Journal of Health Economics 29 (2010) 438-444

journal homepage: www.elsevier.com/locate/econbase

Contents lists available at ScienceDirect

Journal of Health Economics

JOURNAL OF

___EcoNoMics |

Stockpiling anti-viral drugs for a pandemic: The role of Manufacturer

Reserve Programs™
Joseph E. Harrington Jr.2*, Edbert B. Hsu P!

a Department of Economics, Johns Hopkins University, 3400 N. Charles Street, Baltimore, MD 21218-2685, United States
b Office of Critical Event Preparedness and Response, Department of Emergency Medicine, Johns Hopkins University, 5801 Smith Avenue,

Davis Bldg, Suite 3220, Baltimore, MD 21209, United States

ARTICLE INFO ABSTRACT

Article history:

Received 22 September 2009

Received in revised form 12 February 2010
Accepted 18 February 2010

Available online 16 March 2010
drugs.

JEL classification:
111
L11

Keywords:

Pricing

Pharmaceutical products
Pandemic
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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
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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).! 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 pandemicinfluenza. 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.? 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 7.# 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 ¢, 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 § [0, 1]. Normalizing
the population mass to one, § 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 pandemicis fixed at some level, denoted p. What is crucial
for the ensuing analysis is that p < . 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 v. To see why, first note that the optimal pre-
pandemic price is naturally less than v 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 v (if uncon-
strained) or price below v (if constrained). Hence, if p is the expected
pandemic price then surely p < 7.

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 is®

1
1701/ GdF(g)—-p <O.
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 thatap > ¢
so the drug manufacturer finds it optimal to stockpile, which it may
do on its own or in conjunction with an MRP.6

beenidentified 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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Though there are two actual manufacturers of anti-viral drugs,
our model has only a single drug manufacturer and thus ignores
the effects of competition. First note that these drugs are far from
being perfect substitutes. Tamiflu® is easier to take than Relenza®
as the latter must be inhaled which may make it problematic for
young children or patients with chronic respiratory diseases. It may
also be the case that these two drugs are complements in the event
of a pandemic because of concerns that a virus may become drug-
resistant. While competition is still a relevant feature of the market
for anti-viral drugs, there are other important forces at work and
our analysis focuses on some of them.

3. Benchmark case: producing without a Manufacturer
Reserve Program

Given the manufacturer prices its anti-viral drug at p— both with
and without a pandemic - let us first examine the optimal supply
decision when a Manufacturer Reserve Program (MRP) is not used.
Let K denote the supply produced to deal with pandemic demand.
The manufacturer’s expected profit is

K 1
op [/ f]dF(f])+/ KdF(f])] —cK. (1)
0 K

With probability ¢, there is a pandemic of size §. Given an inventory
equal to K, if § < K then all pandemic demand can be met, which
generates revenue of pg. If § > K then demand outstrips supply in
which case revenue is pK.

The manufacturer chooses K to maximize (1). The first-order
condition (FOC) is’

ap|[1 - F(K)]-c=0.

The marginal expected revenue from producing one more unit
depends on the probability that the additional unit will be sold,
o1 — F(K)], which equals the probability of a pandemic « times the
probability that there is a shortage, which is 1 — F(K). Solving the
FOC, the optimal inventory in preparation for pandemic influenza
is:

K*=F-1 (“p_c) .
ap

For purposes of comparison, consider the case when the manufac-
turer is able to raise price to v in response to pandemic influenza.
Its expected profit is

K 1
ab [/ E]dF(fI)+/ 1<dF(c7)} ~ K, )
0 K

with FOC:
av[1 -F(K)]-c=0

The resulting optimal pre-pandemic inventory is

K = F1 (O”_’* C)
ov ’

In comparing supply in these two scenarios, the drug manufac-
turer supplies more when it is not prevented from increasing price
in response to a pandemic (as long as ¢ > 0):

K™ > K* < F1 (M> > F1 (M) & ca(i - p) > 0.
(647 ap

7 The second-order condition is satisfied: —apF'(K) < 0.

Asit cananticipate a higher price when there is pandemicinfluenza,
the manufacturer optimally builds a larger inventory in preparing
for it.

4. Producing with a Manufacturer Reserve Program
4.1. Manufacturer’s Profit Maximization Problem

Now assume the manufacturer offers an MRP so that, for a fee,
a customer is assured of the right to buy anti-viral drugs at the
standard price of p in the event of a pandemic.8 Let R denote the
number of MRP contracts sold. R is constrained not to exceed K
since a manufacturer is obligated to have on hand supply to meet
all MRP contracts. However, in the event of a pandemic, we are
going to allow the manufacturer to sell unused MRP supply. That
is, if some consumers with an MRP contract choose not to exer-
cise the option and, at the same time, there is unmet demand from
consumers without an MRP contract, then the company is permit-
ted to sell the unused MRP supply to non-MRP consumers. This
assumption seems realistic since, if there was excess demand for
anti-viral drugs during a pandemic, it is difficult to believe that a
drug manufacturer would be allowed to sit on supply.®

In characterizing the optimal number of MRP contracts and opti-
mal supply, first note that the manufacturer can always set R = 0,
produce K*, and achieve the same solution without the availability
of the MRP. Thus, if the unique optimal value of R is positive then
the manufacturer prefers to offer an MRP to not doing so.

In solving the manufacturer’s problem, the first step is to
determine the equilibrium price of an MRP. It depends on the man-
ufacturer’s supply and how many MRP contracts are offered by the
manufacturer (that is, how much supply it commits to its MRP).
Given R and K, we need to determine the maximum willingness to
pay for an MRP contract. For a pandemic of size g, the fraction of
those impacted consumers who have an MRP contract is R, as the
likelihood of needing the drug is independent of whether one has
a contract.'9 As the size of demand from those with MRP contracts
is then gR, the available supply after meeting MRP obligations is
K — GR. Given pandemic demand of (1 — R)G from those without an
MRP contract, all of them are supplied if and only if

K-gR>(1-R)jo <Kk

If instead § > K then demand from those without an MRP contract
exceeds the available supply. In that case, each non-MRP consumer
demanding the drug is assumed to have an equal chance of obtain-
ing the drug, which means a probability of

K —gR

(1-R)g’

The expected net surplus for a non-MRP consumer is then

« ' K-aR
(V- pl [/ ZidF(sz/Z] — dF(fI)}
o K« ((1—R)q)

or

_ K 'K —gR
(v—-p) / C~IdF(6~I)+/ dF(@)] (3)
' oc[ 0 JK ( 1-R )

8 If it had bought into an MRP, a consumer could buy the drug even if there was
no pandemic though, in this model, the MRP’s value only arises with the occurrence
of pandemic influenza.

9 In any case, we do not believe our results are sensitive to this assumption.

10 Inaricher model with consumer heterogeneity in terms of the risk of exposure to
influenza, those consumers with the highest ex ante probability of exposure would
presumably be most likely to buy into an MRP.
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To explain this expression, recall that the surplus from buying the
drug during a pandemic is v — p, as its value to a consumer is v and
the price is p. When § < K, a non-MRP consumer gets the drug for
sure, while if § > K then the probability of needing it and being
able to buy it is (K — gR)/(1 — R).

For a consumer with an MRP contract, her expected surplus is

1
(17—19)0!/ qdF(q). (4)
0

With probability o f(; G dF(g), sheis affected by pandemic influenza
in which case she buys the drug and realizes a net surplus of v — p.
Thus, the maximum willingness to pay for an MRP is (4) minus (3).
After some simplification, it equals:
1.
mrj 7 Gg-K =
P™P(R,K) = (V—p)x —— | dF(g). (5)
« \1-R

Having decided to produce K units of the drug and sell R MRP
contracts, the manufacturer will optimally price an MRP contract at
P™P_Given total supply of K, note that the price of an MRP contract
is increasing in the supply of MRP contracts:

OP™MP(RK) Y-k .
R —(u—p)a/K ((1_R)2)df(q)>0.

Given there is a pandemic, expected available supply for those con-
sumers without an MRP contract is

1
/ (K —GR)dF(q),
0

which is decreasing in R. Thus, as more MRP contracts are offered,
those without a contract are more likely not to be supplied in the
event of a pandemic which raises how much they are willing to pay
to buy into an MRP.

The manufacturer’s problem is:

1 .

maxy gR(7 — p)r / (L’() dF(q)

« \1-R
K 1
+ap [/ adF(F])—i-/ KdF(a)} —cK (6)
0 K
subject to
R<K.

The first term in (6) is the profit from selling MRP contracts, and
the second term is the expected profit from selling the drug when
there is a pandemic. Taking the derivative of the objective in (6)
with respect to R and simplifying, we have:

o " g-k N
o= = (=P /K ((fR)z)dF(q)m. (7)

Expected profit is then strictly increasing in the number of MRP
contracts. Not only does a manufacturer want to offer an MRP but
it commits all supply to the MRP. That the manufacturer chooses to
offer an MRP is not surprising because it allows additional extrac-
tion of the surplus from selling an anti-viral drug in the event of a
pandemic. By having to only pay a price of p, a consumer is left with
surplus of ¥ — p. An MRP extracts some of that surplus by selling the
right to buy the drug in the event of a pandemic. Below we explore
how effectively an MRP extracts post-pandemic surplus.!!

1 Of course, in practice, drug manufacturers do not only sell through an MRP. If we
modelled demand for seasonal flu then the manufacturer would meet that demand

As it follows from (7) that R = K, the manufacturer’s problem is

1 .

(I=¢) ar@

maxgK(v —p)oe/ 1K

K

K 1
+ap [/ quF(f])—i—/ KdF(f])} —cK, (8)
0 K

and the FOC is

0= (v (azkm dF(g) — K™ (v
—@-pa | (W) (@) — K™P( — p)ar x

1 ~
/ <1“’2> dF(3) + apl1 - F(K™)] - c, (9)
gmp \ (1 — KmP)

where K™P denotes optimal supply with an MRP. Taking the second
derivative and simplifying, we see that the second-order condition
is satisfied:

_ ( 2-K )/1 . )
—2(v—-p) — (1 -q)dF(G) — apF'(K) < 0.
(1-K) K

4.2. The extent of surplus extraction by a Manufacturer Reserve
Program

To investigate how well an MRP extracts surplus, consider the
incremental gain from being able to raise price to ¥ when there is
a pandemic, over and above that from having an MRP and being
constrained to keeping price fixed at the pre-pandemic level of p.
This gain equals (2) less (8) or

K 1 o
_ - - 1-g -

(—)/ dF()+K/ —— | dF( )} 0. (10)
av p{oq q K(l_K) Qe >

Surplus extraction through an MRP is then incomplete. One reason
is that, with an MRP, consumers are only willing to pay for access
to supply when there is a shortage. Hence, in expectation, they are
not willing to pay for access when ¢ < K for, in that situation, they
would be able to buy the drug at p without having an MRP contract.
However, if the manufacturer could adjust the price of its drug, it
would charge a price of . Thus, when there is ample supply (that
is, § < K), the expected gain in expected profit from being able to
raise price - relative to keeping price fixed and having an MRP - is

K
oV — P)/ qdr(@);
0

this is the first term in (10).

The second reason for incomplete surplus extraction is associ-
ated with when the pandemic does exhaust supply, § > K. When
price can be increased, those consumers who need the drug are the
ones who buy it, and, as a result, each pays v which generates total
revenue of vK for the manufacturer. Who gets to buy scarce supply
is then determined after consumers learn whether or not they need
the drug. With an MRP, each of the consumers with an MRP con-
tract only expects to exercise the buy option with some probability
when there is a pandemic; specifically, the probability is § when
the pandemic size is §. Their willingness to pay for an MRP is then
determined by the increase in the probability that they can acquire
the good, when they need it. When § > K, the probability a con-

outside of an MRP and thus would engage in both MRP sales and non-MRP sales.
Whether this source of demand adequately explains non-MRP sales is admittedly
an open question.



442 J.E. Harrington Jr., E.B. Hsu / Journal of Health Economics 29 (2010) 438-444

sumers needs it and gets when they do not have an MRP contract
is

1 ~
K- qK) N
dr(g),
/K ( 1-K
and for when they do have an MRP contract is
1
/ qdF(q).
K
The difference in these probabilities is
1.
q-— K) ~
— ) dF(@);
/K (1 -K
in which case buyers are willing to pay
1.
- q-— K) ~
o7~ p) /K (1x) @

for an MRP contract. In the event that there is a shortage, the rev-
enue produced for the manufacturer is then

1 .

- Gg—K ~

o(v—p) —— | dF(§) + apK[1 — F(K)]. (11)
K« (1—1()

In contrast, the ex post willingness to pay for the K units is
vK[1 — F(K)], (12)

which is also the revenue earned when the manufacturer can raise
its price. The difference between (12) and (11) is

1 -
oo~ p) / (1=8) ara.
K -

which is the second term in (10). In summary, this surplus remains
with the consumer because, with an MRP, the manufacturer
extracts surplus prior to consumers learning who will need the
drug in the event of a pandemic. When it can adjust the price of
the drug ex post, the manufacturer is extracting surplus after con-
sumers have learned who needs the drug. The latter produces full
extraction, while the former does not.

Constrained in the price it can charge for its anti-viral drug, a
drug manufacturer is unable to extract all of the surplus created by
its drug when there is pandemic influenza. Through an MRP, it is
able to claim some but not all of that residual surplus by selling the
right to buy in the event of a pandemic. The reason for incomplete
surplus extraction is that a consumer is ex ante uncertain that she
would need to exercise the option to buy when there is pandemic
influenza. If the pandemic is mild so there is no shortage of anti-
viral drugs or if a consumer is not infected or exposed and thereby
does not need the drug, no value is attached to owning an MRP con-
tract. These events then reduce how much surplus a manufacturer
can extract through the ex ante sale of the right to buy through an
MRP.

4.3. Impact of a Manufacturer Reserve Program on Stockpiling

A central question to ask from a policy perspective is: Does
the introduction of a Manufacturer Reserve Program increase
the amount of anti-viral drugs available for pandemic influenza?
Within the context of our model, the question is whether supply
is higher when R is set to maximize the manufacturer’s expected
profit compared to when there is no MRP (so that R =0). We
explore that question in this section.

Let 7(K) denote expected profit when there is no MRP:

K 1
A(K)=ap [/ f]dF(f])-i—/ KdF((])] —cK.
0 K

Expected profit with an MRP can then be represented as

) Ya-k
7(K)+ K(v — p) / =2 dF(g), (13)
b v—p } (1—1() q

where the second term is revenue from selling MRP contracts. Con-
sider the first derivative of (13):

1
'(K) + (D—p)a/

1 ~
_ K(T/—p)a/ (1_"2> dF(G). (14)
k \(1-K)

Since (13) is strictly concave, supply is higher with an MRP if and
only if expected profit (with an MRP) is increasing when evaluated
at optimal supply without an MRP. Evaluating (14) at K = K*, this
is the case when

('7"’)“/,1 (%) @@

1 ~
—K*(z_/—p)a/ (1‘12> dF(@@) > 0;
e \(1-K*)

and this inequality can be shown to be equivalent to:
| I
i Q4dF(@) -
K*(2 — K*)[1 — F(K*)] )

Let us consider the extreme cases when the marginal cost of
drug production is low and is high. In evaluating (15), recall that

K =F~1 (Lp - C)
ap )’

Suppose the cost of drug production is sufficiently high so that c is
close to ap; that is, per unit cost is close to the expected revenue
per unit without an MRP. Since

(15)

lim K* = 0,

c—ap
we then want to evaluate (15) as K — 0:
1 S s
GdF(g dF
i i G4AF(@) im Jo GdF@) _
K—0K(2 —K)[1 -F(K)] k-0K(2-K)[1-F(K)]

Thus, for c close to ap,

+00.

0~K* <K™P,

Without an MRP, the expected revenue from producing to
inventory is ap which is the probability of a pandemic times price.!2
As cost approaches ap, the optimal supply goes to zero because
expected per unit profit goes to zero. Because an MRP enhances the
ability of the manufacturer to extract surplus, the expected revenue
from producing a unit to inventory is higher and equal to

Ya-k
ap+ (- p)a/ 9= dr(g).
; (1 _1<)

12 Actually, that is expected revenue when the manufacturer can be assured of
selling the good in the event of a pandemic, which is the case if its inventory is close
to zero.
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Thus, even when c is close to ap, expected net profit is bounded
above zero. As a result, the manufacturer produces more with
an MRP. In fact, when ¢ = ap, the manufacturer has no pandemic
inventory without an MRP, while it has a positive inventory with
an MRP.

Now suppose marginal cost is very low so that optimal supply
without an MRP is close to one (there are then enough drugs for
the entire population):

limK* =1.
c—
Using I'Hopital’s rule, evaluate (15) as K — 1,
1 s
i Jic @dF(@)
k—-1K(2 — K)[1 - F(K)]

—KF'(K)

= 2T =R~ FR) - K@ - KF )~

Thus, for c close to zero,
1~K* > K™P,

When the cost of producing anti-viral drugs is very low, a man-
ufacturer without an MRP produces close to maximal pandemic
demand in order to be able to meet all levels of pandemic demand.
However, with an MRP, it restricts supply in order to create a possi-
ble shortage which, in anticipation of, results in consumers willing
to pay a higher price for an MRP contract. Note that as K — 1, the
value of an MRP goes to zero since there is sure to be sufficient
supply even if there is pandemic influenza.!3 The preceding results
are summarized in Proposition 1.

Proposition 1. The manufacturer’s pandemic inventory is higher
(lower) with a Manufacturer Reserve Program when cost is sufficiently
close toap (zero).

To understand why stockpiling can be less with an MRP, con-
sider the case when ¢ = 0 so that, in the absence of an MRP, the
manufacturer produces enough drugs to meet the maximal pan-
demic size of 1. Now introduce an MRP. With an inventory of size
1, the value of an MRP contract is zero'4; since there will always
be an adequate supply of anti-viral drugs then no consumer would
buy an option to purchase. Thus, the expected revenue (and profit)
of the manufacturer is that from pandemic sales of the drug:

1
Pa/ qdF(q).
0

13 Setting R = K, the market price of an MRP contract is

1
PP (K, K) = PMP(K) = (7 — plar / (%) dF ().

K

Since
' 1-K

P’””’(K)S(D—P)a/ (ﬁ) dF(q) = (v - p)a[1 - F(K)],
K

then

limP™P(K) < lim(v — p)e[1 — F(K)] =0,
K—1 K—1

which implies

mP™(K) = 0.
K—1

14 This property is proven in footnote 12.

Now suppose the manufacturer reduces supply by a small amount
&. This supply reduction lowers expected drug sales by

1
[G—(1—&)]dF(@) ~pa (2 ) [1—F(1 —&)].
pa/Hq )] dF(q pa(z) €

If the pandemic size exceeds 1 — ¢, it no longer has the supply to
meet that additional demand. Note that revenue is reduced on the
order of £2; that is, with a small probability, pandemic drug sales are
reduced by a small amount. That same reduction in supply causes
arise in revenue from the sale of MRP contracts equal to

1 ~
_ G—(1-¢) -
(1 78)(]/71))“/175 (m) dF(q)

1-¢

(- plo (F55 ) 11-F(1 =],

(1—¢e)PmP(1—g) =

12

where P™P(K)is the price of an MRP contract when supply is K (and
is exclusively sold through an MRP), and recall that P™P(1) = 0.
By reducing its supply by €, a manufacturer’s revenue from selling
MRP contracts increases on the order of € which exceeds the fall in
pandemic drug sales as it is on the order of £2. Thus, revenue and
profit rise with this supply reduction.

On a more intuitive level, when a manufacturer would have a
large stockpile (as is the case when c is small), it'll be selling a large
number of MRP contracts as stockpiling is done through an MRP. By
restricting supply, it makes having an MRP contract more valuable
since itis more likely that a consumer will need the drug. This rise in
price results in surplus extraction from every consumer buying an
MRP contract. While the smaller supply could mean smaller drug
sales when there is a pandemic, that is a small revenue loss which
occurs only when the size of the pandemic is large, which is a low
probability event.

More precise results can be derived when the breadth of
pandemic influenza is uniformly distributed. Assuming F(g) = g,
VG e [0, 1], optimal supply without an MRP is

_ap—c
= ~ap

K*

Solving (9) yields the optimal supply with an MRP:

KmP — o(v+p)—2c
200 ’

We then have:

K KM _ (ozp—c) B (oz(17+p)f2c) .
T\ ap 200 ’

and it is straightforward to show:

sign{K* — K™P} = sign{ap — 2c}.

Proposition 2. Assume Fis a uniform distribution on [0,1]. The man-
ufacturer’s pandemic inventory is higher (lower) with a Manufacturer
Reserve Program when c > (<)(ap)/2.

If marginal production cost is sufficiently small relative to price
p (orexpected revenue ap) then the introduction of an MRP reduces
a drug company’s pre-pandemic inventory of anti-viral drugs. For
the case when cost is not relatively small, an MRP promotes the
expansion of stockpiling. This raises the question of when these
two cases might occur. Subsidies which lower a manufacturer’s
cost make it more likely that c is small and thus more likely that
an MRP would reduce pre-pandemic supply. Price caps - by low-
ering p— have an opposite effect and, therefore, an MRP induces an
expansion in supply. We can also interpret these results in terms
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of regulation of the price-cost margin. Suppose the price-cost mar-
gin is required not to exceed r and that it is binding so that a drug
manufacturer sets price so that:

I%:r or p=c(1+r).

Hence,

op _ac(1+r) _ac 2—-«
T_C_T_C_T(r_T)'

It follows from the previous proposition that more stringent price-
cost regulation — smaller r- makes it more likely the environment
is one in which an MRP would promote stockpiling.

These results were derived under some strong simplifying
assumptions about consumer demand, none of which we feel are
necessary for the delivered insight. If consumers are risk averse
then this would enhance the value of a customer having the option
to buy anti-viral drugs, and thus increase the price that could be
charged for an MRP contract. This greater demand for an MRP
should only increase the desire of the drug manufacturer to, under
certain conditions, limit supply in order to drive up the price of
an MRP contract. A second factor one might want to allow for is
insurance in connection with pharmaceutical products. Suppose
now that a consumer’s co-pay is 6p, where 6 (0, 1), and p con-
tinues to be the price charged by the drug manufacturer. Now, a
consumer is willing to buy the drug during a pandemic as long as
p < v/6. The manufacturer may then charge a higher price which
makes it more likely that p is high relative to c and thus, by our
preceding analysis, that an MRP will induce smaller supply. At the
same time, that a consumer only pays part of the drug price means
there is more surplus associated with getting the drug so a con-
sumer is willing to pay a higher price for an MRP contract.’> As
a third and final point concerning robustness, the model has only
allowed for one consumer type. The analysis will clearly be more
complicated with heterogeneous consumers but again the same
type of manufacturer incentives ought to exist. What drives our
results is that there is some probability that the pandemic size
will exceed available supply so that there is excess demand. That
property should occur as well when consumers are heterogenous.
It is the prospect of a shortage that determines the price of an
MRP contract and makes an MRP a critical source of revenue for
the manufacturer. There is no reason to think that it would not
be the case that the manufacturer would find it optimal to limit
supply under an MRP in order to raise the price of an MRP con-
tract.

5. Concluding remarks

One of the measures that society can take to prepare for pan-
demic influenza is to stockpile anti-viral drugs which, in the event
of a pandemic, can be taken prophylactically to avoid infection or
for treatment in the event of infection. While the U.S. government
has built a significant stockpile of anti-viral drugs, non-government

15 Insurance may not be that relevant since MRP contracts are largely purchased
by organizations - such as hospitals and corporations — who may be self-insuring.

organizations such as hospitals have been hesitant to do so, pre-
sumably because of the high cost of purchasing anti-viral drugs. To
make stockpiling more attractive, drug manufacturers have devel-
oped Manufacturer Reserve Programs which, for an annual fee,
ensures the right to buy anti-viral drugs. With an MRP, it is the drug
manufacturer that stockpiles in order to supply those consumers
which have an MRP contract and then exercise the right to buy.

In this paper, we have shown that an MRP enhances drug man-
ufacturer profit by allowing it to extract a bigger share of the
surplus created by anti-viral drugs when there is a severe out-
break of influenza. An MRP allows a drug manufacturer to partly
- though not fully - circumvent the political and ethical con-
straints of not being able to fully raise the price of its anti-viral
drug in response to pandemic influenza. While an MRP enhances
drug manufacturer profit, it may or may not serve the social goal
of promoting pre-pandemic stockpiling. If the cost of producing
an anti-viral drug is sufficiently high then - by augmenting the
revenue earned from production - an MRP increases the optimal
supply of a drug manufacturer relative to when no such program is
offered. However, when production cost is sufficiently low, intro-
ducing an MRP reduces the amount of pre-pandemic stockpiling.
Since the value of buying into an MRP is higher when the likelihood
of a pandemic-induced shortage is greater, the drug manufacturer
limits its inventory in order to create an anticipated shortage and
thereby increase the price that consumers are willing to pay for
the right to buy in the event of a pandemic. The gain in revenue
from MRP contracts is realized on every contract sold, while the
loss in revenue from having smaller pandemic drug sales (due to
lower supply) only occurs when there is a shortage. When such a
shortage is unlikely — which is the case when pre-pandemic supply
(without an MRP) is large — then an MRP reduces supply; while if
such a shortage is likely - which is the case when pre-pandemic
supply (without an MRP) is low - then an MRP enhances supply.
In short, Manufacturer Reserve Programs could either hurt or help
in preventing the spread of pandemic influenza, and which is the
case must be carefully evaluated.
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