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ABSTRACT

Considerable controversy resulted from the 1969 amendments to the
Patent Act concerning the regulation of ethical drug prices in the
Canadian pharmaceutical industry. It has been argued that research
spending in Canada has been adversely affected.

This paper examines the impact of govérnment policy on the level
of research and development (R and D) expenditures in Canada since
the amendments to the Patent Act took place. Quantitative results
obtainéd from the econometric models formulated fail to support the

hypothesis that the amendments reduced the level of R and D performed

in this country.



1.0 INTRODUCTION

In 1969, the Canadian Patent Act was amended through bill C-102,
to permit the issuance of compulsory licenses to import in the phar-
maceuticaly industry. Compulsory 1licenses are the granting of a
license tb allow a party not holding the patent’to use the patent
holder's processes prior to the expiry of the 17-year patent term.
This amendment has long sincé,beenra major source of concern for pat-
ent-holding firms, particularly, to foreign—owned' multinationals
operating in Canada. The situation prevailing‘beforé the 1969 amend-
ments took place is discussed in a thorough analysis of the subjectﬁ
by R.W. Lang, in his book The Politics of Drugs. However, this paper
will focus on the examination of the impact of the 1969 changés on R
and D expenditures in Canada.

In Canada, .Section 41(4) of the Patent Act applies only to the
pharmaceuticai industry and permits the issuance of compulsory
liéenses‘to import. This is the chief focus of concern for the pat-
ent-holding firms and the repeal of this legislation has been their
main objective. They are also critical of provinciai policies requir-
ing the substitution of generic products for brand-name products. But
for practical and precedent feasbns it has been to their advantage to
attack federal regulation since it is the main body of policy making.

Specifically, Section 41 of the Patent Act deals with chemical
processes inﬁended for food or medicine, and for the purpose of this
paper contains two major provisions: the protection of products only
by way of their patented procesées of manufacture, and compulsory

licenses for the manufacture, import, use or sale of patented inven-
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tions capable of being used in the preparation of prdduction of medi-
cine.' The section also provides for payment of royalties to the
patent holder, which have been set by the Commissioner of Patents,
Foods and Medicine as mentioned at "....4% of the net selling price
of the drug in its(finél dosage form or forms to puréhasers at arms
length."?
| Prior to the 1969 amendments, few applicants for compulsory
licenses were made. The Economic Council of Canada reported that dur-
ing the period betﬁeen 1935 and June 27, 1969, 49 applications were
made; of these, only 22 resulted in the granting of a licence, 4 were
refused, and 23 were}abandoned or withdrawn for reasons including the
timelinéss of licence issuance no longer being profitable to market
the drug. Subsequent to the amendment, 559 licenses to import and
sell have been applied for; of these,v306 have been granted, 15 have
been refused or terminated, 96 have been abandoned of withdrawn, and
142 were still pending as of January 31, 1985.3

The émeqdment resulted in the 1icensing‘of brand name products
by firms, often referred to as "generic" firms, which could then
produce and offer for sale their own brand of the basic generic drug,
and the making available for sale of more than one of many of the
commonly prescribed prescription drugs in direct competition to the
patent holding firms.

More recently, the federal government has assessed the effects of
Section 41(4) on the pharmaceutical industry‘and ehgaged in discus-
sions of possible changes in the Patent Act with interested parties,

such as industry associations, consumer groups, professional organiz-
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ations, and various levels of government. This is partly due to the
continued lobbyvby both consumer interest groups and drug manufac-
turers and because of the recent emergence of biotechnology as a
major area seen for future medical advances. This’has led to concern
for the current applicability of Section 41 to discoveries in this
field and poses tne question of whether new determinants have entered
into or will become relevant to the evaluation of these effects?

All the above has contributed to the erosion of the patent hold-
ing firms competitive advantage in the drug industry. This position
has specific reference to key variables of market performance such as
R and D, profits and sales.

The pharmaceutical industry in Canada is intensive in research in
comparison to other sectors of Canedian manufacturing industry, but
not to the world-wide pharmaceutical industry. This relative research
intensity is reflected in the fact that, in 1982, the pharmaceutical
industry, With only 0.8 per cent of all employees in manufacturing,
employed 3.5 per cent of that sector's scientists and other research
personnel. The pharmaceutical industry_expendedbz.s per cent of the
funds spent on research in manufacturing. Furthermore, a survey of 55
of the largeet firms indicated that 41 had funded their entire
research and deveiopment expenditures from internal sources and their
foreign perent which accounted for approximately 84 per cent of the
total research of thHe 55 firms. Government support for such research
amounted to approximately 12 per cent of the total spent, which was
approximately equal to the average for all manufacturing industries

in 1981. However, government contribution to research exceeds that
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identified above, because it provides very substantial tax incentives
for research by allowing deductions from income by more than the sums
expended for that purpose. These tax incentives are amongst the most
generous in the world. Their adequacy in the judgement of the indus-
try is reflected in the recommendations of the P.M.A.C. that the cur-
rent system of grants and taxvincentives for research be continued.

This study is devoted to exploring the issue through the forma-

tion of econometric models in which R and D efforts in the pharma-

ceutical industry are explained. The question to be answered is
whether the amendments to the Patent Act in 1969 have had adverse
effects upon R and D, and as such, have reduced the level of spending

by pharmaceutical firms in this area.



1.1 BACKGROUND INFORMATTON

Compulsory licensing is not new to Canada, in fact, it was first
introduced to Canadian Legislation in 1923.% However, this addition-
al provision to the Patent Act was of little concern to Canadians for
many years. It was ﬁot ﬁntil the 1950's and 1960's that growing pub- |
lic awareness of climbing prices for ethical drugs (prescribed, over-
the-counter, and veterinary medicine) prompted investigations into
the industry by the Canadian government.

From 1958 to 1968, the pharmaceutical industry was under close
observation. Public concern over rising ethical drug prices pmepted
the Canadian government to launch full inquiries into the practices
governiﬁg the’pharmaceutical industry and its setting of prices. This
critical attitude proliferated from the Kefauver inquiry in the
United States which was unsuccessful in gaining economic-oriented
changes and shifted its focus to safety issues. It is helpful in
understanding the findings of these investigations by studying the
efforts made by main groups coﬁmissioned to undertake these studies.

In 1960, the Ilsley Commission, concerned about rising costs of
healtﬁ—care, recommended that "pharmaceutical companies be permitted
to patent product claims to pharmaceuticals while at the séme time
being subjected to compulsory licensing.® In 1963, the Restrictive
Trade Practices Commission concluded éhat the continuance of monépoly
pricing for drugs would create harmful effects that would outweigh
any likely benefits to Canada and recommended the complete abolition
of patents for pharmaceuticals.6 In 1964, the Hall Report recom-

mended "retaining pharmaceutical patents with a streamlined pro-
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cedure, standard royalty, and expansion to permit licensing of
imports. "’ .

From 1965 to 1967, a special pérliamentary committee, known as
the Harley Committee, was appointed to study the high prices once
again. As part of its study, the commission held public hearings
across Canada to help determine the nature of drug prices.

The Harley Committee, along with its counterparts, agreed that
"drug prices in Canada were among tﬁe highest in any industrialized
nation in the world."® The Committee recommended the introduction of
compulsory 1icehsing to import drug products, as a means of imple-
menting more competitive market forces to curb the rising price
levels. It was these recommendations that saw the introduction of
bill c-102, and~fhe ensuing changes to the Patent Act in 1969. By
accepting the suggestions made by the Harley Committee, the principle
of patent protéction was to be maintained, with the hope that compe-
tition would be stimulated via compulsory licenses to import, thereby
encouraging lower ethical drug price§.9 It was conceivable that this
might affect profits and research expenditures as well. This brief
accoﬁnt of the history of concern about high prices charged by the
canadian pharmaceutical industry leading to the Patent Act amendments
in 1969, will help to explain the context of R and D expenditures in
Canada.

1.1.1 Foreign Ownership

Ccanada, among industrialized nations, has an unusually high level
of foreign ownership in many of its industries. This fact is apparent

within the pharmaceutical industry. Specifically, U.S. owned firms
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play a substantial role in the Canadian pharmaceutical market, as do
firms from Switzerland, the United Kingdpm, West Germany, France and
Sweden. From 1970 to 1980, some 60 per cent of all enterprises in the
pharmaceutical industry were Canadian owned. However, these Canadian-
owned firms accounted for less than 20 per cent of overall employment
in the industry and produced less than 16 per cent of the value of
factory shipﬁents. On the other hand, there appears to be small
growth in the relevant share of value of' shipments by Canadian

firms.'0

Over the period 1967 to 1982, total expenditures on intramﬁral R
and D (defined as the sum of current intramural plus capital expen-
ditures on R and D) by the pharmaceutical industry in canada has. been
in the range of 3.5 to 4.8 percent of world sales." For othér com-
parable industrialized nafions, this ratio is moderately higher‘than
that for Canéda. For example, in the U.S. it is 7-8 percent, in West
Gefmany it is close to 12 percent, in Japan it is 8 percent,‘in Swit-
zerland 9-10 percent and in Italy, 6-7 percent.'’ See Appendix A for
data figures on Canadian R and D expenditures.

In attempting to explain the relatively minor amount of R ;nd‘D
performed in Canada, one can examine the level of foreign ownership
present.vAlthoﬁgh the degree to which pharmaceutical firms allocate
resources to R and D differs from country to country, it is clear
that these expenditures are higher for those countries that host the
headquarters for these firms. For example, of the largest 20 com-
panies operating in Can;aa, all are foreign-owned, none have head-

quartérs in this country, yet they control more than two-thirds of
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(i) the total domestic market and do relatively little R and D, of which
most falls into- the category of clinical testing and packaging.®
Thus, Canadian pharmaceutical productioh, which accounts for 1.5 to 2
percent of world sales, is dominated by multi~national firms, which
supply 85 percent of the drugs purchased in Canada.“ The following
chart as determined by Statistics canada through an examination of
the distribution of voting shares of companies depicts the above
impact on the proportion of the value of factory shipments between

Canada and other countries.
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Ccanada constitutes a negligible force in basic research in the
world-wide pharmaceutical industry. United States firms dominate the
Canadian market, and do 85 percent of their research in the United
States, while most of the rest is done in the United Kingdom, West
Germany and France." The level of foreign ownership provides one
importanf explanation for the low level of R and D performed, while
other factors coﬁld includé: tax ihcentives, level of subsidies and
grants provided, governmeht and market tolerance of high prices, and
support of relevant science in universities and instituteé.16 Final-
ly, as long as the foreign firms could operate in Canada 'with. a
strong patent position, there has been 1little incentive, bf these
firms, to establish manufacturing plants or to do more R and D in

Canada.

'1.1.2 Transfer Pricing

As was outlined earlier, high prices for ethical drugs

charged to consumers prompted the investigations into the industry.

- Transfer pricing provides one explanation to why prices for ethical

drugs are so high. Since world-scale firms supply their subsidiary
plants, payments are made between any subsidiary and its parent.
These inter-firm payments or transfer pricing will pass through to
countries that offer the company lower tax rates or complete exemp-
tions. This proVides the incentive for firms to inflate prices
charged to subsidiaries. It also gives a legitimate account of pric-
ing needed for drug formularies in each provincé. Transfer pricing is
in no way as simple an operation as described above. Although two of

the major criteria we mentioned (branches in at least two jurisdic-
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tions and differences in tax rates between at least two jurisdic-

tions) are essential, the multinational firm must consider a number

of other factors before determining whether or not transfer price
manipulation pays. They include: revenue recognition rules, provin-
cial or 1local taxes, rates of customsbduties, foreign tax credit

arrangements, tax treaty provisions, legal 1limitations on transfer

pricing, special incentives such as tax exemptions for new plants,

currency controls or similar restrictions on profit repatriation, and
rules concerning charges for management fees and R and D services.
Trade statistics indicate that an increasing proportion of Canada's
drug imports come from other jurisdictions. Thus, whatever factors
from the above criteria come into play, we can affirm that in some
cases it pays multiﬁatiohals to lower transfer priees and in others
to raise transfer prices in order to shift profits in or out of Can-
ada. Even so, it 1s not certain how much Canada will lose in tax
revenues from such practices as compared to the gain in consumer
surplus from our present policies on price sensitivity. Since the

decision is so complicated it is by no means clear that a small in-

crease in incentives, however provided, will be sufficient to bring

about any great increase in the volume of drug manufacturing in .
Canada,"’ Nevertheless, a sample of 14 major drugs in Canada re-
vealed that transfer prices were more than three times‘higher than
prices paid for the same drugs in the open market.” This affects
the way in which profits are reported in Canada and makes it more

difficult to employ statistical series based on Canadian data.
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1.2 COMPULSORY LICENSTING
R and D expenditure levels in Canada, along with Compulsbry Li-
censing as'incorporated in the Patent Act, are the main subject of
analysis in this paper. The Canadian Patent Act of 1969kprovided
innovators with a patent term of 17 years exclusivity on their dis-
coveries. The patent applied strictly to the process for manufactur-
ing’the active drug ingredient in the product and were not granted on
the finished product, the material content or purposé itself. Without

going into an analysis of government objectives or general purpose of

 patents, it is sufficient to say that this type of protectioh is

considered not to be exclusive enough. One reason is that it does not
restrict others from makinq the préduct by anothet process thereby
deterring the patent holder from excluding potential competition from
his market to an extent unwarranted by public interest. This policy
has been criticized for encouraging inventing around existing process

patents producihg ‘me-too! drugs of no better quality or usefulness

" as originally intended by the legislation. It is argued that this

accomplishes nothing other than a waSte of resources in the effort to
extinguish as many processes to a drug as possible while trying to
dorner a particular product market. There is evidence in countries
such as Poland, Argentina, Mexico and India, that this form of patent
prdtection‘has encouraged the development and growth of local firms.
Although Canada is a country which provides for special patent treat-
ment for food and pﬁarmaceutical products like that described above,
process patents were later mixed with compulsory licenses as an in-

trinsic part of a structure of patent protection designed to induce
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the appropriate amount of innqvation while profectinq consumer inter-
ests in the ﬁarket place. Unfortunately,‘this excludes most indus-
trialized nations of the world. Countries which prévide a longer
patent period and more specific product prdtection for the chemical
compound itself include the United States, the Unifed Kingdom,
France, Switzerland, Italy and Spain.'

In 1969, the Patent Act was amended to'provide'for the compulsory-
issue of 1licenses that would permit copies of the patent holder's
active drug or finished product to be imported and marketed in
Canada. The license allows generic firms to produce copies of pat-
ented drugs without ipcurring the cost of any research themselves.
Significantly, the legislation did not specify when a‘license.could
be granted, so there was no guaranteed period of monopoly pricing for
the patent holder. However, a 4% royalty is payable to the patent
holder to help recoup this cost. -

The drugs are then sold in Canada with the provision that a roy-
alty. fee be paid to the patent holder. Some countries have special
conditions for the pharmaceutical industry, such as price controls,
profit limits, or else special proviéions which exclude pharmaceuti-
cal products from patent coverage; but Canada is said to be the only
country in the industrialized world to use such a licensing system.

It should be noted that this royalty fee has, in practice, always
been set by the Commissioner of Patents at the foﬁr'percent,level,
without any explanation as to why this level was chosen. Four percent

is near to the portion of sales traditionally spent on R and D by

these firms, so that this might be the explanation. Perhaps, it may
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have been selected because it isqthe rate often agreed upon voluntar-
ily by firms for non-compulsory licenses.?

The foreign firms operating in Canada have argued that since the
Patent Act’changes were made in 1969, the Canadian government has
created a hostile environment for them and is in fact discouraging R
and D spending in this country. It is claimed that a 4 percent roy-
alty fee is quite inadequate to justify the huge expenses incurred in

discovering, developing and bringing a new drug product to the mar-

ket. This is not easy to resolve because Canada constitutes, on aver-

_age, about 2 percent of the world market implying that a ‘fair' roy-

alty rate might be based on that. In any case, the firms are not

arguing for a higher royalty rate, but for an extended period of

patent monopoly. On a normative point of fairness, the compulsory
licensing approach has resulted in the argument that Canada is less
than eager to welcome investment in the pharmaceutical industry.
However, Canada's approach does not prohibit multinational firms
from using the ‘generic' subsidiaries they control (mainly in the
U.S. where they account for the bulk of generic sales) from entering
Canada by means of taking out qompulsory licenses on brand name prod-
ucts sold by competitdrs. The 1969 law, therefore, seems to be neu-

tral in that it does not discriminate against foreign investment.

 There are also no restrictions against the use of market tactics to

delay the application for a license by which time it might not be as
profitable for a generic firm to follow through and market the drug.
Here the Act provides rules by which the license may be revoked if

the Commissioner of licenses feels that a Licensee has had adequate
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time, usually around 3 years, to produce and market the drug. -

The Pharmaceﬁtical Manufacturers Association of Canada (PMAC) in
its submission to thelinquiry on the pharmaceutical industry con-
tended that "under gthe present negative patent climate in Canada,
they are unable to compete with the licénsed importskand still jus-
tify large investment in R and D."?' Additionally, PMAC feels that
the 1969 changes to the Patent Act are an "attack on the fundamental

rights of scientific researchers" and that this is a "clear case of

discrimination....."? oOther interest groups have claimed that the

real purpose of this claim is to remove Canada's functioning example
of a practical policy for this industry before it becomes a precedent
for other countries to copy. For example, the Consumers Association
of Canada argued on a number of occasions that the investment argu-
ment was part of a vigorous lobbying effort by the firms. The Associ-
ation states: "multinationalsuare mounting an incredibly heavy lobby
to get rid of Section 41 of the Patent Act" and that "it's the most
superbly orchestrated lobby campaign....., they've hired consultants,
gone to the provinces, universities...., anyone they could possibly
use to make it look like the sky is falling in."®

In 1984, the Federal government appointed Dr.”Harry Eastman to
head a commission of inquiry into the pharmaceutical industry.®

After careful study on the industry, Eastman concluded that "aggre-

- gated data for the pharmaceutical industry in Canada does not show

adverse effects from the introduction of compulsory 1licensing to
import in 1969."% He also concluded that "compulsory licensing has

had no visible effect on the profitability of the pharmaceutical
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industry in canada."®

The PMAC, which represents the major foreign firms operating in
canada,  still feels that the changes made to the Patent Act have
encouraged negative effects on the level of investment performed in
this country. However, Eastman concluded that the present Patent Act
has not had a substantial negative effect on the profitability of
Canadian innovation because such research activities are undertaken
to develop new products for sale on the world market and not simply
in Canada. More specifically, Eastman argues:

New drug discovery is a risky enterprise for a multi-
national firm, but investing in Canada is not. The
multinational firm sells in Canada drugs that have
been developed for the world market. The costs of
research and the profit from discovery are recovered
in the transfer price, the royalty, or the charges
for research paid by the Canadian subsidiary to the
parent firm. The profits of the Canadian subsidiary
itself reflect only a return on manufacturing the
final dosage form and on a selling function which is
not especially risky and does not justify excep-
tionally high profits.?

In determining profit rates for the pharmaceutical industry in
Canada, several measures can be employed. For our purposes it is
useful to look at after-tax profits on equity. By examining the fol-
lowing chart based on Statistics Canada catalogue 61-207 on profits
for the years 1968 to 1982, the trend appears to have been maintained
at a consistent level. The actual profit rates are within the 12 to
18 percent range.‘This trend seems to indicate that profitability in
the pharmaceutical industry was high and relatively stable over the
entire period from 1968 to 1982.%

Compared to other industries, the profitability of pharmaceuti-

cals clearly exceeds that of other manufacturing industries who are
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in the more fluctuating neighbourhood of 2 to 14 percent.?® Consi-
deration of the available evidence does not permit the conclusion

that profits were harmed by the 1969 Patent Act amendments.

Profit After Tax on Equity, Comparison of Pharmaceutical Industry
to Selected Other Industries: Canada, 1968-82
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Without making a hasty inference about the 1969 amendments,
profits are the result of a wide variety of complex factors. Hypo-

thetically, a negative relationship between profits and compulsory

licensing to import might well have been expected had not a number of

offsetting positive influences on'profits not occurred. For example,

the steady growth in the coverage of the population by third-party

(private and government) pharmicare insurance, or the steady growth

of the portion of the population aged 65 or hore,kwho are known to
have disproportionately high levels of consumption of pharmaceutical
products. Since the changes to the Patent Act were specific to the
Pharmaceutical industry, any major‘impact on profitability>associated
with these changés should be indicated (éeteris paribus) by the com-.
parison of profitability invpharmaceuticals to those in the other
industries. Accordingly, without‘a comprehensive analysis of all the
factors that influence profitability, it is not possible to infer
from the information on comparative levels of profit‘that the 1969
amendments resulted in lower relative profits for manufacturers of
pharmaceuticals and medicines.

'However, the Eastman Commission was asked to recommend ways of
increasing R and D expenditures in Canada, whether or not the 1969
Patent Act was inhibiting. Thus, the Commission recommended’an adap-
tation of the existing policy by legislating a period of exclusivity
of four years and increasing rbyalties to provide a pool of funds to
reward firms doing research in Canada. The proposal was~sug§ested as

a means of trying to encourage more R and D in this country.®
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2.0 HYPOTHESTS

The main thrust of this report is to investigate the validity of
the claim made by the pharmaceutical firms operating in Canada, that
the introduction of the Patent Act in 1969 has been a deterrent to
the amount of reséarch and development they perform within Canada. In
fact, any evaluation of the patent act amendments would be incomplete
if no attention was paid to its effect on such indicators of‘industry
perfcrmance as research and development, prices, profits, or even
advertising. Not only was the Harley Committee, as discussed earlier,
concerned about some of these impécts, but the patentees, through
their trade association, the PMAC, have made presehtations to govern-
ment alleging that section 41(4) and concomitant policies described
in the Patent Act, have had adverse affects on industry performance.
An assessment of these effects is thus necessary in order to make any
judgement as to the overall impact'of the 1969 changes.
| One can already see from the material presented so far that a
1ivé1y debate has been and is continuing in Canada over the subject
of research and development. Tantamouht with this are issues concern-
ing the influence of foreign ownership; the ‘low' level of R and D,
government incentive ?olicies, and tﬁe level of industry profits. All
of the above have been discussed and possess many related aspects to
the Patent Act and are for this reason suitable for measuring the
impact of the 1969 amendments. Howevef, when one pursues the endeavor
moré closely one finds that some are more appropriate for analysis
than others for reasons already mentioned and to be discussed below.

The drug industry is generally recognized as one of the most
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fesearch intensive of all manufacturing industries. Hence, if the
1969 changes have adversely affected the level of research and devel-
opment, then this is 1likely to show up in the determinants of the
level of R and D.,One'suéh variable is profits. Since, it is plaus-
ible that profits may be the result of successful R and D. Converse-
ly, if profits are high more funds may then be available for R and D.

Profits serve as one of the principle indicators of market per-
formance. This is true both at the level of the individual firm as
weli as for the industry. For the firm, profits relative to the in-
dustry average are probably the best indicator of the performance 6f
that firm and its employees. If profits are consistently high, it is
usually possible to attribute them to performance and planning rather
than to chance. However, profits are*usualiy influenced by a wide
variety of factors not necessarily under the control of firms. Exces-
sively high or low profit levels may be more indicative of the fail-
ure or success of government policies than of the collective success
of individual firms. Similarly, high or 1low profits may reflect
short-run market conditions as opposed to long-run conditions and
thus will not trigger the otherwise expected entry or exit of firms
from the‘industry. High or low profits may reflect relatively high or

low degrees of risk within a industry, demand side factors, or the

~degree of protection and/or subsidies that are afforded firms as a

result of what are usually complex and comprehensive government pol-
icies within which an industry must operate. Accordingly, some of
these variables, such as various market conditions, are extremely

difficult to quantify as determinants for profits.
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The relationship between profits and R and D, however, is more
direct. The only complexities encountered here is the lack of precisé
information on the profits of pharmaceutical firms related directly
to the salé 6f ethical products in contrast to profits related to
proprietary drugs ‘and the wide variety of other commodities produced
by these firms such as toiletries, personal care goods, chemicals,
and so on. Related to the first'problem, is the’shifting number of
firms that are said to be manufacturers ofbpharmaceuticals and medi-
cines. In allocating firms to a particular industry class, Statistics
canada follows the criterion of allocating a firm to the industry
adcording to which products adcount for the 1argest percentage of a
firm's sales in a particular yean Though Statistics Canada attempts
to avoid rapid shifts in classification from one year to the next, it

is possible that some technical shifts have occurred. Accordingly,

- the annual eétimates of profit do not in every year apply to a con-

sistent set of firms. As a result of the above ambiguities, and due
to the specific allegations'by the PMAC for more favourable legisla-
tion in order to stimulate, not ‘profits' directly, but more invest-
ment and research, the 1969’amendments are likely’to have a‘more
significant effect on R and D than any other determinant variable.
Specifically, the PMAC argues on behalf of the industry, that since
its introduction in 1969, the Patent Act has significantly reduced
the amount of dollars spent by them on R and D. They feel that '"com-
panies operating in Canada have retrenched thevgrowth of their re-
search" and "some have decided to import their finished products

instead of manufacturing."'
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Attention is now confined specifically to the influence of com-
pulsory,licensing‘as incorporated in the 1969 Patent Act amendments
on R and D activity in cCanada. Clearly, compulsory licensing is not
an incentive to conduct R and D. Studies for countries with major R
and D programmes suggest that if patent protection were seriously
eroded, R and D would fall significantly.H'Severel reports suggest
that compulsory licensing is a disadvantage when the Canadian sub-
sidiary is competing for investment funds from the parent firm and
has led to reduced R and D in Canada. For example, the 6ECD (1977,

p.218) commented that section 41(4) "...may well be significant...,"

‘while a federeikDepartment of Industry, Trade and Commerce (1979b,

p.19)’study on R and D in the health care products sector commented
", ..there is some evidence that it hae contributed to the decline in
international drug companies' R & D in Canada..." This 1atter study
also notes that regulatory requirements in’Camada "...constitute a
substantial impediment to more R & D beimg carried out in Canada." In
neither case, however, is‘hard evidence cited to substantiate the
view that compulsory licensing to import has led to a decline in R
ahd D.

Comparing R and D levels in Canada to that invthe U.S. provides
an alternative framework for considering the ‘reasonableness' of R
and D levels in the pharmaceutical industry in canada. In particular,
differences in the trends of these levels cam likely be more directly
related to Canada's 1969 change in the Patent Act rather than te

either broad changes in the economy or to the market for pharmaceuti-

cals. Though a detailed comparison of the nature of the market
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between the U.S. and Canada has not been attempted, there are simi-
larities and differences to contend with. In both countries we find
the number of perséns aged 65 and over to be steadily growing. How-
ever, the returns to R and D investment fell dramatically in the U.S.
during the mid and late 1960's and 1970's compared to alternative
investments and the rates of return experienced in the early 60's.%
This fall in the rate of return was also caused by similar and éep—
arate factors; the’stringent regulatory réquirements imposed on new
drugs because of the 1962 amendments to the Food, Drug and Cosmetic
Act, incited by the Kefauver commission wé mentioned earlier, and-the
depietion of research opportunities, a worldwide phenomenon.? As a
result, U.S. multinational firms/4in response to the above factors,
have substantially increased R and D expenditures abroad since the
early 1970's.% oOne would not expect Canada to capture a significant
share of this R and‘D investment for two main reasons. First, one of
the major factors causing the change in location of U.S. investment
was the 1962 amendments regarding drug safety and efficacy. Canada
has a. system Veryksimilar if not more stringént than that in the
U.s.3% Second, it seems that much éf the R and D investment abroad
by U.S. firms is in setting up a second major research cehter. As
discussed previously, these have not been sited in Canada but in
countries with more favourable tax incentives such as the United
Kingdom, which also have less étringent, though not necessarily less
adequate, regulatory systems for screening new drugs. The above dis-

cussion of the factors, both general and those relating to compulsory

licensing as incorporated in the Patent Act amendments, influencing
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the level of R and D expenditures in Canada 1eads to theﬁinference
that such expenditures may well have declined due in part, to the
1969 changes, but also due to the regulatory procedures for estab-
lishing the sefety and efficecy of new drugs.

There are however, comparisons of the level of R and D between
the pharmaceutical and 'other industries in Canada. A look at the
following ehart provides an alternative to evaluating the level of R
and D levels in the pharmaceutical industry. Specifically, we find
that frqm 1967 to 1982, the level of total intramural R and D
(defined as the sum of current intramural plus capital expenditures
on research and development) by = pharmaceuticals was consistently
higher than that for total chemicals or total manufacturing indust-
ries. From the information presented in the chart, it is difficult to
detect a major Chahge in the trend that could be associated with the
date of any impact of changes in compulsory licensing. The trend for
pharmaceuticals is clearly similar to that for all chemicals eﬁd all
manufacturing. These are strictly level comparisons and do not repre-
sent\any further knowledée into the explanation for these levels or

the relationship between the 1969 amendments and R and D levels.
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5:; Index of Total Intramural Research and Development Expenditures in
the Pharmaceutical Industry and Selected other Industries:
Canada, 1967-82
(1967=100)
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A survey of the available data explaining R and D expenditure in

Canada was made from the period 1959 to 1984. Four econometrie models

were formulated to determiﬁe the impact of the Patent Act on the

level of this type of investment performed in this country by the
pharmaceutical industry. The models are of the following form:

(1) R AND D = BO + B1[SALES + SALES(-1)] + B2[PROFIT + PROFIT(-1)]
+ B3[D]

(2) RDS = BO + B1[SALES + SALES(-1)] + B2[PROFIT + PROFIT(-1)] +
+B3[D] + B4[CFM] + B5[POPN] +B6[POPSC]

(3) R AND D = BO + B1[SALES + SALES(-1)] + B2[PROFIT + PROFIT(-1)]

+ B3[D] + B4[R AND D(-1)]

BO + B1[SALES + SALES(-1)] + B2[PROFIT + PROFIT(-1)]
+ B3[D] ~

(4) R AND D

where:

R AND D, is the dependent variable research and development.
R AND D(-1), is research and development from the previous year.
BO, B1l, B2, and B3, are the parameter coefficients.

SALE, is aggregate sales of pharmacies.

SALE(-1), is lagged sales of one year.

PROFIT, is net profit of pharmaceuticals.

PROFIT(-1), is lagged net profit of one year.

D, is the dummy variable to incorporate govt. legislation.
CFM, is the Cash Flow Margin defined in section 2.1.

POPN, is annual population figures for Canada as a whole.
POPSC, is the population of senior citizens aged 65 and over.

Note: model (4) remained the same as model (1) at the estimation

stage, but the D variable was suppressed at the simulation stage.

The above models were formulated to test the hypothesis of
whether or not the Patent Act amendments of 1969 imposed negatiﬁe
effects upon the level of R and D expenditure, as claimed by the
pharmaceutical firms operating in this country. Models (2), (3) and
(4) were slightly modified from model (1) to allow for othef

effects to be tested and ' incorporated into the analysis, such as, -

past R and D expenditure levels and population growth to be discussed



27

in the following section.
Othér plausible explanatory variables could have included: past R’
and D success in>so called "breakthrough" drugs in which investment

becomes concentrated around "molecule manipulation" of highly

promotable compounds. This obviously weakens the purpose of patents

on these drugs which allOw for this sort of chemical alteration and
ultimate loss of long-run profitability used to finance investment in
this type of innovation. As a measure to embrace the above phenomenon
of questionable health payoff in "me-too" products and tp check the
rising costs of drugs, compulsory licenses have also claimed .and
received extensive study as'to their affect on R and D. Specifically,
as mentioned earlier, the acquisition of these licenses by less
research intensive companies and the reimbufsement of inadequately
low royalties as claimed by the patent holders should theoretically

lower the amount of R and D pursued in subsequent years. Another

commonly used indicator of R and D expenditure is the number of qual-

ified scientists and engineers engaged in R and D as a percentage of
total employment. Obviously, if this ratio rises it is suspected that
R and D is on the increase. Firm diversificatiqn level, and govern-
ment legislation, such as allowances for taxes and incentives or more
stringent tésting regulations which deters innovation by increasing
the cost to develop and market drugs are other possible vgriables;
Although many of ﬁhese may play a role, they are extremely difficult.
to model due to thé unavailability of accurate and comprehensive

data. The following is a more comprehensive analysis of the variables

chosen.
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2.1 ANALYSIS OF DATA

2.1.1 RD (Research and Development)

The data used in the formulation of R and D over the period 1959

to 1984 were obtained from Statistics Canada catalogue numbers 13-

203, 13-401, 13-516, 13-520, 88-001 88-202, and 88-509. Statistics
Canada has collested data on R and D for Canadian industries since
the early 1950's. The data reported are generally by the company or
enterprise,vin this case, drugs and medicine outlets.

One problem with a study of this type is to snsure that the qual-
1ty and accuracy of the data used is satisfactory so as to render the
survey meaningful. One cannot expect that all firms engaglng in R and
D activities will be surveyed or that they will report accurately. As
such, the survey cannot be complete. Another problem deals with the
classification of R and D data by industry. Since abcompany can only
be assigned to one industry there may be leakages and overall misal-

locations of the relevant information if the companies have estab-

lishments or subsidiaries in several related industries. Because

industrial R and D is highly confidential, the use of the com-
pany/enterprise as the main reporting unit also means that classifi-
cation cahnot be véry detailed in order to presefve classified com-
pany data. Also, R and D is’a term that is subject to individual
interpretation and is, therefore, difficult to define. For example,
what the federal government classifies as R and D regarding a con-
tract to industry may not be'reported as. such by the contractors and
subcontractors as drugs are passed on to othér stages before they

reach final dosage form. Section 37, of Regulation 2900 of the Income
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Tax Act spécifically excludes some activities as R and D, which rep-
resents another area of concern. With specific regard to the prac-
tices of some pharmaceuticals mentioned eariier, R and D does not
include (i) market research, sales promoﬁion, (ii) quality control or
routine analysis and testing of materials, devices or products des-v
tined for market. The technicél definition of R and D used by Statis-
tics Ccanada is a "systematic investigation carried 6ut in the natural
and engineering sciences by means of experiment or analysis to
achieve a scientific or commercial advance..., which is not known in
advance on the basis of current knowledge or experience but ‘can
include technical improvements to a product or process on the same
grounds as above."¥ As discussed earlier, Canada has been rather
lenient in enforcing this latter definition resulting in much R and D
activity falling under the former categories above. Although other
definitions are not exactly thevsame, resulting iﬁ the manipulative
practices discussed above, those used by Revenue Canada or other
countries afe very similar in terms of the scope and spirit they try
to embrace. With this in mind the R and D data reported is Total
Intramural R and D expenditure by industry in millions of constant
dollars. Intramural R and D encompasses all expenditures for R and D

work performed within the reporting company, regardless of the source

- of funds. This type of data was the most readily available and. con-

sistent. In the period 1972 to 1976, of total current R and D expen-
ditures by firms classified to industry 374, 79 to 81 percént were
classified as intramural. In addition, intramural expenditures are

most accurate in capturing trend activity.
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Finally, the data collected were ysarly, in’millions of constant
dollars from the years 1959 to 1984. It is not difficult to under-
stand the importance of using constant data figures in the evaluation
of R and D activities and for the determination of appropriate econ-
omic policy towards technological change. However, using R and D
deflators such as the GDP or GNE would lead to the problem of over or
under-estimating the percentage increase in real R and D expenditures
across industries. For example, using the GNE deflator, real totalb
industrial R and D expenditures from 1963 to 1980 increased by 193%;
but using R and D deflators, the percentage increase was 97% or one
half the magnitude calculated by the GNE deflator. This is because
the GNE deflator is a price indéx for output reflecting the rate of
increase in input prices, the cost shares of inputs, productivity
growth and scale’economies, while the R and D deflator is an index
for single inputs whose price increase represents only a fractiqn of
the total cost. There is also the need to measure real R and D as an
index other than mere price inflation since the result of R and D
activities accumulates over years and forms a stock of knowledge or R
and D capital.3® Eight types of R and D expenditures were used:

wages and salaries, current and total costs, land and building costs,

"equipment costs and total capital costs. After multiplying each

group by its sharé out of total R and D expenditures or the appropri-
ate Paasche price index the sum of these weighted input indexes yield
the Paasche R and D expenditure price index, which was then used to
deflate raw total R and D figures‘into constant dollars. In this way

we can determine that either R and D activities are expanding or that
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the same level of activity merely costs more to undertake. There also
exists preliminary estimates for R and D to 1989, but these values
have not been revised and were not used for this reason.

2.1.2 SALES S

Sales figures were obtained‘ from Statistics Canada, catalogue
nﬁmber 63-005. The statistics collected were monthly Total Net Sales
of Pharmacies, Drugs, Patent Medicines and or Cosmetic stores from
the years 1959 to December 1984. Total net sales include sales of
merchandise and receipts from related services, such as any commis-
sions earned from sales of goods. Given the worldwide nature of the
markets for pharmaceutical prodUCts and in particular the reliance of
firms on the sales of a fairly small number of products, it is per-
haps to be expected that the industry is characterized by a relative-
ly high level of salés promotion activities. As is profit a good
indicator of industry performance, sales are in the same fashion
related to R and D. However, although a given increase in sales might
imply an increase in R and D, this inference must be qualified by the
various deeisions firms must consider, such as manpower allocated to
sales, marketing, advertising and other promotional activities.

Finally, sales data were the only series listed monthly while a;l
other series used were reported yearly. As such, the monthly sales
data were summed into yearly figures, in order to ensure that all

series were consistent.

2.1.3 PROFITS

Data used to obtain profit figures came from Statistics Canada

catalogue numbers 61-207, 61-003, and from the department of'National
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Revenue Taxation Statistics, catalogue RV68 T17. Data obtained were
from Corporation Financial Statistics from the years 1959 to 1984,
for Pharméceuticals in millions of constant dollars. The data came
from financial statements of corporations filed with T-2 cofpofation
income tax returns.

Net profit figures were used, defined to be the amount of income
remaining after all expenses and provisions, including income taxes,
had been deducted. This does not include subsidiary profits or losses
or the interest expense of income debentures.

There is some evidence (usuélly discovered through audits) that
this industry is exceptional in its use of transfer pricing in order
to have income declared by affiliated subsidiaries or parent com-
panies which are located in jurisdictions that have low tax rates.®
If this activity is wide spread, thé series which reports Canadian
profits may be less reliable. Statistical analySis usually makes use
of changes (especially deviations from averages) and, while the
effects of mis-reporting is by no means certain, regression analysis
ﬁay still be able to capture the effects we wish to examine. On fhe
face of it, the incentive to use transfer prices (in an industry
which has been profitable throughout) should be independent of the
change in the law which took place in 1969. Based on the above and on
the previous section profits may, thefefore, still be a useful vari-
able, certainly more useful than a statiétical analysis which had to

make sure that the level of profits reported Were very accurate.

To view the graphical representation of these series, see Figure 1.
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2.1.4 DUMMY VARIABLE ‘

Indicator or Dummy variables are often used in the modelling of
unmeasurable or qualitative factors. In the context of this analysis,-
government policy, such as the changes made to the Patent Act in
1969, fall under the heading of qualitative variable. In order to
capture the full effects of the changes, a dummy variable, D, was
introduced. Formation of the model with D'equal to Okprior 1969, and

D equal to 1 in 1969 and after offers an appropriate solution.
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{:; Figure 1
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2.1.5 CFM (Cash Flow Margin)

This variablé was employed in model‘(Z) and is of the following

form: CFM = PROFIT(-1) + DEP(-1)
' SALES (-1)

where DEP are depreciation figures from the years 1959 to 1984. This
variable includes current amounts charged as depreciation on pharma-
ceuticals income statements. Data were obtained from Statistics
canada Catalogues NR-20T38, 61-207 and 61-003, as well as from cata-
logue RV68 T17 of the National Revenue Taxation Statistics. The vari-
ables PROFIT and SALES remained as above.

2.1.6 POPN (Population)

This variable was also used in model (2) and represents annual
population figures of all age groups in Canada frdmkthe period 1959
to 1984. Data was cross checked for most accurate figures from the
World Bank Tables 1976, 1983, the canada Year Book 1985, Historical
Statistics of Canada 1983, and Statistics Canada cataiogue 91-210 on
Quarterly Estimateé of Population for Canada’and the Provinces.

2.1.7 POPSC (Population over age 65)

This variable was used in model (2) and covers data for the years
1959 to 1984. Data were obtained from Statistics Canada Catalogue 91-
203. This age group represents disproportionately high levels of
consumption of pharmaceutical’products'thus being highly sensitive to
rising drug prices. With their numbers rising at a faster rate as a
proportion ofrtotal population, this group will have an ever increas-
ing effect on the drug induStry in the future. Not only on the demand
for ethical drugs but also on their influence in public policy con-

cerning drug prices.
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3.0 BUILDING THE MODELS AND ANALYSIS OF RESULTS

3.1 Model 1

Model (1) incorporated sales, profits and government legislation

»explaining the performance of the R and D sector in the pharmaceuti-

cal industry. As stated it is very difficult te isolate the main
elements that affect R and D in pharmaceuticals, since there are so
many poesible factors to consider. The study has, therefore, only
explored the most plausible factors, which may have then restricted
the analysis to those explanations for which evidence is.most readily
available.

The explanatory variables thaf have been included are present and
lagged sales, present and lagged profits and a dﬁmmy variable to
capture the effect of the Patent Act Legislafion of 1969. As dis-
cussed eariier, the body of knowledge associated with research accu-
mulates over time so that any contribution to,preseﬁt R and D is
likely toehave been built up from previous time frames. Similarly,
the decision to contribute to R and D is 1likely fo be highly related
to the performance of both previous, rather than future, sales and
profit levels. Historically, R and D has always been measured as a
percentage of sales implying a lag on sales would be more significant
in capturing the positive relationship to R and D. This ratio is a
basis for reference of R and D relative to other industries or coun-
tries since R and D ceuld not be judged in a vacuum. However, any
relation to R and D might also be influenced by previous ‘profit

levels. This might be qualified depending on long run profit stra-
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tegies, or on the decision to manipulate transfer pricesvand so on.
Although it is difficult to differentiate between the spill overs, a

time lag of one year on profits and sales is sufficient to reveal any

'such influence. This type of a model makes use of moving averages,

and is of the following form:
R AND D =BO + B1[SALE + SALE(-1)] + BZ[PROFIT + PROFIT(-1)] + B3[D]

where: R AND D is the dependent variable research and development
B0, Bl, B2 and B3, are the parameter coefficients
SALE is aggregate sales of drugstores and pharmacies
SALE (- 1) is lagged sales of one year
PROFIT is net profit of pharmaceuticals
PROFIT( 1) is lagged net profit of one year
D is the dummy variable to incorporate govt. legislation.

The model was estimated using ordinary least squares (OLS), which

is the equivaleht of looking for parameter estimates which minimize

Athe sum of the squares of the residuals.

Table 1 summarizes the relevant figures derived from the results

of our regression analysis:

Table 1
Regression Results for Model 1

Regressors Ccoefficients Standard Errors T-Statistics
BO (Intercept)  4.16873 1.4 2.9

Bl (Sales) ‘ 0.00613 0.0015 4.0

B2 (Profits) -0.09513 - 0.0348 -2.73

B3 (1969 law) 10.63020 1.855 5.71

The above are the most important and significant results obtained
from the research, and they are quite satisfaetory by usual statisti-
cal standards. However, by observing the results more closely, the

value for the Durbin-Watson coefficient DW suggests the presence of
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autocorrelation and that it is of some significance. This issue will
be addréssed shortly with a discussion of the Cochrane-Orcutt trans-
formation for autocorrelation.

In the above statistical exercise, fesults yield a coefficient 6n
sales, Bl, as a positive, small number with a highly significant t-
statistic within the five percent level. As discussed, it might be
expected that R and D expenditures would increase as sales increased,
and this result is validated by the positive sign on Bl.

The profit coefficient, B2, is negative indicating that as
profits increased, R and D expenditures decreased. Theoretically,
holding the profit strategy deéisions mentioned -above constant, the
opposite results were expected with a strong positive relationship.
To complicate this matter, the t-statistic is also significant at the
five percent level. From our discussion eariier, the most plausible
explanation for this result may be at least partially explained by
the existence of transfer pricing or the low quality of the profit
data reported by firms. Even if firms followed a rule relating R and
D to sales or if they merely did clinical testingbin Canada (to sat-
isfy oﬁr health and in some cases R and D standards) the sign and t-
statistic are perplexing.

Finally, and most important, the value obtained for B3, the dummy
variable, was a significant, positive number. The dummy variable was
introduced to explain whether significant detrimental effects were
imposed upon R and D as a result of the new more stringent require-

ments of the patent act. This result suggested that B3 played a valu-

'~ able role in the explanation of R and D but that the 1969 law, did
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not decrease the level of R and D spending in Canada. Rather, since
the 1969 patent act was introduced, R and D has increased.

Due to the moderately low value of the Durbin-Watson*® statistic
of 1.409, the Cochrane-brcutt (C-0) procedure was used to correct for

the presence of autocorrelation. The following are the transfofmed

results:
Table 2
Regression Results for C-O0 Transformation

Regressors Coefficients Standard Errors T-Statistics
BO (Intercept) 49.6661 26.1329 1.9

Bl (Sales) -0.0024 0.0023 =-1.03
- B2 (Profit) 0.0448 0.0334 1.34

B3 (1969 law) -~ 2.5763 . - 2.9916 0.86
R-SQ=0.92 ADJ R—SQ=0r91 SSR=163.2 DW=2.29 COND=4.88

The presence of autocorrelation was corrected through the Coch-
rane-Orcutt procedure. This procedure involves a series of itera-
tions, each of which produced an improved estimate of the value of p
(rho) used in the calculation of the DW value, than the previous one.
It uses the notion that p is a correlétion coefficient associated
with errors of‘adjacent time periods. These revised parameter‘esti-
mates vare then substituted into the original equation, and new
regression residuals are obtained. Standard procedure is to stop the
iterations when the new estimates of p differ from the old ones by
less than .01 or .005. | |

The prime difficulty with this method is that there is no guaran-
tee that the final estimate of p will be the optimal one, in the

sense of minimizing the sum of squared residuals. This may be the
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case since\thé iterations may lead to a local rather than a globél
minimum.

Once the C-0 transformation was applied, the value of the DW |
increased to 2.29. Exact interpretation of the DW statistic is diffi-
cult because the sequence of errdr terms depends not only on the
sequence of error's but also on'the sequence of all the X values. For
this reason, tables are provided to indicate the possible range that
the DW statistic can take. Using Pindyck and Rubinfeld's table for
the Durbin-Watson test statistic we obtain an equivalent value for
the DW of 1.71. This is a significant improvement since the value had
moved from the inconclusive range to the rejection.range.

In addition to decreasing the 1eve1 of autocorrelation, the tran-
sformation improved other results as well. Associated with the im-
provement was a higher value of R-SQ of 0.92 where 1.0 indicates a
perféct fit; lower sum of squares of residuals of 163.248 and less
multicollinearity, indicated by the COND (condition number uséd in
the Eigensystem analysis of correlation coefficients) value of 4.88.
Oon the other hand, standard errors increased and t-statistics
declined in significance, as ouﬁlined in Table 2. |

The goodness of fit of a regression line to the actual data

points is indicated by the R-SQ statistic. As a rule, a ‘good' equa-

tion is one which helps to explain a large proportion of the variance

of the dependent variable (in this case, R AND D). By definition, the
R-SQ statistic must lie between the value of 0 and 1, with a value
closer to 1 being the more desirable. This would indicate that a

large proportion of the variance of R AND D was being explained by
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the model. Model 1 has an R-SQ of 0.89, indicating good statistical
results. However, the R-SQ statistic could also be increased by add-
ing more explanatory variables to the model or by increasing their

range if possible. This will not necessarily improve the performance.

.of the model since other important statistics discussed above may

have worsened. Because statistical operations are related and inter-

act simultaneously care must be taken to review all explanatory stat-

istics together when evaluating the results. Only in this way will
changes -yield the optimal model. On the whole, the transformed
results proved to be better, on average, as compared to model 1 of
Table 1, since in particular the level of autocorrelation had been
feduced.

With respect to correlation among the explanatory variables, a
high degree was present. For example, correlation between Bl and B2
was 96 percent. This result was anticipated simply because the vari-
ables chosen were somewhat related and dependent upon each other; The
model can still be used with all its variables if sufficient care is.
givén to interpretatiné the regression results.

Multicdllinearity exists when two or mére explanatory variables
are highly (but not perfectly) correlated with each other. The Eigen-
system analysis uses charaéteristic roots or eigenvalues of X'X or
correlation coefficients between thevregreSSOrs. One or more small

eigenvalues imply that there are near linear dependencies among the

.independent variables. The COND or condition number is just a measure

of the spread in the eigenvalues spectrum of X'X. Multicollinearity

is = indicated by the initial COND value. As a general rule,
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multicollinearity is said to be a problem if the COND value exceeds
100. In our case, 20.146 is not large, suggesting that this potential
problem is not important in this analysis. Although we may have pre-
dicted a more severe positive relationship between sales and profits,
it appears that our earlier problem of transfer pricing and mis-re-
ported data on both sales and profits seems to have caused a signifi-
cant enough divergence in the figures between the two variables so as

not to present a greater problen.

3.1.1 Forecasting with Model 1

The single equatibn regression models used in this study, were
formulated with forecasting in mind. Specifically, the models were
used to evaluate present values of R and D, as well as to predict»
future levels. The exogenous data were extrapolated beyond the period
over which they were estimated, so that the information contained in
then couid be used to make forecasts about future events related to R
and D. It is useful to distinguish between two types of forecasting:
ex-post and ex-ante. Both forecasts predict values of the dependent
variable, R AND D, beyond the time period in which the model is esti-
mated (in this case, 1984).

Actual data values ended in 1984 with the result that values to
1999 were extrapolated in order to be able to forecast to the end of
that period. Extrapolation calculates the average growth rate, in the
sample data, and applies this same growth rate to the future, with
the resuit that ex-ante R and D values take on a smooth grbwth rate

pattern. The extrapolated exogenous data are listed in appendix B.
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In an ex—post forecast the forecast period is such that obser-
vations on 511 variables are known with éertainty. Ex-post forecasts
can be checked against existing data and provides a means of evaluat-
ing the model. Ex-ante forecasts predict values of the dependent
variable beyond the estimation period, using‘explanatorY‘variables
which may or may not be known with certainty.*
In examining the ex-post forecast simulation output for the
period 1969 to 1984, it is important to the investigation that fore-
cast values track the actualyvalues.fairly closely. That is, one

would expect the results of the historical simulation to match the

‘behavior of the real world rather closely. It is therefore desirable

to have some quantitativevmeasure of how élosely individual variables
track their corresponding data series. The measure that is most often
used is called the Root Mean Squared<(RMS) fqrecast error is a very
important statistic in the evaluation of model performance. The RMS
foreéast'error provides a.nmasure of the ability of the model to

forecast well. A model designed for forecasting purposes should have

as small a forecast error as possible. In this case, the RMS forecast

error is 3.24 indicating good model performance.

'When a model has been designed for forecasting purposes, then the
eé—post forecast error is another very important criterion for model
performance. In an ex-post forecast, the forecast results are com-
pared to recent data. The forecast error, or the simulation error
computed over the forecast range, provides a measure of the ability
of the model to foredast well. This is Theil's inequality coefficient

or the Theil U statistic and is a useful simulation statistic that
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can be applied to_ex-post forecasts. Scaling of the Theil U dictates

" that its values should ideally fall between 0 and 1. If U is equal to

0, this indicates a perfect fit between the actual and simulated
values. Conversely, if U is equal to 1, the predictive performance of
the model is not very4reossuring since simulated valuestdo not follow
the actual data values very closely.

In this case, the Theil U is equal to 0.98, which indicates that
the model does not demonstrate the best predictive’ability according
to the scaling of the Theil U. A no change forecast correspohds to a
Theil U=1. This indicates, therefore, that this forecast is almost
equivalent to a no change, on average.

The ex—ante simulation period takes place between 1985 and 1999.
For a model such as this one, a useful measure of model performance
could inc;ude the standard error of forecast and a corresponding
confidence interval. For this period, the Theil U statistic cannot be
calculated because extrapolated data is used. | ’

By inspecting Figure 2, one can clearly see considerable fluctu-

ation between forecasted and actual values of R and D. The intertwin-

ing levels present a confusing picture as to the impact of the 1969

'amendments on R and D. Prior to 1973 and between 1981 and 1983, fore-

casted values are greater than actuallvalues meaning the 1969 changes
did not adversely affect R and D. Between 1973 and 1981, the opposite
results are deduced. This may be associated with the inherent prac-
tices of fhe pharmaceutical industry, such as long run profit strat-
egy or transfer pricing, as reflected in the data. It may also be due

to technical problems with the model itself. Such as the stipulation
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of the parameters or with the indices applied to R and D figures.
Nevertheless, both levels of R and D show a rising trend above that
of 1969, which does not permit the claim made by the P.M.A.C that the

1969 Patent Act changes have redﬁced the level of R and D investment.
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3.2 Grabowski and Vernon, 1983

In surveying the available literature on this topic, the study of
the U.S. pharmaceutical industfy by Grabowski and'Verhon (1983) was
employed for comparative purposes due to the global nature of the:
industry.*? In their study, Grabowski and Vernon formulated an
econometric model fer the U.S. market as a measure of R and D per-
formance.

The model is of the following form:

RDSit = f{ NRit(‘DVRi, CFMit, PCit }

where:

RDSit, is research and development expenditures divided by sales
for the ith firm in year t.

NRit, is an index of past R and D success for the ith firm in year
t. More precisely, it equals sales of firms new products
during the first three years of the product's -commercial
life divided by R and D expenditure in year t-2.

CFMit, is the cash flow margin for the ith firm in year t, in
particular, lagged profits after taxes plus depre01at10n
divided by sales.

DVRi, is a Herfindhal-type index of the ith firms level of diver-
sification that equals 1-E(s;) where Sj is the fraction of
firms ethical drug sales in the jth class.

Pcit, is the percentage of ith firms total sales accounted for by
ethical drug sales in year t.

The ultimate purpose of this comparison is to see if the economic
variables explaining the behaviour of U.S. firms turned out to be the
variables which explain industry behaviour in an economy such as
Canada's which consists largely of branch plants of these same firms.

In the situation of a country such as Canada, it is often assumed
that much of the economy, and in particular its industries, operate
and are affected in the same manner as its counterparts in the United

States. This seems to be the case due to the close proximity and

similarities between the two countries resulting in the great deal of
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interaction that takes place between them. In devising an appropriate
model for the Canadian industry, many of the above U.S; variables did
not apply. For example, the NR variable takes into account new prod-
uct sales as an index of past R and D success. However, since many of
these products would first be introduced in the home country, and
since the Canadian market is only about two percent of the world
market, such data is neither readily available or meaﬁingful. Also,
the‘variable DVR did not play a large role since the firms diversifi-
cation level would again not apply to Canada due to the nature of our
‘branch plant! industry. Although the above factors accounted for
some of the inability to use the Grabowski-Vernon model, it was the
unavailability of comparable Canadian data which proved to be the

chief inhibiting factor.
3.2.1 MODEL 2

Thus, the above veréion of the Grabowski-Vernon model was not
empioyed forithis study, with the result that model 2 was cfeated
incorporating two of the variables, RDS and CFM. Both of these vari-
ables were appropriate for Canada's industry and data were readily

available. The model is of the following form:

RDS = BO + BI[SALE + SALE(-1)] + B2[PROFIT + PROFIT(-1)] + B3[D] +

BA[CFM] + BS[POPN] + B6[POPSC]
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where RDS, is the ratio of R and D expenditures to sales.
. SALE, is aggregate sales of drugstores and pharmacies.
SALE (-1), is lagged sales of one year.
PROFIT, is net profit of pharmaceuticals.
PROFIT( 1) is lagged net profit of one year.
D, is the dummy variable for patent act legislation.
CFM, is the Cash Flow Margin defined in section 2.1.
POPN, is annual population figures for Canada as a whole.
- POPSC, is the population of senior citizens over age 65.
Primarily for comparative purposes the dependent variable, RDS,
as well as the explanatory variable CFM, remained comparable to the
variables in the Grabowski-Vernon model. The ratio RDS was .also jus-
tified due to its influence on the overall level of competition in
the pharmaceutical industry being a function of competition for mar-
ket shareythroughfnew product innovation and the sales promotion of
new and existing products rather than through price competition on
existing products. Since the ratio of expenditure to sales promotion
is dlsproportlonately larger than that to R and D, and since R and D
act1v1t1es are generally larger in the pharmaceut1cal divisions,
overall ratios of R and D expenditures to sales serve to reduce the
estimate of the relative size of R and D. This is particularly useful
in evaluating whether expenditures on R and D are directed princi-
pally towards the maintenance of market shares or towards the dis-
covery of new drugs. It is also a useful figure when looking at the
degree to which pharmaceutical firms allocate resources to R and D '
differs from one country to another according to sales. These figures
were presented in section 1.1.1. However, the similarity between the
two models ended at this point, since other variables were added to

model (2) to capture a better fit of the unique Canadian market.

The above variables are relatively simple and straight forward.
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However, the inclusion of POPSC should be explained further.

' This variable is important to the understanding of medicine sales in

canada's drug industry. As a percentage of the total population Cana-
da's population over the age of 65 was roughly 10 percent represent-
ing a disproportionately large share that was rapidly growing at a
rate of 17.9 percent between 1976-81. Studies have shown that in the
future this group will continue to increase at a rate over twice that
of the population as a whole, out-pacing all other age groups; As a
result of the declining growth rates of ali other age groups, senior
citizens will produce sighificant ‘effects upon' the phérmaceutical
industry due to their larger intake of prescribed ethical drugs,
thereby justifying the inclusion of POPSC. |

~The following were the most significant standard regression
results obtained for model 2} 5

Table 3
Regression Results for Model 2

Regressors Coefficients Standard Errors T-Statistics -
BO (Intercept) -44.732. 20.567 -2.16
Bl (Sales) -0.009 0.003 -0.29
B2 (Profit) -0.027 0.046 -0.57
B3 (Dumnmy) 4.377 3.199 1.36
B4 (CFM) -117.482 188.821 -0.62
~B5 (POPN) 0.875 1.786 0.49
B6 (POPSC) 27.956 14.380 _ 1.94

R-SQ = 0.94 ADJ R-SQ = 0.91 DW= 1.9 COND 209.697

Inspection of the signs on the coefficients Bl, B2 and B4 yield
results that are perverse, in that they should have ideally been

positive. In addition, corresponding t-statistics are not significant
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at the five percent level, indicating that B1=B2=B4=0. That is, we
cannot reject the null hypothesis of a zero slope implying virtually
no explanatory power. The other coefficients, B3, B5 and B6, were all
consistent with respect to signs, however, t-statistics for B3 and B5
were insignificant at the five percent level. On the whole, these fe—
sults did nét prove to be encouraging. The R-SQ of 0.94 and Durbin-
Watson of 1.9 are satisfactory by the usual statistical standards,
while the COND value of 209.697 indicated the presence of moderate
multicollinearity in the variables. See Figure 3 for a graphical view
of Model 2. B |

The standard regression treatment of the above model, as well as

“manipulations in various other versions, gave results which were, on

the whole, statistically meaningless. After careful inspection and
analysis of the above variables it was concluded that this model was

inappropriate for the explanation of R and D within the Canadian

pharmaceutical industry. For this reason model 1 remained the primary

model for this study.
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3.3 MODEL 3

Model 3 was introduced adding to model 1 a one period lag of the
dependent variable, R AND D, thereby taking into account previous R
and D expenditures which would affect. the way funds ﬁere ailocated
for‘the present year's R and D expenditures. This is theoretically
plausible since R and D efforts are sometimes started and finished at
later dates resulting in spillovers into the present time span talked
about previously. Also, the nature of innovation in this industry is
such that research in one field or drug often overlap into breakthro-
ughs in other areas. So that any research spent is nevef' wasted
research since the information gained adds to a ever increasing body
of medical knowledge ahd not a ‘win/lose' lottery of failed and suc-
cessful R aﬁd D as claimed by the industry. As was mentioned earlier,
Canada's level of expehditure on R and D has always been around 5
percent of world sales. The above may be a further explanation as to
why it has remained et this level. The following are the results:

v Table 4
Regression Results of Lagged Dependent Variable

Regressors Coefficients Standard Errors T-Statistics
BO (Intercept) 2.1208 1.22507 1.73
Bl (Sales) -0.0005 0.00212 -0.24
B2 (Profits) 0.0182 -~ 0.04053 , 0.45
B3 (Dummy) 3.1991 : 2.44342 1.30
B4 [RANDD(-1)] 0.8052 . 0.212969 3.78
R-5Q=0.93 ADJ R-SQ=0.92 SSR=153.42 DW=2.29 COND=40.27

Briefly, the R-SQ, DW and COND values are statistically satis-

factory, while the t-statistic, with the exception of B4, are <all
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insignificant at»the five percent level. It should be noted that use
of the DW statistic to determine the presence of autocorrelation is
not appropriate in this case because of the lag in the dependent
variable. The presence of the lagged variable exerts bias towards 2
even when errors are Serially correlated. Hence, the alternative test
provided by Durbin is the Durbin h statistic.® The Durbin h is
3.55, and when tested at the five percent level, indicates the pres-
ence of positive aﬁtocorrelation. Coefficient estimates of the para-
meters are all acceptable, with Bl being in question due to its per-‘
verse sign. The Theil U statistic is 0.98, which is very close to the
original value. This model proved to be a useful mechanism in con-
cluding that past expenditures on R and D may well influence future
' spending. See Figure 4 for the illustration of Model 3.

The Durbin h value of 3.55 indicated the presence of autocorrela-
tion, therefore, the Cochrane-Orcutt transformation was applied in an
attempt to correct for fhis. The following were the results:

Table 5
Regression Results of Lagged Model 3 with C-O Transformation

- —— P G SED S G R S P S G P o G G S . G G G G G - T G D G G G G G SER SIS G GER CED GED S ED GED S G S D D SN SIS SIS G G G S D GEn e e e

Regressors Coefficients Standard Errors T-Statistics
BO (Intercept) 1.14302 ; 0.6886 1.65
Bl (Sales) -2.611 0.0014 -0.02
B2 (Profit) -0.0064 ' ' 0.0287 -0.22
B3 (Dummy) 2.1102 1.5984 , 1.33
B4 [RANDD(-1) ] 0.9538 | 0.139. . 6.85
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By inspecting the above results, it is clear that in comparison

“to the original model 3, the coefficient estimates worsened, in gen-

eral, with respect to signs. T-statistics declined in significance at
the five percent level for BO, Bl and Bz; while theyvimproved slight-
ly for B3 and B4. All standard errors declined in magnitude. The R-SQ
remained relatively ﬁnchanged, while the DW value approached 2, indi-
cating a fall in autocorrelation; Oon the whole, these transformed
results did not prove to be superior to model 3 without the trans-
formation.

| As a final note, the Theil U statistic improved to 0.69 from

0.98, indicating that this revised version possessed superior predic-

"tive ability. See Figure 5 for a graph of this version.

3.4 MODEL 4

Whén modelling for forecasting purposés, one must attempt to
explore as many different facets of the problem as is possible. For
this reason, Model 1 w;s re-simulated with the dummy variable D sup-
pressed at the simulation stage (Modei 4); In other words, the orig-
inal coefficient estimates and related statistics would remain
unchanged, while the dummy was amended. The model is estimated on
preamendment data (1959—1969) and then employed to forecast what the
1évels'of R and D would have been in the’post—1969 period in the
absence of regulation. The effects of the 1969 amendments are com-
puted as the residual difference betweén'actual and foreéasted levels
of R and D. By examining the evidence, this model concludes that less
R and D would have been performed had the 1969 changes never been

implemented. See Figure 6 for the results of Model 4.
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Figure 6
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In an‘bverall examination of the four models used and the subse-
quent results achieved, it was concluded that all four contributed to
the explanation of R and D expenditures within the pharmaceutical
industry. In general, results obtained from the Cochrane-Orcutt tran-
sformations of Models 1 and 3 proved to/be the most satisfactory by
the usual statistical standards. However, the transformed Model 3
provided the best Theil U statistic indicatinq superior predictive
ability. Simulation results for each model broved to be consistent
with the conclusion that R and D expenditures did not decrease after
the 1969 amendments to the Patent Act. Figure 7 reveals the ex-ante
simulations of R and D for each model. It strengthens the above con-
clusion by the rising trend oftconstant R and D expenditures in each
model above that of the 1969 levels. Although these predicted values
are based on the expianatory variables we evaluated in our models, it
is not known with certainty whether these variables willvprove to be
good indicators of R and D performance, as depicted in the models,
for the future. As the phenomenon in the pharmaceutical ‘industry
changes; such as the world wide reduction of research opportunities
or the report and classification of industry data, it can be expected
that other variables may enter into the models as better indicators
of R and D performance. Nevertheless, to méke the inferences illus-
trated in Figure 7, one is not likelybto deviate substantially from
the arguments preéented here. Although oneAshould be careful in doing
so without the thoughtful qualification of new events that may put

different perspectives on interpretating old conclusions.



—
*
S

Figure 7
Simulations to 1999
Millions

of $

120.

80.

40.

0 ' : ‘ : 4
1968 1974 1979 1984 1989 1€34 1999

#1 Actual R and D

#2 TForecasted R and D (Model 1)
#3 Forecasted R and D (Model 2)
#4 Forecasted R and D (Model 3)



6l

4.0 CONCLUSIONS

The above models were formulated and the analysis uhdertaken in
order to test the hypothesis of whether the introduction of the Pat-
ent Act in 1969 had been detrimental to the level of R and D expendi-
tures within the Canadian pharmaceutical industry. |

The 1969 changes to the Patent Act reduced the size of monopoly

profits to be earned on‘products for which the country granted a

patent. It made use of Compulsory Licenses and royalties to inject a

measure of price competition into the market place. This governmental
response obliged the multi-national patent holders to accommodate in
gbod faith the generic drug companies to compete in the multi-million
dollar market. This basic change has led sellers of brénd name prod-
ucts to put intehse pressure on the federal government to amehd the
Patent Act in favor of encouraging more R aﬁd D.

The government undertook the 1969 legislative changes in an
attempt to curb the relativelykhigh prices being charged for ethicél
drugs to the Canadian consumer. Canadians have indeed been paying

lower prices in the 1970's and 1980's ‘as a result of the 1969

" changes. For example, for 42 licensed drugs sold in Canada in 1983,

the price of the generic product was, on average, half the price of
the same product sold by the large pharmaceutical firms.®

~This vefy success is ‘rational' economic reason for the multi-
national firms to oppoée the provisions. The 1969 changes provide an

example which might be followed in other countries where these multi-

nationals operate. In fact, H. Eastman's major enquiry which reported
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in 1985 concluded the fact "that Canadian policy is currently all but
unique among industrially advanced countries does not make it wrong.
Indeed, it can be thought of as a mechanism to provide socially
optimal patent protection in the pharmaceutical industry that other
countries might well emulate."*
This result indicated that the changes to the Patent Act had
served their initial purpose. on the other hand, the large drug firms
claimed that the Patent Act and various other legislation had turned
canada into an inhospitable environment in which to undertake any
fufther R and D.¥
In 1986, in response to intense pressure from the U.S. multi-
national drug lobby, the Canadian government announced major conces-
sions. Bill C-22 was introduced with the intention of extending the
patent protection period, with the hope of encouraging further
research in Canada. More precisely, the extension took the following
form in section 41.14 (i) of the act:
Notwithstanding anything in section 41 or in any
license granted under that section, where the notice
of compliance that is first issued in respect of a
- medicine is issued .after June 27, 1986, no person
shall, under a license granted under that section in
respect of a patent for an invention pertaining to
the medicine, have or exercise any right, (a) where
the invention is a process, to use the invention for
the preparation or production of medicine, or (b)
where the invention is other than a process, to make
or use the invention for medicine or for the prepara-
tion or production of medicine for sale for consump-
tion in cCanada, until the expiration of seven years-

after the date of that notice of compliance.“

In return for this greater protection, the multi-nationals have
proposed increases in the amount of R and D and manufacturing they do

in canada. The agreement is worded in such a way that' 10 percent of
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sales would be invested in R and D as opposed to b percent currently
being invested, although this is a promige rather than a requirement
of the proposed legislation.4® However, the whole issue of more re-
search in Canada obscures the underlying nature of the industry in
that Canada, representing only 2 percent of the world market, does
not significantly affect the 'world payoff' from more pharmaceutical
research. Hence, if we assume that the manufacturers are perfectly
rational, R and D will be situated wherever profits will be maxi-
mized, since this relates to the ultimate survival of the firm.
Whether or not this is beneficial to public interest in terms of
products that contribute to therapeutic gain or products which do
not add anything of value other than excessive prices is very much a
normative issue to be decided by government regulatory boards and
the market place.

Subsequently, doubts still exist as to whether or not these new
concessions to pharmaceutical firms will, in fact, yield substantial
R and D gains. The investment gquestion discussed in this paper is
only one of twe key issues at stake, the other being the cost of
price impacts allowed to the Canadian consunmer.

From the models that have been formulated with the available
statistical techniques, the evidence yields results which indicate
that the introduction of the Patent Act amendments in 1969 have not
had detrimental effects on research and development in Canada during
the post 1968 period. This conclusion is clearly illustrated by the
graphical representations of actual to forecasted research and

development {Figures 2 to 6). In fact, the results show that the
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firms are actually doing more R and D in Canada after 1969.

The results found here are not inconsistent with those of the

Eastman Commission. Eastman states that R and D

levels found in Canada are similar to those found in

several other countries that are roughly similar in

size and have roughly similar standards of living but

whose economies do not include activities by home-

based pharmaceutical firms. There are of course yet

other countries with substantial markets for pharma-

ceuticals and medicines in which there is less R and

D than is currently carried out in Canada.
In fact, compared to the leading countries of Japan, England, West
Germany, Switzerland, Italy and the U.S., the ratio of 5 percent in
canada, although lower, indicates that the pharmaceutical industry in
canada has relatively high allocations of resources to R and D con-
sidering its market share in the world.

However, reasons for caution still remain in the interpretation
of these results. As usual, there are a number of problems inherent
in the models formed such as lack of data or simplicity. Although
models which explain behaviour in the U.S. economy were tried and did
not explain behaviour in Canada, there is in any statistical investi-
gation, a probability that some unforeseen explanatory variable has
been omitted. This indicates that the reader should exercise normal

caution énd interpret the results accordingly.

Since bill C-22 was passed in 1987 it would be interesting to

_employ statistics at a later date when there is adequate data avail-

able to examine whether or not the multi-national firms have
increased there level of R and D spending in Canada. Attempts were
made to model the effects to 1989; but with the data uSed being pre-

liminary and not revised, as well as the years surrounding the 1986
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Patent Act amendments being controversial in interim, the results
proved to be undesirable by the usual statistical standards of evalu-
ation. Alsd, this important examination will, unhappily, not be pos-
sible unless provisions exist to make sure that expenses claimed as-R
and D are claséified on a consistent basis. Otherwise, after an ef-
feétive PMAC lobbying effort to recognize more overall spending on R
and D} clinical testing and other overlapping expenses, which repre-
sent a substantially greater expenditure than R and D, may be consi-
dered as part of the R and D costs inherent in developing a new drug.
This will make it extremely difficult to use statistical tests to see
if R and D promises have been kept.

It can be reported tﬁat the totality of the evidence to date in
Canada is compelling. The Eastman commission reported in 1985 that
"the present Patent Act does not present a financial’ barrier to
research or to collaboration between small research-intensive firms
and multi-national pharmaceutical firms."®' Paul Gorecki's widely
respectéd 1981 study for thé Economic Council of Canada reviews fhe
data on a number of influences, concluding that "...f.. when related
to industry sales, again contrary to either a priori’expectations and
- the general trend in the economy, which saw R and D expenditures as a
percentage of GNP decline’ from 1.28 in 1967 to 0.92 in 1977, there is
no decline in pharmaceutical R and D except for a small decrease in
1978 of 0.5 of a percentage point for éurrent intramural R and D
expenditure. ">? |

In this baper, the évidence before and after 1969 has been exam-

ined with forecasting techniques. This investigation is in accord
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with the earlier work: that the 1969 law had no detrimental impact on
investment. Finally, models of the type developed in this study
should be useful in the future for examining R and D investments in

Canada in the pharmaceutical industry.

'
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Appendix A

Data Bases Used for Modelling (1959-1984)

YEAR R &D Sales Profit CFM POPN POPSC
1959 2.0 404.27 15.7 0.039 17.48 1.31
1960 2.3 408.65 14.1 0.049 17.87 1.34
1961 2.8 418.49 12.1 0.045 18.24 1.39
1962 3.2 426.00 10.8 0.040 18.58 1.42
1963 5.8 456.51 15.2 0.034 18.93 1.45
1964 8.8 477.00 15.3 0.042 19.29 - 1.48
1965 9.3 563.14 15.8 0.041 19.64 1.51
1966 9.8 614.73 17.0 0.035 20.01 1.54
1967 10.4 696.01 19.1 . 0.034 20.38 1.57
1968 11.6 718.85 24.3 0.041 20.70 1.61
1969 15.3 775.07 27.0 0.041 21.00 - 1.65
1970 13.7 812.49 33.2 0.041 21.30 1.70
1971 16.5 882.36 34.8 0.048 21.60 1.74
1972 18.3 979.51 38.4 0.048 21.80 1.79
1973 20.1 1080.21 41.3 0.049 22.04 1.84
1974 21.9 1236.98 51.8 0.048 22.36 1.88
1975 24.6 1382.42 48.6 0.051 22.70. 1.94
1976 27.2 1697.53 47.0 0.044 23.00 2.00
1977 28.2 1894.81 47.7 0.036 23.27 2.07
1978 31.2 2110.24 60.5 0.032 . 23.52 2.13
‘1979 35.0 2372.51 85.3 0.036 23.75 2.20
1980 31.0 2713.47 104.5 0.043 24.04 2.28
1981 30.0 3209.63 117.9 0.045 . 24.34 2.36
1982 32.0 3782.92 132.9 0.044 24.58 2.43
1983 25.0 4334.93 180.0 0.041 24.79 - 2.49

1984 33.0 4688.18 248.2 0.048 . 25.00 2.55

R & D: Total Intramural R & D (millions of constant dollars).
Sales: Millions of dollars.

Profit: Net Profit after taxes (millions of dollars).

CFM: Cash Flow Margin.

POPN: Annual Population Figures (millions).

POPSC: Annual Population over the age of sixty five (millions).



Year

1985

‘1986

1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

Sales

5317.18
5870.77
6482.01
7156.89
7902.03

8724.75

9633.13

10636.10

11743.50
12966.10
14316.10
15806.60
17452.40
19269.40
21275.70

Appendix B

Profit

282.80
322.23
367.15
418.34
476.66
543.12
618.84
705.12
803.42
915.44
1043.07
1188.49
1354.19
1542.98
1758.10

Extrapolated Data

CFM

0.060
0.062
0.063
0.065
0.067
0.068
0.070
0.072
0.074
0.075
0.077
0.079
0.081
0.083
0.085

POPN

25.4
25.7
26.0
26.4
26.8
27.2
27.5

27 .9

28.3
28.7
29.2
29.6
30.0
30.4
30.9

POPSC
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