health gain for patients that can outweigh the losses from higher
prices in the new (competitive) market compared to indication-based pricing.

These findings have important implications for policymakers and health plans. Rather than
applying a uniform pricing rule across all drugs within a class, it may be more effective to
implement drug class-specific pricing policies that consider factors such as relative incidences,
treatment effects, investment costs for approvals, and, importantly, the potential for competition
within each indication. Certain drugs might be required to maintain uniform prices across
indications, while others could be permitted to use indication-based pricing. By tailoring pricing
policies to the characteristics of specific drug classes, policymakers and health plans can achieve
a balance between ensuring patient access to treatments and containing costs, while accounting
for the complexities and competitive dynamics within different indications.

The rest of the paper is organised as follows. In the next section we relate our study to the
existing literature. Section 3 introduces the theoretical model. Section 4 derives the monopoly
benchmark under indication-based pricing and both restricted and unrestricted uniform pricing.
Section 5 examines the equilibrium outcomes when competition exists either in the original or the
new market. Section 6 compares the effects of the three pricing schemes on the drug producer’s
incentives to invest in approval for a new indication and the health plan’s surplus. Section 7
discusses policy implications and offers concluding remarks. Finally, Appendix A provides the

equilibrium existence conditions, and Appendix B presents the proofs of the propositions.

2 Related literature

Our study makes contributions to several strands of the existing literature. The health policy
and economics literature have extensively discussed indication-based pricing, using numerical
examples of specific drugs to illustrate potential effects on prices and drug expenditure (see,
for instance, Garrison and Veenstra, 2009; Bach, 2014; Yeung et al., 2017; Hui et al., 2017;
Mestre-Ferrandiz et al., 2018; and Woods et al., 2024). These contributions generally support

indication-based pricing by highlighting the improved alignment of prices with the value of the



drug across different uses. Value-based pricing allows manufacturers to sell the drug to patients
with lower treatment value, without compromising profitability when selling the same drug to
patients with more significant treatment effects. However, as noted by Chandra and Garthwaite
(2017), indication-based pricing not only enables manufacturers to reduce prices for low-value
indications but also to increase prices for high-value indications.

More recently, several authors have developed theoretical models to evaluate the performance
of indication-based pricing. Levaggi and Pertile (2020) characterise the dynamic (innovation)
and static (access) efficiency properties of different pricing rules when treatment effects vary
across patients. Assuming price regulation, they consider a set up where the payer sets the
drug price either equal to the treatment benefit for the marginal patient or equal to the average
benefit of the treated population. They show that average value-based prices ensure both static
and dynamic efficiency, but result in higher drug expenditures and lower consumer surplus
compared to marginal value-based pricing.

Hlavka et al. (2021) examine a setting where the payer and a manufacturer engage in
price negotiations for a drug. They consider a predefined set of indications with varying ex-
pected treatment outcomes, and the drug prices and access to different indications are jointly
determined through Nash bargaining. Assuming symmetric information and no agency issues
between the payer, patients, and providers, a uniform price across all indications achieves effi-
ciency. However, by relaxing the assumptions regarding information and agency, they discuss
situations in which indication-based pricing can improve efficiency.

Like Hlavka et al. (2021), Levaggi and Levaggi (2021) assume that the effectiveness of the
drug differs both between and within indications. Instead of engaging in efficient bargaining,
they assume that the manufacturer sets the drug price first, and subsequently the payer reacts
by selecting the number of approved indications that maximises consumer surplus. In such a
situation, the drug is approved for too few indications. Effectively, this outcome is similar to
uniform monopoly pricing. Levaggi and Levaggi (2024) expand on this analysis by allowing the
manufacturer to propose prices specific to each indication. This enables the payer to ensure effi-
cient access to the drug by establishing a common cost-effectiveness threshold for all indications
prior to the manufacturer submitting the indication-specific prices. Nevertheless, achieving the
ideal level of access requires that the threshold is set at the social value of treatment, resulting
in the manufacturer extracting the entire surplus.

These theoretical studies share the assumption that once a drug is approved as safe and effec-



tive by the authority, it becomes automatically available for reimbursement across all indications
chosen by the payer. However, we deviate from this assumption by adopting the framework pro-
posed by Adida (2023), which aligns with the growing field of healthcare operations management
that explores new pricing models for drugs; see Adida (2021), Olsder et al. (2022), and Xu et
al. (2022). Adida (2023) assumes that a drug is already approved for a primary indication and
that the manufacturer can choose to invest in gaining approval for a supplementary indication.
She finds that the manufacturer earns higher profits under indication-based pricing than under
uniform pricing. Moreover, indication-based pricing improves incentives for the manufacturer
to invest in a new indication and for the payer to cover the drug. If the fixed investment cost
is high, indication-based pricing also benefits patients and the payer’s objective. Otherwise,
the patient demand, patient utility and payer’s objective may be lower under indication-based
pricing.

A common feature shared by both the health economics and operations management lit-
erature concerning the choice of pricing scheme is the absence of competition among drug
manufacturers. Our novel contribution to both research streams stems from the introduction
of therapeutic competition. We develop an extensive analysis of indication-based pricing by in-
corporating different market structures for both the primary and the supplementary indication.
This allows us to capture a crucial aspect of pharmaceutical markets, as multiple manufacturers
often seek approval for the same indication (see, for example, Gerriets et al., 2023). Previous
studies demonstrate that the entry of therapeutic competitors indeed has an impact on the
prices of existing drugs, even in markets for cancer therapies (see, e.g., Kanavos et al., 2007;
Danzon and Epstein, 2012; Vokinger et al., 2022).'3

We introduce therapeutic competition by drawing from a body of literature on pharma-
ceutical markets that utilises a spatial framework, incorporating both horizontal and vertical
differentiation among drugs (see, for example Miraldo, 2009; Bala and Bhardwaj 2010; Bardey
et al. 2010; Bardey et al. 2016; Gonzdlez et al. 2016; Brekke et al., 2022, 2023, and 2024). By
adopting the spatial competition model to the multi-indication drug framework proposed by
Adida (2023), we isolate the impact of competition on the efficacy of indication-based pricing.

In the next section we present our modelling framework.

13Qur focus on competition means that our paper also relates more broadly to the IO literature on third-
degree price discrimination in oligopoly, where some early key contributions include Holmes (1989), Winter (1997)
and Corts (1998). However, the particular institutional features and policy concerns related to pharmaceutical
markets imply that the insights from the more general IO literature are not directly transferrable to an analysis
of indication-based vs. uniform pricing of drugs.



3 Model

Consider a unit mass of patients who differ with respect to indication and their therapeutic
response to drug treatment. A share 1 — A of them have indication A and constitute the
potential demand in what we refer to as Market A. The remaining share of patients have
indication B and constitute the potential demand in Market B. Thus, we can interpret A as the
size of Market B relative to Market A. All patients are covered by a (monopoly) health plan,
and each patient can be treated by one unit of any available drug that is included in the plan
as treatment for the relevant indication.

An on-patent drug is currently used to treat indication A. However, it has recently been
discovered that the same drug might also be used to treat indication B. This enables the
producer to enter Market B with the same drug by applying for its inclusion in the health
plan as treatment also for indication B. The therapeutic benefit of this drug for a patient with
indication j is given by v/ — t/z, where the therapeutic mismatch value z is a random draw
from a uniform distribution on [0, 1], and j = A, B. Thus, within each indication, some patients
respond better to the drug treatment than others, and the parameter ¢/ measures the degree of
patient heterogeneity in terms of therapeutic benefit of drug treatment for indication j.

In each market, the producer of the drug might face competition from another producer
of a therapeutically substitutable drug. If so, the therapeutic benefit of the alternative drug
treatment in Market j is v/ — ¢/ (1 — x), implying that the therapeutic mismatch values for the
two drugs are negatively correlated, such that each drug yields a higher therapeutic benefit than
its alternative for half of the patients with indication j, and that the intensity of therapeutic
competition in Market j is inversely measured by the parameter /. In case of therapeutic
competition, which might occur either in Market A or in Market B, we will refer to the drug in
question as drug 1 and the therapeutic alternative as drug 2.

Treatment choices are made by physicians who consider both therapeutic benefits and treat-
ment costs when making their drug prescription decisions. More specifically, in case there is
only one available drug in the market, we assume that one unit of this drug will be prescribed
to those patients for whom the therapeutic benefit (measured in monetary terms) is at least as
high as the price of the drug. In markets with therapeutic competition, each patient will be
prescribed one unit of the drug that yields the higher net therapeutic benefit (i.e., therapeutic

benefit minus the drug price), provided that this net benefit is non-negative. Thus, we can



think of prescription choices as being made by a physician who acts as a perfect agent for a
health plan that maximises total treatment benefits net of purchasing costs.'*

We will consider three different market structures regarding the degree of therapeutic com-
petition in the two markets. As a benchmark, we use the case of monopoly in both markets.
In this case, which we denote by M M, the drug in question is the only available treatment for
indication A and there is no pre-existing treatment for indication B, implying that the drug’s
producer will be a monopolist in both markets if the drug is included in the health plan as
treatment also for indication B. We will compare this benchmark with two different market
structures that imply therapeutic competition for one of the two indications. First, we consider
the case in which the producer already faces therapeutic competition in Market A but will
become a monopolist in Market B if it enters this market. We will denote this market struc-
ture by CM. Second, we consider the opposite case, in which the drug in question is the only
available treatment for indication A but there already exists another treatment for indication
B, implying that the producer will face therapeutic competition in Market B if it enters. We
will denote this market structure by M C.

Regardless of market structure, we assume that all drugs can be produced at a constant
marginal cost which, without further loss of generality, is set equal to zero, and that all drug
producers are profit maximisers. We also assume that drug prices are set by the producers (in
a non-cooperative simultaneous-move game in case of therapeutic competition). However, the
health plan might impose restrictions on this price setting.

More specifically, we assume that, in case the drug in question is approved by the health
plan as treatment for both indications, the pricing decision is made under one of three possible
price-setting schemes: (i) indication-based pricing, denoted by I, in which pricing is completely
unrestricted and the producer can set different prices for the drug in the two markets; (ii)
unrestricted uniform pricing, denoted by U, in which the producer is only restricted by the
condition that the drug must have the same price in both markets; (iii) restricted uniform
pricing, denoted by U , in which the producer must set the same price in both markets and also
faces the additional restriction that this price cannot be higher than the pre-existing price of
the drug in Market A (i.e., upward price adjustments are not allowed).

In the subsequent sections we derive the equilibrium drug prices for each possible combi-

Y1n case of patient copayments, the total purchasing cost will be shared between the health plan and the
patients. As long as the prescribing physician places equal weights on therapeutic benefits and treatment costs,
it does not matter for prescription choices who pays these costs.
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nation of market structure and pricing scheme. We restrict attention to equilibria in which
Market j is fully covered under therapeutic competition (i.e., every patient with indication j
is prescribed one of the available drugs) but only partially covered under monopoly (i.e., some
of the patients with indication j are not prescribed the drug because the therapeutic benefit
is too low compared to the treatment costs). This assumption has two seemingly attractive
implications, since it allows us to focus on cases in which (i) demand for a drug is price elastic
regardless of whether the producer of the drug faces therapeutic competition or not, and (ii)
entry of a new therapeutic alternative for a particular indication implies an expansion of the
market and not just ‘business stealing’ from the pre-existing drug. For each of the three market
structures considered, we will define a parameter set in which such equilibria exist under all
three pricing schemes.

Finally, in order to determine the drug producer’s entry decision, suppose that the costs
associated with having the drug approved as a treatment for indication B are given by f > 0,
and suppose that the health plan is able to commit to a certain pricing scheme before the entry
decision is made. The producer’s entry decision is then assumed to be made at the second stage

of the following three-stage game:

Stage 1 The health plan decides a pricing scheme s € S = {I ,U, U }

Stage 2 The producer decides whether or not to invest f in order to have its drug approved

for indication B.

Stage 3 The producer chooses the price(s) of its drug.

Since we are focusing on the pricing and entry incentives of the producer of the drug that
already exists in Market A and might enter Market B, we will intermittently refer to these two

markets as the original market and the new market, respectively.

4 Benchmark: Monopoly in both markets

Suppose that there is only one drug that can treat patients with either indication A or indication
B, and that both treatments (with the same drug) are included in the health plan. Let p’ be the
price of this drug when prescribed as treatment for patients with indication j. If prescription

choices are made according to the assumptions laid out in the previous section, demand for this

11



drug in Market A is given by
N vA — pA
= -0 (), )

whereas demand for the same drug in Market B is given by
B _ B
vt —p
I < - ) , 2)
The producer’s profits from sales in Market j are then given by
w=pl¢, j=AB. (3)

The health plan’s surplus is the total health benefits minus total purchasing costs, which in

Market A is given by

VA _pA
A
S4=(1- )\)/ ‘ (UA — tA:E) dz — pqg?, (4)
0
and in Market B is given by
B _pB
B
SB—/\/O ' (vB—tB:c)dx—quB. (5)

4.1 Indication-based pricing

Supposed that the producer is allowed to charge different prices in the two markets. In this
case, the profit-maximising price in Market j is given by
, oI

Phou (D=5, §=AB, (6)
which implies that the producer will set a higher price for the drug when prescribed to patients
with an indication for which the drug has a higher therapeutic benefit (on average). The reason
is simply that a higher therapeutic benefit increases demand and therefore makes it less price-
elastic, all else being equal, which in turn implies that profits are maximised at a higher price
level.

With prices given by (6), market-specific demand is given by

N
i (0 = L2 @
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and

\vB
QJ%M (1) = 9B’ (8)
and market-specific profits by )
(1—=A) (v
g (1) = L= )
and )
A (vB
Ty (1) EltB) (10)

Total profits are then given by

mane (1) = mhpag (1) + iy (1) = ; (11)

whereas the total surplus for the health plan is given by

. B (A 2 A (,B 2
SMM(I):(l Ak (Stjt;/\t ( ). (12)

This equilibrium, with partial coverage in each market, exists if

vl <20, j=A,B, (13)

which essentially implies that, in each market, the degree of patient heterogeneity in therapeutic
benefits is sufficiently large, such that a monopolist will not find it profitable to set the price so
low that all patients who might potentially benefit from drug treatment will be prescribed the

drug.

4.2 Unrestricted uniform pricing

Suppose instead that the producer is not allowed to set different prices of the drug when used
for patients with different indications, but is otherwise allowed to set any (uniform) price. The
profit-maximising uniform price is given by

(1 —X\) tBoA + MAvB
2((1=X)tB+X4) -

pvm (U) = (14)

Whereas the optimal indication-based prices depend on the price elasticity of demand in each

market, the optimal uniform price is determined by the weighted average price elasticity of

13



demand across the two markets. It is therefore easily verified that the price given by (14) is a
weighted average of the two prices given by (6), where the weights depend on relative market
size. If a larger share of the firm’s total sales occur in Market j, the optimal uniform price is
closer to the price that maximises the profits from selling the drug to Market j alone.

With a uniform price given by (14), the demand for the drug in the two markets is given by

(1= X) 2 + 2x¢4] v — MA0B
2((1=N)tB +xtA) A

Garar (U) = (1= A) (15)

and
(1 =) (208 —0A) ¢B 4+ XA B

B
)\
aru (U) 2((1— N tB+ AtA)tB

(16)

respectively. The corresponding expressions for total profits of the producer and total surplus
of health plan are given by
(1 = A) tBv4 4+ At4oB)?

™t (U) = L0 018 5 aA) (A (17)

and
(1= A) (1= A) B + 4xe) B (v4)?
A (4 (1= N8 4+ M4) 14 (08) = 6 (1 — ) tAtBu 4B
S (U) = 18
mar (U) 8 ((1— \)tB + \tA) tALB ’ (18)
respectively.

This equilibrium exists for a parameter set given by

QMM<UB<®MM. (19)

If the therapeutic benefit of the drug for patients with indication B is sufficiently low, it is not
profitable for the firm to enter Market B when it has to charge the same (low) price for the
drug in Market A. On the other hand, if the therapeutic benefit of the drug is sufficiently high
in Market B, the firm’s most profitable option is to leave Market A and enter Market B with
an even higher price than the one given by (14). Both of these possibilities are ruled out as

equilibrium outcomes by the condition in (19).!5

5See Appendix A for a formal proof of equilibrium existence, including explicit expressions for the lower and

upper bounds on vZ.
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4.3 Restricted uniform pricing

Finally, suppose that, if entering Market B with the same drug that is already used in Market
A, the producer must charge a uniform price that cannot be higher than the pre-existing price of
the drug in Market A, which is given by (6).! Whether or not this additional restriction binds
depends on whether the uniform price that maximises the profits of selling to both markets is
higher or lower than the price that maximises the profits of selling to Market A only. From
the previous analysis, it follows that the former price is lower (higher) than the latter price if
vl > (<) vB. Thus, if v4 > v, the optimal price under restricted uniform pricing is still given
by (14).

On the other hand, if v* < v®, the solution to the firm’s constrained profit-maximisation
problem is a corner solution with a uniform price given by (6). In other words, the producer

will set a price

~ v
panar (0) = pinas (1) = 5 (20)
which yields the following demand in the two markets:
~ (1—\)vA
ainr (0) = aiin (D) = =5 (21)
~ A (208 — oA
ifons (0) = 2200 2)
The profits of the producer and the surplus of the health plan are given by, respectively,
~ (1 =X tBod + X (208 —04) ¢4
v (0) = ( 4tAt£ ) 1 (23)
and )
~ (1 =N t8 + 2M4) (vh)” +4A (08 — vA) t408
Syim (U) = SpAB . (24)
This equilibrium exists under the parameter condition
oA
vA<vB<7+tB. (25)

B

The lower bound in on v” is required for the additional restriction on uniform pricing to bind,

whereas the upper bound is required to have a partially covered market for indication A. It is

16This is a quite common restriction that many health plans impose, which essentially amounts to an implicit
price cap on the drug pricing.
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easily verified that the parameter set given by (25) is non-empty if v4 < 2t5.

4.4 Uniform vs. indication-based pricing

Suppose that the parameters of the model are such that an interior-solution equilibrium exists
under all three pricing schemes. This amounts to assuming that (vj ) )\) € Qum, j=A4,B,
where the set Qp7ps is defined by (A19)-(A20) in Appendix A. The effects of different pricing

schemes on the producer’s profits and the health plan’s surplus are then characterised as follows:

Proposition 1 In the case of monopoly (no therapeutic competition), indication-based pricing
always yields higher profits for the producer and lower surplus for the health plan than (restricted
or unrestricted) uniform pricing. If the therapeutic benefit of the drug is higher in the new market
than in the original market (i.e., vd > vB), restricted uniform pricing yields lower profits and

higher health plan surplus than unrestricted uniform pricing.

These results are not surprising and are in line with well-known results about third-degree
price discrimination as a pricing strategy that allows a monopolist to extract a larger share of
consumers’ surplus than what is possible by uniform pricing. Intuitively, a binding constraint

4 > P) will further hamper the

on the uniform price (as under pricing scheme U when v
monopolist’s ability to extract surplus and therefore benefit the health plan. Thus, in the
absence of competition, the producer and the health plan have diametrically opposite interests
with respect to the choice of pricing scheme.

The results in Proposition 1 are derived under the assumption that it is profitable for
the producer to enter the new market under all three pricing regimes. However, this is not
necessarily the case if the entry cost f is sufficiently large. In case of no entry, the health plan’s
choice of pricing scheme is irrelevant for the producer’s pricing decision, which in any case is
given by (6) for j = A, and the producer’s profit (from sales in Market A) is given by (9). The
entry decision therefore depends on whether or not the additional profits that can be achieved

(in both markets) by selling the drug in the new market under pricing scheme s outweigh the

investment cost f. These additional profits, which we denote by Ay, are formally given by
Agi=mar (8) — i (1), s=1,U,U.

At the first stage of the game described in Section 3, the health plan chooses the pricing scheme

that maximises the health plan’s surplus. Notice that this surplus is always higher if the
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producer chooses to enter the new market, regardless of which pricing scheme is in place.!” The
subgame-perfect Nash equilibrium of the full game therefore follows directly from Proposition

1, and is characterised as follows:!®

Proposition 2 In the case of monopoly (no therapeutic competition), the equilibrium pricing
scheme is restricted uniform pricing if f < Ag, unrestricted uniform pricing if Ay < f < Ay,

and indication-based pricing if f > Ay.

This proposition illustrates the fundamental trade-off between cost savings and patient ac-
cess to drug treatments that determines the health plan’s optimal choice of pricing scheme. The
health plan’s surplus is higher under uniform pricing when the drug is sold in both markets, but
this pricing scheme might not give the producer sufficient incentives to enter the new market.
Thus, if the entry costs are sufficiently high, concerns about drug access will induce the health
plan to allow indication-based pricing. This is essentially the same trade-off that is identified
by Adida (2023), and our results for the benchmark with no competition largely mirror the
main results of her analysis. However, the pricing scheme preferences of both the producer and
the health plan might significantly change in the face of therapeutic competition in one of the

markets, as we will show in the subsequent sections.

5 Therapeutic competition

Suppose now that the drug producer faces therapeutic competition either in the original or
in the new market. In the following we derive the Nash equilibrium for each of these two

cases—under each of the three pricing schemes considered—starting with the former.

5.1 Therapeutic competition in the original market

If the drug in question faces therapeutic competition from another drug in the original market,
under the assumptions about therapeutic benefits and prescription choices laid out in Section
3, demand for the two drugs in Market A is given by

1 p“—p‘-‘ . .
A k 1
A _ (1= — 4B =12 #* 2
Q’L ( A) (2 2tA ) Z7k: ) ) 1’ k’ ( 6)

'"Tn case of entry, it follows from Proposition 1 that the health plan’s surplus is lowest under indication-based
pricing, in which case the surplus is given by (12). Without entry, the health plan’s surplus comes only from the
use of the drug in Market A, at the same price, and is therefore lower than (12).

"8We assume that f is low enough for entry not to be blockaded.
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where 1 and 2 denote the drug in question and its therapeutic alternative, respectively. In the
absence of competition in Market B, drug demand in that market is still given by (2). The

profits of the producer in question, with a drug sold in both markets, are now given by

m=pia +pPqP, (27)

whereas the profits of the producer of the therapeutic alternative in Market A are given by

T = phas. (28)

With therapeutic competition in Market A, the health plan’s surplus in this market is now given

by
%+”5‘fo 1
SA:(l—)\) / . (UA—tAx) dx—i—/ 4 A (UA—tA(l—a:)) dz —Zpgqg, (29)
0 . i

where ¢ = 1,2 and j = A, B. The health plan’s surplus in Market B is still given by (5).

5.1.1 Indication-based pricing

If the producer is able to charge different prices in the two markets, the Nash equilibrium prices

in Market A are unaffected by demand in Market B and given by

pean (I) = poars (I) = t2. (30)

Notice that competition implies that drug prices are decoupled from overall therapeutic benefits
and only depend on the degree of therapeutic substitutability, and thus the degree of compe-
tition, between the two drugs. In Market B, on the other hand, the profit-maximising price is
unaffected by therapeutic competition in Market A and given by (6) for j = B. Equilibrium
drug demand in Market B is therefore the same as in the benchmark case, given by (8), while

demand for each of the two drugs in Market A is given by

s (1) = ala (D) = 52 (31)
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This yields market-specific profits of

(1—\)tA
o () = 5 (32)
and )
A (vP)
B —
and total profits of!?
2(1—\) tA8 + X (v8)?
mon (1) = iy (1) + s (1) = AT (34)
The total surplus of the health plan is
2(1— ) (404 — 5t4) t8 + X (v5)°

8tB

This equilibrium, with full coverage in Market A and partial coverage in Market B, exists if

3
vA > SA (36)
2
and
vB < 2B, (37)

5.1.2 Unrestricted uniform pricing

If the producer cannot use indication-based pricing, but is allowed to set an unrestricted uniform

price, this price is in equilibrium given by

3(1-Nt8 +4xnf
U) = t 38
pem (U) = 533 rana t (38)

whereas the equilibrium price of the therapeutic alternative in Market A is given by

3(1—XA)tB 42X (0P +2t4)
3(1—A)tB +8 4 '

Poare (U) = (39)

9 The profits of the therapeutic competitor in Market A is not relevant for the analysis and is thus not reported
(here or in the subsequent analysis).
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A comparison of (30) and (38)-(39) reveals, unsurprisingly, that poa (U) > pdy, (U) >
P (1) if vB > 2t4 while pons (U) < pAyss (U) < 0y, (1) if vP < 2t4. If the monopoly price
in Market B is higher (lower) than the equilibrium price in Market A under indication-based
pricing (i.e., if vB > (<) 2t4), unrestricted uniform pricing leads to a price increase (reduction)
in Market A and price reduction (increase) in Market B. Thus, (unrestricted) uniform pricing
implies either a softening or a hardening of competition in the original market, depending on
the monopoly price level in the new market. Notice that the price response of the therapeutic
competitor in Market A goes in the same direction because of strategic complementarity.’

With these prices, drug demand in the two markets is given by

3(1=N)tP +2x (6t4 —vP)

. B A B
aa0) = (1= 3 2 R B (1)
and
3(1 =\ (v8 —tA) t8B + axtdoB
acn (U) = ( (3 (i (— \) tB —28/\tA)tB (42)

This yields total profits (from selling the drug in both markets) equal to

(=Nt rant) B -8 T anB)? A
mom (U) = 2B (3(1—=N) B + 8)\tA)2 (43)

and a total surplus for the health plan equal to

22008 — (1 — \) At
4tB (3 (1 — A) t8 + 8At4)?

Son (U) = (1 =A) vt + (44)

where
B = (9(1— A8 +8M4) ((1— ) (8 — 4t4) 8 + 204B) — 480 (1 — 2) (t4)° 18 (45)

and

U= 45 (1= 0)2 (£8)7 + 1500 (1 — A) 1445 + 11207 (1), (46)

20Prices are strategic complements because a unilateral price increase leads to higher demand, and thus less
price-elastic demand, for the competing drug.
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This equilibrium exists if
von <P <Tom (47)
and

A 3t (3 (1= N)t8 + A + 200P)
2(3(1—X\)tB 4+ 8At4)

v (48)

As in the benchmark case under unrestricted uniform pricing, equilibrium existence requires
that the therapeutic benefit in Market B is sufficiently high to make it profitable to enter this
market, but also sufficiently low to make it profitable to stay in Market A. Both these conditions
are satisfied for the parameter set defined by (47). Additionally, the condition in (48) ensures
that Market A is fully covered in equilibrium (i.e., that the therapeutic benefit of the prescribed

drug is higher than the treatment cost for all patients with indication A).2!

5.1.3 Restricted uniform pricing

Finally, if the producer is restricted to set a uniform price that does not exceed the pre-existing
price in Market A, the equilibrium outcome is the same as under unrestricted uniform pricing

if vB < 2t4. Otherwise, if v2 > 2t4, the equilibrium prices in both markets are given by
A 77 A 77 B 7 A
pPoM1 (U) = Pem2 (U) =DPom (U) =t (49)

This yields the same drug demand in Market A as under indication-based pricing, given by (31),

whereas demand in Market B is given by
. A UB _ tA
ng <U> = 7( ) (50)

In this equilibrium, total profits for the producer in question are given by

o (ﬁ) _ ((1 — M) B 4 2x (vB - tA)) " -

2tB

whereas total surplus for the health plan is given by

Al 2x08 (0B —2t4) — (5(1— M) tP — 2at4) tA‘

4¢B (52)

Scm ((7) —(1-Nw

21See Appendix A for a full derivation of the equilibrium conditions, including explicit expressions for the

upper and lower bounds on vZ.
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This equilibrium exists under the parameter condition

2t < o <t 415, (53)

in addition to the condition in (36) which ensures full coverage in Market A. It follows directly

from (53) that this parameter set is non-empty if & > 4.

5.2 Therapeutic competition in the new market

Suppose instead that the drug producer is a monopolist in the original market but faces ther-
apeutic competition in the new market. In this case, market demand, profits and health plan
surplus are equivalent to the previously considered case (CM) and found by replacing A with
B and A with 1 — X, and vice versa, in (26)-(29).

The Nash equilibrium drug prices under indication-based pricing and unrestricted uniform
pricing are also mirror images of the corresponding prices reported in Section 5.1.2, with compe-
tition in the original market. Thus, with therapeutic competition in the new market, equilibrium

prices under indication-based pricing are given by

UA
Pire (1) = =, (54)
pier (1) = pies (1) = £5, (55)

whereas, under unrestricted uniform pricing, equilibrium prices are given by

A —\)pA
) (B
and
A . oA B
0= (DI

Under both of these pricing schemes, equilibrium demand, profits and health plan surplus are
found by replacing A with B and A with 1 — X, and vice versa, in the relevant expressions in
Section 5.1.2. Similarly, the parameter restrictions supporting these two equilibria are mirror
images of (36)-(37) and (47)-(48), respectively.??

However, under restricted uniform pricing, the Nash equilibria in market structures C'M

22Gee Appendix A for a complete characterisation of these parameter restrictions.
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and MC' are not mirror images of each other if the restriction on the uniform price binds. In
this case, the equilibrium uniform price of the producer in question is given by the pre-existing
equilibrium price in the original market, which is a market with therapeutic competition in
market structure C'M but not in market structure M C. In the Nash equilibrium of the latter

market structure, if v4 < 2tB, the producer selling its drug in both markets sets the price

~

puc (0) =pire (1) = 5 (58)

while the producer of the therapeutic alternative in Market B sets the price

A tB

Phic2 (ﬁ> = UZ + 5 (59)

The corresponding drug demand in the two markets is then given by

A

atre (0) = (1= o3 (60)
~ A (6t8 — A
e (U> = (&B) (61)
and
~ A (2t8 404
QJ%[CZ <U> = ( StB )7 (62)

while the profits of the producer and the surplus of the health plan are given by

" 4(1 =N tBvA 4 Xt (65 — o)\
Tme (U> - ( 16tAtB Y (63)
and
PN 8(1—\)tB 4+ x4 2 7
Suc (0) =P + ( : 412 a0 = A 7)), (64)
respectively.

This equilibrium exists for a set of parameters characterised by

v < 2P (65)
and
3 3
B 2, A, 2B
v” > g —i—4t : (66)
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The parameter condition in (65) ensures that the restriction on the uniform price binds for the
producer that enters Market B with the same drug that is already sold in Market A, whereas the
condition in (66) ensures that Market B is fully covered in equilibrium (i.e., that the therapeutic

benefit of the drug prescribed to each patient is higher than the cost of treatment).

6 Uniform vs. indication-based pricing under therapeutic com-
petition

In this section we characterise the producer’s and the health plan’s preferences for the different
pricing schemes, focusing on how these preferences are changed by the presence of therapeutic
competition, compared with the benchmark case analysed in Section 4. As in the previous
section, we will contrast the cases of competition in the original market versus competition in

the new market.

6.1 Therapeutic competition in the original market

Suppose that the parameters of the model are such that an interior-solution equilibrium exists
under all three pricing schemes. This amounts to assuming that (vj ) )\) € Qom, J = A, B,
where the set Q¢ is defined by (A42)-(A44) in Appendix A. The producer’s and the health

plan’s preferences over the different pricing schemes are then characterised as follows:

Proposition 3 If there is therapeutic competition in the original market and v® > 2t4, there
exist two non-empty parameter sets Qcum C Qo and QCM C Qcm, where QCM C Qcom.

(i) If (vj, t, )\) € Qo the producer prefers unrestricted uniform pricing over indication-
based pricing. Otherwise, if (vj 7 ,)\) ¢ Qcur, the producer’s preferences are similar to the
benchmark case (Proposition 1).

(i) If (vj,tj,)\) € QCM, the health plan prefers indication-based pricing over unrestricted
uniform pricing. Otherwise, if (vj, t, /\) ¢ QCM, the health plan’s preferences are similar to the
benchmark case (Proposition 1).

(iii) For all (vj,tj,)\) € Qcn, the producer’s profit is minimised, and the health plan’s

surplus is mazximised, under restricted uniform pricing.

Compared with the benchmark case, therapeutic competition in the original market might

alter the preferences for indication-based versus unrestricted uniform pricing, both for the pro-
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ducer and for the health plan. These departures from the benchmark results are identified in
parts (i)-(ii) of Proposition 3. Notice, however, that the preference rankings might be different
from the benchmark only if the equilibrium price is higher in the new market than in the original
market under indication-based pricing (i.e., if v > 2t4), implying that unrestricted uniform
pricing leads to a price increase in the original market.

The first part of Proposition 3 identifies a parameter set in which the producer is better off
with unrestricted uniform pricing than with indication-based pricing. The former pricing scheme
implies a higher price in the original market and a lower price in the new market, compared
with the latter scheme. Uniform pricing therefore yields a profit loss in the new market, where
the uniform price is below the price that maximises the profits from drug sales in Market B. In
Market A, on the other hand, a higher price yields a profit gain because of a positive strategic
price response by the competing producer. Since prices are strategic complements, uniform
pricing will lead to higher prices of both drugs in Market A, compared with indication-based
pricing. And for parameters belonging to Qcyy, it turns out that the profit gain in Market A
outweighs the profit loss in Market B, thus leading to higher total profits under unrestricted
uniform pricing than under indication-based pricing. In other words, if vZ > 2t4, a uniform
pricing scheme serves as a commitment device that allows the producer to credibly commit to a
higher price in the original market, thus creating a softening-of-competition effect in this market
that might increase the producer’s total profits.

The second part of Proposition 2 identifies a parameter set in which the health plan’s pref-
erences are also partly reversed compared to the benchmark case, and where the health plan’s
surplus is higher under indication-based pricing than under unrestricted uniform pricing. This
occurs for parameters belonging to ﬁc a1, which is a subset of Q¢ . Thus, the health plan prefers
I over U only if the producer has opposite preferences. There are two different factors contribut-
ing to a higher health plan surplus under indication-based pricing. First, and most importantly,
therapeutic competition in the original market means that unrestricted uniform pricing leads to
a higher price for both drugs, as explained above. This softening-of-competition effect creates
an additional cost of uniform pricing that is not present in the benchmark case. Second, uni-
form pricing implies that the equilibrium prices of the two therapeutically substitutable drugs
in Market A are different from each other.?> This creates an allocational inefficiency in the

original market, where too many patients are prescribed the cheaper therapeutic alternative,

231t follows from (38)-(39) that poar (U) > péase (U) if P > 2t4.
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thus leading to an overall reduction in health benefits, all else being equal.

It is worth repeating, though, that the departures from the benchmark results might only
occur in cases where the profit-maximising price is higher in the new market than in the original
market under indication-based pricing. In the opposite case (i.e., if vB < 2t4), uniform pricing
would lead to a lower price in the original market compared with indication-based pricing, thus
reinforcing the competition in this market due to strategic complementarity of prices. This
would make the producer more strongly prefer indication-based pricing, and the health plan
more strongly prefer uniform pricing, than in the benchmark case of no competition. Thus, the
above described softening-of-competition effect only occurs if entry into the new market yields
a price increase in the original market under a uniform pricing scheme, and therefore requires
that uniform pricing is unrestricted.

Under restricted uniform pricing, on the other hand, there are by definition no price changes
in the original market, which effectively eliminates the softening-of-competition effect, and this
pricing scheme will therefore always minimise the profits of the producer and maximise the
surplus of the health plan, as in the benchmark case. Thus, if we let the pricing scheme be
determined as the SPNE of the entry game specified in Section 3, the equilibrium pricing scheme

would still be restricted uniform pricing for sufficiently low values of f.

6.2 Therapeutic competition in the new market

Suppose again that the parameters of the model are such that an interior-solution equilibrium
exists under all three pricing schemes. This amounts to assuming that (vj ) 7/\) € Quc,
j = A, B, where the set Q)¢ is defined by (A54)-(A55) in Appendix A. In this case, we identify

the following departures from the benchmark results stated in Proposition 1:

Proposition 4 If there is therapeutic competition in the new market, there exist three parameter
sets Qo C Qe (AZM(; C Qume and §~2Mc C Qurc, where Qe = ﬁMC’ UQMC. The sets Qo
and QMC are non-empty if v > 28, and QMC is non-empty if additionally t* > tB.

(i) If (vj, t, )\) € Qurc, the producer’s profit is mazimised under (restricted or unrestricted)
uniform pricing. Otherwise, if (vj, t, )\) ¢ Quio, the producer’s preferences are similar to the
benchmark case (Proposition 1)

(i) If (vj, t, )\) € ﬁMc, the health plan’s surplus is maximised under indication-based pric-
ing. Otherwise, if (vj,tj, )\) ¢ @Mo, the health plan’s preferences are similar to the benchmark

case (Proposition 1)
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(iii) If (vj,tj, )\) € fNZMc, both the producer’s profit and the health plan’s surplus are max-

imised under (restricted or unrestricted) uniform pricing.

Contrary to the previous cases considered, competition in the new market creates a scope for
indication-based pricing to minimise the producer’s profit. This might occur if the equilibrium
price is higher in the original market than in the new market under indication-based pricing
(ie., if v4 > 2tP), which implies that entry into Market B under uniform pricing leads to a price
reduction in Market A. This is therefore a case in which restricted and unrestricted uniform
pricing are equivalent, because the restriction does not bind under the former pricing scheme.
In this case, the producer’s profits are higher under uniform pricing than under indication-based
pricing for parameter configurations belonging to the set 0 M, and the reason is once more that
uniform pricing has a softening-of-competition effect, this time in the new market.

A uniform pricing scheme (restricted or unrestricted) serves as a commitment device that
allows the producer to set a higher price in the new market than it would have done under
indication-based pricing. Due to strategic complementarity of prices, the competing producer
in the new market will also set a higher price than under indication-based pricing. In other
words, the softening-of-competition effect means that entry into Market B leads to a smaller
price reduction in this market under uniform pricing than under indication-based pricing. For
the producer in question, this creates a profit gain in the new market market that outweighs
the profit loss in the original market if (Uj, t, )\) € Q.

Competition in the new market also creates a scope for indication-based pricing to mazimise
the surplus of the health plan, which is not possible under any of the previously considered
market structures. This occurs for parameters belong to a subset (AZM(; C Quc. Thus, a
necessary (but not sufficient) condition for indication-based pricing to maximise the health
plan’s surplus is that the same pricing scheme minimises the producer’s profits. Similarly to
the case identified in the second part of Proposition 3, indication-based pricing yields a higher
health plan surplus than uniform pricing because of lower drug expenditures in the new market
(with lower prices for both drugs under indication-based pricing) and also larger health gains
in this market (since uniform pricing creates an allocational inefficiency).

Finally, and again in contrast to the previous cases considered, there might even be perfect
agreement between the producer and the health plan about the preferred choice of pricing
scheme when there is competition in the new market. This occurs for parameter configurations

belonging to the set QMC = Qe \ QMC, in which the producer’s profits and the health plan’s
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surplus are both maximised under (restricted or unrestricted) uniform pricing.

The different parameter sets identified in Proposition 4 are illustrated in ()\, UA) space in
Figure 1 for a particular numerical example where t4 > ¢, which implies that Q MC 1s a non-
empty set. The set Qps¢, in which an interior-solution equilibrium exists under all three pricing
regimes, is given by the area between the upper and lower curves in the figure, and the case

of v4

> (<) 2tP is given by the area above (below) the horizontal line. In this example, the
set () mc, in which the health plan prefers indication-based pricing and the producer prefers
uniform pricing, covers a sizeable part of the parameter space in which uniform pricing leads
to a lower price in the original market (i.e., when v > 2B ). In opposite case (i.e., below the
horizontal line in Figure 1, where v4 < 2t%), the preference rankings of the producer and the

health plan are similar to their preference rankings in the benchmark, as given by Proposition

1.
[ Figure 1 here |

The preferences of the producer and the health plan are perfectly aligned for parameters
in the set € e, which is characterised by a relatively high value of v and a relatively low
value of A. In other words, both the producer and the health plan prefer uniform pricing if the
original market is relatively large, compared with the new market, and the drug has relatively
large therapeutic benefit for patients in this market. These properties of the set O Mc can be
explained as follows.

If the producer’s profits are higher under uniform pricing, this necessarily means that the
health plan’s drug expenditures are also higher.?* For the health plan to prefer uniform pricing,
these higher expenditures must therefore be more than compensated by larger health gains. If
vA > 2¢tB, uniform pricing implies a health gain in the original market and a health loss in
the new market, relative to indication-based pricing. The health gain in Market A results from
the fact that more patients will be prescribed the drug when the price is lower (i.e., demand
expansion), while the health loss in Market B results from the aforementioned allocational
inefficiency due to a price difference between the two therapeutic alternatives under uniform

pricing (i.e., misallocation cost).

2 Notice that, when v* > 2tZ uniform pricing leads to higher prices of both drugs in the new market,
compared with indication-based pricing, which implies that the profits of the competing producer in the new
market are always higher under uniform pricing than under indication-based pricing.
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If a larger share of the patients have indication A (and thus fewer patients have indication
B), this will obviously increase the health gain and reduce the health loss. Furthermore, since
the equilibrium uniform price is set according to a weighted average of the price elasticities of
demand in the two markets, a higher therapeutic benefit of the drug for indication A (which
makes demand less price-elastic in Market A) implies a larger price reduction in the original
market, all else being equal, when the producer uses uniform instead of indication-based pricing.
This effect reinforces the health gain in Market A induced by uniform pricing. For these reasons,
there exists a parameter set, given by Q Mmc, in which the health gain in the original market
not only outweighs the health loss in the new market, but where the net health gain outweighs
the increase in total expenditures for the health plan, implying that uniform pricing is not only
preferable for the producer, but is also the pricing scheme that maximises the health plan’s
surplus.

The pricing scheme preferences described in Proposition 4 might significantly alter the equi-
librium pricing scheme, compared with the benchmark (Proposition 2). If we consider the
three-stage entry game specified in Section 3, the results in Proposition 4 allow us to derive the

following implications regarding the equilibrium pricing scheme:

Proposition 5 If there is therapeutic competition in the new market and v > 2tB, the equi-
librium pricing scheme is (i) indication-based pricing if (vj,tj, /\) € (AZMC and f is sufficiently

small, and (i) uniform pricing if (vj, t, )\) € Quic for all f (as long as entry is not blockaded).

The proposition identifies two significant departures from our previously derived results.
First, indication-based pricing can be the equilibrium pricing scheme even in the absence of
entry costs, since there exists a parameter set in which this pricing scheme maximises the health
plan’s surplus. Thus, for sufficiently low entry costs, the presence of therapeutic competition in
the new market significantly increases the scope for indication-based pricing to be an equilibrium
outcome. However, there also exists a parameter set in which uniform pricing is the equilibrium
pricing scheme for any value of f (as long as entry costs are not so high that entry is blockaded),
since uniform pricing maximises the surplus of both the producer and the health plan within
this parameter set.

Thus, whereas the preference rankings of pricing schemes are very clear in the benchmark
case of no competition, implying that the equilibrium pricing scheme depends only on the

magnitude of the entry costs, the presence of therapeutic competition implies that the health
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plan’s optimal policy to a much larger extent must be based on a case-by-case assessment. For
a given level of entry costs, the equilibrium pricing scheme could in this case be either uniform
or indication-based pricing, depending on the therapeutic benefits and relative incidence of the

two indications in the patient population.

7 Discussion and concluding remarks

In this paper we have studied the effects of allowing indication-based pricing instead of uniform
pricing for multi-indication drugs. The rapid growth in drug expenditures—driven in part
by the innovation of highly effective but very expensive drug therapies that treat a range of
indications—poses a key challenge to payers in balancing cost containment and ensuring access
to new medicines. When evaluating the relative performance of these pricing schemes, we have
focused on how they affect the drug producer’s incentives to invest in approvals for additional
indications, their pricing strategies, and the resulting surplus for health plans and their patients.
While a small but growing body of literature examines these effects, a common feature is the
assumption of a monopolist drug producer.

The key contribution of our study to introduce competition among drug producers. Based
on the observation that multi-indication drug producers typically face therapeutic competition
for at least some indications, we consider a two-market (two-indication) model in which a drug
producer faces competition either in the original market or in the new market. Using a stan-
dard duopoly model, where the available drug therapies differ in their therapeutic effects both
vertically and horizontally across patients and indications, we derive the equilibrium outcomes
under indication-based pricing and both restricted and unrestricted uniform pricing.

Our main finding is that monopoly-based insights may not hold in the presence of com-
petition. Specifically, we identify a softening-of-competition effect where uniform pricing can
serve as a credible commitment for the multi-indication drug producer to set higher prices in
the competitive market than what would be possible under indication-based pricing. Unlike
in monopoly settings, uniform pricing can result in higher profits for the drug producer and
stronger incentives to invest in new indications. However, the softening-of-competition effect
only arises when the monopoly price is higher than the competitive price under indication-based
pricing. Furthermore, it requires that upward price adjustments are allowed when competition

occurs in the original market. Otherwise, the results resemble those of a monopoly scenario.
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What are the policy implications of our findings? The health plan and the drug producer
generally have opposing preferences for pricing schemes, provided that the producer can recoup
the fixed investment costs of launching a drug for a new indication. However, alignment of

preferences can occur in two specific cases:

1. When profits from the new indication are insufficient to cover fized investment costs: In
this scenario, the health plan may benefit from adopting a pricing scheme that generates
higher profits for the drug producer, as this ensures patients have access to the new

medicine.

2. When there is a softening-of-competition effect and competition occurs in the new market:
In this scenario, uniform pricing leads to a reduction in the monopoly price and a demand
expansion in the original market, which can result in a health gain that exceeds the losses
from higher prices in the competitive market. In this case, both the health plan and the

multi-indication drug producer can be better off with uniform pricing.

Our findings suggest that neither pricing scheme is universally optimal. Instead, a case-
by-case assessment across drug classes is more appropriate. Specifically, the choice of pricing
scheme should account for: (i) the incentives for drug producers to invest in new indications; (ii)
the drug producers’ pricing strategies; (iii) the health benefits to patients from gaining access
to new medicines; (iv) the increase in drug expenditures; and (v) the potential for therapeutic
competition across markets.

It is worth noting that our analysis is based on scenarios in which the producer in question
faces competition in only one of the two markets that we consider. If the producer instead
faces competition in both markets, this would not introduce any additional effects to the ones
already identified in our analysis. However, such a scenario would imply that uniform (as
opposed to indication-based) pricing has a softening-of-competition effect in one of the markets
while simultaneously yielding a hardening-of-competition effect in the other. In our framework,
it turns out that the latter effect always dominates, implying that the results in this case would

be qualitatively more similar to the monopoly benchmark case.?’

This might suggest that
the presence of therapeutic competition is more likely to significantly affect the desirability of

different pricing schemes when such competition occurs in some but not all markets.

2 Detailed calculations are available upon request.
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Our analysis also relies on the assumption that the drug’s ability to treat indication B is
discovered only after the producer has entered Market A. This assumption seems to fit the
observed pattern of indication approvals over time for many drugs, as discussed in the Intro-
duction. However, in some cases a producer might know at the outset that its drug is effective
in treating multiple indications. In our model, suppose that the producer is not already estab-
lished in Market A, but instead makes the entry decision for both markets simultaneously. How
would this affect the producer’s optimal pricing? Under indication-based pricing, this alterna-
tive assumption would not affect our analysis at all, since there is no cross-market externality in
pricing. Under uniform pricing, however, simultaneous entry in both markets would effectively
eliminate restricted uniform pricing as a relevant pricing scheme. This implies in turn that the
main gist of Propositions 4 and 5 holds regardless of whether the producer faces therapeutic
competition in Market A or in Market B. In either case, there exists a parameter set in which
the producer prefers uniform pricing and the health plan prefers indication-based pricing, and
there exists another parameter set in which both parties prefer uniform pricing. In this sense,
a relaxation of the assumption that the producer is already established in one of the markets
would increase the scope for the presence of therapeutic competition to qualitatively change the
results of the benchmark monopoly case.

Finally, we would like to highlight a couple of limitations of our analysis. First, the approval
process for new drug indications involves clinical testing and inherent uncertainty of success.
We have modelled this as a deterministic process, where the drug producer incurs a fixed sunk
cost for approval and proceeds if the net profit gain is positive. This net profit gain depends
on pricing schemes, the degree of competition, and demand characteristics for the drug. We
believe these factors are the most critical determinants of multi-indication drug producers’
entry decisions. Since the drug is already discovered, the primary uncertainty typically relates
to molecule innovation rather than the exploration of new indications. Introducing uncertainty
in the approval process would not significantly enrich our analysis unless the focus shifts to
modelling an innovation race, which lies beyond the scope of our study.

Second, we have not conducted a comprehensive welfare analysis of the pricing schemes.
Instead, we have concentrated on how different pricing schemes affect the drug producer’s
incentives to invest in approvals for new indications. A full welfare analysis would require con-
sidering fixed approval costs and potentially the design of the approval process. Our focus has

been on the interaction between drug producers and health plans and the resulting equilibrium
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outcomes under various pricing schemes. Indication-based pricing likely improves allocative
efficiency by moving closer to the first-best outcome, as it enables drug producers to capture
consumer surplus and enhances access to new medicines, akin to third-degree price discrimina-
tion. However, in a second-best setting, trade-offs between access and cost containment persist,

as analysed in the paper.

Appendix A: Equilibrium existence conditions

This appendix contains a complete characterisation of the parameter sets in which an interior-
solution equilibrium exists for all three pricing schemes, under each of the three market struc-
tures considered. For each market structure (MM, CM and MC'), we start out by characterising
the conditions for equilibrium existence under each of the three pricing schemes (I, U and U ),
before defining the intersection of these three parameter sets and verifying that this intersection

is a non-empty set.

Monopoly in both markets

(i) Under indication-based pricing, from (7)-(8) it is straightforward to verify that qi,, (I) €
(0,1 — X) and ¢” € (0, \) if the parameter condition in (13) holds.
(ii) Under unrestricted uniform pricing, it follows from (15) that q3,, (U) € (0,1 —\) if

v1 < vB < vy, where

(1= A) (04 = 2t4) 8 42X (04 — t4) ¢4

and
(1= X\ tB +2xt4) o4
Vg = ( )\tA ) . (AQ)

Similarly, it follows from (16) that ¢%,, (U) € (0, \) if v3 < vP < vy, where

. (1 —\)vAtB
STMAT2(1 - N8

and
1=\ (v +2tB) 4+ 2xt4) tB
gy (LN (74 267) + 2067) 87 (A4)
AXA+2(1—N)tB

In addition, equilibrium existence requires that the firm has no incentive to leave either of
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the markets. By leaving (or not entering) Market B, the firm can achieve a profit of w4, (I),

given by (9). Thus, the firm will stay in Market B only if

(2 (1-X) tBoA 4+ )\tAvB) B — (1-X) +B (UA)2
ANTE((1 = N tB + atA) LB

T (U) — iy (I) = >0, (A5)

which is true if v > v, where

v e <\/(1 ST tB;AAtA) 5~ (1-\) tB> " (46)

Furthermore, by leaving Market A (and staying in Market B), the firm can achieve a profit of

78 (1), given by (10). Thus, the firm will stay in Market A only if

(1—-M\)tB (UA)2 — A (vB —204) t40B

w U) =74, (I) = >0, A7
vy (U) = miyag (1) 10— ) (1= AP 1 Ay A (A7)
which is true if v8 < vg, where
A((T=N)tB + atA) A
v6::<1+\/(( A)tA+ ) >UA. (A8)
A comparison of (A3) and (A6) shows that vs > vs if
1—\)vAtBatA
1= X)) ((1 =\ tB 4 \tA) B ( 1-)\)t8 A
V=X (1= N8 4 i)t > ey myer T (N (A9)
=4
2
B B LB (1 —\)vAtBatA \,B
(L= (L= t7+ At ><()\tA+2(1—)\)tB)UA+(1 At (A10)
=

(1= A8 + At4) A% (1 — ) £8 (14)?
(2(1 = \) B 4 At4)?

> 0, (A11)

which is always true. Similarly, a comparison of (A2) and (A8) shows that vg < vg if

\/)\ (1=X)t8 + X)) t4 < <(<1 — A)f\fAtAwA) vt - 1) A4 (A12)
< B A\, A 2
AMA =N+ttt < ((«1 — A);t;;f” )t 1) )\tA> (A13)
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— (1= (@ =NtP + M8 <0, (A14)

which is always true. Thus, we conclude that vs > v3 and vg < ve, implying that the parameter
conditions v? > v3 and v® < vy are redundant. This implies in turn that equilibrium existence

under unrestricted uniform pricing is guaranteed for a parameter set given by (19), where
Vg i= max {vy,vs} (A15)

and

Uy M i= min {114, ’UG} . (A16)

(iii) Under restricted uniform pricing, it follows from (22) that ¢%,, ([7) € (0,)) if vB < vy,

where
vt g
vy = — 4t (A17)

Furthermore, since the uniform price given by (20) is optimal only for v# > v4, it follows from
the condition v? < vy that equilibrium existence additionally requires v4 < 2t5.

(iv) An interior-solution equilibrium exists under all three payment schemes for parameters
belonging to the intersection of the three parameter sets derived in (i)-(iii) above. Notice that
a comparison of (A4) and (A17) yields

A(2tB — ) A

if v < 2t8 A18
21— N8 ) ~ Vit <2t (AL8)

V4 — VU7 =

which implies that the condition v < v4 is redundant. Thus, the intersection of the parameter

sets derived in (i)-(iii) is a set defined by
vy < 8 < min {ve, v7, 2tB} (A19)

and

v* < min {2¢4,2t%} (A20)

It is easily verified that this parameter set is non-empty. For example, if v4 = 1.5, t4 =8 =1
and A = 0.5, an interior-solution equilibrium exists under all payment schemes for all v? €

(0.62,1.75).
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Therapeutic competition in the original market

(i) Under indication-based pricing, equilibrium drug prices are equal in Market A, which implies
that the patient with the lowest therapeutic benefit has a benefit of v — (tA / 2). It is easily
confirmed that this benefit his higher than the treatment cost, given by (30), if the condition in
(36) holds. The drug price in Market B is the same as in the benchmark case and ¢5,, € (0, \)
if (37) holds, as before.

(ii) Under unrestricted uniform pricing, it follows from (40)-(41) that ¢&,,, (U) € (0,1 — )),
i=1,2, if vP < vg, where

CRA 31— EP

= . A21
vg 2 (A21)

Furthermore, it follows from (42) that ¢Z,, (U) € (0, ) if vy < vP < vy, where

3(1—\)tAtB
= A22
YT ANA T3 (1 \) (B (A22)
and
3(1=MNtB + (345N t4) P
V10 = ( ( ) +( + ) ) . (A23)

ANA+3(1—N)tB

Additionally, a fully covered Market A requires that the therapeutic benefit is higher than the
treatment costs for all patients with indication A. With drug prices given by (38)-(39), the
patients who receive the lowest net therapeutic benefit of drug treatment (therapeutic benefit

minus treatment cost) in Market A have a mismatch value given by

1 2) (2t4 — o)
A
U)=Z= . A24
rom W) =54 S3a - NP - s (A24)
These patients have therefore a net therapeutic benefit equal to
3(3 (L= M) t8 +4xt4) + 6P
A A A A A A
—1 — = —t A2

It is easily confirmed that this net benefit is non-negative under the parameter condition given
by (48).

Equilibrium existence also requires that it is profitable for the producer to enter Market B,
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which requires that

4((1=NtP +2x1) (3(1 = N)t8 +2x008) v
—(1=X) (15 (1 = ) t8 + 32x¢4) t44P
ATL(A) B (3(1 — M) tB + 8MtA)?

rom (U) — iy (1) = >0, (A26)

which is true if v# > v1q, where

(B(L=A)tB +8X4) \/tB (1= \) (1 — A)tB +2x04) = 3t8 (1 — ) (1 = A) t8 +2x¢h)

U= AN (1 - N 1B 1 2xt4)

(A27)
In a similar vein, it must be profitable for the producer to remain in Market A, which requires

that

18(1 =) (1= A) P +2x¢4) t4¢B
A (VB (9(1 = A) B +16M¢4) — 48t (1 — M)t + 2x¢4)) 0B

T U)—n8 I)= > 0,
cur (U)=mcan (1) 4(1—N)71(3(1— M\ tB + 8xtA)?
(A28)
which is true if v# < v1o, where
24 (1= AP 20) + 9V2 (1 — M) £8 + SAe4) /A4 (1 — M) t5 + 2Xt4) (A20)
V2= X(9(1— \) B + 16Mt4) '
A comparison of (A22) and (A27) shows that
VB (1= X) (1= M) tB +2X04) (3 (1 — \) t8 + 4x4)
=38 (1= X) (1= A\ t8 +2xt4)
V11 — Vg9 = —1- (A30)
AN((T=N)tB +204) (3 (1 — A\) tB +4Xt4) (3 (1 — ) tB + 8XtA)
This expression is positive if
3B (1= X) (1 — M) tP +2x4)
tB (1 - 1—M\)tB +2x4 A31
\/ (1= A (A=At 4224 > 3(1—\)tB +4xA (A31)
< 2
3B (1=X) (1= M) tP +2x4)
B1 _ . B A
tP(1=X) (1=t +2>\t)>< (L NP+ A (A32)
=
2A (1= A) (3(1 = N)tB 4+ 8 t4) (1 — M) B 4 2xt4) tA¢B
( ) (3( )7+ ) (( )7+ ) >0, (A33)

(3(1— A)tB + 4xt4)?
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which is always true. Furthermore, a comparison of (A21) and (A29) yields

(3(1—A)t8 +4xt1) — 2/20t4 ((1 — \) 5 + 20¢4)

vg — V19 = A34
e 6A (1 — A)t+ LEX¢4) (3 (1 — A)£5 + 8AA) ! (A34)
This expression is positive if
o B A
30 A); AN A (L A28 2 (A35)
< 2
3(1—N\)tB 444
<( ( )2 ha )> > 204 ((1— )2+ 2ae) (A36)
~
itB (1—=2) (9(1 =N t8 +16Mt) > 0, (A37)

which is always true. Thus, we conclude that v1; > vg and vi3 < vg, implying that parameter
restrictions vZ > vg and v® < vg are redundant. This means that an interior equilibrium exists

under unrestricted uniform pricing for a parameter set given by (47) and (48), where
Vo = V11 (A38)

and

Ve = min {vig, v12} . (A39)

(iif) Under restricted uniform pricing, it follows from (50) that g5, (ﬁ) € (0, ) if vB < vz,
where

V13 1= tA + tB. (A40)

Furthermore, since the uniform price given by (49) is optimal only for v > 2t4, it follows from

B < v13 that equilibrium existence additionally requires t? > t4. Moreover,

the condition v
since the equilibrium prices in Market A in this case are identical to the equilibrium prices
under indication-based pricing, the parameter condition in (37) is needed also in this case.

(iv) An interior-solution equilibrium exists under all three payment schemes for parameters

belonging to the intersection of the three parameter sets derived in (i)-(iii) above. Notice first
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that a comparison of (A23) and (A40) yields

AN (1P — ) A
3(1 =) tB + 44

V10 — V13 = > 0 if tB > tA, (A41)

implying that the condition vB < g is redundant. Additionally, the condition vp < v13 makes
the condition v? < 2¢t8 redundant for t? > t#. Thus, the intersection of the parameter sets

derived in (i)-(iii) is a set defined by

vou < v? < min {v12,v13}, (A42)
B A B\ ;A
oA S i 3(3(1— ) tP +4axt +2x05) ¢ 3.4 (A43)
2(3(1—=X\)tB 4+ 8At4) "2
and
tB >4 (A44)

It is easily verified that this parameter set is non-empty. For example, if v8 =2,t4 =1,¢t8 =2

and A = 0.5, an interior-solution equilibrium exists under all payment schemes for v4 > 1.5.

Therapeutic competition in the new market

(i) Under indication-based pricing, the equilibria in CM and MC are mirror images of each
other, and so are the parameter conditions for equilibrium existence. Thus, the relevant para-

meter conditions are

v < 2t4 (A45)
and
B . 3,B

(ii) Under unrestricted uniform pricing, C M and MC' are also equivalent, implying that the
relevant parameter conditions are
Ve < v < Tye (A47)
and

5 PN+ 4(1 - N tE +2(1- X))
2(3MA +8(1—N\)tB) ’

(A48)

(Y
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where

(BMA +8(1— N\ t8) VAN (A +2(1 — N tB) — 3xA (At +2(1 — ) tB)

e A(1=2) (MA+2 (1= \)1B) » (A49)
_ 3(1=NtB 4+ 3+5Mt)t8
P 1= min { e } (A50)
and
24 (1 =N t8 (WA +2(1 - N tP)
+9 (MA+ 8 (1 - NtB) V21— N tB (AtA +2(1 - N\)tD)
V14 ‘= (A51)

(1= X) (ONA +16 (1 — N) tB)
(iii) Under restricted uniform pricing, it straightforward to verify that the equilibrium given
by (58)-(59) is relevant only if v4 < 2¢8 which implies that the equilibrium price is higher
in Market B than in Market A under indication-based pricing. Furthermore, a fully covered
Market B requires that the therapeutic benefit is higher than the treatment costs for all patients
with indication B. With drug prices given by (58)-(59), the patients who receive the lowest net
therapeutic benefit of drug treatment (therapeutic benefit minus treatment cost) in Market B
have a mismatch value given by
A

e (ﬁ) - Z - ;JTB. (A52)

These patients have therefore a net therapeutic benefit equal to
~ ~ 3
v — B o (U) — pymc (U) == gvA — ZtB, (A53)

It is easily confirmed that this net benefit is non-negative under the parameter condition given
by (66).

(iv) An interior-solution equilibrium exists under all three payment schemes for parameters
belonging to the intersection of the three parameter sets derived in (i)-(iii) above, which is a
set defined by

Ve < v < min {Tue, 261}, (A54)

and

3
= A
5t gY (A55)

v? > max §tB A §B3tB(3)‘tA+4<1_/\)tB+2(1—)\)UA) ‘
47 2(3MA +8(1—\)tB)
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It is easily verified that this parameter set is non-empty. For example, if v4 = 1.5, t4 =

tB =1

and A = 0.5, an interior-solution equilibrium exists under all payment schemes for v? > 1.5.

Appendix B: Proofs

In this appendix we present formal proofs of Propositions 1, 3 and 4. As for the remaining two

propositions in the paper, it is easily confirmed that Proposition 2 and Proposition 5 follow

straightforwardly from Proposition 1 and Proposition 4, respectively.

Proof of Proposition 1

A comparison of (11), (17) and (23) yields

1= M)\ (vA = oB)?
mam () — 7 (U) = (4((1—)>\)(t3+>\t1‘2) >0,

and )
N (’UB — vA) M2A
i (U) = marn (U) RPN S v v
A comparison of (12), (18) and (24) yields:
3(1— M)A (04 —0B)?
SMM(I)—SMM(U):— ( ) ( ) <0

8((1—A)tB + Xt
and

21— 0 tBet 4+ ae (30F — o)
C8AT (B — o) (1= A B 4 MA) B

Sunar (T) = Sun (U)
(Recall that U = U for vB < o).

Proof of Proposition 3
(i) A comparison of (34) and (43) yields

A1 =) (2t —oB) p
4(3(1— A\)tB + 8at4)?’

mom (U) — 7oy (I) =

where

=2 (15 (1= A)¢2 +320¢4) ¢4 — (9(1 — \) £ + 16M¢4) 5.
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It follows from (B5) that mcar (U) > wenr (I) if (264 — vP) and p have the same sign, and it
follows from (B6) that
n > (<) 0 if vP > <<) V15, (B7)

where

2 (15 (1 — N\ ¢8 + 320¢4
V15 = ( ( ) + )tA. (BS)
9(1—M)tB +16X4

From (B8) we can easily verify that vis > 2t%, which implies that moy (U) > mon (I) if

vB € (2t4,v15) and that o (U) < men (I) otherwise. The set Qe is then defined by
QtA < UB < min {’1)12, V13, ’1)15} (Bg)

together with (A43)-(A44). It is straightforward to verify that the set given by (B9) is non-
empty, which implies that Q¢ is also non-empty and is a subset of Qcay.
(ii) A comparison of (35) and (44) yields

A1 =) (vB—2t4)0
8(3(1—\)tB 4 8xt4)%

Som (U) — Som (I) = (BlO)

where

0 :=2 (45 (1 — A\) tZ + 104xtY) t4 — (27 (1 — M) 5 + 56¢) v, (B11)

It follows from (B10) that Scas (1) > Scar (U) if (0P — 2t4) and 6 have the same sign, and it
follows from (B11) that

0> (<)0 if v8 < (>) v, (B12)
where

2 (45 (1 — A) 8 +1040t4)
27 (1 — \) tB + 564

V16 ‘= (B13)

From (B13) we can easily verify that vig > 2t4, which implies that Scas (I) > Scar (U) if

vP € (2t4,v16) and that Scar (I) < Scm (U) otherwise. The set Qe is then defined by
2tA < UB < min {1)12, V13, ’1)16} (B14)

together with (A43)-(A44). It is straightforward to verify that the set given by (B14) is non-

empty, which implies that QCM is also non-empty and is a subset of Qcps. Furthermore, a
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comparison of (B8) and (B13) yields

32 (3 (1 — A) 8 + 84 (¢4)?

— = 0 B15
Y15 T U6 = 97 (1 AV ¢B 4 56M4) (9 (1 — \) B + 16MA) (B15)
which implies that ﬁc  is also a subset of Qo
(iii) A comparison of (34), (43) and (51) yields
N A (vB — 2¢4)?
wom (I) — Tom (U):(th)>0 (B16)

and

()= (0) = ()70 = %+ 8A [P (1= N tP - 20e) = (1= N7+ axe) 4]
TOM TOM AL ()T (08 — 26A) 1B (3 (1 — ) £P + SAA)?

(B17)
which is positive for the relevant case of v® > 2t4 (i.e., the case in which the restriction on

uniform pricing binds). It follows from part (i) of the proof that

ren (1) > wou (U) = mon (O) (B18)

for the remaining case of v” < 2t4. Furthermore, a comparison of (35), (44) and (52) yields

0 (17)" (1= A) + 83t (305 — 26%) + A (1 = N) (1107 + 14¢4) 7
ATHEA) T 8 = 264)7THB (3 (1 — M) 8 + 8MA)

Sonr (ﬁ) ~ Sear (U) =
(B19)
and
A (0P —2t4) (308 — 2t4)

SCM ((/j> - SCM (I) = 1618 ) (BQO)

both of which are positive for the relevant case of v > 2t4. Tt follows from part (ii) of the

proof that
Scm ([7) = Som (U) > Soar (1) (B21)

for the remaining case of vB < 2t4.

Proof of Proposition 4

(i) Suppose that vA > 2tB. In this case, the restriction does not bind under restricted uniform

pricing, so that myc (U) = mpco (ﬁ) Furthermore, a comparison of equilibrium profits under
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indication-based and uniform pricing yields

AL =) (v —2t8
e 1) = mue (U) = S o _)Ag - Atl)l, (B2)

where

vi= (16 (1= M)t +9x4) ot — (32(1 — A ¢8 + 150¢4) 265, (B23)

For v4 > 2tB, the sign of (B22) is given by the sign of v, which is positive (negative) if

v4 > (<) v17, where

2 (15At4 + 32 (1 — A t8) o
(XA 416 (1 — \) tB)

V17 = (B24)

From (B24) we can easily verify that v;; > 2t which means that myc (U) > 7 (1) if

vA e (2tB, 1)17). The set Q¢ is then defined by
2t? < v < min {Gyc, 264, 017}, (B25)

in addition to (A55) and ¢4 > t#, which is a necessary and sufficient condition for (B25) to be
a non-empty set, implying that Q¢ is a subset of Qzc.
(ii) Suppose again that v > 2¢t8, which implies that Sy;c (U) = Syc (ﬁ ) A comparison

of the health plan’s surplus under indication-based and uniform pricing yields

A=) (v —2tB)

Suc () =SucU) = 2 (8(1— A8 4 3:A)2

(B26)

where

=2 (104 (1 — \)t8 +4504) ¢7 — (56 (1 — A) £7 + 270¢4) ot (B27)

For v* > 2tP, the sign of (B26) is given by the sign of 7, which is positive (negative) if

v4 < (>)v1s, where
2 (104 (1 — \) tB 4 454
V18 1= ( ( ) + )tB. <B28)
(56 (1 — A) tB + 27\t4)

From (B28) we can easily verify that vig > 2¢t8, implying that Syc (I) > Syce (U) if v2 €

(2tB, Ulg). The set Q mc is therefore defined by

2t8 < v < min {EMC, 24, Ulg} , (B29)
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in addition to (A55) and t4 > ¢tB, which is a necessary and sufficient condition for (B29) to be
a non-empty set, implying that 0 Mc is a subset of Qp;c. Furthermore, a comparison of (B24)
and (B28) yields

32(1—X) (8(1— \)tB +3M4) (¢8)°

_ — B
V1T VI8 = e A) 1B 4 ONEA) (56 (1 = NV B 1 27nA) (B30)

which implies that Q Mc is also a subset of Qpsc.

(iii) Since vi7 > wvig, it follows from the analysis in (i)-(ii) that 7mac (U) > mare (I) and
Syc (U) > Sy (I) if vig < v4 < w7, For this set to be non-empty, we need to make sure
that v1s < min {Dp¢, 2t4}. Using (A50) and (B28), a comparison of v1g with each of the three

relevant upper bounds yields

2 [56445 — 104 (1 - 2) (£7)” = A (1017 — 27¢4) ¢4]

21 — vy = B31
vis 56 (1 — \) tB + 27T\tA ’ (B31)
(3(1 =N tB+ (3451 t1) 8 B (8(1 =Nt +3 1) (B32)
AINA+3(1— N (B VI8 T 56 (1 — \) B + 27MA) (4(1 — \) (B 1 3At4)
and
5((1=N)t8 + 34
V14 — V18 = (( e )27 A8 )r R RV (B33)
70 (1 —A) (1= X)tB + ZEAt4) (1 — A) t8 + Fpat4)
where
ko= T (8 — 17A) 45 270 (14)° — (1 — A) 104 (¢7)° (B34)
and
2
p i = 21\/2 (1 =X tB(MA+2(1—\)tB) <(1 -~ MtP + 5ZAtA>
1
-71= (40 (1 — \) 8 + 2704 ¢5. (B35)

We need to define a parameter set for which (B31)-(B33) are all positive. The sign of (B33) is

given by the sign of p, which is positive if

211/2(1 - A) t8 (WA +2(1 - \) 1) <(1 NP i@ﬁ)

> %tB (1—X) (40 (1 — \) P 4+ 27x¢%) (B36)
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tB (1= X) (40 (1 — M) tP + 27x¢4)

V2N B (A +2(1 - 0)t8) > SN+ A (B37)
56
=
B(1_ _ \\4B A\ 2
21— t8 (A +2(1-N)tF) - (t (184?21(4_05 tBAJZ%g;AQ)W )> >0 (B38)
<~

(3328 (1= A (2= N)) (£2)7 + 720 (\t4)” + 3024 (1 — ) 1447 ) 12
9(1—A)H(16(1 = A B + 9MA) (56 (1 — A) tB + 27AtA)?

> 0, (B39)

which is always true. Furthermore, it is fairly straightforward to verify that (B31) is positive
for all A € (0,1) if t4 > 1—73tB. Finally, the sign of (B32) is given by the sign of , which is

positive if

119X — 1 2020) — 2096) \
tA>< 9\ — 56 + /3136 + (2929 096))163' (B40)

54\

It is easily verified that the condition ¢ > 22¢5 always holds if (B40) holds. Thus, (B31)-(B33)
are all positive if the condition in (B40) holds.

Using the analysis in (i)-(ii), the parameter set Qurc is then defined by
v1g < v < min {EMC, 2tA,U17} , (B41)

together with (A55) and (B40). Notice that these parameter restrictions imply ¢4 > t# and

vA > 2t8. Tt also follows from the definitions of Q¢ QMC and SNIMC that Q0 = QMC UQMC.
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v

Figure 1. Pricing scheme preferences with therapeutic competition in the new market.
In Q,c, the health plan prefers indication-based pricing while the producer prefers
uniform pricing. In Q,¢, both the health plan and the producer prefer uniform pricing.
Other parameter values: v8 = 3,t4 = 5and t? = 1.
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