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1. Introduction

Four prominent features of the international pharmaceutical market are widely recog-
nized: (1) Americans pay much more than Europeans and others for the same brand-name
drugs; (2) drug prices abroad result from bargaining between drug manufacturers and for-
eign governments; (3) even the lower foreign prices vastly exceed the marginal costs of
production; and (4) drug manufacturers spend millions of dollars warning consumers that
imported prescription drugs are unsafe. We discuss each of these stylized facts in turn.
The first three require little discussion.

First, the domestic price of specific pharmaceuticals strictly exceeds the foreign price.
According to a RAND study (Mulcahy et al. 2021), the average price of brand-name
drugs in the United States is approximately 3.5 times the average price of those same
drugs abroad. Even when the secret rebates and discounts manufacturers routinely offer
their customers are taken into account, domestic prices are considerably higher than their
foreign counterparts (House Ways and Means Committee Staff 2019).

Second, other high-income countries negotiate with manufacturers over the prices they
charge. As the Council of Economic Advisers (2018) notes, “Most OECD nations employ
price controls in an attempt to constrain the cost of novel biopharmaceutical products,
e.g. through cost-effectiveness or reference pricing policies.”

Third, even the lower prices in Canada and Western Europe are far higher than the
marginal cost of production—sometimes hundreds of times larger. For example, no price
in Western Europe for a 12-week course of Sovaldi, one of several drugs to treat the
hepatitis C virus (HCV), is below $40,000. And yet “a recent study estimated the cost of
production of sofosbuvir [Sovaldi] to be U.S. $68-$136 for a 12-week course of treatment
based on the same manufacturing methods used in the large-scale generic production
of HIV/AIDS medicines (Hill et al. 2014), and its findings have not been challenged”
(Iyengar et al. 2016). Other direct action antiviral (DAA) treatments for HCV (Epclusa,
Harvoni, Mavyret, etc.) have similar costs of production (Hill et al. 2014).

The fourth stylized fact requires more discussion. Through their trade organization
(the Pharmaceutical Research and Manufacturers of America or PhRMA) and through
“non-profit” organizations such as Partnership for Safe Medicines (PSM) which mislead-
ingly appear to be independent, drug companies have spent millions of dollars warning
that imported pharmaceuticals are dangerous because they may be counterfeits. Coun-
terfeit pharmaceuticals are undeniably dangerous. But the actions of the manufacturers
and PhRMA, often taken by the “independent” organizations they fund, make clear that
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consumer protection is a pretext; the real goal of the manufacturers is to protect the
lucrative U.S. market from arbitrageurs acquiring the same goods from other high-income
countries at a fraction of the price.

Raising doubts about the safety of imported drugs follows a plan developed by a PR
firm, Edelman, which PhRMA had retained. According to the Wall Street Journal (WSJ
2003), Edelman concluded on the basis of focus groups of people without drug-insurance
coverage that safety, not legality, was their central concern when deciding whether to
import their prescription drugs to save money. In response, PhRMA paid their “indepen-
dent” organizations millions of dollars to publicize the dangers of drug importation. For
example, according to Bloomberg (2019), PSM received $7.3 million in 2019 alone for this
purpose.

One such organization was the consulting firm of the former FBI Director Louis Freeh.
Freeh reported that imports would “open a new, unregulated pipeline into the United
States” despite the fact that none of the 16 states then proposing drug importation plans
would have allowed imports from unregulated online pharmacies.1 Another such organi-
zation was the National Sheriffs Association. Basing their conclusions on Freeh’s report,
sheriffs began appearing in hundreds of ads in the summer of 2019 imploring “the coun-
try’s leaders to reject proposals to import cheaper prescription drugs from other countries.”
Robocalls in Florida even denounced a proposed state law claiming (without the slightest
basis) that it “would legalize importing prescription drugs from China, which has a long
history of producing counterfeit medications. . . ” As the Republican state representative
who introduced Florida’s drug importation bill noted, it was “a good, old-fashioned scare
campaign. Their real fear is this could have a significant impact on the profit margins of
drug companies.”

In fact, importation from Canada will have only a minor effect on the profitability
of the U.S. market since the population of Canada is 11.5% that of the United States.
But the combined population of the other high-income countries with tightly regulated
prescription drug markets is comparable to our own, and drug imports from them would
devastate the drug companies’ most lucrative market. Such imports could be purchased
by prescription holders themselves online or, in the rare circumstances when travel is
feasible, in person. Alternatively, prescription drugs could be imported by large commer-
cial enterprises like Amazon, Costco, Sam’s Club, CVS, Walgreens, Rite Aid and sold
to holders of prescriptions in person or online. All of these enterprises currently sell in

1All the quotations in this paragraph are from the investigative report in Bloomberg (2019).
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the U.S. online (as well as in person). There is no reason to think importation from
regulated outlets licensed in high-income countries are less safe than prescription drugs
purchased in the U.S. As Michael Law, holder of the Canada Research Chair in Access
to Medicines dryly observed: “People aren’t dying in the streets of Canada from unsafe
medications” (Bloomberg 2019). They aren’t dying in the streets of the U.K., France,
Germany, Switzerland, Australia, New Zealand, and Japan, either. In reality, the FDA
has never reported a death or adverse reaction suffered by any patient in the U.S. who
has personally filled his valid prescription online or in person from a pharmacy licensed
in another high-income country.

Finally, if drug manufacturers were genuinely concerned about the safety of imports,
they would not have sought to eradicate an organization like PharmacyChecker.com,
whose mission includes protecting consumers from counterfeit drugs by identifying phar-
macies licensed in high-income countries from which they can safely fill their prescriptions
at a lower cost.2 Groups like PSM would instead either have financially supported such
private certification organizations or would have advocated that their role be taken over
by a government agency like the FDA.3 In summary, the fourth stylized fact is that drug
manufacturers annually spend millions of dollars blurring the distinction between dan-
gerous counterfeit drugs and safe drugs sold by pharmacies licensed in other high-income
countries.4

Every model previously proposed to analyze the international drug market is incon-
sistent with at least one prominent feature of this market. For instances, Berndt (2002,

2For a discussion of the tactics used by “a network of other groups closely aligned with U.S. pharma-
ceutical companies. . . to drive PharmacyChecker off the Internet” see Stoltz 2019.

3The FDA could undoubtedly scale up the surveillance and certification function performed by Pharma-
cyChecker.com. Bate et al. (NBER 2013) established that drugs purchased from foreign pharmacies cer-
tified safe by PharmacyChecker.com are just as safe as drugs purchased from domestic, brick-and-mortar
pharmacies. To detect counterfeits, Bate et al. (NBER 2013) used Raman spectrometry (Witkowski
2005), one of the techniques the FDA uses to distinguish bona fide medicine from counterfeits and adul-
terated pharmaceutical products.

4Although PhRMA’s annual lobbying expenditures were $63 million in 2015, the most recent full
year for which data are available, annual payments to patient advocacy groups was at least 80% higher!
While some of these groups advocate for patients suffering from particular diseases, others “effectively
supplement the work lobbyists perform, providing patients to testify on Capitol Hill and organizing
letter-writing and social media campaigns that are beneficial to pharmaceutical companies. . . Notably,
such groups have been silent or slow to complain about high or escalating prices, a prime concern of
patients” (Kopp et al. 2018).
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2007), Danzon (1997) and others regard the international pharmaceutical market as an
example of third-degree price discrimination (Robinson 1933). While this model predicts
prices in the two markets will differ, with the lower price exceeding the marginal cost of
production, it assumes that prices in the foreign market are set by the monopolist with-
out any negotiation.5 Moreover, these models of price discrimination ignore the massive
investments manufacturers make in order to deter arbitrage. Hence, these models violate
stylized facts (2) and (4).

Pecorino (2002) was the first to recognize that the foreign price is the result of bargain-
ing. He assumes that a single manufacturer sells in the U.S. market at the monopoly price
and in the foreign market at a price determined by the Nash bargaining model. Pecorino
considers a regime where there is neither actual nor threatened arbitrage. Hence, there
is no linkage between the two markets. The manufacturer always sells at the monopoly
price in the U.S. If the foreign government has some bargaining power, the manufacturer
sells at a strictly lower, negotiated price in the foreign market; unless the foreign govern-
ment has all the bargaining power, the negotiated foreign price will exceed the constant
marginal cost of production. Thus, Pecorino’s model is consistent with the first three
stylized facts. However, it cannot explain stylized fact (4). Why spend millions of dollars
to deter imports if there is no threat of imports?

Like Pecorino (2002), Egan and Philipson (2013) envision government bargaining down
prices. They emphasize that paying for R&D through drugs prices is costly to each
country but the innovations that may result benefit all countries. Hence, there is a public
goods problem and free-riding limits aggregate spending on R&D: “a small European
country has no access-innovation trade-off in its pricing; it will have low reimbursements
because it does not affect world returns and sees the same innovations regardless of its
reimbursement policy.” Hence, it will bargain the price down close to the marginal cost of
production: “the smaller the share of world demand and supply a country makes up, the
less that government will mark up prices above cost to promote innovation.” Egan and
Philipson’s theory takes no account of firm behavior. In neglecting firm behavior, they
imply that firms will accept any price—as long as it is above their short-run marginal cost.
Egan and Philipson also take no account of arbitrageur behavior. Since the implied price
differentials under their theory may be enormous, they presumably assume that arbitrage
can never occur regardless of prices. In that case, there should be no spending by firms

5Malueg and Schwartz (1994) analyze third-degree price discrimination by a monopolist. Their moti-
vation differed from mine since they were motivated by parallel imports to the U.S. from very low income
countries.
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to raise the cost of consumer arbitrage. Thus, their theory violates stylized facts (3) and
(4).

Like Egan and Philipson (2013), the Council of Economic Advisors (2018) discusses a
case where the manufacturers and foreign governments negotiate over the foreign price
but again there is no threat of arbitrage. Unlike Pecorino (2002), the Council assumes
the foreign government faces n ≥ 1 manufacturers and has all the bargaining power; it
is as if the government simultaneously proposes a price to these n manufacturers on a
take-it-or-leave basis: “. . . in price negotiations with manufacturers, foreign governments
with centralized pricing exploit the fact that once a drug is already produced, the firm
is always better off selling at a price above the marginal cost of production and making
a profit, regardless of how small, than not selling at all. Thus, the foreign government
can insist on a price that covers the marginal production cost—but not the far greater
sunk costs from years of research and development—and firms will continue to sell to that
country” (CEA 2018, 15; emphasis added).6 The prediction that the foreign price must
equal marginal cost conflicts with stylized fact (3). As with Pecorino (2002), this model is
also inconsistent with stylized fact (4) since there is no need to spend massively to deter
arbitrage when there is no threat of arbitrage.

The situation where there is a single manufacturer and the foreign negotiator has all
the bargaining power is a special case of both the Council’s and Pecorino’s models. Both
predict a foreign price equal to the marginal cost of production. But imagine what would
really happen if producers of drugs to cure hepatitis C sold them for $65,000 per cure
(their current price) in the U.S. market and for $140 (marginal cost) in the market of
other high income countries. Since the market of the other high income countries, taken
as a group, is so large, arbitrage into the U.S. would occur on a massive scale. Demand at
the $65,000 price would plummet, creating an incentive for the manufacturers to narrow
the price differential between the two markets below what these models predict.7

6The academic literature (Grossman and Lai 2008, 386 and Figure 1) also predicts that when re-imports
are illegal, governments imposing price controls will bargain down to the marginal cost of production
under the plausible assumption that these countries are not too sizable compared with the region that
innovates.

7What would happen in this situation? Our model predicts the arbitrage-deterring pair of prices which
would emerge in the two markets for Pecorino’s special case of a single manufacturer as well as for the
Council’s more general case of multiple manufacturers.
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Ganslandt and Maskus (2004) were the first to recognize that pricing to deter arbitrage
might be advantageous to a manufacturer. They sketch a model where a single manufac-
turer with zero marginal cost can sell the same product in the foreign market at a price
cap set exogenously and in the home market at a price of its choosing. If the difference
between the two prices strictly exceeds an exogenous threshold, arbitrage is “accommo-
dated” and if the price difference is no larger than that threshold, arbitrage is deterred.
In their model, the foreign price cap is exogenous, conflicting with stylized fact (2). There
is also no spending to scare consumers, a violation of stylized fact (4).

The contribution of the current paper is to provide a tractable model of the international
pharmaceutical market for some therapeutic class of drugs (blood thinners, hypertension
drugs, hepatitis C direct action antivirals, etc.) consistent with all four prominent charac-
teristics of that market. The model combines the feature of arbitrage deterrence sketched
in Ganslandt and Maskus (2004) with the bargaining model outlined in CEA (2018). In
particular, we assume that if the difference between the high U.S. retail price and the low
foreign retail price is sufficiently great, massive arbitrage would occur. We maintain all of
the other assumptions of the Council. In particular, we continue to assume that a single
negotiator bargains with n ≥ 1 manufacturers on behalf of all the foreign governments
and that it proposes the price it is willing to pay on a take-it-or-leave-it basis. In this
way, we show how a single change in assumption alters the prediction of the Council.

It is common to consider the two extremes: either arbitrage is illegal, the markets are
unconnected, and the domestic and foreign prices are independent of each other; or arbi-
trage is legal, the markets are perfectly connected, and the domestic and foreign prices
coincide.8 However, there is a neglected intermediate case where importing prescription
drugs is illegal, but nonetheless the markets are connected. Banning pharmaceutical im-
ports does not eliminate importation; it merely makes engaging in it more costly. Massive
arbitrage would still occur if the price difference were sufficiently great. Our formulation
permits consideration not only of the two extremes but also of this intermediate case
where the threat of arbitrage leads manufacturers to reject a negotiated foreign price any
closer to the marginal cost of production.

In the equilibrium of this intermediate case, the difference in prices that emerges is just
small enough to deter massive arbitrage. Only inframarginal buyers with unusually low

8Pecorino calls these the “No Reimports Regime” (NR) and the “Reimport Regime,” respectively. These
are essentially the same two extremes on which Grossman and Lai (2008) focus in their valuable article
on parallel trade.



ARBITRAGE DETERRENCE: A THEORY OF INTERNATIONAL DRUG PRICING 7

thresholds would still purchase from foreign pharmacies. Recent empirical findings (Hong
et al. 2020) are consistent with this prediction: “The findings suggest that patients are
not using prescription purchases outside the U.S. to meet their medication needs.” In
particular, according to this study based on 61,238 adults taking prescription medicines,
a mere 1.5% of U.S. adults purchasing prescription medications bought them abroad to
save money.9 Hence, the pharmaceutical industry’s intensive (and expensive) campaign
to scare and confuse potential importers has succeeded. It has deterred the 98.5% of
U.S. purchasers from reaping the huge savings available had they filled their prescriptions
at the same licensed pharmacies that patients in other high-income countries routinely
utilize to treat the same illnesses.

A welfare implication of the situation modelled should be emphasized. Policies that
benefit U.S. consumers do not do so by stimulating more arbitrage. The benefits arise
instead because these policies motivate profit-maximizing manufacturers to lower domestic
prices to deter arbitrage.10

It is important to distinguish two kinds of arbitrage that can be triggered if price dif-
ferences between markets are sufficiently large: (1) personal arbitrage by patients seeking
the least expensive cure for their illness and (2) commercial arbitrage by firms that buy
and then resell whatever quantity of cures maximizes their profits. While both forms of
arbitrage are illegal, personal arbitrage for own use has never been prosecuted. On the
other hand, the law against commercial arbitrage is strictly enforced.

That may change. Bills have been proposed to legalize both kinds of arbitrage: “The
Safe and Affordable Drugs from Canada Act of 2021” (S. 259), introduced by Senator
Klobuchar on February 4, 2021 focuses on personal imports from Canada. It removes the
discretion the FDA currently has to intercept personal imports from Canada. It explicitly
requires that such imports be allowed if the dispensing pharmacy is licensed in Canada

9The study goes on to document the socioeconomic and demographic characteristics of these infra-
marginal buyers. Many of these outliers are desperately poor or lacking in insurance. We assume that
they would continue buy abroad even if the price differential marginally narrowed.

10The Congressional Budget Office (CBO 2004) concluded that policies to reduce the exogenous thresh-
old, such as legalizing arbitrage or reducing misleading safety warnings, would confer little benefit on U.S.
consumers. In reaching this conclusion, CBO disregarded potential reductions in domestic drug prices
and confined its estimate of benefits to increases in imports from the European Union and Canada. Under
this approach, CBO would have disregarded the policy-induced price changes in our model and, since
these are accompanied by no changes in pharmaceutical imports, would have erroneously concluded that
no policy change affects consumers.
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and provides the medication using a valid prescription from a physician licensed in any
U.S. State.

“The Affordable and Safe Prescription Drug Importation Act” (S.920), introduced by
Senator Sanders on March 23, 2021, is more sweeping. It allows individuals to use a
licensed foreign pharmacy in any country to fill a U.S.-issued prescription for personal use
(up to a 90 day supply), requires HHS to issue regulations that permit commercial impor-
tation from Canada and, at HHS’s discretion after a two year delay, to permit commercial
importation from the OECD and other countries. Finally it imposes criminal penalties
for online websites that sell counterfeit drugs or dispense drugs without a required pre-
scription. Thus, in future years the importing may be done by Amazon Pharmacy or
Costco.11

We proceed as follows. In Section 2, we introduce our model of personal importation,
show that it has a unique subgame-perfect equilibrium, and that despite our assumption
that the foreign negotiator has all the bargaining power, he is unable to negotiate the price
down to the marginal cost of production. In Section 3, we show how the same framework
can be used to determine domestic and foreign prices if the threat comes instead from
commercial arbitrage. Section 4 concludes the paper.

2. Personal Arbitrage

Personal arbitrage typically occurs when a patient with a valid U.S. prescription orders
online from a pharmacy which may be as close as Canada or as far away as New Zealand.
Many foreign pharmacies receiving a prescription from an American patient routinely
fill the order with the version of that drug approved in their own country. In countries
where pharmacists are required to receive a prescription from a local doctor, the current
practice is for the local doctor to review the U.S. prescription and the patient history and
write a new prescription (“cosigning”) for the foreign version of the medication. Although
importing prescription drugs into the United States for own use is technically illegal, no
one has ever been prosecuted for this “crime,” which is victimless.

11The threat of imports from all OECD countries is vastly more important since they have a population
which is 35 times that of Canada.
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Although it is less common than online purchasing (Levitt, 2015), some patients have
traveled to a foreign country such as Canada or a member of the EU, filled their pre-
scriptions, and returned home.12 Enforcement then seems even more problematic since
a patient can always disguise the drug purchased abroad by putting it in empty bottles
(either from old prescriptions or over-the-counter medications). Even if the authorities
were capable of stopping personal arbitrage, it seems unwise politically to separate a
grandmother from the only medication she can afford to treat her cancer.

We hypothesize that if patients with valid prescriptions could save enough money by
purchasing from foreign pharmacies instead of from American pharmacies, there would
be massive personal arbitrage. We denote the threshold difference in retail prices as ∆.

Like Ganslandt and Maskus (2004), we assume this threshold is exogenous.13

Let pU denote the price the manufacturers charge wholesalers in the United States
and pN denote the price they charge wholesalers for the same medication abroad. Let
τw > 1 denote the exogenous markup of wholesalers, so that they charge local pharmacies
at home and abroad τwp

U and τwp
N , respectively. Let τ ≥ τw denote the exogenous

combined markup of wholesalers and retailers at home and abroad, so that the retail prices
are, respectively, τpU and τpN . We assume that massive personal arbitrage will occur if
τ(pU−pN) > ∆ and none (apart from inframarginal imports) will occur if τ(pU−pN) ≤ ∆.

The U.S. government can lower ∆ exogenously by scaling down misleading FDA warnings
about the riskiness of taking medications routinely dispensed by licensed pharmacies
in other high income countries; legalizing personal arbitrage would have similar effects,
since it would reassure U.S. consumers about the safety of prescriptions filled at such
pharmacies.

We consider n ≥ 1 manufacturers, each producing one therapeutically equivalent,
branded drug (such as the DAAs to cure hepatitis C, the vaccines to prevent Covid-
19, blood thinners, hypertension drugs, etc.) at zero marginal cost and selling them at
a market-determined price in the United States and at a negotiated price ceiling in the

12In a signed letter to the New York Times, a rheumatologist observed that “a patient could fly first
class to Paris, stay at the Ritz, dine at a top Michelin restaurant, buy a one-year supply of Humira [a
rheumatoid arthritis drug] at local prices in France, fly back home and finish with enough profit to hire
a registered nurse to administer the injection every two weeks” (Hanauer 2019).

13If the arbitrage threshold is a strictly increasing but kinked function of the spending of the manu-
facturers and PhRMA, then the associated marginal cost of increasing that threshold will have vertical
segments. We assume that any policy interventions leave the threshold unchanged at the same vertical
segment. We denote the threshold ∆. The threshold is endogenized in Salant (2023).
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EU and Canada. The cap is set in the following game between the n manufacturers and
the negotiator. At the time of this bargaining, the R&D cost for developing the drug is a
sunk cost.

2.1. Description of the Bargaining Game of Perfect Information. In this sub-
section, we describe the price negotiations between the agent representing the foreign
governments and the n manufacturers. Since none of the bargaining games in the lit-
erature seemed appropriate for our purposes, we constructed a tractable noncooperative
bargaining game.14 The subgame-perfect equilibrium of this game is unique, intuitive,
and amenable to graphical comparative-static analysis.15

We envision the following game. A single negotiator specifies a discounted price pN

per cure at which to purchase medication for each of the (exogenous) QN sufferers of a
specific malady (such as hepatitis C).16 The negotiator proposes this price sequentially to
each of the n ≥ 1 drug manufacturers. If k of them accept his proposal, he orders QN/k

from each of them. Those rejecting the negotiator’s proposal produce and sell only in
the unnegotiated (U.S.) market. Those accepting it sell not only in the U.S. market but
also in the foreign market. In the next subsection, we deduce the unique subgame-perfect
equilibrium of this bargaining game.17

Intuitively, manufacturers benefit if they accept the negotiator’s proposal since each
manufacturer can then sell in the foreign market a drug that is costless to produce.
On the other hand, every manufacturer also incurs a cost in the U.S. market if any of
them accepts the negotiator’s proposal because of actual or potential arbitrage. As a

14The Nash Bargaining Solution, the Kalai-Smorodinsky Solution, Harsanyi’s Utilitarian Solution,
Rawls’ Equal Increments Solution, etc. are cooperative; the most attractive noncooperative one (Rubin-
stein 1982) would limit us to a single manufacturer; generalizations of Rubinstein to n ≥ 1 manufacturers
have multiple subgame-perfect equilibria (see Suh and Wen and the references therein); and, although
the model of Horn and Wolinsky (1988) has n ≥ 1 manufacturers, each government negotiator is required
to bargain exclusively with one exogenously designated manufacturer and is therefore unsuitable for our
application.

15We conduct an illustrative analysis when discussing Figure 2. For a more systematic comparative-
static analysis, see Salant (2021).

16Kyle et al. (2008) emphasize that in many European countries, regulations leave pharmacies and
patients with no incentive to purchase cheaper offerings. Given that they are so insulated from prices,
we assume that QN is completely insensitive to price.

17In footnote 20, we show that the same equilibrium arises if the manufacturers respond to the nego-
tiator’s proposal simultaneously instead of sequentially.
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simplification, we assume that if arbitrage were to occur, all QN cures obtained by the
foreign negotiator would flow into the U.S. We relax this assumption at the end of the
section.

If QN were small relative to the size of the U.S. market, importation would be insignif-
icant and the manufacturers would accommodate arbitrage by playing Cournot using a
demand curve shifted inward slightly by the the negligible amount QN . That is, manu-
facturers would sell in the U.S. market to the vast majority of patients lacking the good
fortune to have acquired the QN imports. However, since pharmaceuticals would be im-
ported not only from Canada but from all the other OECD countries, QN is large relative
to the U.S. market and manufacturers would find arbitrage deterrence more profitable
than accommodation.18 Hence, the consequence of any manufacturer accepting the ne-
gotiator’s proposal is a retail price in the U.S. market of at most ∆ more than the retail
price abroad.

Given the extremely low marginal costs of production for most drugs (recall the costs
reported in Section 1), we assume that producing additional cures is costless.19 In addition,
we assume that the drugs in this therapeutic class are perfect substitutes and therefore
sell at the same price. Throughout, we assume that domestic retail demand, denoted
D(·), depends on the retail price p = τpU and satisfies the following conditions: (1) D(0)

is finite, (2) pD(p) is strictly concave and achieves a maximum at p∗ > ∆ > 0, and
(3) there is a unique Cournot equilibrium in the game where the n manufacturers sell
simultaneously in the U.S. market and earn pCournot/τ = pU per cure.

The negotiator approaches each manufacturer in sequence and proposes to pay pN per
cure for QN

k
cures, where k = 1, . . . , n is the number of manufacturers that ultimately

accept. After the last manufacturer makes his decision, payoffs in the bargaining game
are collected. The payoffs result from the subsequent simultaneous sales by the n manu-
facturers.

If every manufacturer rejects the negotiator’s proposal, then each of the n manufacturers
sells only in the U.S. market and receives an equal share of Cournot retail profits deflated
by the markup factor (τ). If k ≥ 1 manufacturers accept the negotiator’s proposal but
τpN+∆ > pCournot, then each of those accepting the proposal earns pNQN/k in the foreign
market while those rejecting it earn nothing there. The U.S. retail price is pCournot, which
is insufficient to compensate arbitrageurs given the high cost (τpN + ∆) of acquiring

18See the discussion at the end of the section.
19Ganslandt and Maskus (2004) make the same assumption.
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Table 1. Payoffs to manufacturer i

foreign drugs. No arbitrage occurs. Every manufacturer therefore again earns in the U.S.
market an equal share of Cournot profits deflated by the markup factor (τ).

If τpN+∆ < pCournot and at least one of manufacturers accepts the negotiator’s proposal
(k ≥ 1), then each of the k manufacturers earns pNQN/k in the foreign market while
the n − k others earn nothing in that market. In the U.S. market, however, a price of
pCournot would attract massive arbitrage. To deter it, limit pricing occurs instead. Each
manufacturer sells enough more than its Cournot output in the U.S. market that the
U.S. retail price (τpU) drops to τpN + ∆. No manufacturer would unilaterally sell less
than D(τpN +∆)/n, under a weak condition insuring that arbitrage deterrence occurs in
equilibrium. Nor would any manufacturer unilaterally sell more than this quantity since,
with every firm producing an output exceeding the Cournot level, selling more would
drive the U.S. retail price further away from the revenue-maximizing level. Hence, if any
manufacturer accepts the proposal, the retail price in the U.S. market would be τpN +∆,

but no importing would occur.

In Table 1, we list for any proposed pN the payoffs manufacturer i would receive in
this bargaining game. These payoffs depend not only on his accept-reject decision but on
those of the n− 1 other manufacturers.

2.2. The Unique Subgame-Perfect Equilibrium in the Bargaining Game. We
now consider how each manufacturer in the sequence would respond to any proposed pN .

Each manufacturer in the sequence would find himself in one of two situations: either (1)
some firm earlier in the sequence had already accepted the negotiator’s proposed price pN

or (2) no previous manufacturer had accepted the proposed price. We work backwards,
considering first the optimal choice of the final manufacturer in the sequence.
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We consider two cases. In the first case, the proposed price satisfies:

(1) pNQN +
(τpN +∆)D(τpN +∆)

τn
>

πCournot

τn
.

If someone previously had accepted the proposal, the final manufacturer would accept as
well. For, even if he rejected the proposal, there would still be QN cures that would flood
the U.S. market unless arbitrage was deterred. By accepting and selling in the foreign
market, he would earn revenue additional to his domestic sales.

If no one had previously accepted, the final manufacturer would strictly prefer to accept.
For by being the only manufacturer to accept, he would earn pNQN in the foreign market
plus (τpN+∆)D(τpN+∆)

τn
in the domestic market, which according to inequality (9) strictly

exceeds πCournot/τn, the revenue he would earn if he rejected the negotiator’s proposal.
So the final manufacturer would accept such a proposal even if no firm prior to him had
accepted it.

Turning now to the optimal decision of the penultimate manufacturer, he would accept
the proposal if any previous manufacturer had accepted; for, there would then be the
arbitrage threat of the QN cures in the foreign market whether he accepted or rejected the
proposal, and he would strictly increase his revenue by also selling in the foreign market.
If no previous manufacturer had accepted the proposal, the penultimate manufacturer
would anticipate that if he rejected it as well, the final manufacturer would nonetheless
accept it since that is his best reply in that situation. Thus, the penultimate manufacturer
recognizes that there would be QN cures in the foreign market to be deterred from flooding
the U.S. market regardless of his decision; he accepts and strictly increases his revenue by
pNQN/2 since he would divide the foreign market with the final manufacturer.

Any previous manufacturer would behave in the same way. If someone had previously
accepted, he would accept to get some share of the foreign market. If no one had previously
accepted and he also rejected, he would anticipate that every subsequent manufacturer
would best-reply by accepting the negotiator’s proposal. Hence, he would anticipate that
regardless of what he did the QN cures would still loom over the U.S. market and that by
accepting he would get an additional pNQN/(1 + z) in revenue, where z is the number of
manufacturers who move after him.

Suppose instead the proposed pN satisfies the following inequality:

(2) pNQN +
(τpN +∆)D(τpN +∆)

τn
<

πCournot

τn
.
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As before, the final manufacturer and every predecessor would accept the proposed price
if any previous manufacturer had previously accepted it. Suppose, however, that the
final manufacturer observed that no one had previously accepted the proposed price. If
he accepted it, inequality (2) indicates that he would be strictly worse off than if he
joined his predecessors in rejecting the proposal and competed only in the U.S. market;
for if none of the n manufacturers sells in the foreign market, there would be no need to
deter arbitrage and he would earn his share of Cournot profits deflated by the markup τ .
Now consider the penultimate manufacturer. If he observed that no one had previously
accepted the negotiator’s proposal, then—anticipating that the final manufacturer would
reject it if he did, he would reject pN as being too low. Indeed, every prior manufacturer
would be in the same position. If he rejected the proposal, every subsequent manufacturer
would do so as well and there would be no threat of imports flooding the U.S. market.
The n firms would each get a share of the Cournot profits in the U.S. market.

(3) pNQN +
(τpN +∆)D(τpN +∆)

τn
=

πCournot(n)

τn
.

Since the foreign negotiator wants to purchase QN cures at the lowest price, he would
propose a price just above pN. In the play of the game, every manufacturer accepts
proposal pN , and each firm receives 1/nth of the additional QN sales. The retail price
in the U.S. market falls to τpU = τpN + ∆, just low enough to deter arbitrage. The n

manufacturers sell QN cures in the negotiated market and D(τpN+∆) in the unnegotiated
market.

If n = 1, the right-hand side of equation (2.3) is the monopoly profit the firm would
receive if it sold only in the U.S. market and the left-hand side is the profit it would receive
from selling to wholesalers at price pN in the foreign market and at price pN +∆/τ in the
U.S. market, the highest price it can charge without triggering arbitrage. The equality
of the two sides indicates that the foreign negotiator drives the foreign price (pN) down
so that the monopolist earns no more profit selling in both markets than it would receive
selling only in the U.S. market. If n > 1, the payoff on the right-hand side is the profit
per firm every firm would earn if it sold only in the U.S. market. As for the left-hand side,
it is what any one firm conjectures it would earn if it broke ranks with the other n − 1

firms and accepted the negotiator’s proposal of pN instead of rejecting it. The equality
of the two sides indicates that the foreign negotiator bargains the price down as far as he
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can; it would be in the self-interest of each manufacturer to reject his price proposal if it
were any lower.20

It is helpful to rearrange equation (3) as follows:

(4) (τpN +∆)D(τpN +∆) = πCournot(n)− τnpNQN .

The right-hand side is a decreasing linear function of pN with vertical intercept π Cournot (n)

and slope −τnQN < 0. The left-hand side is a strictly concave function with vertical in-
tercept ∆D(∆) ≥ 0. Given our assumptions about the function D(·), domestic total retail
revenue (τpN +∆)D(τpN +∆) is strictly increasing at pN = 0.

Since Cournot profit is strictly smaller than monopoly profit (for n = 2, . . .), the vertical
intercept of the line is strictly smaller than the peak of the concave profit function. There
are two possible cases. In the first case, ∆ ≤ pCournot, the domestic and foreign markets
are “connected” and pU = pN + ∆/τ ; in the second case, ∆ > pCournot, the two markets
are “unconnected” and pN = 0 (marginal cost) while pU = pCournot/τ . The first case
(respectively, the second case) arises if the vertical intercept of the single-peaked function
lies below (resp. above) the vertical intercept of the downward-sloping line. In the two
cases,

pU = min
(
pN +∆/τ, pCournot

/
τ).

20 To be precise, if the n manufacturers respond simultaneously instead of sequentially to the nego-
tiator’s proposal, there are two equilibria. There is a degenerate equilibrium where everyone accepts a
proposed pN no matter how low it is. Rejecting the proposal unilaterally does not alter the need for arbi-
trage deterrence and merely reduces a manufacturer’s own revenue by pNQN/n. This equilibrium has no
counterpart in the subgame-perfect equilibrium of the sequential game. The more plausible equilibrium
in the simultaneous-move game is the counterpart of the subgame-perfect equilibrium in the sequential
game. It is an equilibrium in the simultaneous-move game for everyone to reject the proposed price pN

defined implicitly by inequality (2). For, each manufacturer would receive the payoff on the right-hand
side of this inequality whereas if one player unilaterally deviated by accepting the proposal, he would
receive the profit on the left-hand side. If pN is reduced, the left-hand side is even smaller while the
right-hand side does not change. Hence, rejecting the proposal remains an equilibrium for any proposed
price lower than pN . If the proposed price instead satisfies inequality (9), however, this unilateral devia-
tion is strictly profitable and rejection is no longer an equilibrium. What is the equilibrium in this case?
Any proposed price higher than pN will be accepted by the n manufacturers; for, if any manufacturer
unilaterally rejected the proposal, he would lose pNQN/n revenue from the foreign market. Hence, to
obtain QN cures at the lowest price, the negotiator would propose a price marginally above pN and every
manufacturer would accept the proposal. None of the QN sold in the foreign market would be imported
back to the U.S.
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pN

π Cournot − nτ pNQN

(τ pN + Δ)D(τ pN + Δ)
π Cournot

ΔD(Δ)

pN

Figure 1. Determination of the foreign price when there is a threat of
personal arbitrage

In the connected case, the horizontal component of the point of intersection is the
manufacturer’s foreign price (pN), and the vertical component is the total retail revenue
in the domestic market. In the unconnected case, the negotiated manufacturer’s price
abroad equals the marginal production cost (assumed, for simplicity, to be zero), and the
retail price in the U.S. market is the Cournot price. We depict the determination of pN

in Figure (1):

In deriving the equilibrium, we assumed as a simplification that if the price differential
were large enough to make personal arbitrage attractive, all of the QN cures sold in the
foreign market would be imported into the U.S. We conclude this section by showing
that such an extreme assumption is not necessary for arbitrage deterrence to occur in the
equilibrium.

Suppose some firm unilaterally deviated from the proposed arbitrage deterrence equi-
librium, by reducing his sales in the domestic market and driving the price up to pU >

pN + ∆/τ. Suppose that as a result, there were only θQN cures imported for own use,
where θ ∈ (0, 1). This unilateral deviation would not affect the deviator’s revenue in the
foreign market. He would still sell QN/n cures at the price τpN : θQN/n to Americans
importing for own use and (1− θ)QN/n to foreigners. However, the unilateral deviation
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would change the deviator’s revenue in the domestic market by:

(5) pU
(
D(τpU)− n− 1

n
D(τpN +∆)− θQN

)
− (τpN +∆)

τn
D(τpN +∆),

where pU ≥ pN +∆/τ.

The second term in (5) is the revenue the deviator receives in the equilibrium from sales
in the U.S. market. The first term is the revenue the deviator would get from unilaterally
reducing his U.S. sales enough to drive the price up to pU . The second factor of the first
term is the amount he would have to sell to accomplish this price increase—the aggregate
demand in the U.S. minus the sum of personal imports and the sales from the n − 1

non-deviators, conjectured to be unchanged.

If the foreign country was small (e.g. Monaco) or θ was small, θQN would be negligible
and (2.5) reduces to zero when pU = pN + ∆/τ. Since in the equilibrium, every firm is
selling more than his Cournot output, even a marginal output contraction by the deviator
would make his deviation strictly profitable. In this case, no equilibrium with arbitrage
deterrence can exist. On the other hand, if θQN were sufficiently large, the unchanged
sales in the U.S. of the n−1 rivals plus the large personal imports (θQN) of the Americans
might virtually satisfy U.S. market demand at pN+∆/τ . In that case, the deviator’s sales
would be meager and his unilateral deviation would be massively unprofitable. Consider
any QN large enough that when θ = 1, the most profitable deviation results in a strict loss.
Since the deviator’s revenue in the domestic market from his most profitable deviation is
continuous in θ, his deviation will also result in a strict loss for any θ ∈ (θ∗, 1) where θ∗

is the unique root of the maximized value of the expression in (5).21

3. Commercial Arbitrage

We have postponed discussion of commercial importation until now because (1) the
analysis parallels that of personal arbitrage and (2) the ban on commercial importation
is currently strictly enforced.

Since importers must pay a foreign wholesaler as much as local pharmacies pay it, im-
porters must pay the wholesaler τwp

N per unit. Assume the exogenous per-unit cost of

21The envelope theorem implies that the maximized value of (5) strictly decreases in θ; hence the root
θ∗ is unique.
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importing is the same for all importers and denote it ∆c. Since the ban against commer-
cial importation is currently strictly enforced, ∆c is high (∆c >> ∆). But it will drop
precipitously (∆c << ∆) if Senator Sanders bill or a similar one becomes law.

There are three types of commercial importers: (1) dispensers like Amazon, CVS, or
Costco which sell to U.S. prescription holders; (2) U.S. wholesalers which sell to U.S.
pharmacies; and (3) U.S. arbitrageurs which sell to U.S. wholesalers. If the importer is a
dispenser it earns a per-unit profit of τpU−τwp

N−∆c. If the importer is a U.S. wholesaler,
it earns a per-unit profit of τwpU − τwp

N −∆c. If the importer is an arbitrageur, it earns
a per-unit profit of pU − τwp

N −∆c. Since τ > τw > 1, the largest per-unit profit would
be earned by the dispensers. Hence, if the dispensers are deterred, so too will the other
two types of commercial importers.

To summarize, commercial importation is deterred if and only if:

(6) τpU ≤ τwp
N +∆c.

Previously, it was shown that personal importation is deterred if and only if:

(7) τpU ≤ τpN +∆.

We also concluded that the retail price in the U.S. will be no higher with an arbitrage
threat than without one:

(8) τpU ≤ pCournot.

Finally, the foreign negotiator’s offer will be accepted if and only if:

(9) npNQN + pUD(τpU) ≥ πCournot

τ
.

The lowest price the foreign negotiator can secure must be acceptable to the firms but
without triggering either type of arbitrage.

In Figure 2, the foreign manufacturers’ price is on the horizontal axis and the U.S. man-
ufacturers’ price is on the vertical axis. The personal arbitrage constraint is depicted as
a line sloping upward at 45 degrees with a vertical intercept of ∆/τ ; the commercial arbi-
trage constraint is depicted as a line sloping upward at a flatter slope (τw/τ < 1) with ver-
tical intercept ∆c/τ. No arbitrage occurs if the two manufacturers’ prices (pN , pU) lie on or
below both arbitrage constraints. In addition, the manufacturers’ price in the U.S. cannot
exceed pCournot/τ . Hence, pU must satisfy pU ≤ min(pCournot; pN +∆/τ ; τw

τ
pN +∆c/τ).
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Figure 2. Even though the foreign negotiator has all the bargaining power,
he cannot bargain the price down to marginal cost since proposals resulting
in commercial or personal arbitrage are unacceptable to the firms.

Finally, the negotiator will restrict his attention to prices that are above the downward-
sloping line since only they will be accepted. Such price satisfy inequality (9).

In Figure 2, the shaded set of manufacturer prices (pN , pU) defined by the intersection
of the four inequalities is labeled the “Feasible Set.” In constructing the diagram, we have
assumed that commercial arbitrage has been legalized and so ∆c < ∆. As a result, the
commercial arbitrage boundary lies below the personal arbitrage boundary—the reverse
of what is currently the case. To avoid clutter, the foreign negotiator’s field of indifference
curves is not depicted. However, each curve is a vertical line and lines further to the left
are preferred by the foreign negotiator since he prefers to pay less for the QN cures that he
procures. The optimal choice of pN occurs at the intersection of the downward-sloping line
and the lower of the two upward-sloping lines. Since we have assumed that commercial
importation has been legalized, its constraint is the relevant one. Before legalization of
commercial arbitrage, the personal arbitrage constraint would have been the relevant one
and the best choice of pN would have been lower and pU would have been higher.

Any foreign price proposed by the negotiator strictly to the left of the downward-sloping
locus would be rejected; any proposed price on it or to its right would be accepted. If
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the markets are connected, the equilibrium negotiated price is the smallest pN that (1)
deters massive arbitrage but (2) is acceptable to the manufacturers. This occurs where
the downward-sloping line intersects the lower upward-sloping line.

Policies that shift the downward-sloping locus against an unchanged upward-sloping
locus will result in the manufacturers’ U.S. price and negotiated foreign price changing
in the same direction. For example, increases in QN will lower both the foreign price and
the domestic price.22

Policies that shift the upward-sloping locus against an unchanged downward-sloping
locus will result in the U.S. price and the negotiated foreign price changing in opposite
directions. For example, lowering min(∆,∆c) would raise the manufacturers’ foreign price
and lower the manufacturers’ U.S. price.

We can express revenue per firm (denoted R) in terms of exogenous variables and pN .

(10) R =
pQN

n
+

pUD(τpU)

n
.

At the optimum, (9) will hold as an equality. Substituting the equality into (10), we
conclude:23

(11) R =
πCournot

nτ
− (n− 1)

n
pNQN .

If min(∆,∆c) decreases and consequently the foreign price increases, equation (11)
implies that manufacturer revenue and hence variable profit will decrease.

4. Conclusion

In this paper, we identified four stylized facts about the international market in branded
pharmaceuticals that seem undeniable. We then showed that no model in the literature
explains these facts, and we constructed a new model consistent with them. Central to
this explanation is the effect on manufacturer pricing of the threat of massive personal
arbitrage.

22If (9) holds as an equality, any increase in QN would, for a fixed pN , raise the first term and necessitate
a reduction in the second term in order to preserve the equality. This in turn requires lowering pU .

23The revenue formula we derive holds whichever upward-sloping arbitrage constraint is binding since
the derivation does not involve either of these constraints; it relies only on the definition of revenue and
the equation for the downward-sloping line. Note that when n = 1 and the Cournot oligopoly reduces to
a monopoly, (11) reduces to R = πCournot/τ.
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Legislation is being considered which will lower the cost of importing whether for own
use or for commercial resale. If enacted into law, this legislation will reduce U.S. drug
prices. But, as we have also shown, it will lower the variable profits of pharmaceutical
manufacturers. As has been emphasized by Egan and Philipson (2013), CEA (2018),
Danzon (1997) and others, these profits are used in part to fund the massive fixed cost
of drug innovation. The induced decrease in profits may, therefore, reduce innovation.
However, the evidence that welfare will decline as a result is ambiguous. Lakadawalla
(2018), in his thorough survey of the empirical work on this issue, concluded: “We have
stressed the uncertainty surrounding the normative analysis of innovation investment. The
question of whether innovation is too high or too low is a first-order—perhaps the first-
order—policy question in the economics of the pharmaceutical industry. Yet, economists
have not produced a definitive answer.”

If welfare turns out to decline because of reduced R&D in this industry, subsidizing
innovation can restore the rate of innovation to its previous level. To me, asking sick
people to finance drug innovation, which is of value not only at home but abroad, is
ethically indefensible. The burden falls heaviest on sick Americans since our prices are
by far the highest. People currently in good health should shoulder more of the burden.
Increased subsidization, financed by general taxes at home and abroad is, in my view, a
step in the right direction.
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