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Abstract

Pharmaceutical companies often delay the introduction of new versions of a drug, al-
legedly extending exclusivity periods of the original innovation. This practice is viewed as a
way to circumvent market cannibalisation, since introducing a new drug early would result
in decreased sales of the original drug. However, our study reveals that market cannibalisa-
tion as such does not provide sufficient incentives for delaying the introduction of follow-on
drugs. We find that, under free pricing, launching a follow-on drug while the original ver-
sion still enjoys patent protection is optimal, since it also allows for increases in the price
of the original drug. Pricing and cost-containment constraints imposed by health plans and
regulators, rather than the patent system itself, are shown to incentivise delays of valuable
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1 Introduction

Patents play a pivotal role in rewarding the development of new drugs. By granting exclusive
rights to the inventor, patents offer incentives for pharmaceutical companies to invest in costly
research and development processes to create novel drugs that address unmet medical needs and
improve patients’ health. Pharmaceutical companies need to protect the intellectual property
rights to promising new compounds long before they are approved and get marketing authori-
sation. On average, it takes around 8 years of clinical testing before a new drug is approved
(Lakdawalla, 2018). In the early development phase, specific choices need to be made regarding
the exact molecule structure, dosage and formulation, and in some cases also combinations with
other active ingredients, to be tested in clinical trials (Fowler, 2017). After approval, both clin-
ical experience and medical development can reveal possible adjustments of the original drug
that improve treatment outcomes, at least for some groups of patients.

If new versions of a drug offer improved treatment outcomes or better adherence, they
should be introduced in the market as soon as they have been recognised. Instead, it appears
that follow-on drugs in many cases tend to be introduced shortly before patent protection of
original versions expires (Huckfeldt and Knittel, 2011; Shapiro, 2016; Fowler, 2019). This is
seen as evidence of life cycle management practices that strategically delay new versions to
extend exclusivity periods beyond what is justified by the original innovation (Price II, 2020).
The argument is that early introduction of a follow-on drug would cannibalise the sales of the
original version (Shapiro, 2016; Fowler, 2019). By delaying introduction, the new version will
instead be competing with generic versions of the original drug, but then with some degree of
market power since follow-on drugs often benefit from fixed exclusivity periods separate from
the original drug.

Despite the existence of some empirical support for the strategic delay argument, economic
research has not yet provided a sound theoretical explanation of the phenomenon. Our paper
develops a theoretical model to investigate pharmaceutical companies’ incentives to delay follow-
on drugs until patent expiration of the original drug. We adopt a spatial framework in which a
patented original drug constitutes the only treatment option until a follow-on drug is discovered.
Once discovered, the producer can start the approval process for immediate launch or wait until
patent expiration of the original drug. We analyse this choice within a fairly flexible framework

in which the follow-on drug can be both horizontally and vertically differentiated from the



original version.

If the follow-on drug is introduced before patent expiration of the original drug, some patients
will benefit from switching to the new version. If the market is fully covered, this will cause an
equal loss of sales for the original version. Our analysis reveals that even such an extreme form
of market cannibalisation is not sufficient to delay the introduction of follow-on drugs. Lower
sales of the original drug are more than compensated for by the fact that the introduction of
the follow-on drug allows the pharmaceutical company to adjust the price of the original drug
upwards. The profitability of an early launch, therefore, stems not only from the additional
surplus extracted through the sales of the follow-on drug, but also from being able to extract
more surplus from selling the original drug. If the company delays the launch until patent
expiration, this latter effect is absent since the price of the original drug will be forced down to
marginal cost due to generic competition. Thus, it is more profitable to launch the follow-on
drug when the company still has market power in the price setting of the original drug. In an
extension to our main analysis we show that this holds even if we introduce patients that are
loyal to the company’s original brand when faced with generic versions.

However, this does not mean that delaying the introduction of follow-on drugs cannot be
a viable strategy. Instead, we identify under which circumstances such strategies might be
chosen by the producer. It turns out that pricing and cost-containment constraints imposed
by regulators and health plans, more than the patent system as such, can provide incentives
to delay valuable follow-on drugs. This result has support from Kyle (2007) and Cockburn et
al. (2016) who find that pharmaceutical companies strategically delay launches in countries
with price controls, and that the use of price controls has a statistically and quantitatively
important effect on the extent and the timing of the launch of new drugs. In many real-world
pharmaceutical markets, companies face various constraints on their price setting, which distorts
the crucial link between the launch of follow-on drugs and the price of patented original drugs.
We explore two such pricing restrictions.

We first assume that the pharmaceutical company is free to set the prices of its different
drug versions, but that each version will be potentially available to patients only if they are
accepted by a health plan that maximises total health benefits net of drug purchasing costs.
This means that a new drug is included in the health plan only if the additional health gains
of the drug are at least as high as the increase in total purchasing costs for the health plan.

Although this restricts the pharmaceutical company from fully appropriating the therapeutic



value of follow-on drugs, we show that the cannibalisation effect may still be too weak to delay
entry until patent expiration of the original version.

Assuming that the follow-on drug and the original version are only horizontally differenti-
ated, we need to impose a more severe regulatory constraint in the form of a binding price cap in
order to create incentives to delay the launch of the follow-on drug. The effect of a binding price
cap on the incentives for launch delay is most easily understood in the special case in which the
treatment value of the original drug is sufficiently high, such that the market is fully covered
even before the follow-on drug is launched. In this case, since the introduction of the follow-on
drug does not increase total demand, and since a binding price cap does not allow the company
to increase drug prices, there is no additional profit to be gained from early introduction and it
is clearly optimal to delay the launch of the follow-on drug until the patent of the original drug
expires in order to avoid the cannibalisation effect.

Somewhat surprisingly, therefore, it appears that patent protection and market power in
itself is not likely to cause inefficiencies in the timing of follow-on drug launches. Our results
reveal instead that attempts to control market power by price cap regulation is what might
trigger a delay strategy for follow-on drugs. Discussions of how price regulation affects welfare
are usually related to the well-known trade-off between dynamic and static efficiency, where
the typical concern is that (excessively strict) price regulation might harm dynamic efficiency
by providing insufficient incentives for developing new drugs. We identify another potential
inefficiency caused by price regulation; namely delayed launch of drugs that have already been
developed.

The rest of the paper is organised as follows. In Section 2 we discuss related literature.
In Section 3 we present the model. In Section 4 we analyse the optimal launch time decision
under free drug pricing. In Section 5 we investigate the optimal launch time under constrained
drug pricing. In Section 6 we explore efficiency and welfare properties of the launch decisions,
including the effect of price regulation. In Section 7 we explore an extension with brand-loyal
patients, before drawing some policy implications and offering some concluding remarks in

Section 8.



2 Related literature

This paper adds to the literature in health economics that study inter-brand competition in
pharmaceutical markets. Although novel drugs enjoy patent-protection for an extensive period,
their market power is often constrained by the entry of therapeutic substitutes. These are drugs
with different active substances that target the same groups of patients and indications. When
they are sold by different pharmaceutical companies, they can introduce price competition, de-
pending on their therapeutic overlap (e.g., Ellison et al., 1997; Branstetter et al., 2016, Danzon
and Chao, 2020; Dickson et al., 2023). Theoretical studies have explored therapeutic compe-
tition and price regulations by adopting spatial frameworks that incorporate both horizontal
and vertical differentiation among drugs (e.g., Miraldo, 2009; Bala and Bhardwaj, 2010; Bardey
et al., 2010; Bardey et al., 2016; Gonzélez et al., 2016; Brekke et al., 2022, 2023, 2024). Our
model is closely related to this strand of the literature, but distinguishes itself by assuming that
therapeutic substitutes are introduced by the same company.

When new drugs and formulations are produced by the same company, a new set of concerns
arises, often associated with so-called product-hopping (Carrier, 2010; Shadowen et al., 2009,
2016; Carlton et al., 2016). Carrier and Shadowen (2016) reserve the term ‘product-hopping’
for instances in which the brand producer (i) reformulates the product with the purpose of
making generic drugs non-substitutable to the original drug and (ii) encourages doctors to
write prescriptions for the reformulated product rather than the original. According to this
reasoning, the producer introduces a new version of the drug shortly before patent expiration
that does not provide any significant additional therapeutic benefits over the original drug.!
Despite this, producers are claimed to be able to persuade health providers to prescribe the
new version, and harm consumers by making them pay higher prices than they would have paid
for the generic versions of the older alternative.

Carlton et al. (2016) criticise the underlying assumption that generic producers cannot con-
vince potential buyers to buy generic substitutes instead of the new product, if the new product
is in fact not offering any therapeutic improvements. Since new drug versions are granted mar-
ket exclusivity following successful completion of clinical trials, Shapiro (2016) argues that it

is not unreasonable to assume that a new version of a drug might be therapeutically superior,

! There is a related literature on patentholders’ ability to delay generic competition by increasing the cost of
challenging patents that protects the brand name drug (e.g., Engelberg et al., 2009; Hemphill and Sampat, 2011,
2012; Lipatov, 2020).



at least for some patients.? For example, Huskamp et al. (2009) found evidence of therapeutic
benefits of new reformulations of SSRI anti-depressants for subgroups of users. In the present
paper we adopt a flexible approach in which the therapeutic value-added of the follow-on drug
might range from ‘minimal’ to ‘substantial’, for some or all patients. Thus, our modelling frame-
work allows us to explore how the degree of substitutability between the original version and
reformulations affects market outcomes.

If a new version of a drug offers improved treatment effects, the first-best outcome (from
a utilitarian welfare perspective) is that the new version is introduced as soon as possible.?
Using data for the sleep-aid drugs, Shapiro (2016) derives estimates of the welfare costs of
strategically delaying the entry of a new version until just before patent expiration of the original
drug. Yin (2023) extends this line of research by evaluating policies for exclusivity protection of
line extensions. She uses individual-level prescription data for SSRI anti-depressant drugs and
finds that the consumer surplus losses due to extended market exclusivity exceed the consumer
surplus benefits from innovating line extensions. Phadke (2024) finds similar results when using
data for dementia drugs. Furthermore, Fowler (2019) shows that the producer’s incentive for
delaying introduction increases with the share of line extension sales that would cannibalise
sales of the original drug. Using a novel dataset of over 700 pharmaceuticals approved in the
United States from 1985-2016, linked to all subsequent line extensions in that period, she finds
that an original product is almost twice as likely to have a line extension approved in the period
leading up to expected generic entry than three or more years before expected generic entry.

A related study to ours is Kyle (2007) who study the relationship between the use of price
control schemes and the launch decision by pharmaceutical companies across countries and
therapeutic markets. Using a novel dataset on all drugs developed between 1980 and 2000, she
obtains information on drug launches in therapeutic markets for the 28 largest pharmaceutical
markets globally.? Combining this with information about price control schemes, she finds that
price controls has a significant and sizeable effect on the extent and timing of the launch of
new drugs in therapeutic markets across countries. Similar findings are reported by Cockburn

et al. (2016) who study the timing of launches of 642 new drugs in 76 countries during 1983

?In their definition of product-hopping, Carrier and Shadowen (2016) wanted to avoid targeting brand refor-
mulations as anti-competitive if they are designed to improve the product by competing with other brands or
growing the market.

3See 01 (2007) for a general discussion of why new inventions are not always immediately introduced in the
market.

*Stremersch and Lemmens (2009) examine the relationship between various regulation and sales of new drug
therapies.



to 2002. Using information about price control schemes in these countries, they find that price
regulation delays launch, while longer and more extensive patent rights accelerates it. While
these studies do not focus specifically on the launch decision of follow-on drugs, their findings
align with our results in the present paper.

Finally, our paper is also related to the broader literature on innovation and strategic entry
in pharmaceutical markets. For instance, Ellison and Ellison (2009) analyse incentives for an
incumbent brand-name drug producer to deter entry from generics producers by means of ad-
vertising. Another example is Narasimhan and Zhang (2000) who develop a game-theoretical
model to analyse firms’ decisions about entering untested markets, revealing that both pioneer-
ing advantages and laggard disadvantages can drive firms to enter markets quickly. Additionally,
they discuss how cannibalisation can either deter or motivate incumbents to become a market

pioneer. None of these papers are concerned with the launch decision of follow-on drugs.

3 Model

Consider a recently patented prescription drug for which there is currently no viable therapeutic
alternative. There is a unit mass of heterogeneous patients who might benefit, to different
degrees, from being treated with this drug. More specifically, suppose that the therapeutic
benefit of one drug unit is given by v — 72, where x is randomly and independently drawn
from a uniform distribution on [0, 1] for each patient, and where the parameter 7 > 0 therefore
measures the degree of patient heterogeneity in therapeutic benefits. We will henceforth refer
to this drug as the original drug.

As a by-product of the R&D investments undertaken to develop the original drug, the
producer also has the possibility of introducing (at a much lower cost) a modified version of this
drug that might give additional therapeutic benefit to some patients. More specifically, suppose
that the therapeutic benefit of one unit of the new drug version is given by w — 7 (1 — ),
which implies that the therapeutic benefits of the two drugs are negatively correlated across the
patient mass. Thus, the two drug versions are horizontally differentiated (as long as 7 > 0) and
also potentially vertically differentiated (if w # v). If introduced, the new drug version will be
protected by either a separate patent or a fixed exclusivity period, depending on the similarity
with the original drug. We assume that both drug versions can be produced at marginal cost

equal to ¢, and we will henceforth refer to the modified version of the original drug as the



follow-on drug. We will also intermittently refer to the parameters v and w as the quality of
the original and the follow-on drug, respectively.’

In this context, a key decision the producer has to make is when to launch the follow-on
drug. In order to analyse this problem, we consider a two-period model in which the length of
each period corresponds to the length of the exclusivity period of the follow-on drug, and where
the patent protection of the original drug ends after the first period.® In this setting, there are

two potentially optimal launch decisions for a profit-maximising producer:

1. The follow-on drug is launched at the start of the first period, and the producer sells both
drug versions, under patent protection, in the first period. In the second period, generic
competition drives prices down to marginal cost for both drug versions and the producer

earns zero profits in this period.

2. The launch of the follow-on drug is delayed until the start of the second period. In this
case, the producer sells only the original drug, under patent protection, in the first period.
In the second period, generic competition drives the price of the original drug down to
marginal cost. However, the producer can still make profits from selling the follow-on
drug, which is protected from direct generic competition in the second period, but faces
competition from the (horizontally and vertically differentiated) original drug that is sold

at price equal to marginal cost.

The analysis is based on the basic observation that profits from prescription drug sales are
predominantly made during the patent or exclusivity period, which we take to the extreme by
assuming that direct generic competition will imply drug prices equal to marginal cost. With
this simplifying assumption, the launch decision boils down to whether it is more profitable for
the producer to sell a patent-protected follow-on drug (i) in competition with its own patent-
protected original drug (in the first period), or (ii) in competition with generic versions of the
off-patent original drug (in the second period).

Regarding drug demand, we assume that all patients are covered by a health plan, and
that each patient will be prescribed at most one unit of drug treatment in each period. The

treatment choices are made by a prescribing physician who considers both treatment costs and

Notice also that the degree of horizontal differentiation between the original drug and the follow-on drug is
measured by the magnitude of 7 relative to v and w. Thus, higher values of v and w are equivalent to a lower
value of 7; in both cases, the two drugs are less horizontally differentiated.

Thus, if the patent period of the original drug ends at time 7" and the length of the exclusivity period of the
follow-on drug is t, the first period starts at time T — ¢, while the second period ends at time T + ¢.



therapeutic benefits for each patient, which we assume are observable to the physician. More
specifically, we assume that the physician has three treatment choices for each patient, and that

the utility assigned to each of these choices by the physician is given by

v—Tx — Bp, if the original drug is prescribed
U=4q w—7(1—-2)— Bpy if the follow-on drug is prescribed (1)
0 if no drug treatment is prescribed

where p, and py are the unit prices of the original and follow-on drugs, respectively. The
parameter 5 € (0,1] measures the price sensitivity of the physician’s treatment choice. We
can think of the physician as being an agent for both the patient and for the health plan that
purchases the drugs. In the special case of § = 1, the physician takes drug prices fully into
account and acts as a perfect agent for a health plan that maximises total health benefits net of
purchasing costs. However, in the more general case of 5 < 1, the physician is more concerned
about treatment benefits than treatment costs.” For the sake of terminological brevity, we will
henceforth refer to Sc as the perceived treatment cost of drug treatment; i.e., the cost of one unit
of drug treatment as ‘perceived’ by the prescribing physician. The total per-period demand for
each drug in the market results then from maximisation of (1) for each patient.

Finally, our analysis relies on the underlying assumption that the cost of launching the
follow-on drug is always low enough to make a launch profitable. Since these costs have to be
paid regardless of whether the drug is launched in the first or in the second period, they do not
affect the optimal launch time. For simplicity, we also abstract from any discounting of profits
between the two periods. All else equal, the only effect of a positive discount rate is to make
launch delay less profitable. Thus, the assumption of no discounting means that we maximise

the scope for launch delay to be the profit-maximising decision.

4 Launch time decision under free drug pricing

We start out by assuming that the patent-holding producer can freely set the prices of both the
original drug and the follow-on drug. Below we present the profit-maximising pricing decisions,

and the corresponding profits, in each possible market structure, before deriving the optimal

"Notice that our assumption of drug prices equal to marginal cost after patent expiry arises as a Nash
equilibrium outcome as long as f is strictly positive and as long as the prescribing physician considers generic
copy drugs to be perfect substitutes to the off-patent drug (original or follow-on) for all patients.



launch time of the follow-on drug. In order to make the analysis as complete as possible, we do

not impose any ex ante restrictions on the parameters of the model.

4.1 Equilibrium drug prices, demand and profits

Depending on the launch time decision, there are three different cases in which the producer
is able to earn positive profits. In the first period, the producer can earn positive profits from
selling either one or two drugs, depending on whether the follow-on drug is launched in this
period or not. Furthermore, if the launch is delayed, the producer can also earn positive profits
from selling the follow-on drug under exclusivity in the second period. We will consider each
of these three cases in turn. Below we present and discuss the profit-maximising outcomes, in
terms of prices and profits, while further details about the derivation of these outcomes are

relegated to Appendix A.

4.1.1 First-period outcome with launch delay (market structure M)

Suppose that the launch of the follow-on drug is delayed until the second period. In this case,
the producer is a single-product monopolist in the first period, which we henceforth refer to
as market structure M. The profit-maximising price of the original drug in the first period,

denoted by pM, is then given by

v+Sc M
> if v<wv
=9 ¥ : (2)
UET if v > oM
where
oM =27 4 Be. (3)

When setting the profit-maximising price, the producer faces a basic trade-off between sur-
plus extraction at the intensive versus the extensive margin. As long as the quality of the
original drug is below a certain threshold level, given by v, this trade-off results in a market
that is not fully covered. In other words, the optimal price is such that some patients, those
with relatively low therapeutic benefit, are not prescribed the drug. Although the producer does
not capture all potential demand, this is more than compensated by higher surplus extraction
from inframarginal patients who derive a higher therapeutic benefit from drug treatment.

However, for a sufficiently high drug quality, v > v, the profit-maximising price is such

10



that all patients are prescribed the drug, resulting in a fully covered market. For v > vM,

the price of the original drug is set such that the prescribing physician is indifferent between
prescribing or not the drug to the patient who derives the lowest therapeutic benefit from drug
treatment (i.e., the patient with x = 1). Intuitively, the profit-maximising price is inversely
related to the price-sensitivity (5) of the prescribing physician.

The resulting first-period profits, denoted by 7, are given by

M=y - 4

and are monotonically increasing in the quality of the drug. Notice that this solution requires
that v > ¢, i.e., that the maximum therapeutic benefit of drug treatment is higher than the
perceived treatment cost. Otherwise, if v < B¢, no patient will be prescribed the drug even if

the price is set at marginal cost, and the drug will therefore not survive in the market.

4.1.2 First-period outcome without launch delay (market structure M M)

Suppose that the producer instead launches the follow-on drug immediately, at the start of the
first period. In this case, the producer is a multi-product monopolist in the first period, which
we henceforth refer to as market structure M M. In this case, the profit-maximising prices for

the original and the follow-on drug, denoted by pé\/f M and py M respectively, are given by

v+5c . < MM
MM 5 if v<v
pM=q , (5)
3U+41UB_ T Zf v > ’UMM
w+LBe . MM
MM 55 if v<w ©)
PE T suie o , MM
T 'Lf v >0
where
oMM = 2 (7 4 Be) — w. (7)

Also in this case, the market might be either partially or fully covered in equilibrium. If
v+w < 2(7 + Bc), which implies that v < v™M | the ‘aggregate drug quality’ in the market is so
low that some patients will not be prescribed either of the drugs at the profit-maximising prices.

Since the therapeutic benefits of the two drugs are negatively correlated across the patient mass,

11



this implies that there is no de facto substitutability between the two drugs, which are then
priced as if they were monopoly products in two separate markets.

However, if v+w > 2 (1 + Bc), which implies that v > v | the drug qualities are sufficiently
high for all patients to be prescribed either the original or the follow-on drug at the profit-
maximising prices. In this case, the profit-maximising prices are set such that the maximum
surplus is extracted from the market while still making sure that all patients are prescribed
one of the drugs. In other words, the prices are such that there exists a patient for whom
the physician is indifferent between all three treatment choices: prescribing the original drug,
prescribing the follow-on drug, or not prescribing any drug treatment. The exact characteristics
of this patient are determined by the relative quality of the two drug versions. More specifically,
this patient is characterised by =z > (<) 1/2 if v > (<) w, which implies that the higher-quality
drug will be prescribed to the majority of the patients. It is also easily verified from (5)-(6)
that the higher-quality drug has a higher price, i.e., that pM™ > (<)p§c\/[M is v > (<)w.

Furthermore, it is worth noticing that, when the market is fully covered, the price of each
drug is increasing not only in its own quality, but also in the quality of the therapeutically
substitutable drug. This occurs because the two drug versions are sold by the same producer.
Suppose that the quality of the follow-on drug increases. All else equal, this shifts some de-
mand towards the follow-on drug and also implies that the new marginal patient (for whom
the physician is indifferent between prescribing the original and the follow-on drug) obtains a
therapeutic benefit of drug treatment that is strictly higher than the perceived treatment cost.
The optimal way for the producer to extract some of the additional surplus created by this
quality increase is to increase the prices of both drugs, though with a larger price increase for
the follow-on drug.

The resulting first-period profits, denoted by 7™M are given by

MM v24§$2 - (vﬂg;ﬂc)c if v <oMM ®
T = .
2
wg%—r (t%;;) _ e if v > oMM

As expected, these profits are increasing in the quality of either drug version, and decreasing in
the price sensitivity of the physician’s prescription choices.

As before, positive drug sales require that the maximum therapeutic benefit is higher than
the perceived treatment cost; i.e., min {v,w} > Bec. Notice, however, that the above presented

solution also requires that the quality difference between the two drug versions is not too

12



large. More specifically, the prices given by (5)-(6) ensure positive sales of both drugs only if
|w —v| < 27. If this condition does not hold, only one of the two drug versions will survive
in the market. There are therefore two remaining possible market outcomes, which can be

characterised by defining two threshold levels of v, given by

oMM =y — 27 9)

and

oMM = 4 27 (10)

If v < vMM_ the follow-on drug replaces the original drug for all patients and is priced such

that the market is fully covered, with price and profits given by

p?/[M:w_T—c and MM =Y T (11)

B B

On the other hand, if v > MM the follow-on drug is never introduced and the original drug is

priced such that the market is fully covered, with price and profits given by

v—T
MM _ —c¢c and 7

? B B

MM _Y"T (12)

4.1.3 Second-period outcome with launch delay (market structure GM)

If the launch of the follow-on drug is delayed until the second period, the producer can sell this
drug under exclusivity in this period, facing only competition from (generic versions of) the
original drug that is sold at a price equal to ¢, which we henceforth refer to as market structure

GM. In this case, the profit-maximising price of the follow-on drug, denoted by p?M , is given

by
ugeif v < ofM
p?M: ““’”%—c if oM <y <FM (13)
c+ “’727?7 if v > o§M
where
oM =y 300 Y (14)
and
v§M Z:T—F%—%. (15)



If the quality of the original drug is sufficiently low, v < vfM , the profit-maximising price
of the follow-on drug is such that the market is not fully covered. This means that the original
drug and its generic copies are not de facto competitors to the follow-on drug even if they are
priced at marginal cost. In this case, the producer sets the price of the follow-on drug as if it
was a monopoly product in a separate market.

On the contrary, if v > U1GM , it is optimal for the producer to price the follow-on drug such
that the market is fully covered and all patients are prescribed one of the drug versions. In this
case, there is de facto competition between the two drug versions, and the profit-maximising
price of the follow-on drug is set as a best-response to the price ¢ of the original drug (and
its generic copies). This price is a piecewise linear function of v that increases (decreases) in
v for v < (>)v$M. In the interval vfM < v < vFM | the producer’s profits are maximised by
setting a price of the follow-on drug such that the marginal patient (for whom the physician is
indifferent between prescribing the original and the follow-on drug) has a therapeutic benefit
that is just equal to the perceived treatment cost. Within this interval of v, a higher quality
of the original drug therefore allows the producer to increase the price of the follow-on drug
in order to keep the physician indifferent between all three treatment choices for the marginal
patient. However, for sufficiently high values of v, more specifically v > ’UQGM , it is better for
the producer to set a price that leaves a strictly positive surplus (i.e., therapeutic benefit higher
than perceived treatment cost) for the marginal patient, in order to boost the demand for the
follow-on drug. Thus, as long as v > UQGM , a higher quality of the original drug induces the
producer to reduce the price of the follow-on drug in order to dampen the resulting demand
loss.

The above described pricing strategy generates the following second-period profits, denoted

by 7¢M | in case of launch delay:
2
N
7CM — (v+w—2ﬁc—ﬁTT)[T—(v—BC)} if  ofM <y <M (16)
2
% if v > v§M

As expected, these profits are increasing in the quality of the follow-on drug, decreasing in the
quality of the original drug (and its generic copies), and, as before, decreasing in the price
sensitivity of the physician’s prescription choices.

However, the above derived solution is an equilibrium outcome only if the quality difference

14



between the two drug versions is not too large. More specifically, the solution exists for a

parameter set given by M <y < M , Where

oM = w — 37 (17)
and

M = w41 (18)

Ifvé¢ (QGM , oM ), there are two possible remaining outcomes. If v > 7“M | the follow-on drug
cannot profitably survive in the market even under exclusivity and the producer earns zero
profits in the second period.

On the other hand, if v < v® | the quality difference is so large in favour of the follow-on
drug that the original drug and its generic copies are driven out of the market. In the resulting
equilibrium, the follow-on drug serves all patients in a fully covered market with a price that
is just low enough to make the physician indifferent between prescribing this drug and the
original drug (or one of its generic copies) for the patient with the lowest therapeutic benefit of
the follow-on drug (i.e., the patient with = 0). Thus, if v < v% the pricing of the follow-on
drug is constrained by potential competition from generic versions of the original drug. The

resulting price and profits are then given by, respectively,

w—v—T

p?M:c-l- 3

and
GM w—v—T

4.2 Price effects of immediate launch

In order to facilitate the understanding of the producer’s optimal launch decision, it is instructive
first to look at how different launch decisions affect drug prices. In particular, we are interested
in investigating how immediate launch of the follow-on drug affects the price of the original

drug in the first period. The answer is given by the following Lemma.®

Lemma 1 As long as a first-period launch of the follow-on drug leads to some substitution

between the two drug versions, the price of the original drug increases as a result of the launch.

8See Appendix B for a formal proof.
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Thus, a first-period introduction of the follow-on drug might not only increase the producer’s
total demand (in case the market is not fully covered with only the original drug), but it will also
induce the producer to charge a higher price for the pre-existing original drug. The reason is that
offering two horizontally differentiated drugs (instead of one) enables the producer to extract
more surplus from inframarginal patients by charging higher prices. The easiest way to explain
the intuition for this is to consider a specific example. Suppose that the producer launches
the follow-on drug with the same price as the original drug. If this leads to some substitution
(i.e., some patients switch from the original to the follow-on drug), then the market will be
fully covered with a therapeutic benefit for the marginal patient that is strictly higher than
the perceived treatment cost. This implies in turn that the producer can increase the price of
the original drug without any loss in total demand. The price increase will only induce the
physician to prescribe the follow-on drug instead of the original drug to some patients, and if
the follow-on drug is sold at the same price as the original drug before the launch, such a price

increase is clearly profitable for the producer.

4.3 The optimal launch time of the follow-on drug

Should the producer launch the follow-on drug in the first period, or delay the launch until the

second period? In the former case, the total profits of the producer is given by 7MM

, whereas,
in the second case, the total profits are given by 7™ + 7¢M_ Thus, the profit gain of launch

delay, denoted by Am, is given by

Ar =M 4 gOM _ MM, (21)

The following Proposition gives, perhaps surprisingly, an unambiguous answer to the producer’s

launch time decision problem:’

Proposition 1 Under free pricing, the patent holder has never any incentive to delay the launch

of the follow-on drug.

Thus, for the entire set of parameter values for which the follow-on drug can profitably
survive in the market, the producer maximises its profits by launching the drug immediately.
This might appear far from obvious, since immediate launch has a cannibalising effect on the

producer’s own sale of the original drug, while launch delay implies that the follow-on drug

9See Appendix B for a formal proof.
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instead captures market shares from generic competitors to the original drug. Thus, delaying
the launch of the follow-on drug in order to avoid this cannibalisation effect might seem like a
profitable solution. However, this intuition turns out to be flawed when the producer can freely
set the prices of both drugs.

A key to understanding the launch time incentives under free drug pricing is the result in
Lemma 1. Although immediate launch of the follow-on drug has a cannibalising effect on the
sales of the original drug, this effect is more than compensated by the fact that the introduction
of the follow-on drug allows the producer to adjust the price of the original drug upwards. The
profitability of launching the follow-on drug in the first period stems not only from the additional
surplus extracted through the sales of this drug, but also from the fact that selling a horizontally
differentiated product allows the producer to extract more surplus from inframarginal patients
when selling the original drug, as explained in Section 4.2. The latter effect is not present in
the case of launch delay, since the second-period price of the original drug is forced down to
marginal cost due to generic competition. Thus, it is more profitable to launch the follow-on
drug in a period where the producer is also able to control the price of the competing drug,
which in this context implies that launch delay is never optimal.

Notice that the result in Proposition 1 holds for all possible parameter configurations in
which the follow-on drug can profitably survive in the market, including the case in which the
quality of the follow-on drug is so high that it will drive the generic copies of the original drug out
of the market if launched in the second period. In this case, which occurs if v < v&M | the follow-
on drug will also fully replace the original drug if launched in the first period. Launch delay
therefore implies that the producer is a monopolist (selling the follow-on drug) in two periods,
while it is a monopolist only in one period if the follow-on drug is launched immediately. Still,
launch delay is not profitable! The reason is that potential competition from generic versions of
the original drug significantly reduces the amount of surplus that the producer is able to extract
from selling the follow-on drug if the launch of this drug is delayed until the second period. In
this case, the foregone profits in the first period more than outweigh the additional profit gain
of being a monopolist in two periods instead of one.

Finally, notice also that launch delay is never profitable under free pricing even in the absence
of discounting between the two periods. If instead second-period profits are discounted when
the launch time decision is made, delaying the launch of the follow-on drug becomes even more

unprofitable.
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5 Launch time decision under constrained drug pricing

The previous analysis is based on the key assumption that pharmaceutical patent holders are
able to freely set the prices of their drugs. However, in many real-world pharmaceutical mar-
kets, producers face various constraints on their price setting, which implies that the result in
Proposition 1 is unlikely to be generally applicable. In this section we will consider two such
price constraints. First, we assume that a new drug will only be included in the health plan if
the additional health gains are at least as high as the increase in drug purchasing costs, and we
consider a case in which this assumption imposes a binding constraint on the producer’s price
setting when launching the follow-on drug in the first period. Second, we assume that drug
prices are directly regulated and consider cases in which the producer faces a binding price cap
in at least one of the three possible market structures. Under both assumptions, we investigate

how such pricing constraints might affect the incentives for launch delay.

5.1 Drug pricing constrained by the health plan’s inclusion decision

Suppose that the producer is in principle free to set the price(s) of its drug(s), but that the
drugs will be prescribed to patients only if they are accepted by a health plan that maximises
total health benefits net of drug purchasing costs. We assume that the health plan adopts the
following inclusion criteria: (i) the original drug is included in the health plan only if the health
gains of the drug are at least as high as the purchasing costs, and (ii) the follow-on drug is
included in the health plan only if the increase in total health gains is at least as high as the
increase in total purchasing costs.

In Appendix A we show that, under free pricing, criterion (i) is satisfied if the physician’s
prescription choices are sufficiently price-sensitive (i.e., if § is sufficiently high). However, we
also show that criterion (ii) is not always satisfied even if § — 1. More specifically, if the degree
of horizontal differentiation between the original drug and the follow-on drug is sufficiently
low, the health plan will include the follow-on drug under free pricing if it is launched in the
second-period but not if it is launched in the first-period. In other words, if the producer wants
to launch the follow-on drug immediately (in the first period), the producer’s drug pricing is
constrained by the health plan’s requirement that the increase in total purchasing costs must
not outweigh the additional health gains generated by new drug. All else equal, this clearly

reduces the profitability of immediate launch.
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In order to explore the incentives for launch delay in this case, we restrict attention to the
parameter set given by w = v > vM, in which the two drugs are horizontally differentiated
only, and with a relatively low degree of differentiation. Within this parameter set, the market
is fully covered in all market structures under free pricing, but the health plan will not accept
the follow-on drug at these prices if the drug is launched in the first period. The reason for
this is once more related to Lemma 1 and the discussion in Section 4.2. Even if the market is
fully covered, there are positive health gains from introducing the follow-on drug, because it
allows some of the patients to switch to a therapeutically more suitable drug. The health plan
is therefore willing to accept a price increase that reflects the value of these additional health
benefits. However, selling two horizontally differentiated products to a fully covered market also
allows the producer to extract more surplus from inframarginal patients, as previously explained,
which under free pricing yields a price increase that exceeds the value of the additional health
benefits. Thus, in order to have the follow-on drug included in the health plan when launched
in the first period, the producer must reduce the prices of both drugs below the unconstrained
profit-maximising level. The producer does not face a similar constraint if the follow-on drug is
instead launched in the second period, since the price of the original drug is then forced down
to marginal cost due to generic competition.

Although the stage is now seemingly set for the launch of the follow-on to be delayed until
the second period, the next Proposition shows that this is nevertheless not a profit-maximising

strategy for the producer:'’

Proposition 2 Suppose that 3 is sufficiently close to one and that w = v > v™, which imply
that drug pricing is constrained by the health plan’s inclusion decision in market structure MM ,
but not in the other market structures. Nevertheless, the producer has no incentive to delay the

launch of the follow-on drug.

Notice that, although the producer’s drug pricing is constrained in market structure M M,
immediate launch of the follow-on drug still leads to higher drug prices because of the additional
health gain it offers.!’ Thus, the constraint imposed by the health plan only means that the
price increase is less than what it would have been under free pricing. And even though the
producer is restricted from appropriating the value of its innovations to the fullest extent, it

is still more profitable to launch the follow-on drug immediately, and extract the value of the

10A formal proof is given in the Appendix.
UTf w = v, the follow-on drug yields higher therapeutic benefit for half of the patients in the market.
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additional health gain generated by the follow-on drug when sold alongside the original drug
under patent protection, than to delay the launch of the follow-on drug until the patent of the
original drug expires.

For the sake of analytical tractability, the above result is derived for the case of w = v, which
implies that the two drugs are only horizontally differentiated. By continuity, the result clearly
also holds for sufficiently low degrees of vertical differentiation. Moreover, it is straightforward
to show that immediate launch of the follow-on drug is also the most profitable strategy if the
degree of vertical differentiation is sufficiently large. Consider for example the case of w > v+437,
which implies that the follow-on drug will fully outcompete both the original drug (if launched
in the first period) and the generic copies of the original drug (if launched in the second period).
In this case, if inclusion of a single drug with quality v yields a positive surplus for the health
plan, replacing this drug with another drug of quality w > v will clearly give the health plan an
even higher surplus. Thus, the pricing constraint does not bind and the result of Proposition 1

applies.

5.2 Price cap regulation

Suppose instead that the producer faces a potentially more severe constraint on its price setting
in the form of a price cap, denoted by p, which binds in at least one of the three possible market
structures. In order to make the analysis tractable, we will once more make some simplifying
assumptions regarding the therapeutic characteristics of the two drug versions. We start out
by assuming that the maximum therapeutic benefit is the same for the two drugs, i.e., w = v,

which implies that the drugs are only horizontally differentiated. In this case, a binding price

cap yields the following profits in each of the three possible market structures:!'?
B pD—c if c<p< &L
™ (p) = _ o : (22)
(P—rc) (”;ﬁp) if T)>max{c,%}
p—c if c<p< BT
M (p) = oo R (23)
(p—rc) (%) if ﬁ>max{c, 2%7}
F-o(3-£@-0) if  c<p<EE
=M (p) = 2o ’ . (24)
(Pp—c) (“_Tﬁp) if T)>max{c, 21’_;_56}

12See Appendix A for further details.
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In each market structure, the market is fully covered only if the price cap is sufficiently low. By
considering all feasible levels of the price cap, ranging from marginal cost to the level where it
(just) binds in only one of the three market structures, we derive the following results regarding

the profitability of launch delay:'3

Proposition 3 Suppose that w = v and that both drugs are subject to the same price cap p.
(i) For every therapeutic value v > B¢+ %, there exists a threshold level of the price cap,

denoted by p > ¢, such that delaying the launch of the follow-on drug is profitable if p € (¢, D).
(ii) A necessary but not sufficient condition for profitable launch delay is that the price cap

binds in market structure M M. However, launch delay might not be profitable even if the price

cap binds in all three market structures.

The above Proposition confirms that sufficiently strict price regulation will always make
launch delay profitable as long as the maximum therapeutic value is sufficiently large: v > fBc+3.
On the other hand, if v < fc + 3, the market is not fully covered in either market structure
even at prices equal to marginal cost, so there is no de facto substitution between the original
drug and the follow-on drug, which in turn makes the launch time decision irrelevant (at least
in the absence of discounting).

The reason why price regulation might make launch delay profitable is perhaps easiest seen
by considering a special case. Suppose that v is so high that the market is fully covered in all
three market structures, and suppose also that p is so low that the price cap is always binding.
In this case, the follow-on drug will take all its demand from the original drug if it is launched in
the first period. This will therefore increase the producer’s profits only if it can make an upward
adjustment of the drug prices (cf. Lemma 1). However, this is not possible under binding price
cap regulation, in which case there is no additional profit gain from introducing the follow-on
drug in the first period. Thus, it is clearly optimal to delay the launch of the follow-on drug
until the second period in order to avoid this pure cannibalisation effect.

However, launch delay might not always be profitable even if the price cap binds in all
market structures. If v is sufficiently low, such that the market is not fully covered in market
structure M, introducing the follow-on drug alongside the original drug in the first period might
still be a profitable strategy because it leads to additional demand, although the producer is

not able to increase prices. Even with a binding price cap, this demand gain might be valuable

13 A formal proof is given in Appendix B.
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enough to make it unprofitable to delay the launch of the follow-on drug.
More generally, launch delay is profitable if the additional profits obtained by immediate
MM ( M (D), is sufficiently low. This requires that the price cap binds

launch, given by 7 D) —m

in market structure MM, which will reduce this profit differential compared with the free
pricing scenario. With a binding price cap in MM , the profit differential 7™M (p) — =™ (p)
is sufficiently low to make launch delay profitable if (i) the demand increase due to immediate
launch is sufficiently low, which requires that v is sufficiently high, or if (ii) the value of the
demand increase due to immediate launch is sufficiently low, which requires that p is sufficiently
low.

The results in Proposition 3 are based on a scenario in which the two drug versions are
only horizontally differentiated. By continuity, it is quite obvious that the results hold also
for a sufficiently small degree of vertical differentiation. However, what if the therapeutic
differentiation between the drugs is predominantly vertical? To answer this question, we go
to the other extreme and assume that w > v + 37, which means that the follow-on drug will
monopolise the market during its exclusivity period, regardless of whether it is launched in the
first or in the second period. In this case, the profits in M with a binding price cap is still
given by (22), while a binding price cap in MM and GM yields ™M (p) = 7M (p) = p — .
Considering once more all feasible values of p such that the price cap binds in at least one
market structure, the profitability of launch delay under price regulation is then characterised

as follows:!4

Proposition 4 Suppose that w > v + 37 and that both drugs are subject to the same price cap
P.

(i) For every therapeutic value v > B¢, there exists a threshold value of the price cap, denoted
by p' > 0, such that delaying the launch of the follow-on drug is profitable if p € (¢, D).

(ii) A necessary condition for profitable launch delay is that the price cap binds in mar-
ket structure MM, and a sufficient condition for profitable launch delay is that the price cap
additionally binds in either M or GM.

The result in the first part of Proposition 4 mirrors the first part of Proposition 3. Thus,
regardless of whether the two drug versions are horizontally or vertically differentiated, suffi-

ciently strict price regulation will always make it profitable to delay the launch of the follow-on

YA formal proof is given in Appendix B.
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drug until the second period, as long as there is de facto substitutability between the two drugs
(which is always the case when w > v + 37). Furthermore, the second part of Proposition
4 implies that the scope for profitable launch delay is even larger than in the case of purely
horizontally differentiated drugs. If w > v+ 37, launch delay is always profitable as long as the

price cap binds in M M and in at least one other market structure.

6 Efficiency and welfare

What are the efficiency and welfare implications of the producer’s launch time incentives?
In order to answer this question, a useful starting point is to consider the first-best outcome.
Suppose that both launch time decisions and drug prescription choices are made by a utilitarian
social planner that maximises total welfare, defined as aggregate health benefits net of drug
production costs. Each patient would then be prescribed the drug that yields the highest
therapeutic benefits, as long as these benefits are at least as high as the marginal cost of
production. This means that the follow-on drug would be prescribed to at least some patients,
and thus generate a welfare surplus, as long as w > c¢. If this condition holds, any launch delay

would therefore represent a welfare loss. Thus:!®
Proposition 5 If w > ¢, immediate launch of the follow-on drug is the first-best outcome.

However, immediate launch of the follow-on drug might not necessarily be the welfare-
maximising outcome in a second-best context, where prescription choices are not made by a
social planner but instead depend on the purchasing costs of the health plan, and thus indirectly
depend on the drug pricing of the patent-holding producer. The reason is that the combination
of imperfect physician agency and market power leads to prescription choices being potentially
distorted both at the intensive and at the extensive margins.

The distortion at the eztensive margin stems from two inefficiencies that go in opposite
directions. One is caused by the imperfect agency of the prescribing physician. If the physician
makes treatment decisions without taking treatment costs fully into account (i.e., if 8 < 1), this
leads to overconsumption of drug treatments if the drugs are priced at marginal cost and the
market is not fully covered. This is, however, counteracted by the market power of the patent-
holding producer, which leads to drug prices above marginal costs and therefore contributes to

underconsumption of drug treatments, all else equal. If the former effect dominates, which will

5 The proof of Proposition 5 is trivial and thus omitted.
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typically be the case if drug quality is sufficiently low, the introduction of the follow-on drug
might be inefficient due to overconsumption of drug treatments, where some patients are given
drug treatments even if the therapeutic benefit is lower than the cost of producing the drugs.

The market power of the patent-holding producer not only implies that drugs are priced
higher than marginal costs, but it also leads to price differences between drugs of different
quality, even though the marginal production costs are the same. This causes a distortion at
the intensive margin in market structure M M, leading to an allocative inefficiency in the sense
that the share of patients that are prescribed the higher-quality drug is suboptimally low. This
might also have implications for the welfare-optimal launch time of the follow-on drug. If this
drug is of lower quality than the original drug, immediate launch would lead to market structure
MM in the first period with py M < pMM " which in turn would imply lower health benefits
for some patients who switch to the lower-quality (but cheaper) follow-on drug. A similar
inefficiency would not occur if the follow-on drug is instead launched in the second period, since
p§M > pSM =c.

Although the welfare-optimal launch time under free pricing is a priori ambiguous, for the
reasons explained above, the following parameter restrictions allow us to derive a clear-cut

conclusion:16

Proposition 6 Suppose that [ is sufficiently close to one and that the follow-on drug is at
least of the same quality as the original drug. In this case, under free pricing, total welfare is

mazimised by immediate launch of the follow-on drug.

The intuition behind this result is relatively straightforward. If the follow-on drug is launched
immediately instead of being delayed, the producer sells two drugs under patent protection
instead of one in the first period, while in the second period both drugs face direct generic
competition instead of just one. When both drugs are available at prices equal to marginal cost,
the only potential source of inefficiency is the imperfect agency of the prescribing physician.
Since this source of inefficiency vanishes as 8 approaches one, welfare is clearly higher with
generic competition for both drugs in the second period if § is sufficiently close to one. In
this case, a sufficient condition for immediate launch to be a welfare-optimal outcome is that
welfare is higher also in the first period; in other words, that welfare is higher in M M than in

M. In this period there is a potential distortion of prescription choices at the intensive margin,

16 A formal proof of Proposition 6 is given in Appendix B.
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as previously explained. However, this distortion potentially makes welfare lower in M M than
in M only if w < v. On the contrary, if the follow-on drug is of at least as high quality as the
original drug, every patient that switches to from the original to the follow-on drug gets a higher
therapeutic benefit. If in addition the physician is sufficiently close to being a perfect agent
for the health plan, welfare is unambiguously higher in MM than in M, thus ensuring that
immediate launch of the follow-on drug is the welfare-maximising outcome under free pricing.
Notice that the parameter restriction given in Proposition 6 is a sufficient but not necessary
condition for launch delay to be welfare detrimental. The result applies for a substantially wider
set of parameters, but which is somewhat hard to characterise in a clear way.

When seen in conjunction with Proposition 1, the result in Proposition 6 implies that free
pricing yields welfare-optimal launch time incentives for a wide set of parameters. Thus, and
perhaps surprisingly, market power in itself is not likely to cause inefficiencies in the timing of
follow-on drug launches. Our results in Propositions 3 and 4 reveal instead that price regulation
might lead to inefficient outcomes in the form of drug launch delays.

Discussions of how price regulation affects welfare are usually related to the well-known
trade-off between dynamic and static efficiency, where the typical concern is that (excessively
strict) price regulation might harm dynamic efficiency by providing insufficient incentives for
developing new drugs. In our analysis we identify another (though related) potential inefficiency
caused by price regulation, namely delayed launch of drugs that have already been developed.
Moreover, our results suggest that stricter price regulation might be harmful not only in terms of
overall welfare, but it might also in some cases reduce the surplus of the health plan. This might
happen if a lower price cap leads to delayed launch of the follow-on drug, and the reduction in
purchasing costs due to a lower price cap is outweighed by the reduction in health benefits due
to the launch delay. This would always be the case if, for example, the price cap is reduced

from slightly above to slightly below the price cap thresholds identified in Propositions 3 and 4.

7 Extension: brand-loyal patients

Our main analysis is based on the simplifying assumption that generic competition drives drug
prices down to marginal cost, implying that positive profits from drug sales are only made
during periods of exclusivity. Although the observed low brand-name market shares for off-

patent drugs in the real world suggest that this might be a reasonable approximation, it is
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also a well-established fact that many brand-name drugs survive in the market (with positive
market shares) after patent expiry despite being priced significantly higher than their generic
competitors, which suggests that there might be an element of (perceived) vertical differentiation
between brand-name and generic drugs.

In this section we check the robustness of our main result in Proposition 1, under free
pricing, by extending our model to accommodate the possibility of profitable off-patent sales
of brand-name drugs. We do so by assuming that, for each value of the therapeutic mismatch
variable x, the prescribing physician considers the brand-name drug and its generic versions
to be perfect substitutes only for a share 1 — A of the patients. For the remaining share A,
the generic versions are considered to be therapeutically inferior to the extent that generic
substitution is never an option for these patients. We will henceforth refer to these two patient
segments as the generic substitution segment and the brand-loyal segment, respectively. Our
analysis is simplified by assuming that A < % This is arguably an innocuous assumption, given
that brand-name market shares in most real-world off-patent pharmaceutical markets are well
below one third. As a further simplifying assumption, we also restrict attention to the case of
w = v, implying that the original and follow-on drugs are horizontally differentiated only.

Obviously, the existence of a brand-loyal segment potentially affects drug prices and profits
only in market structures in which at least one of the brand-name drugs faces direct generic
competition. Thus, the prices and profits in M and M M remain unaffected.

However, in case of immediate launch of the follow-on drug in the first period, the assumption
of a brand-loyal segment implies that the firm will also earn positive profits in the second period,
when both drugs face generic competition. In this market structure, which we refer to as GG,
the brand-name producer cannot profitably compete with the generic producers in the generic
substitution segment and will therefore set prices to maximise profits from the brand-loyal
segment only. Since the distribution of therapeutic benefits across patients in this segment
is, by assumption, identical to the distribution of therapeutic benefits in the overall patient
population, the producer’s pricing incentives in GG are identical to the ones in M M. Thus,

the profit-maximising price of the two brand-name drugs in market structure GG is given by

v+cf .
3 if v<fBc+T
SN =pF¢ )= ¥ . (25)

%5 if  v>fetT

However, since only patients in the brand-loyal segment will be prescribed a brand-name drug
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at these prices, demand for the original and the follow-on drug is obviously lower in market

structure GG than in market structure M M. Profits in GG are therefore given by

(v=Bc)? ;
TI'GG ()\) — A 276 Zf Vs ﬂC‘F T (26)
/\<2%T—C) if v>fBe+T

Thus, when the producer sells two horizontally differentiated brand-name drugs that lose patent
protection at the same time, generic entry implies that brand-name drug prices stay at the same
level, while demand for these drugs drop by 100 (1 — \) per cent.

The presence of a brand-loyal patient segment also affects prices and profits in market
structure GM. We show in Appendix A that the profit-maximsing prices of the original drug

and the follow-on drug are given by, respectively,

v+cf

55 if Be<v< Be+T
pSM () = AL 2ANI-GINTGf Betr<v< et T o (20)
c+m if U>Bc+4(51 );\))
and )
”JQFEB if Bc<v§ﬁc+§7
%T_T—c if Bc+g7'<v§ﬂc+%+)‘/\)7'
p?M (A) = —(1*>‘%El+f/(\;‘z+ﬁc) if Bec + 321)3\)7 <v<Be+T (28)
26(1—/\);(1?;;;%(1—&)7 if Be+T1<v< Pe+ (51 /\)\))T
c+ 2((11+):\))B if v > fc+ 4(51 ):\))T
while the total profits are given by
25 (v —po)? if Be<v < Be+ 3T
43(v= BC)_T)Z/B_T(S_)\)(U_BC)2 if Be + 27- <v<Be+ %7’
2GM () = 2)\(1+3)\)('Ufﬂc)24é((11;§))(ﬁ4:\(vfﬁc)+(17)\)T)T if Be+ 2321,\)\)7 <v<fBetr
(8>\(5—)\)(v—ﬂc)—(182(—1123;;23:)7—16(1—A))\(v—,é’c)2 if Betr<v<fBet 4((51 >;\))
&E’f\‘;g if v > fBe+ 4(517_3)7'

(29)
The optimal prices are stepwise linear functions of the maximum therapeutic benefit v. If
this benefit is sufficiently low, v < B¢ + %, both patient segments are only partially covered

and there is no de facto substitution between different drugs in either segment. However, if

27



the therapeutic benefit is somewhat higher, v € (ﬂc—i— %7‘, Be+ 2(321’\/\) T), the optimal prices
yield full coverage in the generic substitution segment, but the pricing of the follow-on drug is
restricted in the sense that p?M (M) is kept just low enough for this segment to be fully covered.
For even higher therapeutic benefits, v € (ﬁc =+ Q(SQLJA), Be+ 7'), there is still partial coverage
in the brand-loyal segment and full coverage in the generic substitution segment, but the price

p?M (M) is now an unrestricted best-response to the price p, = ¢ in the latter segment. For yet

(5-))
1(1-N)

higher therapeutic benefits, v € (50 +7,8c+ 7'), both segments are fully covered but
the price of the original drug, p& ()), is restricted to a level that is just low enough to make
the brand-loyal segment fully covered. And finally, if the therapeutic benefit is sufficiently high,
v > Be+ %7, the profit-maximising pair of prices is an (unrestricted) interior solution in
which both segments are fully covered.

As previously mentioned, the presence of brand-loyal patients implies that the firm earns
positive profits also after the end of the exclusivity period; in other words, the firm earns positive
profits beyond the two periods considered in our analysis. Notice, however, that launch delay
only implies that the market structure GG is postponed by one period compared with the case
of immediate launch. Thus, in order to assess the profitability of launch delay, we only need
to compare the profits over the two periods in which the market structures are different under
launch delay and immediate launch. In case of immediate launch, the producer faces market
structure MM in the first of these two periods and market structure GG in the second. In

the case of launch delay, on the other hand, the producer faces market structure M in the first

period and GM in the second. Thus, the profitability of launch delay is now given by
AT (N) = M () 4 7 () — 7MM(\) — 729G (N). (30)

The next Proposition describes the incentives for launch delay in the presence of brand-loyal

patients under free pricing:'”

Proposition 7 Suppose that w = v and that a share X < % of patients are brand loyal and

thus not susceptible to generic substitution. Under free pricing, the patent holder has still no

incentive to delay the launch of the follow-on drug.

This result confirms the robustness of Proposition 1. Even if the presence of a brand-

loyal patient segment allows the producer to earn positive profits also in face of direct generic

17See Appendix B for a formal proof.
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competition, is has never any incentive to delay the launch of a horizontally differentiated follow-
on drug under free pricing. The presence of brand-loyal patients has two counteracting effects
on the profitability of launch delay, in the sense that it leads to higher second-period profits
regardless of whether the launch of the follow-on drug is delayed or not.

If the launch is delayed, the producer earns higher profits in market structure GM for
potentially two different reasons. First, because it earns positive profits from selling the original
drug despite direct generic competition. Moreover, if v is so high that the brand-loyal market
is fully covered, the producer benefits from being able to control the price of both of the two
horizontally differentiated drugs sold to the brand-loyal consumers (cf. the intuition for Lemma
1), implying that the optimal price of the follow-on drug in market structure GM is higher
with than without brand-loyal patients. Notice, however, that the assumed inability to price
discriminate between different types of patients implies that a price increase to extract more
surplus from inframarginal brand-loyal patients comes at the cost of a lower market share in
the generic substitution segment.

On the other hand, if the follow-on drug is launched immediately, the presence of brand-loyal
patients implies that the producer earns positive profits also in the second period, in market
structure GG, where the producer earns positive profits from the sales of both the original drug
and the follow-on drug. And furthermore, the prices of the two horizontally differentiated drugs
can be set to maximise the surplus from brand-loyal patients without consideration for any
loss of market share in the generic substitution segment. For these reasons, the profit gain in
market structure GM does not sufficiently outweigh the foregone profits in market structure

GG to make launch delay profitable.

8 Policy implications and concluding remarks

If new versions of a drug offer improved treatment outcomes or better adherence, they should be
introduced in the market as soon as they have been recognised. Instead, we see that follow-on
drugs tend to be introduced shortly before the patent protection of original versions expires.
This is often seen as evidence of life cycle management practices that strategically delay new
versions to extend exclusivity periods beyond what is justified by the original innovation. Our
analysis challenges the conventional view that patent protection and market power inherently

lead to strategic delays in the introduction of follow-on drugs. Instead, we demonstrate that
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only under certain regulatory constraints, particularly price cap regulations, may pharmaceu-
tical companies find it optimal to delay the launch of valuable line extensions until the patent
expiration of the original drug. Without these regulatory constraints, we have shown that
pharmaceutical companies have incentives to launch extensions in competition with their still-
protected original drug, even if this leads to full cannibalisation of the original drug’s sales.
This finding suggests that inefficiencies in drug launch timing are more attributable to price
regulation policies than to the patents themselves.

Thus, policymakers should carefully consider the potential adverse effects of these regu-
latory constraints on pharmaceutical innovation and patient welfare. Empirical studies have
found that welfare losses due to delayed entry can be large, and that removal of exclusivity
protection for line extensions can be welfare improving, even if this means that therapeutic
valuable line extensions are not developed. Future policy deliberations might benefit from ex-
ploring regulatory frameworks that balance the need to control drug prices with the imperative
to ensure timely access to improved therapeutic options. According to our analysis, relaxing
price caps for patented drugs could have the positive effect of triggering immediate launch of
improvements. More research is needed to explore the trade-off between price control and ear-
lier access to valuable new versions of existing drugs. There is an obvious cost of laxer price
control to stimulate early access, and this needs to be compared with the cost of not granting

exclusivity and missing out on line extensions altogether.

Appendix A: Supplementary calculations

This Appendix contains supplementary calculations and details underlying the price and profit

expressions presented in the paper.

Market structure M under free pricing

In case of launch delay, the producer is a single-product monopolist in the first period, selling
only the original drug. By maximising (1) for each potential patient in the market, demand for

the original drug, denoted by y,, is given by

T
!

1 if  po<
Yo = ? . (A1)
'Ufﬁpo Zf po >

ISy

S
|
3

ISy
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The profit-maximising solution is either on the price-elastic or on the price-inelastic part of the
demand curve. Assume first that the solution is on the price-elastic part. The profit-maximising

price is then given by the solution to the following problem:

max (p, — ¢) <U _ B}%) , (A2)
Po T
which yields
v+ pc
pit = L0 (A3)

2p
By using (A1), it is easily verified that this price yields an interior solution (i.e., y, < 1) if

M is given by (3). If v > v the profit-maximising solution is a corner solution

v < o™ where v
in which the producer sets a price that makes the physician indifferent between prescribing or
not the drug to the patient with the lowest therapeutic benefit (i.e., the patient with z = 1).

This price is therefore implicitly given by

v By T =1, (A4)
and explicitly given by
M U—T
Do = . A5
5 (A5)

from which we can easily verify that positive demand requires v > Sc.

Market structure M M under free pricing

If the follow-on drug is launched immediately, the producer is a multi-product monopolist,
selling both the original drug and the follow-on drug in the first period. The profit-maximising
prices might in principle yield either full or partial market coverage.

Assume first that the profit-maximising prices are such that the market is fully covered. In

this case, the physician is indifferent between prescribing the original and the follow-on drug to
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a patient characterised by Z, which is implicitly given by

V—Ppo—TZ=w— Pps—7(1-7), (A7)
and explicitly given by
~ 1 U*w*B(po*pf)
=— A
T=gt 27 ’ (A8)

which in turn implies that demand for the original and follow-on drug are given by y, = T and
yf = 1 — T, respectively.

Under full market coverage, the profit-maximising pair of prices must necessarily be such
that the therapeutic benefit is equal to the perceived treatment cost for the marginal patient
(i.e., the patient for which = ). If not, the producer could increase both prices by the same
proportion without affecting demand for either drug, which would clearly be profitable. Thus,

the profit-maximising prices must be such that
v— Bpo— 1T =0, (A9)

which implies

w+v—T
Do = 5 — Py (A10)

The profit-maximising price pair is then given by (A10) and the solution to the following prob-
lem:

max (po — ¢) Yo + (pf — ¢)ys subject to (A10). (A11)
Ps

The unique solution to this problem is

MM:3w+'U_27'

A12
Po 13 (A12)
and
Jv+w—21
MM

= A13
Py 48 ( )

In this case, the sales of the two drugs are given by

1 w— v

32



Alternatively, the profit-maximising prices might be such that the market is only partially

covered. If this is the case, demand for the two drugs are given by

yO = 7'0 — Bpo (A15)
T
and
_v—Ppr (A16)
T

The profit-maximising prices are then given as the solutions to the following two independent

maximisation problems:

max 7, = (Po — €) Yo (A17)
Po
and
maxmy = (pr — ) yy- (A18)

These solutions are given by

mM v+ Bc

Al
Do 25 (A19)
and
MM _ W+ Be
— A2
Dy 28 (A20)
which yield the following sales of the two drugs:
MM _ U~ Be
= A21
yO 27_ Y ( )
MM w—fBe
= ) A22
Yy o ( )

This solution actually results in a partially covered market if yMM 4 y}w M < 1,which is true

MM is given by (7). Otherwise, if v > vM | the profit-maximising prices

for v < VMM where v
are given by (A12)-(A13) and the market is fully covered. Furthermore, it can easily be verified
from (A14) and (A21)-(A22) that positive demand for both drugs requires min {v,w} > fc and

|lw—v| < 27.

Market structure GM with free pricing

In case of launch delay, the follow-on drug faces competition from generic versions of the (now

off-patent) original drug in the second period. By assumption, generic competition leads to
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po = c¢. The profit-maximising price of the follow-on drug is therefore a best-response to this
price. Once more, this might yield either a fully or partially covered market.

Assume first that the profit-maximising price for the follow-on drug results in a fully covered
market. In this case, demand for the follow-on drug is given by y; = 1 — 2, with Z given by

(A8) for p, = c. Profit maximisation therefore yields a price of

GM THw-—v
—c+— A23

which in turn yields sales of the two drug versions equal to

v—w+ 37
yoGM:T (A24)

and

G G w—v+T
G = 1= g = WUET (A25)

This solution yields positive sales for both drugs if w — 37 < v < w + 7. This solution also

requires that the therapeutic benefit is at least as high as the perceived treatment cost for the

marginal patient (and thus for all patients). This is true if

v—ﬁpo—7y020<:>v>v2GM, (A26)

where v&M is given by (15). If this condition does not hold, i.., if v < v$M the profit-

maximising price of the follow-on drug is one that is just low enough to ensure that the thera-
peutic benefit is equal to the perceived treatment cost for the marginal patient. This price is
implicitly given by

v—pPc—T1T =0, (A27)

where 7 is given by (A8) for p, = ¢, and explicitly given by

v+w—T
pit=—F—-c¢ (A28)

which implies that the sales of the follow-on drug is equal to

y?M—1—<U_BC>. (A29)
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Alternatively, the profit-maximising price of the follow-on drug might yield only a partially
covered market. In this case, the demand for the follow on drug is given by (A16), and the
profit-maximising price is therefore given by (A20). In this solution, the sales of the two drug

versions are

G _ V= fe (A30)

e T

and
yGM — w— fe (A31)
f 2r

At these prices, the market is only partially covered if

GM

ysM 4+ yFM < 1, (A32)

which is true if v < vfM . Since leM < v2G M the profit-maximising price of the follow-on drug

in the second period, in case of launch delay, is fully characterised by (13).

Drug pricing constrained by the health plan’s inclusion decision

Consider the health plan’s choice of including the follow-on drug in the first period under free
pricing. If the drug is not included, the market structure in the first period remains M, with a

price of the original drug price given by (2). The health plan’s surplus is then given by

((38=2)v—(2—B)Be) (v—cB) :
HM = / " (v—p) —72)do = ST ifoest (A33)
0 ¢ (2-B)r—2(1—B)v , M
I — if V> v

where yM is given by (A6) and v™ is given by (3). It is easily verified that HM > 0 if 3
is sufficiently close to one, which we assume to be the case.'® On the other hand, in case of
inclusion, the first-period market structure is M M, with drug prices under free pricing given

by (5)-(6). In this case, the health plan’s surplus is given by

MM 1

v
HMM :/ (U—p(])MM—Tl‘)dl‘—F/ (v—pyM—T(l—a:))dm
0 y

(38—2)(v24+w?)+28c((2—B)Be—B(v+w))

_ o =T (as)
(38—2)(w—v) +4((12—B)T—2(1—6)(v+w))7 if

BT

'8 A closer inspection of () reveals that the threshold level of 3, above which H > 0, is higher than %
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where yMM is given by (A14) and vMM is given by (7). If launched in the first period, the

health plan will therefore include the follow-on drug if
AH, := HMM _ gM, (A35)

Since fe < vMM < yM  there are three different intervals of v to consider. Suppose first
that v € (ﬁc, oMM ), in which case the effect of the follow-on drug on the health plan’s surplus
under free pricing is given by

(B8 —-2)w—F(2—-p)c)(w— Bc)

AH,| =
! 88T

>0, (A36)

where the positive sign holds for all values of 3 for which H™ > 0. Thus, the health plan will
include the follow-on drug in the first period under free pricing for all v € (Bc, MM )
MM M )

Consider next the case of v € (v , in which the effect of the follow-on drug on the

health plan’s surplus is given by

(38 —2) (w —v) (v +w) — 2wv) +2(2(v—¢) + Be) e+ 4((2-B)7—2(1 - B) (v +w)) T

AH, =
! 1637 ’
(A37)
which has an ambiguous sign. However, it is easily verified that
: _2((38—2)w—B(2—B)c) (w— Bc)
UJ}UIJ\I}IM AH, = 1657 > 0, (A38)

where the positive sign once more holds for all 8 for which HM > 0. Thus, by continuity, the
health plan will include the follow-on drug in the first period under free pricing if v is sufficiently
close to the lower bound v,

Finally, consider the case of v > v™, in which the effect of the follow-on drug on the health
plan’s surplus is given by

2T +w—v)[(38-2)(w—v)—2(2—)7]
1651

AH;, = <0. (A39)

The negative sign is confirmed by imposing the equilibrium condition w — v < 27, and the
condition 8 > %, which is necessary for HM > 0. Thus, the health plan will not include the
follow-on drug in the first period under free pricing if v > v™. Notice that a sufficiently high

value of v can be interpreted as a sufficiently low degree of horizontal differentiation, since the
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latter is measured by the parameter 7 relative to the maximum therapeutic benefit v (or w).

We also want to show that, for v > v inclusion of the follow-on drug will always increase
the health plan’s surplus if it is instead launched in the second-period. In this case, inclusion of
the drug leads to market structure GM, with the unconstrained profit-maximising price given
by (13). The health plan’s surplus is then given by

ys ™M 1
HOM  — / (v—c—rw)dw—i—/ (w—pSM — 12) da
0 y

GM
o

_ (33 —2) (w_q))2+(2,6’(5v+3ltgﬁ—7—86) - (2+5ﬂ)7’—4(w—7}))77 (A40)

where yGM is given by (A24). If instead the follow-on drug is not included, the market will
consist only of the original drug and its generic competitors, which we will label as market
structure G, with a drug price equal to c. For v > vM, this will yield a fully covered market

and the health plan’s surplus is then given by

1
HG:/ (U—C—Tfl))dl’zv—c—g. (A41)
0

From (A40)-(A41) we derive

(w—v+7‘)2(36—2)
1657

AHy := HM — G = >0, (A42)

where the positive sign is once more established by applying the condition 8 > %, which is
necessary for HM. Thus, for v > v™, the health plan will accept the follow-on drug at the

unconstrained profit-maximising price if it is launched in the second period.

Price cap regulation

Suppose that the producer faces a binding price cap, given by p. In market structure M, the
demand for the original drug is found by setting p, = P in (A1), which immediately yields the
profit expression given by (22).

In market structure M M, the patient for which the physician is indifferent between pre-
scribing the original drug and the follow-on drug is characterised by « = % when w = v. The
therapeutic benefit net of perceived treatment costs for this patient is given by v — p — 3,

which is non-negative, implying that the market is fully covered (with total demand equal to
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one), if p < 2%7. Otherwise, if p > QZET, some patients are not prescribed drug treatment and

total demand for the producer is twice the demand under partial market coverage in market
structure M. This yields total profits as given by (23).

Finally, in market structure GM, the patient for whom the physician is indifferent between
prescribing the follow-on drug and (a generic copy of) the original drug is characterised by

T = % + Q—BT (p — c¢) when w = v. For this patient, the therapeutic benefit net of perceived

treatment costs is given by v —8p— 7 (% - £ (p— c)), which is non-negative, implying that the

2T
market is fully covered, if p < 2”%_’30, in which case demand for the follow-on drug is given by

% ~ L (p — ¢). Otherwise, if p > , some patients will not be prescribed any of the drugs

2v—1—fc¢
2T B

available in the market, and the demand for the follow-on drug is identical to the demand of

the original drug in market structure M. This yields total profits as given by (24).

Brand-loyal patient segment

Suppose that, for each value of x, generic substitution is only an option for a share 1 — A of the
patients, whereas the remaining share A consists of brand-loyal patients.

Consider first the case in which p, and py are such that both the brand-loyal segment and
the generic substitution segment are only partially covered. In this case, there are two marginal

patients in the former segment, characterised by

1y = L PP0 (A43)
T
and
T =1— <7j_fpf> (Ad4)

while the marginal patient in the latter segment is characterised by x4 = xp2. Total demand for

the original drug, which comes only from the brand-loyal segment, is then given by

4o = Ay = 20— FP), (A45)

T

while total demand for the follow-on drug, which comes from both segments, is given by

g = A1)+ (- N (1 -z = P (A46)

T
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Profit maximisation yields

PP ) =8 ) =T (A7)
which implies
O L ( ;f‘j , (A48)
and
L g3y = LA (0= 5? s9)

4081
Since generic version of the original drug is available at price ¢, these will be prescribed to all
patients in the generic substitution segment characterised by x < U%ﬁc This market segment
will therefore be partially covered only if :ch > v%ﬁc, which holds if v < Bec + %7‘. Thus, the
profit-maximising prices are given by (A47) for v € (c, Be + %T)

Ifv> fBe+ %7‘, the prices given by (A47) are no longer optimal. Suppose that v > Sc+ %7‘,
but still low enough for the brand-loyal segment to be partially covered at the profit-maximising
prices. In this case, the marginal patient in the generic substitution segment derives the net
therapeutic benefit of being prescribed the follow-on drug or (a generic version of) the original
drug, and is thus characterised by

1 3(Pf_c)'

/
9 2 2T (A50)

The marginal patients in the brand-loyal segment are still characterised by (A43)-(A44), imply-
ing that demand for the original drug is still given by (A45). On the other hand, total demand

for the follow-on drug is now given by
g =A(1—xp2) + (1= X) (1 —xp). (A51)

Profit-maximisation yields p&™ (\) equal to (A47) and

(1—=X)7+2(M\v+ Be)

GM
) = : A52
which implies
om v —fc o B+AN)T—2(v—pe) oy B+ A)T+2X (v — Be)
Tor T o T T EE T T SN (A53)
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and
S22 (143N (0 =B+ (1N @A (v—Be)+ (1N T)T
7M(\) = BTN B . (A54)

This is the profit-maximising solution if two conditions hold. First, the brand-loyal segment

must remain partially covered, which requires

aeSM < aSM o v < Be+ 7. (A55)

Second, the marginal patient in the generic substitution segment must have a therapeutic benefit

that is at least as high as the prescribing physician’s perceived treatment cost, which requires

3+ A

mr (A56)

v—ﬁc—Tx;GM20<:>1)2,Bc+

Thus, the profit-maximising prices are given by (A47) and (A52) for v € <ﬁc + 2321%7 Be+ T)

However, for v € (Bc + 7' ,Be+ 5 ), the producer’s pricing of the follow-on drug is

2+)\)
constrained by the need to provide the marginal patient in the generic substitution segment with
a perceived treatment cost that does not exceed the therapeutic benefit. Within this parameter

set, the optimal price of the follow-on drug is therefore given by

20—-1
U—Bpf—T(1—$;)—0<=>pf (N = 5 —c, (A57)
while p, (\) is still given by (A47). This yields
2GM _ v — fBe GM am _ v —Pe
Ty = o0 Tp2 = 33; -, (A58)
and
4 B B (e a2
o 3y A0 =50 = D)7 = B =) 0= A9)

This solution requires that the brand-loyal segment remains partially covered, i.e., that a:bGlM <

x%M , which always holds for v > fc. Thus, the profit-maximising prices are given by (A47)
and (A57) for v € (ﬂc—i— 5T, Bc+ 5 2+/\)7')

For v > Bc+7, the above analysis shows that the profit-maximising solution must necessarily

imply that both segments are fully covered. This means that the marginal patient in the brand-
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loyal segment is characterised by

;1 Bor—po)

2 2T ’ (AGO)

while the marginal patient in the generic substitution segment is still characterised by (A40).

Total demand for the two drugs are then given by

4o = 1} (A61)
and
qgp=A(1—a)+ (1= (1—x). (A62)
Profit maximisation yields
-
Do (A) =c+ A63
N =ct 155 (463)
and
1+N7
A - A64
prN) =t g (464)
which implies
zitM = E M — 3z (A65)

479 41 =)

and

1 A
LGM _ (1+3\)7

L (AG6)

This solution requires that the marginal patients in both segments have a therapeutic benefit

that is at least as high as the perceived treatment costs, which implies

5—XN)T
_ — r2GM > > (7
v — [po — TTY, 0w Bc+4<1_/\) (A67)
and
v—,@pf—T(l—:c'gGM)20<:>UZBc+(3_/\)T (A68)

11-)N)

Since 51(1 2\) <7< (( )) for A < 3, it follows that the condition in (A68) always holds within

the parameter set under consideration, i.e., v > fc + 7, whereas the condition in (A67) does

5—M\)T
2k )-
5 )T

In the latter parameter set, where v € (ﬁc + T, Bc + ))> the producer’s pricing of the

not hold if v € (
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original drug is constrained by the need to provide the marginal patient in the brand-loyal
segment with a perceived treatment cost that does not exceed the therapeutic benefit, which

implies that the original drug is priced according to

_21)—7

U_ﬁpo_T(xg):O@po— 3 —DPr- (A69)

Profit-maximisation with respect to ps, under the condition that p, is set according to (A69),

then yields
26(1—=AN)c+8 v+ (1 -5\

GM
A) = A
which in turn implies
41+Nv—=2(1-XN)Bc—B+NT
GM
A) = . AT1
pEM () ST (A7)
In this solution,
v _ (B+NT-20-N@w=0cf)  ,au _ (B+A)7T+8A(v—pc))
_ = AT2
b 2(1+3\) 7 T 4(1+3\N)7 (A72)
and
SA(5— ) (v—Bec) — (18X = A2 -1 —16(1 =\ A (v — Be)?
8 (14 3\ A7
Thus, the profit-maximising prices are given by (A70)-(A71) if v € (66 +7,8c+ 515(1_3‘26) and
by (A63)-(A64) if v > Bc+ %. Notice also that, in both of these solutions, =/ € (0, 1)

GM : 1
and g™ € (0,1) if A < 3.

Appendix B: Proofs

Proof of Lemma 1

A comparison of (2) and (5) reveals that there are three different parameter regimes to consider
(notice that oM > MM ). If v < vMM " the market is only partially covered in the first period,
regardless of whether the follow-on drug is launched or not. In this case, it is obvious that the
introduction of the follow-on drug has no effect on the price of the original drug, since there is

no de facto substitution between the two drug versions. However, if vMM < v < oM the effect
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a follow-on drug launch on the price of the original drug is given by

-2
MM _ v+w — 2 (1 + fe) >0 for v e (VMM M) (B1)

4p

And finally, if v > v™, this price effect is given by

— 2
pyM—py=W>Oforve(vM,vMM), (B2)
where MM is the upper bound on v above which the follow-on drug cannot profitably survive

in the market.

Proof of Proposition 1

Notice first that, if v > M | the follow-on drug will be driven out of the market by competition
from generic copies of the original drug if launched in the second period. Moreover, necessary
conditions for positive sales of the original drug and of the follow-on drug are v > (¢ and
w > fc, respectively. Thus, whether or not to delay the launch of the follow-on drug to the
second period is a relevant decision only for parameter values belonging to the set ®, defined
by

P = {(w,v,7,ﬂ,c)]ﬁc<v<UGM andw>5c}. (B3)

The proof of Proposition 1 is then conducted by partitioning ® into 45 non-intersecting subsets
that are characterised in (w,v)-space by using eight different threshold values of v, defined by
(3), (7), (9), (10), (14), (15), (17), and (18), and by determining the sign of A7 in each of these
subsets.

Regime (i): Suppose that w € (Bc, Be + %7’) In this case, it is straightforward to verify

that

MM

T > ’UM > UMM GM GM

> ofM > M 5 ge s oMM

> 7T > &M (B4)

which implies that there are three relevant ranges of v.

Case 1: If Be< v < vfM , the relevant profit expressions are given by

2
M _ (U;BBTC), (B5)

2 | .2
upm vt w® (v+w-—fe)e
= — B
4 473 27 (B6)
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and

cv _ (w—Be)?
m = T, (B7)

which implies that the profit gain of delaying the launch of the follow-on drug is given by
Ar = 0.

Case 2: If vf;M <v < ng , the follow-on drug faces competition from generic versions of
the original drug if launched in the second period, so the second-period profits are in this case
given by

e _ w7 —268) [r — (v cf)]

= Br ) (B8)

whereas 7 and 7M™ are still given by (B5) and (B6), respectively. The profit gain of delaying
the launch of the follow-on drug is now given by

(20 + w — 27 — 3¢B)?

AT — —
T 4681

< 0. (B9)

Case 3: If ng < v < T9M  the second-period profits in case of delayed launch change to

GM _ (w—v+7)2
RO = (B10)

while the other profit expressions remain the same. The profit gain of delayed launch is now

given by
Am——2 (B11)
86T
where
¢ = w? —v? + 2wv — 2 (2w — ¢B) fe — (2 (w —v) +7) 7. (B12)
By using the fact that ¢ is monotonically increasing in v over the interval (UQGM oM ), and

that limv_%cM ¢ > 0, we can verify that ¢ > 0, and thus Ar < 0, for all v € (UQGM,@GM).
Regime (ii): Suppose that w € (ﬁc + 5, B8c+ ’7'). In this regime, the ranking of v-thresholds
is given by

MM o M - 5GM o MM U2GM > leM > Be > oMM 5 &M (B13)

which implies that there are now four relevant intervals of v.
Case 1: If Bc < v < v{M | the analysis is identical to Case 1 in Regime (i), with the

conclusion that Ar < 0.
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Case 2: If v{™M < v < v§M | the analysis is identical to Case 2 in Regime (i), with the
conclusion that Ar < 0.

Case 3: If v§M < v < vMM | the profit gain of delayed launch is given by (B9), with the
only difference that this expression is defined for a range of v with a lower upper bound (i.e.,
oMM < FEMY - However, since ¢ > 0 for all v € (’U2G M HGM ), it follows that ¢ > 0 also for
v E (szM,vMM), implying that Anw < 0.

Case 4: If vMM < 4y < GEM | the first-period profits if the follow-on drug is launched imme-

diately are given by

MM w+v—7‘+(w—v)2 . (B14)
MM _ _
25 876 ’

while 7™ and 7™ are given by (B5) and (B10), respectively. The profit gain of delayed launch

is now given by

p

AT = ————
T 8437’

(B15)

where

p:=(6v+2w—57)7 —2(v—2cf)v—2(4T + ¢f) Be. (B16)

Since 9%p/0v? < 0, p reaches a minimum value at either the lower or the upper bound of v.
It is straightforward to verify that lim,_, mn p > 0 and lim,_ zem p for w € (Bc +3,68c+ 7'),
implying that p > 0, and thus An < 0, for all v € (UMMEGM).

Regime (iii): Suppose that w € (Bc +7,B8c+ %T), which implies the following ranking of
v-thresholds:

oMM 5 GOM 5 M o MM o ) GM S &M 5 B > oMM 5 ) GM (B17)

There are now five relevant intervals of v.

Case 1. If fc < v < UIGM, the analysis is identical to Case 1 in Regime (i), with the
conclusion that Ar < 0.

Case 2: If oM < v < v§M | the analysis is identical to Case 2 in Regime (i), with the
conclusion that Am < 0.

Case 3: If v§M < v < vMM | the analysis is identical to Case 3 in Regime (ii), with the
conclusion that Am < 0.

Case 4: If vMM < v < oM the expressions for 7™, 7™M and 7¢M are given by (B5), (B14)

and (B10), respectively, so the profitability of launch delay is given by (B15). We know that p
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in (B15) is concave in v. It can also be verified that lim, ,,» p > 0 and lim,_,, mam p > 0 for

w € (Bc + 7, 8c+ %7’), which implies that p > 0, and thus Axw < 0, for all v € (’UMM,’UM).
Case 5: If vM < v < 7M | the expressions for 7MM and 7¢M are given by (B18) and (B12),

respectively, while first-period profits when the launch of the follow-on drug is delayed are given

by

M = —c. (B18)
The profit gain of launch delay is then given by

(2(w—v)+37)

Am = — 85

<0if v <M, (B19)

Regime (iv): Suppose that w € ([5’0+ %T,ﬁc-}- 27'), which implies that the ranking of
v-thresholds is given by
MM

v > TOM > M 5 pGM 5 MM o (GM 5 5o > MM 5, GM (B20)

which implies that there are five relevant intervals of v.

Case 1: If Be< v < UlGM, the analysis is identical to that of Case 1 in Regime (i), with the
conclusion that Am < 0.

Case 2: If vfM < v < oMM the profit gain of launch delay is the same as for Case 2 in
Regime (i) and thus given by (B11), which is negative.

M MM

Case 3: If VMM < ¢ < UQGM, the expressions for n#¥, 7 and 7GM

are given by (B5),

(B14) and (B8), respectively. The profit gain of launch delay is then given by

__
Ar = 857 (B21)

where

= 6ow + T2 +w? —4(Bv+w — 7 —48¢) T — 2 (10v + 4w — 7¢B) Be. (B22)

It is relatively straightforward to verify that u is monotonically increasing in v for w € (ﬁc + %T, Be + 27'),
and that lim,_,,mn g > 0, implying that p > 0, and thus A7 < 0, for v € (UMM, U2GM).

Case 4: If v§M < v < oM, the expressions for 7™, 7™M and 7&M are given by (B5),

(B14) and (B10), respectively, so the profitability of launch delay is given by (B15), whose sign

is given by the opposite of the sign of p, which we know is concave in v. It is easily verified
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that limv_wszp > 0 and lim,_,,» p > 0, implying that p > 0, and thus A7 < 0, for all
v E (UQGM , oM )

Case 5: If vM < v < %M the analysis is identical to Case 5 in Regime (iii), with the
conclusion that Am < 0.

Regime (v): Suppose that w € (Bc—l— 27, Bc + %7’), which implies that the ranking of

v-thresholds is given by

—GM

>T GM GM

> oM > oM 5 MM 5 ge s GM o MM

MM > M, (B23)
There are thus four relevant intervals of v.
Case 1: If Bc < v < vMM | the follow-on drug replaces the original drug for all patients (with

a fully covered market) if launched in the first period, which means that first-period profits in

this case is given by

MM 0T (B24)

g

while 7™ and 7™ are given by (B5) and (B8), respectively. The profit gain of launch delay is

then given by
(v—cf) (3v+ 4w — 81 — TBc)

Am=-— 481

. (B25)

The sign of this expression depends on the sign of the second factor in the numerator, which we
temporarily denote by (), and which is monotonically increasing in both v and w. It is easily
verified that lim,_ g w—get+2r (+) = 0, implying that (-) > 0, and thus Ar < 0, forv € (Bc, QMM)
and w € (ﬁc—|— 27, Bc+ %T).

M MM

Case 2: If vMM < ¢ < UQGM, the expressions for 7", 7 and 7G&M

are given by (B5),
(B14) and (B8), respectively, which means that the profit gain of launch delay is given by (B21),
whose sign is given by the opposite of the sign of y, defined by (B22). Since u is monotonically
increasing in v, and since lim,_,,ma g > 0, it follows that p > 0, and thus Am < 0, for all
NS (QMM,UZGM).

Case 3: If v§™ < v < v™, the analysis is similar to Case 4 in Regime (iv), with the
conclusion that Ar < 0.

Case 4: If vM < v < %M the analysis is similar to Case 5 in Regime (iii), with the
conclusion that A7 < 0.

Regime (vi): Suppose that w € (Bc—i— %T,Bc—i— %7‘), which implies that the ranking of
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v-thresholds is given by

@MM >§GM M MM

MM>1)2G

>0 > M > Be>ofM >y > &M, (B26)

There are thus four relevant ranges of v.

Case 1: If e < v < v§M | the profit gain of launch delay is given by (B25), whose sign is
negative if 3v + 4w — 8 — 78¢ > 0. The only relevant difference from the analysis of Case 1
in Regime (v) is that the lower bound of w is now higher, which only reinforces the conclusion
that 3v + 4w — 87 — 78c > 0 and thus An < 0, for the entire relevant parameter range.

Case 2: If v§™ < v < vMM  the expressions for 7™, 7™M and 7¢M are given by (B5),

(B24) and (B10), respectively, which implies that the profit gain of launch delay is given by

n
Ar = ——— B27
where
n:= (20 + 6w — 97) T — 2¢f (47 — 20 + ) — 3v? + 20w — w. (B28)

It is easily verified that 7 is monotonically increasing in v over the interval (vg M MM ), and it
is also straightforward to check that limvﬁvsz n >0 for w € (Bc + %T, Be+ gT), which implies
that n > 0, and thus Azw < 0, for all v € (ng,QMM).

Case 3: If vMM < v < vM | the expressions for 7™, 7MM and 7¢M are given by (B5), (B14)
and (B10), respectively, so the profit gain of launch delay is given by (B15), whose sign is given
by the opposite of the sign of p, defined by (B16). We know that p is concave in v, and it is
easily verified that lim, ,,mm p > 0 and lim,_,,m p > 0 for w € (Bc + %7’, Bec + 27'), implying
that p > 0, and thus A7 < 0, for all v € (QMM,UM).

Case 4: If vM < v < TEM | the analysis is similar to Case 5 in Regime (iii), with the
conclusion that Ar < 0.

Regime (vii): Suppose that w € (Bc—i- %T,ﬁc—i— %T), which implies that the ranking of

v-thresholds is given by

~GM

>T GM

MM > oM > oMM 5 ) GM 5 ge > FM 5 M 5 MM, (B29)

There are once more four relevant ranges of v.

Case 1: If Bc < v < v§™ | the analysis is similar to Case 1 in Regime (vi), with the only
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relevant difference that the lower bound of w is now higher, which only reinforces the conclusion
that Am < 0 for the entire relevant parameter range.

Case 2: If v§M < v < vMM_ the analysis is similar to Case 2 in Regime (vi). It is eas-
ily verified that 7 is monotonically increasing in v over the interval (ng , oMM ) and that
limvﬂv{?M n > 0 also for w € (Bc + %T,Bc + %7’), which implies that n > 0, and thus An < 0,
for all v € ('UZGM,QMM).

Case 3: If vMM < ¢ < vM | the analysis is similar to Case 3 in Regime (vi). It is easily
verified that lim,_,,mam p > 0 and lim,_,,» p > 0 also for for w € (Bc + %7‘, Be+ %7‘), implying
that p > 0, and thus A7 < 0, for all v € (QMM,UM).

Case 4: If vM < v < TEM | the analysis is similar to Case 5 in Regime (iii), with the
conclusion that Ar < 0.

Regime (viii): Suppose that w € (504— %T,ﬁc—i— 37'), which implies that the ranking of

v-thresholds is given by
MM 5 GOM 5 M 5 MM 5 ) GM 5 e > gOM 5 GM 5 MM (B30)

There are once more four relevant intervals of v.

Case 1: If Bc < v < v§™ | the analysis is similar to Case 1 in Regime (vi), with the only
relevant difference that the lower bound of w is now higher, which only reinforces the conclusion
that Am < 0 for the entire relevant parameter range.

Case 2: If v§M < v < vMM | the analysis is similar to Case 2 in Regime (vi), with the
conclusion that A7 < 0 for the relevant parameter range.

Case 3: If vMM < v < oM the analysis is similar to Case 3 in Regime (vi), with the
conclusion that Am < 0 for the relevant parameter range.

Case 4: If vM < v < &M the analysis is similar to Case 5 in Regime (iii), with the
conclusion that Am < 0.

Regime (ix): Suppose that w € (B¢ + 37, 5c+ 471), which implies that the ranking of

v-thresholds is given by

~GM

MM 5 GOM 5 M o MM 5 ) GM 5 g o§M 5 GM 5 MM (B31)

There are four relevant intervals of v.

Case 1: If Bc < v < v@M | the follow-on drug not only replaces the original drug for all
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patients if launched in the first period, but it also fully outcompetes the generic versions of the
original drugs if launched in the second period. In this case, the second-period profits in case

of launch delay is given by
GM_ W—UV—T

R (B32)

while 7™ and 7™M are given by (B5) and (B24), respectively. The profit gain of launch delay

is in this case given by
(v—cB) (Bc+4T —v)
Ar=— . B
T 157 (B33)

The sign of this expression depends on the sign of Sc+47—wv, which is monotonically decreasing in
v. It is straightforward to verify that lim,_,,cum (B¢ + 47 — v) > 0, implying that Sc+47—v > 0,
and thus Anw < 0, if for all v € (ﬁc, QGM).

Case 2: If v&M < v < vMM the expressions for 7, 7MM and 7&M are given by (B5), (B24)
and (B10), respectively, which means that the profit gain of launch delay is given by (B27),
whose sign is given by the opposite of the sign of 7. Since §%1/0v? < 0, 1) reaches a minimum on

GM MM ) at either the lower or the upper bound. It is relatively straightforward

the interval (y
to verify that lim,_,,cm 7 > 0 and lim,,_,,mum 1 for w € (B¢ + 37, Bc + 47), implying that 7 > 0,
and thus A7 < 0, for all v € (QGM,QMM).

Case 3: If vMM < v < oM the analysis is similar to Case 3 in Regime (vi), with the
conclusion that A7 < 0 for the relevant parameter range.

Case 4: Case 4: If vM < v < T%M | the analysis is similar to Case 5 in Regime (iii), with the
conclusion that Am < 0.

Regime (x): Suppose that w € (B¢ + 41, B¢+ 57), which implies that the ranking of v-

thresholds is given by

MM 5 GOM 5 MM o M GM 5 ge > o§M > FM 5 MM (B34)
In this regime there are four relevant intervals of v.

Case 1: If Bc < v < v%M | the analysis is similar to Case 1 of Regime (ix), with the conclusion
that Am < 0 for the relevant parameter range.

Case 2: If v®M < v < vM | the expressions for 7™, 7MM and 7¢M are given by (B5), (B24)
and (B10), respectively, which means that the profit gain of launch delay is given by (B27),

whose sign is the opposite of the sign of 7, which is defined by (B28). Since 7 is strictly concave
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in v, n reaches its minimum value at either the lower or upper bound of v, and it is easily
verified that lim,_,,cx 1 > 0 and lim,_,,» 7 > 0 also for w € (B¢ + 47, fc + 57), implying that

n >0, and thus A < 0, for all v € (vM M),

M _MM

Case 3: If vM < v < oMM the expressions for 7, = and 7¢M

are given by (B18),

(B24) and (B10), respectively, which implies that the profit gain of delayed launch is given by

'
A = —S‘ﬁ, (B35)
where
0= (6w—-0v)—7)T— (w—20). (B36)

It is easily verified that ¢ is monotonically decreasing in v over the interval (’UM , oMM )

, and
that lim,_, ma ¢ > 0, implying that ¢ > 0, and thus Ar < 0, for all v € (UM,QMM).

Case 4: If vMM < v < %M the analysis is identical to Case 5 in Regime (iii), with the
conclusion that Am < 0.

Regime (xi): Suppose that w > ¢+ 57, which implies that the ranking of v-thresholds is
given by

MM —=GM

v > MM

GM GM

> oMM 5 yOM 5 M 5 ge > FM > yFM 5 MM, (B37)

In this final regime there are four relevant ranges of v.

Case 1: If Bc < v < v™ | the profit gain of launch delay is given by (B33), which is clearly
negative for Bc < v < vM.

Case 2: If vM < v < v&M | the expressions for 7, 7MM and 7M are given by (B18), (B24)

and (B32), respectively, which implies that the profit gain of launch delay is given by

Ar=——<0. (B38)

-
B
Case 3: If vM < v < vMM the analysis is similar to Case 3 of Regime (x), with the
conclusion that Am < 0.
Case 4: If vMM < y < %M the analysis is identical to Case 5 in Regime (iii), with the

conclusion that A7 < 0.
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Proof of Proposition 2

From the analysis in Appendix A, we know that, if 3 is sufficiently close to one and w = v > vM |
drug pricing is constrained in market structure M M but not in the other market structures.

Thus, the profits in M and GM are given by, respectively,

v o v—T
T = —c B39
and
GM T
———— B4
T 35 (B40)

In market structure M M, the pricing of the two drugs is constrained by the requirement that
inclusion of the follow-on drug does not reduce the health plan’s surplus. If the follow-on drug
is not included, the health plan’s surplus, HM, is given by (A33). In case the follow-on drug is

included, the health plan’s surplus, as a function of drug prices, is given by

1
(U—pO—TS)dS—I-/ (v—pr—7(1—29))ds, (B41)

z

x

HMM (povpf) = /0

where 7 is is given by (A8) for w = v. The health plan will include the follow-on drug in the

first period if the drug prices are such that

(4(v—7)+B (1= 2P+ 1) T+ (2= B) B2 (po — py)’

AH = MM —HM =
l(povpf) (pmpf) 48T
(B42)

Since w = v, both the producer’s profits and the health plan’s surplus are maximised for p, = py.

In the set of drug prices for which (B42) holds, the profit-maximising pair of prices are therefore

given by
MM v _ v (A=p)T
o= == —-—"— B43
Py B 48 ( )
yielding a profit of
MM _ Y (4-p)T _
™ =37 1 c. (B44)

The profit gain of launch delay is then given by

28 —1
Am = aM 4 gGM _ MM _ —<ﬁ8ﬁ)7 <0. (B45)
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Thus, launch delay is not profitable even if drug pricing is constrained in case of immediate

launch.

Proof of Proposition 3

If w = v, equilibrium drug prices in market structure MM and GM under free pricing are

found by evaluating (5)-(6) and (13) for w = v, respectively, yielding

vich if v <71+ Bec

ppt =M= (B46)
2%7 if v>T1+ fc
and
%(v%—cﬁ) if Bc<v§ﬁc+%r
p?M: 2”6—T—c if Bc+%7’<v§60—|—%7 ) (B47)
¢+ 35 if v > Pe+3r

while pM is still given by (2). This implies that there are five relevant threshold levels of v,
given by

3 2
Bc+27>,3c+7>,3c+17'>ﬂc+§r>5c. (B48)

The proof of Proposition 3 relies on an evaluation of the profit gain of launch delay within each
of the intervals of v defined by these thresholds, and under each possible scenario in which the
price cap binds in at least one of the three possible market structures.

(i) Suppose that the maximum therapeutic benefit is given by v € (ﬂc, Be+ %T) In this
case, it follows from (2) and (B46)-(B47) that

v+ Be
py = pyt™ = pptM = pFM = TR (B49)

Thus, if the price cap binds, it binds under all three market structures. In case of a binding

price cap, i.e., p < ”;g <, it follows from (22)-(24) that the ranking of relevant p-thresholds is
given by
v+ fBe 20—17 20—T—cB v—T ( 1)
>c> > > ifve|pBeBc+ =T B50
28 28 B B 2 (B50)
and
v+pPBc 2v—T—cf 2v—T V—T . 1 2
f = = B51
23 > 3 > % >c > 3 11}6(504—27’,604—37), (B51)
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which implies that there are two relevant sub-intervals of v. Suppose first that v € (Bc, Bec+ %T),

which from (B50) implies that the only relevant interval of p is given by p € (C, vgg C). In this

case, profits in each of the three possible market structures are given by

) =m0 ("7, (B52)

w0 ) = - o) (20-) (B53)
and

= 5) = (p- (“LT), (B51)

which implies that the profit gain of launch delay is A7 = 0.

Suppose next that v € (ﬁc + %T, Be+ %T), which from (B51) implies that there are three
relevant sub-intervals of p. If p € (c, 2%—57), then the profits in market structure M M are given
by

MM (@) =p -, (B55)

and profits in market structure GM are given by

wmﬂmzwa(“*ﬁ“”), (B56)

while 7 (p) is still given by (B52). This means that the profit gain of launch delay is given by

_ _ 20—-6Bp—c¢)—7 e N
arp) = -0 22T () i< (55, (B57)
where
. 2v4cf—T

=— B58
- (853)

It is easily verified that p € (c, 27§ET> for v € (50 + %7’, Be+ %7’) Thus:

_ . 1 2 _ .
Am(p) > 0ifv e (60 + 57’,56 + 37'> and D € (¢,D) . (B59)

If instead v € (Bc+ 37,B8c+ 27) and P € (QZET,W) then 7 (p), 7" (p) and

7GM () are given by (B52), (B53) and (B56), respectively, which implies that the profit gain
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of launch delay is given by

T—2v+ B (c+p)
2T

1 2
Am (p)=(p—c¢) <0 forve <ﬁc + §T,ﬁc + 37‘> and p > c. (B60)

2u—7—cf

Finally, if v € (ﬁc—i— %T,,BC—F %7‘) and p € ( ,% (v —i—cﬂ)), the three relevant profit
expressions are given by (B52)-(B54) and Ax (p) = 0.
(ii) Suppose that the maximum therapeutic benefit is given by v € (ﬁc + %7‘, Be+ %T). In

this case, it follows from (2) and (B46)-(B47) that

20— T v+ fBc
p§M = —c>pyl = pyM = pft = : (B61)

B 2p

(a) Suppose that p € (v;rg <, 2”5_ T — c), which implies that the price cap binds in market
structure GM, but not in market structures M or M M. This reduces the profitability of GM
without affecting the profitability of M and M M, so launch delay cannot possibly be profitable

given the result in Proposition 1.

(b) Suppose that p € (c, ”erg C), which implies that the price cap binds in all three market

structures. It follows from (22)-(24) that the ranking of relevant p-thresholds is given by

20—-T—¢ v+ Be 20—1T1 v—T
B> B >

3 25 % >c> 5 (B62)

which in turn implies that there are two relevant subintervals of p. If p € (c, 2%;), profits in
market structure M, MM and GM are given by (B52), (B55) and (B56), respectively, which

implies that the profit gain of launch delay is given by (B57), and is therefore positive if p < p

as defined by (B58). It is easily verified that p € (c, 2%7) for v € (ﬁc + %7‘, Be+ %T). Thus:

2
Am(p) >0ifv e (Bc + gT,ﬂC + 27') and p € (¢, D). (B63)

On the other hand, if p € (2%7, ”;rg C), profits in market structure MM is instead given by
(B53), which implies that the profit gain of launch delay is given by (B60), which is negative
for v € (ﬁc—|— %T,Bc—l— %T) and p > c.

(iii) Suppose that the maximum therapeutic benefit is given by v € (5c+ %T,ﬂc + T). In
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this case, it follows from (2) and (B46)-(B47) that

T v+ Be
Pt =ct oz >p =pM = pft = : (B64)

23 20

(a) Suppose that p € (v;rg €, c+ %), which means that the price cap binds in market

structure GM, but not in M or M M. Once more, this reduces the profitability of GM without
affecting the profitability of M and M M, so launch delay cannot possibly be profitable given

the result in Proposition 1.

(b) Suppose that p € (c, ”'{g C), which means that the price cap binds in all three possible
market structures. From (22)-(24), the ranking of p-thresholds is given by (B62), which means
that there are two relevant sub-intervals of p. If p € <c, 2%—57), the profits in market structure

M, MM and GM are given by (B52), (B55) and (B56), respectively, which implies that the

profit gain of launch delay is given by (B57), and is therefore positive if p < p as defined by

(B58). It is easily verified that p € <c, 23;) for v € (Bc + %T, Bec+ 7'). Thus:

Am(p) >0ifv e <Bc + %T,ﬁc + T> and p € (¢,p). (B65)

On the other hand, if p € <2%T, ”;rg C), profits in market structure MM is instead given by

(B53), which implies that the profit gain of launch delay is given by (B60), which is negative
for v € (564— %7,504—7) and p > c.
(iv) Suppose that the maximum therapeutic benefit is given by v € (Sc+ 7, 8¢+ 27). In
this case, it follows from (2) and (B46)-(B47) that
MM _ ovM _20—T oy vt fBe  au

.
5 py = % >p,) = >pft =ct oo (B66)

(a) Suppose that p € (v;rﬁﬁ <, 2%57), which implies that the price cap binds in market struc-

ture MM but not in the other two market structures. In this case, the profits in market
structure M M is given by (B55), while profits in market structures M and GM, using (4) and

(16), are given by, respectively,

2
M = (”;ch) (B67)
and
7OM = % (B68)
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The profit gain of launch delay is therefore given by

_ 2¢23% + 20 (v — 2¢B) — 876 (B — ¢) + 72

A (7) i

> ()0ifp< (>)7, (B69)

where
, 2cB (4T +cB) +2v (v — 2¢B) + T2
D= .
815

(B70)

It is relatively easy to verify that p’ < 2%7 for all v € (Bc+ 7, Bc + 27), while p' > v;ﬁﬁc if v is

sufficiently close to the upper bound B¢ + 27. Thus:

Ar(p) > 0ifv € (v,Bc+27) and p € (U;ﬂﬁc,ﬁ>, (B71)

where T is implicitly defined by 2c2% 4 2v (v — 2¢8) — 8768 (p — ¢) + 72 = 0.

26
but not in GM. It follows from (22)-(24) that the ranking of relevant p-thresholds is given by

(b) Suppose that p € (c + %, ”+’BC), which implies that the price cap binds in M and M M

20—7 v+ fPe T v—T 3
— f — B72
25 > 25 >c+25> 5 i ve(ﬁc—i-T,Bc—i—QT) (B72)
and
20—7 v+fBc v—T T 3
— if = 2 B
5 25 > 5 CC¢tap v€<ﬁc+27,ﬁc+ T>, (B73)

which implies that there are two relevant sub-intervals of v. Suppose first that v € (ﬂc + 7, Bc+ %7’)
In this case, profits in market structures M and M M are given by (B52) and (B55), while profits
in market structure GM are given by (B68). The profit gain of launch delay is therefore given

by
85(v—7—5ﬁ)(ﬁ—6)+72.

Am(p) = o

(B74)

The sign of this expression depends on the sign of the numerator, which is monotonically

decreasing in p for v € (Bc+7,ﬁc+ %T) and p € (c+ %, ”3?6)7 and also monotonically

increasing in v. It is relatively straightforward to verify that lim, ,g.4, A7 < 0 for all p €

(c + 25 v;rgc), while lim

bound. By continuity and monotonicity, it follows that

vBetdr Ar > (<)0 if p is sufficiently close to the lower (upper)

3
Arm(p)>0ifv e <v/,ﬁc—|— 27) and p € <c+ 2;,;’5"), (B75)
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where
2

U/Z:T—I—ﬁﬁ—ii B76
- 83(p— ) (B76)
and where p” is implicitly defined by

88 (v—1—pp") (" —c)+7*=0. (B77)

Suppose next that v € (Bc + %T, Be+ 27'), which implies that there are two relevant sub-
intervals of p. If p € (c + ﬁ, ”%), the profits are the same in market structure M as in market
structure M M, and given by (B55), while the profits in GM are given by (B68). This clearly
implies that launch delay is profitable, since launching the follow-on drug alongside the original

drug in the first period yields zero additional profits. Thus:

Arm(p)>0ifv e <Bc+ 37,50+27‘> and p € (c—i— 2;,1};T> (B78)

On the other hand, if p € (“ET, ”ggc), the profits in M and MM are given by (B52) and
(B55), while profits in market structure GM are given by (B68), so the profit gain of launch
delay is given by (B74), whose sign depend on the sign of the numerator, which is monotonically

increasing in v and monotonically decreasing in p. It is relatively straightforward to show that

Am > 0 at the the lower bound of v if p is sufficiently close to the lower bound, while A7w > 0

at the upper bound of v for all p € (”ET, %) Thus:

An(p) > 0ifv e <ﬁc+§7,ﬁc+2¢> and 7 € (7,min {ﬁ',“;ﬁﬁc}>, (B79)

where p” is implicitly defined by (B77).
(c) Suppose that p € (c, c+ %), which means that the price cap binds in all possible market

structures, and that the ranking of p-thresholds is given by

20—T7—cB 2v—7 v+ B¢ T  v—T ) < 3)
> > >c+—>——>cifve|fec+T1,6c+ = B8O
3 25~ 28 2”5 2)  (P%0)

and

W—T—cf 2w—T v+Pc v—T T , < 3 )
> > > >c+—>cifve|fBe+ =, Bc+27 ), B81
8 26~ 28 ~ B 28 2 (B81)
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which implies that there are two relevant sub-intervals of v. Suppose first that v € (Bc +7,Bc+ %),
which implies in turn that there are two relevant sub-intervals of p. If p € (c, ”_TT), the profits
are the same in market structure M as in market structure MM, and given by (B55), while
the profits in GM are given by (B56). Once more, this clearly implies that launch delay is
profitable, since launching the follow-on drug alongside the original drug in the first period

yields zero additional profits. Thus:

Aﬂ'(p)>01f11€<ﬁc+7',/6’c+g7'> andpE(c,UﬁT>. (B82)

On the other hand, if p € (%,04— %), the profits in market structure M is instead given
by (B52), which implies that the profit gain of launch delay is given by (B57), whose sign
depends on whether the price cap is above or below the threshold level p given by (B58). It is
relatively straightforward to verify that p > % for v € (Bc +7,8c+ %), while p < (>) e+ %

if v < (>)Bc+ §7. Thus:
_ . 3 _ v—T17 . [ T
Am(p) > 0ifv e (BC—I—T,/BC-F 27’) and p € (B,mln {p,c—l— %}) , (B83)

where p is given by (B58).

Suppose next that v € (ﬂc—i— %,Bc—i— 27). In this case, profits are the same in market
structure M as in market structure M M, and given by (B55), while the profits in GM are
given by (B56). Again, this clearly implies that launch delay is profitable, since launching the

follow-on drug alongside the original drug in the first period yields zero additional profits. Thus:

Aﬂ(p)>01fve<6c+§,,6’c+27-) andpe(c,c+2;>. (B84)

(v) Finally, suppose that the maximum therapeutic benefit is given by v > ¢+ 27. In this
case, it follows from (2) and (B46)-(B47) that

20—1T v—T T
MM MM M GM
o =Dpp = 25 >p, = 3 > py —c—|—2ﬂ. (B85)

(a) Suppose that p € (”ET, 22—;), which implies that the price cap binds in M M but not
in M and GM. In this case, the profits in M M are given by (B55), the profits in GM are given

by (B68), while the profits in M are given by (4). The profit gain of launch delay is then given
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— 8(v—pBp)—Tr r Sv—TT1
A = 0 if . B86
" (7) G (Uit < () (B36)
It is easily verified that ”BT < 8”8_67T < 2%7 for v > Bc+ 27. Thus:
_ . _ v—T 8v—T1T
Aw(p)>01fv>ﬁc+27andp€( 583 > (B87)

(b) Suppose that p € (c + %, %), which implies that the price cap binds in M and MM

but not in GM, and that the ranking of relevant p-thresholds is given by

20-T7 _ v—1T T
> >c+ . B8&8

2p B 2 (B88)

In this case, the profits are the same in market structure M as in market structure MM, and
given by (B55), while the profits in GM are given by (B68). This clearly implies that launch
delay is profitable, since launching the follow-on drug alongside the original drug in the first

period yields zero additional profits. Thus:
_ ) _ T v—T
Aw(p)>01fv>ﬂc+27'andp6<c+2/6,6). (B89)
(c) Suppose that p € (c, c+ %), which implies that the price cap binds in all three possible
market structures. Also in this case, the profits are the same in market structure M as in
market structure M M, and given by (B55), while the profits in GM are now given by (B56).

Yet again, this clearly implies that launch delay is profitable, since launching the follow-on drug

alongside the original drug in the first period yields zero additional profits. Thus:

Aw(p)>01fv>,6’c+27'andp€(c,c+27—6> (B90)

The proof is completed by noting that the combination of (B59), (B63) and (B65) yields

2
Am(p) >0ifv e <5c+;,ﬂc+ 37’> and p € (¢,D), (B91)
the combination of (B82) and (B83) yields
Arm(p)>0ifv e <,6’c+ T, Be+ 27’) and p € <c,min {ﬁ,c—l— 2;}) , (B92)

60



the combination of (B78), (B79) and (B84) yields

Arm(p)>0ifv e (ﬂch gT,ﬁc+ 27’> and p € (C, min {}/5", Y —;‘Bﬁc}> , (B93)

and the combination of (B87), (B89) and (B90) yields

Ar(p) >0ifv > pec+27r and p € (c, 81)8_57T> ) (B94)

It follows from (B91)-(B94) that, for every value of v > fc + 3§, there exists a threshold value
of the price cap that is strictly higher than marginal cost, such that Ax (p) > 0 if the price cap
lies between marginal cost and this threshold value.

Proof of Proposition 4

If w > v+ 37, it follows from (11) and (19) that the equilibrium drug prices in market structure

MM and GM under free pricing are given by py M — w,gT and p?M =c+ “"E‘T, respectively,
while from (2) we know that the profit-maximising in M is given by p = %gc ifv<fBe+2r
and by pM = % if v > Bec+ 27.
(a) Consider first the case of v € (¢, Bc + 27), which implies that
MM W—T aM w—v—T M v+ pc

Pr =5 > py :C+T>po: 28

. (B95)

(i) Suppose that p € (c + %, ng), implying that the price cap binds in M M but not

in GM or M.

The profits in the three possible market structures are then given by

2
M = (”;ﬁﬁ:), (BY6)
MM (p) =p—c (B97)
and
oM _WTUTT (B98)
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and the profit gain of launch delay is given by

(v—Bc) +4r(w—v—7—B(F—c))

Am (p) = 15 > (<)0ifp < (>)p"”, (B99)
where
2
7= ot Y ; G 47?) . (B100)
It is easily verified that p”’ € (c + “’73’77, “’57).
ii) Suppose that p € (Z2¢ ¢+ ©2=v=7) implying that the price cap binds in MM and
28 B

GM but not in M. In this case, the profits in GM are given by
nM@p)=p—c, (B101)

while the profits in M and M M are still given by (B96) and (B97). Since, 7™M (p) = nM (p),

launch delay is clearly profitable, since it gives the firm one period of additional profits equal
to 7M.

iii) Suppose that p € (¢, 22), implying that the price cap binds in all three possible
pp p 23

market structures. Once more, since 7™M () = 7&M (p), launch delay is profitable.
(b) Consider next the case of v € (Sc+ 27, fc + 47). In this case, the price ranking (under
free pricing) is given by

MM w—T GM w—v—T M U+BC
MM _ S pOM oy —T M = . B102)
d g 5 ° 2 (

(i) Suppose that p € (c—l— w_g_T, ng), implying that the price cap binds in MM but

not in M and GM. In this case, the profits in MM and GM are given by (B97) and (B98),

respectively, while the profits in M is now given by

™ = — ¢, (B103)

which in turn means that the profit gain of launch delay is

A?T(p):w_2T—p>(<)Oifp<(>)w_2TE<c+ (B104)

8 B

wW—v—T w—7'>

BB

(ii) Suppose that p € (U;rgc,c—i— w_g_T), implying that the price cap binds in MM and
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GM but not in M. This means that the profits in GM change to (B101), implying once more

that 7M (p) = 7™M (p), which clearly makes launch delay profitable.

(iii) Suppose that p € (c, ”;rg C), implying that the price cap binds in all three possible
market structures. Once more, 7™ (p) = 7™M () and launch delay is profitable.

(c) Finally, consider the case of v > ¢ + 47, which implies that the price ranking (under
free pricing) is given by
oM wW—v—T

M W—T M v+ B

vy

(i) Suppose that p € (U;rgc, “’gT), implying that the price cap binds in M M but not in M

and GM. The analysis is the same as in case (b)-(i), and the profitability of launch delay is

given by the condition in (B104).

B2

but not in GM. In this case, the profits in M is given by p — ¢ and is therefore the same as in

(ii) Suppose that p € (c + =T ”’Lﬁc), implying that the price cap binds in M and M M

MM, implying that launch delay is profitable.

(iii) Suppose that p € (C, c+ “"5‘7), implying that the price cap binds in all three possible
market structures. In this case profits are equal to p — ¢ in all three market structures and

launch delay is therefore clearly profitable.

Proof of Proposition 6

Let W* := n°+ H? be the total welfare in market structure s. Immediate launch of the follow-on

drug is then welfare-optimal if
AW = (WMM M)  (wo¢ —wM) > o, (B106)

where GG denotes the market structure in which both the original and the follow-on drugs
face direct generic competition, leading to prices equal to marginal cost for both drugs. It is
immediately obvious that W& > W&M if 3 = 1. In this case, there are no distortion in
prescription choices, neither at the intensive nor at the extensive margin in market structure
GG, while too few patients are prescribed the follow-on drug in market structure GM because
p?M > ¢. By continuity, it must be true that W& > WM also for values of 3 sufficiently
close to one.

Given that S is sufficiently close to one, a sufficient condition for AW > 0 is therefore
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WMM ~ WM Using (4) and (A33), total welfare in M is given by

(v=Bc)(3v—(4—=P)c) ; M
1 v<v
wM = 8t f . , (B107)
v—cC— % if v > oM
whereas, using (8) and (A34), total welfare in MM is given by
3(v2+w?)—2¢((248)(v+w)—B(4—PB)c) MM
v<v
wMM — , / N : (B108)
3(v—w) +4(?gz+w)—4c—t)t if v > MM
Suppose first that v < v™M_ In this case we have
8t ’
which is clearly positive for all w > ¢ if § — 1. Suppose next that v € (’UM M M ), in which
case we have
wMM _ M 2 (B110)

16t

where
wi=(8t+3(w—2))(v+w)+4((2+8)cv— (de+1t)t) — 6vw — 2 (4 — B) B (B111)

The sign of (B110) is given by the sign of w. From (B111) it is easily verified that dw/0w > 0
for w > v. Evaluating w at w = v yields

limw=44(@w—c)—t)t—20Bv—22+B)c)v—2(4— B) B (B112)

w—v

It is easily verified that 92 (lim,_., w) /Ov? < 0, implying that lim,, ., w reaches its lowest value

on the interval (vM , oMM ) either at the lower or at the upper bound of v. Evaluating the

expression at both bounds yields

lim <lim w) = (3t+4(B-1)0)t, (B113)

v—oM \w—v
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which is positive if g is sufficiently close to one, and

lim (lim w) =22 > 0. (B114)

UH,UJW]M wW—v

If 8 is sufficiently close to one, lim,, ., w > 0 for all v € (vM M M ), which in turn means that

w > 0, and thus WMM > WM for all w > v.

Finally, suppose that v > v in which case we have

(2t 4+3(w—v)) (2t +w —v)

WMM _ M _ B115
161 : (B115)
which is clearly positive for all w > v.
Proof of Proposition 7
Given the assumption A < %, the ranking of all the relevant v-values is given by
2 34+ A (5—2A)
- — - 27. B116
BC<BC+3T<50+2(2+)\)T<ﬁc+7<,6’c+4(1_)\)7'<ﬁc—|— T ( )

We will consider each interval of v in turn.

(i) Suppose that v € (60, Be+ %T) In this case, the profits in the four different market

structures are given by

M CEs ﬁC)Q
™ (N = B (B117)
MM _ (v 50)2
MM ()) = T (B118)
an oy _ (LX) (v = Bo)?
(N = 15 (B119)
and
A (v — Bo)”
GG —
%G () = G (B120)
which implies that the profit gain of launch delay is given by
A (v — Be)?
Ar(\) = ———— <. (B121)

45T

(ii) Suppose that v € (,Bc + %T,,@C + 2(321):\)7'). In this case, the profit in market structure
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GM changes to

WGM()\): 4(3(1}_66)_7—)7_(8_)‘)(1)_/80)2

B122
o , (B122)
which implies that the profit gain of launch delay is given by
Ar(A) = ——— (B123)
m 487

where k= (9+ A) (v — B8¢)> +4 (7 — 3 (v — Be)) 7. It is easily verified that & is monotonically

increasing in v over the interval (ﬁc + %7‘, Bec+ 2(321)3\) 7') and that lim

that Am (A) <0 for all v € (Bc + %T,ﬁc+ 2(3%/\/\)7)

vt 21 B > 0, implying
iii) Suppose that v € ( Bec+ ﬂr, Bc+ 7). In this case, the profit in market structure
2(2+N)

GM changes again to

S22 (143N (0 =B+ (1= N @A (v—Be) + (1 =N T)T
7M () = BTN B : (B124)

which implies that the profit gain of launch delay is

_ Y
AT = g a (B125)

where ¢ = 2 (142X — )\2) (v—PBc)* — (A =N(1=XN7T+4\(v—Be)) 7. Tt is easily veri-

fied that ¢ is monotonically increasing in v over the interval (Bc + 2(32‘3\)7', Be+ 7') and that

3+ % > 0, implying that Am (\) <0 for all v € (60 + %T,,@c + T).

2(2+))

hmv—>66+

(iv) Suppose that v € (Bc +7,8c+ i(51:/\)\))7>. In this case, the profit in GM changes again

to

(8AX(5—A) (v—PBc) — (18X = A2 = 1) 7) 7 — 16 (1 — A) A (v — Be)®

) = 8(1+3\) Br - (B126)
while the profits in M M and GG change to
AMM ()= 2T (B127)
26
and
7GC (\) = A (2”2; T c> , (B128)
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respectively. The profit gain of launch delay is then given by

_ §
Am(N\) = SN ar (B129)
where £ 1= (8 (1 —A+4A?) (v—Bc) — (5—2A+13X%) 7) 7 — 2 (1 — 5A +8)\?) (v — Be)?. Tt is

easily verified that £ is strictly concave in v, implying that & reaches its lowest value on the

(5= )‘)) T) at either the lower or the upper bound. It is relatively straight-

interval (,6’0 +7,B8c+ 3

forward to verify that hmv_,,gchT{ > 0 and lim -y &> 0if A < %, implying that

—BetaamnT

Am(A) <0 forallve (Bc +7,B8c+ 4((51_3\))7-)
v) Suppose that v € ( Bc+ (5;_)‘)7', 27 ). In this case, the profit in market structure GM
4(1-2)

changes once more to

A=~ """ B1
so the profit gain of launch delay becomes
Am (M) = v (B131)
- 8(1-\) BT’

where 6 = (8(1—X)(1+A) (v—Bc) — (5+3X—4N)7)7 —2(1—\) (v — Be)?. Tt is easily

confirmed that 6 is monotonically increasing in v over the interval (Bc + = ))7' 27) and that

41—
lim oot S 0>0if A< 3, implying that Ax (\) <0 for all v € (,6’04— 4((51 >;\))T 27').
(vi) Finally, suppose that v > Sc+27. In this case, the profit in market structure M changes
to
Moy =2 g . (B132)

which implies that the profit gain of launch delay is given by

g

Am(A) = —m7

(B133)

where o := 8A (1 — A) (v — Bc)+ (3 — 11A + 4A%) 7. It is immediately evident that o is monoton-
ically increasing in v, and it can easily be verified that lim,_g.r2, 0 > 0if A < %, implying that

Am(X) <0 also for all v > B¢+ 27.
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