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I EXECUTIVE SUMMARY

Consumer groups and the media are putting pressure on public officials to allow
U.S. citizens to reimport drugs from foreign countries like Canada. This report
concludes reimportation programs or price controls would have a dramatic nega-
tive impact on drug development in the United States and, because it is home to a
significant research center, on the economy of Massachusetts.

Recent advances in the pharmaceutical and biotechnology industries have improved the quality
and length of human life through the development of new drugs. Nevertheless, there is widespread
perception that the prices of new drugs are too high, based on the difference between prescription
drug prices in the United States and in other countries.

Consumer groups and the media are putting pressure on public officials to make prescription
drugs more affordable. The advocates for lower prices generally favor two approaches: allowing
U.S. citizens to reimport drugs from foreign countries like Canada, or instituting price controls
here in the United States. These proposals, while yielding lower drug prices in the short run, could
have significant negative impacts on innovation and on the regional economies in which the phar-
maceutical and biotechnology industries play an important role. The development process, in most
instances ultimately unfruitful, is extremely costly. The few drugs that do make it to the market-
place must earn enough to pay for the research and development for the majority that do not.

This report examines the effects that price controls and reimportation programs would have on
drug development success and investment in the United States and, because it is both a significant
research center and home to some of the nation’s most vociferous advocates of drug reimportation,
on the economy of Massachusetts.

We first identify the impact on drug development and R&D spending in the United States. We
then identify the effects on an array of economic indicators for the Massachusetts economy.

Drug price controls and reimportation schemes would shrink the pipeline for new prescription
drugs by reducing the ability of companies to recover their investment in research and develop-
ment. We estimate that, in the 12 years following the implementation of a price control policy:

* R&D spending by pharmaceutical and biotechnology firms would fall by $14.8 billion, in
net present value terms.

* Price control policies would lead to the abandonment of an additional 262 drugs for
economic reasons.

* Under a price control policy, only nine new drugs would likely be approved in a year—
a decrease of more than 70 percent from the current average of 31.

Reduced R&D spending attributable to price controls or drug reimportation would also have a se-
rious negative effect on the U.S. economy and, in particular, on those states such as Massachusetts,
whose economies benefit from the existence of strong pharmaceutical and biotechnology sectors.

In Massachusetts, where nearly 10 percent of the nation’s pharmaceutical and biotech research and
development dollars are spent:

*  Price controls would destroy 3,957 jobs over the first six years.
* By 2010, the loss in economic activity (as measured by value-added) in Massachusetts
would total $247 million (in 2000 dollars).
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THE IMPACT OF DRUG REIMPORTATION AND

PRICE CONTROLS:
The U.S. and Massachusetts

By David G. Tuerck, John Barrett, Douglas Giuffre, and Zaur Rzakhanov

I INTRODUCTION

U.S. consumers are concerned that the prices of prescription drugs are too high. Motivated by the
price differential between Canadian and U.S. pharmaceuticals, consumer groups and the media
have been pressuring legislators both at the state and federal levels to lower domestic drug prices.’

The most politically appealing approach so far has been some form of drug reimportation policy,
in which brand name prescription drugs that are made in the United States and sold and shipped
to other countries—usually at lower prices than U.S. citizens pay—are then sold and shipped (i.e.,
reimported) back to U.S. consumers. For example, Republican Senator Charles Grassley of Iowa in-
troduced such legislation in April of 2004.” The bill would shut down unregulated importation
programs and require the U.S. Food and Drug Administration (FDA) to establish a new system
within 90 days.

Since reimportation is simply a way to import price controls from other countries without explic-
itly adopting them in the United States, the economic consequences of reimportation are roughly
the same as directly imposing price controls.

The first section of this study investigates how innovator pharmaceutical and biotechnology firms
would likely respond to the legalization of reimportation and/or price controls and quantifies the
impact on the rate of innovation and investment in research and development in the United States.
Of course, while pharmaceutical and biotechnology firms may be national—or even interna-
tional—in scope, they reside locally, hiring thousands of employees, funding university research
programs and stimulating local economies. Any legislation that harms these industries harms state
and local economies where those companies operate.

The last section examines in greater detail the impact of reimportation and price controls on one
state—Massachusetts—in which the biotechnology and pharmaceutical industries play a particu-
larly important role.
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I. THE IMPACT OF DRUG REIMPORTATION AND PRICE
CoNTROLS ON THE U.S. EcCONOMY

RECENT ATTEMPTS TO IMPOSE REIMPORTATION AND PRICE CONTROLS

The United States forbids the reimportation of drugs except when the U.S. Secretary of Health and
Human Services (HHS) is willing to certify the safety and significant cost savings of the drug(s) to
be reimported. Neither the current secretary, Tommy Thompson, nor the secretary during the
Clinton administration, Donna Shalala, provided that certification. Nevertheless, consumer groups
(and their elected representatives) wishing to reduce drug prices are actively attempting to bypass
this obstacle.

As a practical and political matter, the FDA allows U.S. citizens traveling in other countries (e.g.,
Canada) to bring back a small amount of prescription drugs (usually considered 90 days worth)
for personal use. That does not make their actions legal; the law is just not strictly enforced.

State and Local Efforts to Reimport Drugs

Several states are considering ways to permit or facilitate access to reimported drugs. Moreover,
some cities have already implemented programs that allow city employ-

ees and retirees to import drugs from Canada. For example, the city of

Springfield, Massachusetts, led by its mayor, is already importing drugs

from Canada for city employees. The mayor has brushed aside FDA Rather than be seen as
warnings that he is putting citizens at risk, even after the FDA checked supporting price controls,
some of the drugs from the‘ Canadian source and found that some of the proponents of reimportation
insulin had been compromised. would rather import the price
The rush to reimport is occurring despite the fact that the FDA has ex- controls of other countries.

pressly and repeatedly warned both states and cities that such actions are
illegal and unsafe. In response:

* The governor and attorney general of Vermont have filed suit against the FDA for
rejecting its plan to allow Vermont employees to reimport drugs from Canada. Iowa is
considering joining that suit.

* The governor of Illinois is moving forward with a plan to allow citizens of the state to
reimport drugs from Canada, the United Kingdom and other countries—abandoning any
pretext at restricting the drug sources to Canada.

In addition, the mayor of Boston has indicated that he would like to adopt a similar policy. Massa-
chusetts Senator Edward M. Kennedy is a sponsor of a bill that would allow imports of prescrip-
tion drugs from Canada, and Democratic presidential candidate John Kerry has called for
legalizing reimportation. In fact, reimportation schemes have gained such momentum that Presi-

»3

dent Bush now agrees that, “If it’s safe, then it makes sense.

The Effort to Impose Price Controls

Calls for imposing price controls on prescription drugs enjoy less attention, in part because econo-
mists have repeatedly shown that price controls, regardless of the product or service, don't work.
They always lead to access and/or quality problems.

Rather than be seen as supporting price controls, proponents of reimportation would rather im-
port the price controls of other countries. That allows them to say publicly that they oppose price
controls while bringing them in through the back door.

The Impact of Drug Reimportation and Price Controls: The U.S. and Massachusetts



While there are no explicit drug price controls in the United States, state governments buy drugs
under the Medicaid Drug Rebate Program, which imposes de facto controls on the prices paid for
pharmaceuticals. However, some states, including West Virginia and Oklahoma, have considered
bills that would directly impose price controls.

THE RESPONSE TO DRUG REIMPORTATION AND PRICE CONTROLS

The introduction of drug reimportation and/or price controls in the United States would affect in-
centives facing consumers, drug makers and governments in both the United States and foreign
countries. The resulting decrease in drug prices would have direct consequences for the drug-con-
sumption decisions of consumers, and for production and research and development decisions
made by pharmaceutical and biotech firms. Questions about the desirability of such policies must
therefore be addressed in recognition of their likely effects on economic behavior and the econ-
omy. The benefits to one group might be offset—or more than offset—by costs to another. And
there would be negative—and perhaps unintended—consequences for pharmaceutical innovation
and economic activity.

Reimportation and price controls derive their appeal from the promise of lower out-of-pocket ex-
penses for drug buyers, whether individual consumers, firms or municipal governments pay for
the health expenses. A recent report in the Boston Globe describing the drug

reimportation experiment in Springfield, Massachusetts, estimates that the

city has saved $3 million on drug expenses for its current and retired em-

ployees. For its typical retired employee (retirees are older and typically need ...in many cases drugs
more medications), Springfield reportedly saved $997.88 per year, while the purchased from Canada
retiree saved $280.00 during the same period." are manufactured in

Pakistan, China, Iran,

Despite the apparent savings, there are concerns about the quality and safety _
Singapore or elsewhere.

of reimported drugs. While many patients assume that reimported drugs are
of U.S. origin, manufactured under the FDA's safety guidelines, a recent re-
port by Giuliani Partners, LLC indicates that in many cases drugs purchased
from Canada are manufactured in Pakistan, China, Iran, Singapore or elsewhere. The report points
out that “there is significant evidence that patients have received drugs through the Internet that
are past their expiration date, are sub-potent (or, in some cases, more potent than indicated), are

»5

contaminated or clearly counterfeited, are not properly stored or shipped.

Had drug reimportation continued on a small scale, with small numbers of U.S. citizens occasion-
ally traveling to Canada to buy their prescriptions, there would have been little impact on the drug
manufacturers or the economy. However, that is no longer the case. The Springfield model could
spread to other cities and even states, should the FDA continue to decline to intervene legally. If
reimportation is widely adopted in the United States, it will profoundly affect the behavior of con-
sumers and U.S. drug makers, as well as the health care systems in countries from which drugs are
reimported.

Possible Response: Countries Cut Supplies to the United States

A possible response to reimportation is action by foreign governments, themselves eager to pro-
vide an abundant supply of price-controlled drugs to their own populations. One can hardly ex-
pect Canadian health care administrators to be complacent about growing shortages of drugs in
Canada due to reimportation by Americans. While the effect on the supply of drugs in Canada
may not be noticeable when only a few cities reimport drugs, U.S. prescription drug consumption
(53 percent of the world market) is so large that it would have a negative effect on the supply of
drugs in Canada (or, for that matter, in any other country). Indeed, some Canadian officials are
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already looking for ways to curb exports to the United States. Corroborating these points, a recent
report by the U.S. Congressional Budget Office (CBO) published in November 2003 estimated that
adoption of a nationwide reimportation program would reduce total prescription drug expendi-
tures by about 1 percent, or $40 billion, from 2004 through 2013.° The saving is small as a result of
the required counterfeit-resistant packaging of both imported and non-imported drugs. The esti-
mated impact on total expenditures was calculated by taking into account the potential actions of
drug manufacturers to regain profits by restricting supply.’

Possible Response: The Birth of a Domestic Black Market

Price controls may also encourage the development of gray or black markets in drugs, especially if
certain states successfully impose price controls while others do not. To the extent that prices vary
across regions, intermediaries will have an incentive to engage in spatial arbitrage. For example, if
the controlled price of the anti-cholesterol drug Lipitor is lower in Arkansas than in Massachusetts
(which may well be the case if regulated prices in different states are set according to average state
income levels), intermediaries would purchase Lipitor in Arkansas and resell it at a higher price in
Massachusetts. These arbitrage activities may result in shortages of (and queues for) drugs in Ar-
kansas and a higher effective price paid for Lipitor on the gray/black market, defeating the purpose
of price controls.

Attempts to control or prohibit such arbitrage may themselves be costly to society and of limited
success. Existence of illegal markets for price-controlled goods in many
countries and in many regulatory settings testifies to the difficulty of the

price-control approach.
...parallel trade leads to
Possible Response: Supplies Follow the Prices the launch delay of major

In addition to the above-mentioned impact of price controls, pharma- new drugs.
ceutical and biotech firms may decide to respond to the lower relative

price of drugs in the United States by selling less in the United States and

more in other developed countries with no price controls (such as the United Kingdom and Ger-
many), and to search for new markets where price controls are not present. While the magnitude
of this response will depend on the severity of U.S. price controls, such policies would clearly en-
courage companies to offer their products elsewhere.

Possible Response: Reduced R&D Spending

Drug reimportation and price controls would also affect investment in the research and develop-
ment of new drugs. This problem is addressed in greater detail in the next section. Here it is worth
mentioning that a 2003 study points out that parallel trade leads to the launch delay of major new
drugs.’

A firm that is about to launch a new drug would do so promptly everywhere, if it could charge dif-
ferent prices in different national markets (taking into account levels of income, regulations and
willingness to pay on the part of consumers). However, if parallel trade exists, allowing countries
with higher incomes to import drugs from countries with lower incomes, and therefore with lower
drug prices, this option is much less attractive.

The Impact of Drug Reimportation and Price Controls: The U.S. and Massachusetts



For example, under a system of parallel trade, providing one country, say, Portugal, with a lower
price could have a twofold effect:

* It may undermine its future price in a not-yet-launched but richer country, say, France,
because French regulators may take Portugal’s price as a reference point or benchmark
point for a drug’s French price.

* Through parallel trade, it may undercut revenues in other countries where a firm charges
a higher price.

The authors of one article pointed out that a firm’s response in this case is to “accept delay, and in
the limit, forego launch entirely, rather than agree to relatively low price in one country, particu-

larly in a country that is small and prone to parallel exports to other, potentially higher-price mar-
kets””

The authors found that countries with lower expected prices or smaller expected market size
within the European Union experience longer delays in new drug access. While the European Un-
ion permits parallel trade in drugs between member countries, the regulatory policies of the
United States and Canada may be different. The response of Canada (having a relatively small mar-
ket size) to parallel trade with the United States could be to prohibit such trade altogether or face
delay in access to new and effective drugs.

Institute for Policy Innovation: Policy Report #184



II. THE IMPACT OF REIMPORTATION AND PRICE CONTROLS ON
DRUG INNOVATION AND R&D EXPENDITURES

DRUG DEVELOPMENT AND THE APPROVAL PROCESS

Pharmaceutical product development is a lengthy process, often taking 10 to 15 years to develop a
single drug. Ultimately it is a process of generating economically valuable knowledge about a spe-
cific pharmaceutical compound. At the point of discovery, this knowledge includes information
about compound structure and its basic effect on biological systems such as cells or target viruses.
As preclinical development continues, scientists learn about the compound’s effect on animals in
trials that last on average four years.

If animal studies succeed, then human safety trials—the “Phase I” trials—come next. To start hu-
man clinical trials, a sponsor of a drug must file an Individual New Drug application (IND) with
the U.S. Food and Drug Administration (FDA). At this point the knowledge generated by animal
studies is translated into optimal dosage regiments for the 20 to 80 healthy volunteers. The result-
ing data are accumulated and used to design drug efficacy trials for Phase II and III that last on av-
erage two and three years, respectively. Company scientists have to decide which patient group is
likely to have the best response to treatment and set up trials to compare with a placebo group.

Phase II trials test efficacy on a smaller group of patients. Results of this stage are needed to design
Phase III trials, which are usually placebo-controlled and include a much larger patient population.
If a drug passes Phase III, the company can apply for regulatory review by filing a New Drug Ap-
plication (NDA) with the FDA, the last regulatory review stage, lasting on average 1.5 years—and it
still may not be approved.

IELIC I SUCCESS RATES, COST AND LENGTH OF DRUG DEVELOPMENT PHASES

PRECLINICAL PHASE I PHASE II PHASE III REGULATORY Aprlig(S){IAL
R&D
Cosr oF R&D, BY pHASE $121.00 $15.20 $23.50 $86.30 $5.20 $32.90
(millions, 20008)
PROBABILITY OF ENTERING PHASE 100.0% 71.0% 31.4% 31.4% 23.5%
LENGTH OF PHASE (IN YEARS) 4 1 2 3 1.5 1

Source: Joseph A. DiMasi, Ronald W. Hansen, and Henry G. Grabowski, “The price of innovation: new estimates of drug development costs,” Journal of Health Economics,
22,151-185 (2003).

Any bias introduced in the design of the earlier clinical trials may affect the outcome of the later
stages and therefore jeopardize the entire project. Conversely, a clean design and understanding of
each set of trials could make regulatory approval a relatively painless undertaking.

THE CoST OF DRUG DEVELOPMENT

The cost of drug development has risen tremendously from slightly over $100 million per success-
ful drug in the 1980s to about $800 million in 2003." The high cost of drug development is in part
due to the high failure rate. Although only one in five projects makes it to consumers, all projects,
both successes and failures, require a constant flow of cash, adding to the final cost of successful
projects. Funds spent on the development of drugs that eventually fail safety or efficacy tests or
prove to be potentially money losing are legitimate costs that successful drugs must recoup. Not
being able to recoup all expenses (including those of eventual failures) would deprive companies
of necessary funds to finance the search for new therapies.

n The Impact of Drug Reimportation and Price Controls: The U.S. and Massachusetts



MODELING METHODOLOGY

We use a “real options” theory framework to simulate the effects of price control and
reimportation policies on the valuation of R&D projects.” Using this framework, we determine the
value and development desirability of a project in each stage of development. For each stage, a firm
compares the expected cost of a project’s completion to the expected value of continuing a project.
If the former exceeds the latter, the project is abandoned. If not, the project continues. The real op-
tions model takes into account the level of and uncertainty in the cost to completion of a project,
growth rate of and uncertainty in cash flows resulting from a project, as well as the possibility of
failure because the drug doesn’t meet safety or efficacy standards.

Since the behavior of cash flows and cost to completion is uncertain, the randomness is modeled
using a stochastic process model and calibrated to reflect actual characteristics of cash flows and
cost levels and uncertainty parameters in pharmaceutical product development.” A typical devel-
opment project could be abandoned for technical reasons (i.e., because it fails a test for safety or
efficacy), or for economic reasons (i.e., it is deemed to lack future profitability). The actual contin-
uation/abandonment decision depends on the comparison of cost to com-

pletion with the value of continuing the project. Since cash flows and

development costs are influenced by random factors, any single scenario for The cost of drug development
a project with given characteristics may or may not result in abandonment, has risen tremendously from
depending on realization of many random technical and economic factors. slightly over $100 million per
To obtain the probability of abandonment of such a project due to economic successful drugin the 1980s fo
reasons, the model is simulated 10,000 times and the average proportion of about $800 million in 2003.

times the project is abandoned is taken as an estimate of this probability.

The effect of price control and reimportation policies is modeled through

the cash flow growth or drift parameter. Imposing price controls or lowering prescription drug
price inflation indirectly through reimportation or parallel trade translates into a lower growth rate
of cash flows that a firm is expected to receive from sales of its drugs. A typical firm subject to
these policies is likely to find that more of its projects are economically infeasible, as expected cost
to completion exceeds expected revenue. Consequently, one would expect that more projects
would be abandoned for economic reasons under such policies.

The evaluation of a price control (or reimportation) policy is based on a computational experi-
ment. The purpose of the experiment is to determine how innovation success rates and R&D in-
vestment will change if a policy limiting prescription drug inflation (and hence a firm’s cash flow
growth) is introduced in 2005. The actual average prescription drug inflation rate between

1983 and 2004 was 6 percent a year, while general consumer price inflation averaged 3.13 percent
annually for the same period. Suppose the U.S. government forces the prescription drug inflation
rate to be reduced to 3.13 percent beyond 2004 via price controls or reimportation. How might in-
novation and R&D spending be affected (relative to the status quo)? The next subsection addresses
precisely this question.

RESULTS

Drug development projects could be abandoned for technical reasons (such as a failure of safety or
efficacy tests for a drug) or for economic reasons (when the drug is no longer perceived to earn
enough profits in the future). Table 2 illustrates the abandonment rate of projects in the 1980s."”
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JE1 (Al SUCCESS RATES FOR NEW DRUGS ENTERING CLINICAL DEVELOPMENT IN EARLY 19808

RESULT FREQUENCY DISTRIBUTION
Reach the market 23.50%
Abandoned due to economic reasons 20.70%
Abandoned due to efficacy failure 30.60%
Abandoned due to safety failure 25.20%
100.00%

The introduction of price controls or of a reimportation policy is unlikely to affect the technical
aspects of a project, since efficacy and safety are innate properties of a drug and its interaction
with human physiology. What the policy change would do is to change the financial prospects for
the drug. Therefore, the results presented focus on the economic reasons for abandoning drug develop-
ment projects.

Suppose that a reimportation or price control policy had the effect of limiting annual prescription
drug inflation to 3.13 percent, beginning January 1, 2005. The simulation tracks the effect of such a
policy on the innovation rate and the number of drugs abandoned for economic reasons after the
policy is enacted. We assume that development through clinical trials lasts, on average, eight years.
Thus, drugs entering clinical trials as far back as 1998 will be affected by the new policy (for drugs
entering the pipeline before 2005, the effect of the policy will be greater the more recently the drug
was introduced). We assume that 130 new drugs enter clinical development each year, which is
consistent with the recent statistics on new drug introductions."

The results of the real options investment model indicate that under such a policy the abandon-
ment rate for economic reasons for all cohorts entering in 2005 or after is

equal to 37.5 percent. This considerably exceeds the actual abandonment

rate (for economic reasons) reported in the baseline simulation In the 12 years following the
(20.7 percent, see Table 2 above), suggesting that the new policy could implementation of a price
have severe consequences for drug innovation rates. According to the control policy, R&-D spending
baseline assumptions in our model (an approval rating of 23.5 percent), a by pharmaceutical and
cohort reaching clinical trials, consisting on average of 130 drugs, could biotechnology firms would fall
be expected to yield 31 new drugs.” Under a price control policy, this same by $14.8 billion. .

cohort can be expected to yield only nine new drugs, a decrease of over
70 percent."”

As a result of the price controls, an estimated 48.75 drugs out of a cohort of 130 drugs entering
clinical trials in 2005 would be abandoned for economic reasons by 2012. Under the baseline con-
ditions, only 26.91 drugs would be abandoned for economic reasons. The same is true for all co-
horts entering drug development after 2005.

What about drugs entering development prior to 2005? What is the effect of such a policy on
the number of drugs abandoned after 2004? Consider a cohort of drugs entering development
on January 1, 2004 — a year before the new policy takes effect. By January 1, 2005, some of the
R&D funds would already have been spent, so the cost to completion of a project would be
lower one year later (on January 1, 2005). This means that by 2005 it is less costly to complete
a project started in 2004, and therefore the effect of the policy would be less severe. In fact, the
(post-2004) eventual abandonment rate for cohorts entering development between 1998 and
2004 gradually declines as we approach the 1998 cohort as most of the costs have been sunk
(by 2005) and the remaining cost-to-completion is small relative to expected future revenues.
This is illustrated in Table 3.

n The Impact of Drug Reimportation and Price Controls: The U.S. and Massachusetts



IEL R DRUGS ABANDONED FOR ECONOMICS REASONS, 2005-2016, BY COHORT

COHORT ENTERING CLINICAL TRIALS BASELINE PrICE CONTROLS
1998 1.1 2.0
1999 2.2 3.9
2000 4.5 8.1
2001 7.6 13.8
2002 12.1 21.9
2003 20.7 37.4
2004 24.6 44.5
2005 26.9 48.7
2006 26.9 48.7
2007 26.9 48.7
2008 26.9 48.7
2009 26.9 48.7
2010 25.8 46.8
2011 24.8 44.8
2012 22.4 40.6
2013 19.3 35.0
2014 14.8 26.9
2015 6.2 11.3
2016 2.3 4.2
Total 3229 584.7

Columns two and three indicate the number of drugs abandoned for economic reasons, per co-
hort, under the baseline conditions and with price controls for the period 2005-2016. For cohorts
entering clinical trials from 1998 through 2016 under the baseline conditions, 323 drugs would
have been abandoned. Under the new price control policy, approximately 585 drugs would be
abandoned during this same period. Thus, during the first 12 years of the price control policy, an ad-
ditional 262 drugs would be abandoned (for economic reasons). It should be noted that for the past
12 years, up to and including 2003, only 370 new drugs were approved by the FDA.

To evaluate the full effect of the proposed policy, we need to compare the difference between the
number of drugs in the pipeline in a given year under the baseline assumption versus the number
of drugs in the pipeline under the price control policy.” This is accomplished by calculating the to-
tal number of lost drug years of R&D spending. Under the baseline assumption, a drug that suc-
cessfully completes clinical trials represents eight years of R&D expenditures. A drug abandoned
for economic reasons due to the price control policy in the fourth year of clinical trials represents
a loss of four drug years of R&D spending. Table 4 illustrates this difference by year and the associ-
ated difference in R&D spending.

The key result of this exercise is that lost R&D spending, while moderate in the first year of a price
control or reimportation policy, becomes substantial very quickly, as the cumulative effect of aban-
doned drug years grows with each new cohort entering development.

The results illustrate that in 2005 the U.S.-wide losses in R&D spending amount to $310.9 million
(in 2000 dollars), but grow quickly as new cohorts of drugs enter development and reach $2.6 bil-
lion by 2013. In the 12 years following the implementation of a price control policy, Re»D spending by
pharmaceutical and biotechnology firms would fall by $14.8 billion, in net present value terms.
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JEVI B ANNUAL LOSS IN RESEARCH AND DEVELOPMENT SPENDING, 2005-2016

YEAR ToTAL LosT DRUG YEARS OF Lost R&D SPENDING
R&D SPENDING (millions, 20008)

2005 21.8 $310.85

2006 42.9 $645.56

2007 62.9 $986.82

2008 81.8 $1,297.07

2009 99.7 $1,578.04

2010 116.5 $1,828.98

2011 123.7 $2,245.96

2012 128.5 $2,396.30

2013 128.5 $2,554.11

2014 128.5 $2,554.11

2015 128.5 $2,554.11

2016 128.5 $2,554.11
Total 1,191.8 $14,750.17*

*Net Present Value (5%)

The conclusion of this exercise demonstrates that price control policies, while yielding lower out-
pocket-costs for consumers in the short run, are likely to have noticeable adverse consequences on
innovation and R&D investment in the pharmaceutical and biotechnology industries in the long
run.

SHORT AND LONG-RUN CONSEQUENCES OF REIMPORTATION AND PRICE CONTROL POLICIES
FOR CONSUMERS AND FIRMS

The discoveries of innovator biotechnology and pharmaceutical firms are protected by patents.
Patent protection is a statutory monopoly granted by the state to encourage innovation. Without it
generic drug manufacturers that invested nothing in discovery would offer the drug to consumers
at deeply discounted prices. With the patent protection, generics must wait until the patent ex-
pires—about 20 years from initial creation, but only about eight to 10 years of actual time on the
market—before copying the drug and offering it at its marginal cost.

Allowing generics to copy a brand name drug would be attractive to many consumers—as well as
many politicians—in the short run, because it could force brand name companies to lower the
price of existing (i.e. already discovered and manufactured) drugs. In this setting, all else equal, a
lower price would likely increase the demand for the drug or therapy.” Because drug manufactur-
ing costs are small relative to drug discovery and development costs, the equilibrium of supply and
demand for an existing drug is likely to be at a lower price and greater quantity than under a mo-
nopolistic setting created by patent protection.

Reimportation and price controls would have the same effect as eliminating patent protection be-
cause brand name drug companies would be forced to sell at prices equal (or close) to the manu-
facturing cost of a drug. Thus, reimportation, price controls and weakened patent protection
would appear to “solve” the perceived problem of high drug prices by weakening or counteracting
the statutory monopoly power of drug companies, in effect transferring profits from firms to con-
sumers. However, as discovered in the previous section, these policies would have dramatic adverse
consequences in the long run. Lower prices would decrease profits available for R&D investment
and drastically lower the innovation rate. Figure 1 below provides a simplified economic explana-
tion of this point.
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Figure 1 illustrates the effect of lowering drug prices in the short run. With no price controls or
reimportation policies, a typical firm will enjoy a monopoly position and will be able to charge a
profit-maximizing price (P.) which is above the drug’s marginal (MC) and average (AC) manufac-
turing cost. The resulting quantity (Qm)issold at this price.

The drug maker will enjoy a total profit shown by the area chaP» (which is simply a per-unit profit
Pm —c times the quantity sold (Qm)). Such profit is not a pure gain by a firm since the diagram does
not show the amount of funds invested in research and development for drugs that made it to
market, as well as for drugs that failed to make it to market. Over the long run the potential
amount of R&D investment into the future cannot exceed the profit earned by a firm. Although a
firm could borrow or raise funds by issuing shares, the highly uncertain nature of investment
makes external financing exceptionally risky for investors and lenders. Ultimately, the investment
capacity of pharmaceutical and biotechnology firms depends on their internal sources of financ-
ing—that is on their profits.

Implementing price controls or allowing reimportation would limit the price that could be charged
by a firm to a price that is below the monopoly price (P»). While the outcome of a policy depends
on its specifics, the price under new regulations cannot be lower than the manufacturing cost of a
drug. At any price below manufacturing cost there will be no producers who are willing to manu-
facture a drug. The price charged for a drug could be lowered, however, to the manufacturing cost,
that is: P = AC = MC."” The quantity of a drug sold (Q:) now exceeds the quantity sold without
price controls (Qm). Although this result may suggest that the market for a drug has expanded, in
reality we do not see any sustained growth in demand, but only a movement along the demand
curve in response to a lower price.”

This expansion has a clear detrimental effect on a drug maker’s profits, but is beneficial to con-
sumers in the short run. Any price below P» would result in lower profit (as Pw is the profit maxi-
mizing price charged by a firm). Moreover, when the controlled price (Pc) equals the average per
unit cost of manufacturing a drug (AC) there is no profit to be invested into R&D for future and
more effective therapies and drugs. The short-run consumer gain from a lower price would come
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at substantial long-run sacrifices in availability and quality of new therapies.” The adverse long-
run effects on consumers are twofold:

* As established in the previous section, all consumers would have fewer new drugs and
therapies.

* Indirectly those consumers who live in states housing a substantial number of
pharmaceutical and biotechnology firms will also be affected by lower investment in
pharmaceutical R&D.

Massachusetts is one such state and its vulnerability to such price control policies is the focus of
Section 3.
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II1. THE IMPACT OF DRUG REIMPORTATION AND PRICE
CONTROLS ON THE MASSACHUSETTS ECONOMY

RESEARCH AND DEVELOPMENT IN THE MASSACHUSETTS ECONOMY

For the past two decades, Massachusetts has been a leader in the global biotechnology industry.
Home to pioneering biotech firms in the 1970s, the region has effectively utilized its outstanding
universities and academic medical centers to fuel its rapid growth. This strong research base, along
with a well-educated workforce and strong legal and financial institutions, has fostered an environ-
ment in which Massachusetts has become one of the world’s largest biotech clusters.

The tech-friendly environment has lured some of the industry’s largest companies and attracted
significant investment dollars to the state. Today, Massachusetts is home to 280 biotech companies
(including three of the nation’s 10 largest) and employs over 30,000 people. It accounts for approxi-
mately 18 percent of the state’s venture-capital investment, 27 percent of its R&D spending and one
sixth of its public companies.”

The rapid growth of the past two decades has brought additional benefits to the state beyond the
biotech industry. A study released in May 2000 estimated that for every direct job created in the
biotech industry, an additional two jobs are created throughout the rest of the economy.” Based on
this estimate, the total employment attributable to the Massachusetts biotech industry is on the or-
der of 90,000 jobs.

IMPACT OF PHARMACEUTICAL R&D SPENDING UNDER PRICE CONTROLS OR REIMPORTATION

The United States is the world leader in pharmaceutical research and devel-
opment, investing an estimated $27 billion on domestic R&D in 2003.” As

one of the industry’s largest research centers, Massachusetts sees a relatively The loss of R&-D investment

large percentage of this spending each year. In 2001, R&D spending by in Massachusetts has

biotech firms in Massachusetts totaled approximately $2.3 billion. overarching effects on the
state's economy.

As shown in Section 2, price control policies, while yielding short-run bene-

fits to consumers, are likely to have substantial adverse consequences on

R&D spending. In 2005 alone, this represents a potential loss of over $310 mil-

lion in domestic R&D spending. In Massachusetts, the loss would be $31.4 million.”

EcoNnoMIC IMPACT ON THE MASSACHUSETTS ECONOMY

Although there are varied methods of measuring economic impacts, the idea is straightforward.
Initial spending in an economy has a “ripple” effect whose influence flows through to other sectors
and households in the region. In essence, the initial spending in one sector brings about further
spending in other sectors. This process creates new income and employment as it reverberates
through the business community. Depending on the size of the initial impact, these ancillary ef-
fects can be quite large. For example, Boeing’s contribution to the Greater Seattle economy extends
far beyond its initial outlay in wages and purchases.

In other words, each expenditure has what economists call a “multiplier” effect that represents the
recycling of money and income in an economy. By determining the multiplier for each category of
expenditures, it is possible to simulate the initial spending and trace its influence through an econ-
omy. By measuring the change in economic indicators (employment, for instance) we can calculate
the ultimate economic impact.
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The economic contribution of R&D spending in Massachusetts consists of three types of impacts:
direct, indirect and induced.

* The direct impact represents the economic impact directly attributable to the biotech
tirms: local purchases and employee compensation. For instance, in the pharmaceutical or
biotech industries this may take the form of spending on legal services to secure patents.
This spending creates income and employment directly for the industry’s vendors (legal
services in this case).

* The indirect impact represents the spending done by other businesses supplying the goods
and services demanded by the industry. For instance, the spending done by a local law
firm as a result of its hiring by a biotech firm creates employment and income for the law
tirm’s vendors.

 Finally, the induced impact refers to the income and employment created as a result of the
spending done by the employees of the biotech industry, its intermediate suppliers and its
vendors. Restaurants, real estate agents, gasoline stations, etc. all benefit from the local
spending done by employees.

Using the IMPLAN model (See Appendix) to describe commodity flows through the Massachu-
setts economy, we estimate the annual impact on the state economy as a result of the abandoned
R&D spending. Table 5 below summarizes the cumulative impact through the first six years of a
price control policy.

IEV Il EcoNoMIC IMPACT (DIRECT, INDIRECT AND INDUCED) OF REDUCED R&D SPENDING
IN MASSACHUSETTS, 2005-2010

LosTt R&D EMPLOYMENT
LosT V. -
SPENDING IN ADD:I];UE Loss IN Loss IN
MASSACHUSETTS i SCIENTIFIC R&D EMPLOYMENT
(millions, 20009)  (Millions, 20008) " INpysTRIES
2005 $30.42 $46.51 354 745
2006 $63.18 $94.53 720 1,515
2007 $96.57 $141.51 1,078 2,268
2008 $126.94 $182.21 1,388 2,921
2009 $154.43 $217.26 1,655 3,482
2010 $178.99 $246.89 1,881 3,957

We measure the economic impact using value-added as a measure of local economic activity;
it represents the economic activity that ultimately sticks in the Massachusetts economy. In-
cluded in value-added are employees’ wages, proprietors’ income, indirect business taxes and
corporate profit.

The loss of R&D investment in Massachusetts has overarching effects on the state’s economy. The
cumulative loss in employment for the period 2005-2010 is 3,957 jobs, many of these (1,881) in high-
paying research positions. The lost R&D spending further results in a cumulative loss of $247 million
in regional value-added.
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I APPENDIX I

Table Al illustrates the baseline case of no price controls and an average prescription drug infla-
tion rate of 6 percent. Under these conditions, a cohort entering clinical trials in 2007 would be ex-
pected to complete regulatory review by 2014. Of the original 130 drugs in the cohort, we would
expect 27 to be ultimately abandoned for economic reasons.

BN SIMULATION 1, NO PRICE CONTROLS & 6.00% DRUG PRICE INFLATION

PERCENT ABANDONED

CSOHORT COHORT NUMBER OF DRUGS PER FOR ECONOMIC NUMBER OF DRUGS
TART COMPLETED COHORT REASONS ABANDONED
2016 2023 130 20.7% 26.91
2015 2022 130 20.7% 26.91
2014 2021 130 20.7% 26.91
2013 2020 130 20.7% 26.91
2012 2019 130 20.7% 26.91
2011 2018 130 20.7% 26.91
2010 2017 130 20.7% 26.91
2009 2016 130 20.7% 26.91
2008 2015 130 20.7% 26.91
2007 2014 130 20.7% 26.91
2006 2013 130 20.7% 26.91
2005 2012 130 20.7% 26.91
2004 2011 130 20.7% 26.91
2003 2010 130 20.7% 26.91
2002 2009 130 20.7% 26.91
2001 2008 130 20.7% 26.91
2000 2007 130 20.7% 26.91
1999 2006 130 20.7% 26.91
1998 2005 130 20.7% 26.91

We assume that the average length of clinical and post approval R&D for each cohort is nine years
and apportion the drug abandonment according to the timeline in Table 1 of the text. In the base-
line case, in which 20.7 percent of all drugs in a given cohort are ultimately abandoned for eco-
nomic reasons, we use estimates derived in DiMasi (DiMassi, 2003) to develop an annual
abandonment schedule. This is illustrated in Table A2 below. As mentioned previously, cohorts en-
tering clinical trials prior to 2005 will have abandoned some number of drugs in the past.
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B[V EXPECTED NUMBER OF DRUGS ABANDONED FOR ECONOMIC REASONS, BASELINE CASE

COHORT

START 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
2016 0.00 000 0.00 000 000 0.00 000 000 000 000 0.00 5091
2015 0.00 000 0.00 000 000 0.00 000 0.00 000 000 5091 2.90
2014 0.00 000 0.00 0.00 000 0.00 000 000 0.00 591 290 11.85
2013 0.00 000 0.00 000 000 0.00 000 0.00 5091 290 11.85 1.40
2012 0.00 000 0.00 000 000 0.00 000 591 290 11.85 1.40 1.30
2011 0.00 0.00 0.00 000 000 0.00 591 290 11.85 1.40 1.30 1.26
2010 0.00 000 0.00 0.00 000 591 290 11.85 1.40 1.30 1.26 1.32
2009 0.00 0.00 0.00 0.00 591 290 11.85 1.40 1.30 1.26 1.32 097
2008 0.00 0.00 0.00 5091 290 11.85 1.40 1.30 1.26 1.32 097 0.00
2007 0.00 0.00 5091 290 11.85 1.40 1.30 1.26 1.32 097 0.00 0.00
2006 0.00 591 290 11.85 1.40 1.30 1.26 .32 097 0.00 0.00 0.00
2005 591 290 1185 140 130 126 132 097 0.00 0.00 0.00 0.00
2004 290 11.85 1.40 1.30 1.26 1.32 097 0.00 000 0.00 0.00 0.00
2003 11.85 1.40 1.30 1.26 132 097 000 0.00 000 0.00 0.00 0.00
2002 1.40 1.30 1.26 132 097 000 0.00 000 000 0.00 000 0.00
2001 1.30 1.26 132 097 000 0.00 000 000 0.00 000 0.00 0.00
2000 1.26 .32 097 000 0.00 000 0.00 000 000 0.00 000 0.00
1999 .32 097 000 000 000 0.00 000 000 0.00 000 0.00 0.00
1998 097 000 0.00 000 000 0.00 000 000 0.00 000 0.00 0.00

The simulation results of the real options investment model indicate that under a price control

policy the economic abandonment rate over the clinical life of a drug development project (eight
years) equals 37.5 percent. The results say that of the 130 drugs introduced in a year following the
implementation of the policy, 48.75 drugs (or 37.5 percent of 130) would be abandoned for eco-
nomic reasons (see bolded row, Table A3 below). The same abandonment distribution as the base-
line is assumed under the new price policy.

PV ERE SIMULATION 2, PRICE CONTROLS & 3.13% DRUG PRICE INFLATION

COHORT COHORT NUMBER OF DRUGS PER PERCENT ABANDONED NUMBER OF DRUGS
START COMPLETED COHORT FOR ECONOMIC REASONS ABANDONED
2016 2023 130 37.5% 48.75
2015 2022 130 37.5% 48.75
2014 2021 130 37.5% 48.75
2013 2020 130 37.5% 48.75
2012 2019 130 37.5% 48.75
2011 2018 130 37.5% 48.75
2010 2017 130 37.5% 48.75
2009 2016 130 37.5% 48.75
2008 2015 130 37.5% 48.75
2007 2014 130 37.5% 48.75
2006 2013 130 37.5% 48.75
2005 2012 130 37.5% 48.75
2004 2011 130 33.8% 43.95
2003 2010 130 32.0% 41.60
2002 2009 130 24.6% 31.98
2001 2008 130 23.7% 30.85
2000 2007 130 22.9% 29.79
1999 2006 130 22.1% 28.77
1998 2005 130 21.3% 27.70

The abandonment rates for cohorts entering clinical development prior to 2005 are illustrated in
Table A3. As explained previously, the abandonment rate declines as the time to completion falls.
For instance, a cohort entering clinical development in 1998 would be in its last year of develop-
ment when price controls are imposed. As Table A4 illustrates, the 1998 cohort would abandon
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1.76 drugs under the new price control policy in 2005 (in the baseline case, the cohort would have
abandoned 0.97 drugs in 2005; see Table A2).

EXPECTED NUMBER OF DRUGS ABANDONED FOR ECONOMIC REASONS, PRICE
CoNTROL PoLICY
START 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
2016 0.00 0.00 000 000 000 000 000 0.00 0.00 000 000 10.71
2015 0.00 0.00 0.00 000 000 000 000 000 0.00 0.00 1071 525
2014 0.00 0.00 000 000 000 000 000 000 0.00 1071 525 2147
2013 0.00 0.00 000 000 000 000 000 0.00 1071 525 2147 2.54
2012 0.00 0.00 000 000 000 000 000 1071 525 2147 254 236
2011  0.00 0.00 000 000 000 000 1071 525 2147 254 236 228
2010 0.00 0.00 0.00 000 000 1071 525 2147 254 236 228 239
2009 0.00 0.00 000 000 1071 525 2147 254 236 228 239 176
2008 0.00 0.00 000 1071 525 2147 254 236 228 239 176 0.00
2007 0.00 0.00 1071 525 2147 254 236 228 239 176 0.00 0.00
2006 0.00 10.71 525 2147 254 236 228 239 176 0.00 0.00 0.00
2005 10.71 525 21.47 254 236 228 239 1.76 0.00 0.00 0.00 0.00
2004 525 2147 254 236 228 239 176 0.00 0.0 0.0 0.0 0.00
2003 2147 254 236 228 239 176 0.00 0.00 0.00 0.0 0.0 0.00
2002 254 236 228 239 176 0.00 000 000 0.00 0.00 0.0 0.00
2001 236 228 239 176 000 000 000 000 0.00 0.0 0.00 0.00
2000 228 239 176 000 000 000 000 000 0.00 0.0 0.00 0.00
1999 239 176 0.00 0.00 0.00 0.0 0.00 000 000 000 000 0.00
1998 176 0.00 0.00 0.00 0.00 0.0 0.00 000 000 000 000 0.0

Now we are ready to consider the difference between the number drugs abandoned under the pro-
posed policy (3.13 percent) and the status quo (6 percent). Table A5 illustrates this difference for
each cohort entering drug development between 1998 and 2016, and provides a year-by-year
breakdown. To obtain Table A5, we simply calculate the difference between Table A2 and Table A4.

ADDITIONAL NUMBER OF DRUGS ABANDONED DUE TO ECONOMIC TKEASONS, PRICE

CONTROLS VS. STATUS QUO

START 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
2016 0.00 0.00 000 000 000 000 000 000 000 000 000 4.80
2015  0.00 0.00 000 000 000 000 000 000 0.00 000 480 235
2014 0.00 0.00 000 000 000 000 000 000 000 480 235 9.62
2013 0.00 0.00 000 000 000 000 000 000 480 235 962 1.14
2012 0.00 0.00 000 000 000 000 000 480 235 962 114 1.06
2011  0.00 0.00 000 000 000 000 480 235 962 114 1.06 1.02
2010 0.00 0.00 000 000 000 480 235 962 114 1.06 1.02 1.07
2009 0.00 0.00 000 000 480 235 962 114 106 1.02 1.07 079
2008 0.00 0.00 000 480 235 962 114 106 1.02 1.07 079 0.00
2007 0.00 0.00 480 235 962 114 106 102 107 079 0.00 0.00
2006 0.00 480 235 962 114 106 102 107 079 0.00 0.00 0.00
2005 4.80 235 9.62 114 1.06 1.02 1.07 079 000 0.00 0.00 0.00
2004 235 962 114 106 102 107 079 000 000 0.00 0.00 0.00
2003 962 1.14 1.06 1.02 107 079 0.00 000 0.00 0.00 0.00 0.00
2002 114 1.06 1.02 107 079 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2001 1.06 1.02 1.07 079 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2000 1.02 1.07 079 0.00 0.0 000 0.00 000 0.00 0.00 0.00 0.00
1999 107 079 0.00 0.00 000 000 000 000 000 000 000 0.00
1998 079 0.00 0.00 0.00 000 000 000 000 000 000 000 0.00

Each entry in Table A5 shows the number of additional drugs abandoned for economic reasons
over and above the number that would be abandoned under the status quo. For example, the num-
ber of additional drugs abandoned in 2009 for a cohort of drugs entering development in 2007 is
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9.62. Therefore, Table A5 provides a cohort-by-cohort and year-by-year difference in the number
of drugs abandoned after 2004 between the new policy and the status quo.

To calculate the net effect of new policy on innovation and R&D we need to take one more step
and calculate the cumulative difference in R&D spending between the two policies. The trial length
and R&D spending by phase (shown in Table 1 of the text) are used to apportion annual R&D
spending for the nine-year period comprising the clinical, regulatory and post-approval phases of
development. Within phases, the R&D spending for that phase is equally apportioned across the
years in the phase. The annual spending is shown in Table A6.

WR_&D SPENDING BY YEAR IN CLINICAL, REGULATORY AND POST-APPROVAL PHASES

Post
Phase I PhaseII = PhaseIII Regulatory Approval
R&D

TotAL R&D BY PHASE

(millions, 2000$)
YEARS IN PHASE 1 2 3 2 1
R&D PER YEAR IN PHASE

(millions, 2000$)
Source: DiMasi (2003)

$15.20 $23.50 $86.30 $5.20 $32.90

$15.20 $11.75 $28.77 $2.60 $32.90

The annual R&D spending patterns are combined with the timing and magnitude of the additional
abandoned drugs shown in Table A5 to calculate the change in abandoned R&D spending that re-
sults from the implementation of the new pricing policy. The results are shown in Table A7.

I F.VAl ABANDONED RESEARCH AND DEVELOPMENT SPENDING, CLINICAL AND POST-
APPROVAL (MILLIONS, 2000$)
START COMPLETED 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

2016 2023 0 0 0 0 0 0 0 0 0 0 0 73
2015 2022 0 0 0 0 0 0 0 0 0 0 73 101
2014 2021 0 0 0 0 0 0 0 0 0 73 101 214
2013 2020 0 0 0 0 0 0 0 0 73 101 214 246
2012 2019 0 0 0 0 0 0 0 73 101 214 246 277
2011 2018 0 0 0 0 0 0 73 101 214 246 277 306
2010 2017 0 0 0 0 0 73 101 214 246 277 306 309
2009 2016 0 0 0 0 73 101 214 246 277 306 309 311
2008 2015 0 0 0 73 101 214 246 277 306 309 311 719
2007 2014 0 0 73 101 214 246 277 306 309 311 719 0
2006 2013 0 73 101 214 246 277 306 309 311 719 0 0
2005 2012 73 101 214 246 277 306 309 311 719 0 0 0
2004 2011 28 141 173 204 233 236 238 561 0 0 0 0
2003 2010 113 146 176 205 208 210 483 0 0 0 0 0
2002 2009 33 63 92 95 97 167 0 0 0 0 0 0
2001 2008 30 60 63 65 130 0 0 0 0 0 0 0
2000 2007 29 32 34 95 0 0 0 0 0 0 0 0
1999 2006 3 5 61 0 0 0 0 0 0 0 0 0
1998 2005 2 26 0 0 0 0 0 0 0 0 0 0

ABANDONED R&D 311 646 987 1,297 1,578 1,829 2,246 2,396 2,554 2,554 2,554 2,554
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I APPENDIX II

THE IMPLAN MODEL
The IMPLAN economic impact modeling system is a product of Minnesota IMPLAN Group, Inc.

IMPLAN provides regional industry multipliers, which enable the user to provide detailed analyses
of the direct, indirect and induced economic impacts on the local economy of a change in final de-
mand for certain industries.

IMPLAN multipliers are designed to model a variety of scenarios and are traditionally used to
model a shock to a regional economy. Examples of uses of the model include opening or closing
military bases, new energy facilities, new sports stadiums, opening or closing manufacturing plants
and airport or port facilities. All these scenarios are modeled by estimating changes in final de-
mand by industry and entering them into the IMPLAN model for the region.

Any systematic analysis of economic impacts must account for the inter-industry relationships
within a region. IMPLAN, accounts for inter-industry relationships through the use of a regional
transaction table that is algebraically manipulated to produce a set of regional multipliers.

IMPLAN captures the direct effects of changes in final demand and local purchases made by local
companies as a result of this increase in final demand. Because IMPLAN is based on regional in-
dustry multipliers it will also capture the ancillary effects arising from the income earned from the
local companies' input purchases.

IMPLAN is based on a national transaction table that is regionally adjusted through the use of Re-
gional Purchase Coefficients (RPC). RPC's represent the portion of local demand purchased from
local producers. Once the transaction table is regionalized, a coefficient matrix is derived by divid-
ing each industry column by the column total. This coefficient matrix is also called the A matrix.
Through the algebraic manipulation performed below the regional multipliers are derived:

X=(I-A)"Y,
where

X = Industry output,
I = Identity matrix,
A = A matrix,

Y = Final Demand.

This analysis accounts for changes in Y, in the form of R&D spending. For the purposes of this
study, the IMPLAN model is used to determine how the loss in R&D spending translates into value
added and employment losses throughout the economy.
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