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a b s t r a c t

To promote stockpiling of anti-viral drugs by non-government organizations such as hospitals, drug man-
ufacturers have introduced Manufacturer Reserve Programs which, for an annual fee, provide the right to
buy in the event of a severe outbreak of influenza. We show that these programs enhance drug manufac-
turer profits but could either increase or decrease the amount of pre-pandemic stockpiling of anti-viral
drugs.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

One of the available weapons for fighting pandemic influenza
are anti-viral drugs. Currently, four anti-viral medications –
oseltamivir, zanamivir, amantadine, and rimantadine – are
approved by the U.S. Food and Drug Administration for preven-
tion and/or treatment of influenza. While the efficacy of particular
drugs against novel influenza viruses during a pandemic remains
uncertain, oseltamivir and zanamivir are the recommended first-
line drugs of choice due to resistance patterns of known circulating
viruses. Oseltamivir is sold as Tamiflu® by Hoffman-La Roche, while
zanamivir is sold as Relenza® by GlaxoSmithKline.

Given the speed by which pandemic influenza can spread, if
anti-viral drugs are to play a role in its curtailment, it will require
adequate stockpiling of these drugs. For this purpose, the Cen-
ter for Disease Control has accumulated millions of courses of
anti-viral drugs in the Strategic National Stockpile. At the same
time, private organizations – such as hospitals – are encouraged to
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form their own stockpiles. To reduce the upfront outlay to a cus-
tomer, Hoffman-La Roche and GlaxoSmithKline have each recently
developed a Manufacturer Reserve Program (MRP). Launched in
June 2008, the Roche Antiviral Protection Program (RAPP) holds one
course of Tamiflu in its inventory for an annual reserve fee (which is
low relative to the purchase price of the drug).1 The holder of a RAPP
contract has the right to buy a single course at the regular price with
delivery within 24–48 h.2 Thus, rather than immediately purchas-
ing at the regular price to stockpile on its own, an organization
can purchase the right to buy and thereby ensure supply. Glaxo-
SmithKline offers a similar program for Relenza®, called Pandemic
Readiness for Employers Program (PREP).

The objective of this paper is to analyze Manufacturer Reserve
Programs with regards to their pricing and how they impact the
incentives of the drug manufacturers to build inventories in prepa-
ration for pandemic influenza. A starting point to our analysis is that
an unconstrained purely profit-maximizing drug company would
significantly increase the price of its anti-viral drug in response
to pandemic influenza, in order to extract some of the pandemic-

1 In the case of one hospital, the annual fee for RAPP was about 7.5% of the cost of
buying the drug. The drug has a shelf life of about 5 years.

2 Details on this plan can be found at www.pandemictoolkit.com/tamiflu-
supplyordering/stockpiling-dilemma.aspx.
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induced surplus realized by consumers. However, both political and
ethical concerns make such a pricing strategy unlikely; drug manu-
facturers would be subject to intense political pressure not to raise
the price of anti-viral drugs in response to the societal calamity
of a pandemic. Due to that political and ethical constraint, a drug
manufacturer is limited in how much surplus it can extract through
the pricing of the drug itself. We show that a Manufacturer Reserve
Program is able to extract some of that surplus, though it is not as
effective as being able to raise the drug price when there is a pan-
demic. A second and more important result is that Manufacturer
Reserve Programs can either result in an increase or decrease of
pre-pandemic stockpiling.

1.1. Related literature

There is a vast literature that explores pricing with demand
uncertainty – both at the individual and aggregate level – but none
that considers “right to buy” programs.3 In considering this lit-
erature, one can ask how firms and consumers could respond to
demand uncertainty which reveals itself over time. One approach
is to adjust price as agents learn about demand. Such price adjust-
ment can also be a method for engaging in price discrimination
when buyers are heterogeneous. This approach is examined in
Courty and Li (2000) and Nocke and Pietz (2007). As we have argued
that there are political and ethical constraints limiting the ability to
raise price in response to a severe outbreak of influenza, the option
of adjusting price over time is not available to a manufacturer of
anti-viral drugs.

A second approach to handling demand uncertainty is to ex ante
set different prices for different units. The optimality of such an
approach is established in Dana (1999). A firm sets price before
demand uncertainty is realized which, in our setting, corresponds
to setting price before it is learned there is a pandemic. What a firm
does is to set multiple prices and limit how much supply is avail-
able at each price; for example, providing 10,000 units at a price of
$50 and 1,000,000 units at a price of $200. In this way, a firm can
effectively charge a higher price in response to a positive aggre-
gate demand shock as the high priced units will only be bought in
that demand state. We do not permit such a pricing mechanism in
our model because it is equivalent to raising price in response to a
severe outbreak, and therefore is likely to be construed as a viola-
tion of the political and ethical constraints mentioned above. It is
true that there is a similarity between setting two different product
prices – with units priced at the higher level only being purchased in
the high demand state – and our mechanism of setting one product
price and selling the right to buy – which a consumer exercises only
in the high demand state. However, the pricing mechanisms are not
equivalent because the right to buy is purchased before a consumer
learns the demand state, while with the multi-price scheme con-
sumers purchase after learning the demand state. In fact, we show
that the right to buy does not extract surplus as effectively as setting
different prices for different demand states.

2. Model

Assume there is one consumer type who, if having developed
a need for an anti-viral drug during a pandemic – either for pro-
phylaxis or treatment – values the drug v̄.4 The probability of a

3 For a general survey, see Stole (2007). There is, of course, a huge finance lit-
erature on call options but that work is very different from what is considered
here.

4 While assuming a single type is done for simplicity, it also serves to distinguish
the forces we identify from those that are due to consumer heterogeneity and have

pandemic occurring is ˛ and, in that event, the amount of need for
the drug, denoted q̃, is random – as it depends on the intensity of the
pandemic – and distributed according to the twice differentiable
cdf F : [0, 1] → [0, 1]. Assume F ′ > 0, for all q̃ ∈ [0, 1]. Normalizing
the population mass to one, q̃ is to be interpreted as the fraction
of the population that demands the anti-viral drug in the event of
a pandemic. The primary purpose for having pandemic severity be
random is so that consumers, even if they know the inventory of
the company, are uncertain about availability of supply when there
is a pandemic.

The price that the manufacturer can anticipate receiving in the
event of a pandemic is fixed at some level, denoted p. What is crucial
for the ensuing analysis is that p < v̄. The most natural motiva-
tion for this assumption is that the manufacturer anticipates some
chance of being constrained in how much it can raise price should
a pandemic occur. These constraints could be political – as the gov-
ernment limits how much the manufacturer can raise price in the
face of a public health emergency – or ethical – as the manufac-
turer’s executives conclude that the morally right decision is to
sacrifice profit for the social good. Political constraints could take
the form of price caps based on the Medicaid rate, possible prosecu-
tion for price gouging or “excessive pricing” (which is an antitrust
violation in some countries), or pressure from elected officials (with
the looming threat of price regulation). As long as there is some
probability that price is constrained then the expected pandemic
price will be less than v̄. To see why, first note that the optimal pre-
pandemic price is naturally less than v̄ because consumers value
anti-viral drugs less when there is not a pandemic. In the event of
a pandemic, the manufacturer will either raise price to v̄ (if uncon-
strained) or price below v̄ (if constrained). Hence, if p is the expected
pandemic price then surely p < v̄.

To simplify the analysis, it is further assumed that the drug price
is such that consumers do not find it optimal to stockpile. Thus,
consumers will be choosing between buying into an MRP or waiting
to purchase in the event of a pandemic. A sufficient condition for a
consumer not to find it optimal to stockpile is5

v̄˛

∫ 1

0

q̃ dF(q̃) − p < 0.

This condition is not difficult to satisfy. For example, suppose the
value of the drug to a consumer is $50 with seasonal flu and $200
with pandemic influenza. If the drug is priced to meet seasonal
demand – in which case, p = 50 – then this condition holds as long
as the probability that a consumer will need the drug because of
a pandemic is under 25%. Consistent with this assumption is that
MRPs have been introduced in an environment for which there is
very little stockpiling by non-government organizations.

Due to production lags, the drug manufacturer decides on its
supply prior to learning whether there is a pandemic. The marginal
cost of producing the drug is constant at c. It is assumed that ˛p > c
so the drug manufacturer finds it optimal to stockpile, which it may
do on its own or in conjunction with an MRP.6

been identified in other papers dealing with demand uncertainty. For example, work
on advance purchase discounts; see Gale and Holmes (1992, 1993) and Dana (1998).

5 This condition compares stockpiling to not buying the drug and is sufficient but
not necessary as a consumer may choose not to stockpile because she prefers to
wait and purchase it in the event of a pandemic or buy into an MRP.

6 Note that we have assumed consumers do not find it optimal to stockpile while
the manufacturer does. Even without assuming that the drug manufacturer has
lower carrying cost of stockpiling due to scale economies (which would be a natural
assumption), firm stockpiling is more efficient than consumer stockpiling because
consumers cannot resell. Thus, a consumer may have a unit of the drug and, even
if there is a pandemic, not need it; while if the drug manufacturer controls the unit
then it can sell it to consumers who need it.
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