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Introduction

The etrhical drug industry is a major component of the
pharmaceuﬁical industry. Ethical drug manufacturers produée d:ugs
for which a physiciam'é prescription is required, as opposed to
over-the-counter drugs. This industry is characterized by
competition based on innovation, with the development and
: ﬁarketing of new or improved drug producﬁs. Products are Synthesiéed
in the laboratories of the companies and tested prior to marketing,
Relatively few products which are discovered and synthesized in
the lgboratory become marketable prdducts. The reasons for this
are varied, Often a company will patent a new chemical entity
and prevent other companies from developing this same product.

A drug may be shown to have little effect or may cause deleterious
side effects. A wmajor barrier to the develoPmeﬁt and marketing bf
new drug products is regulation by the government. The ethical
drug industry has been regulated since 1938 by the Food and Drug
Administration (FDA) under the provislons of the Food, Drug and
Cosmetics Act. The function and primary mandate 6f this agenéy

is to ensuré the safet& of medicineé.and all other préducts which
are directly eonsumed by the‘public. To this end, the FDA requires
extensive laboratory and clinical testing of all new drugs prior

to thelr approval for general marketing. Following the thalidomide
tragedies‘of the early 1960's and claims of ineffective or_unsafe

1



drugs being released on the open market, drug testing requirements
were Intensified, The provisions of the 1962 Kefauver-Harris
amendments to the Food, Brug and Cosmatics Act requiredlnot only
safety testing but also proof of effectiveness and a summary of
possible side effects. The testing process was made subject to FDA
regulation. The companies were required to submit plans for clinical
testing of each new preduct along with data from preclinical
laboratory tests.

In addition to the preclinical and clinical testing of new
products prior to approval by the FDA, drug safety amendments,
proposed in 1977, would add yet another phase to the testing
process. They would require tbg limiting of sales, after
preliminary approval to a small control group before general
ﬁarketing could begin. This group would be monitored for signs of
adverse reactions.

It was suggested that increased government regulatory requirements
have seriously injured the drug industry., Schwartzman charged
that the FDA, by ignoring the economic impact of regulation, has
hindered innovafion by drug menufacturers (1). He calculated
that the rate of return on Research and Development (R and D)
investments declined from 12% in 1960 to a current rate of
approximately 3.3%, after taxes. Sarett showed that the aﬁerage
development time for a new product rose from 2 years in 1960 to 6-8

years in 1968-72. Bailey stated that between the years of 1954-1951,

lSchwartzman, D.; Innovation in the Pharmaceutical Industry;
1976; Johns Hopkins Press, Baltimore & London.



224 new drugs were introduced whereas only 87 were introduced
between 1962-1969, after the passage of the amendments (2).
The expenditures required to produce a new product also

increased in the post-Kefauver period (Table I), In 1960 the cost

TABLE 1
Annual Expenditure Required to Develop
a Constant Number of New Drugs

(Miliicns of 1957-59 Dollars)

N Before 1962 After 1962

5 $12.95 . $29.09
10 o 29,94 70.55
15 54,45 128.33
20 88.03 207 .40
25 133.40 314,40
30 | 194,10 457,40

Source: Baily, M,, J. Polit. Fcom., 1972, v. 80, p. 78.

of development of a new drug was $1.3 million. This was coﬁpared
with a cost of approximately $11.5 willion in 1972 (3). While

total R and D expenditures increased by 50% in the last five years,
partially due to inflation, the development cost of a single drug
rose over 200%. The resultlwas that the industry cut back on
research projects, The FDA argued that the sharp deéline in.
innovation, as measured by the number of new drugs approved, was

not aconsequence of regulation but was a result of a depletion of

- new opportunities in biomedical knowledge., In the American Economic

Review, Grabowski repcrted that R and D productivity declined six-fold

2 ,
Baily, M. J.; Polit, Econ,; 1972; v, 80, pp. 70-85.

3Sarétt, L. H.; Research Mgmt.; 1974; v. 27, pp. 18-20.



.;{n the U.S5. between 1960 and 1971 while it declined omly half as

“miieh in Great Britain during the same period (4). The difference

3ﬁﬁas attributed to more strict regulatory procedures associated with

-ﬂ:f the Kefauver amendments. Many drugs which were used successfully

J foverseas for many years were prohibited in the U.S. as a result of
FDA efforts.

: Spending for R and D on new drugs gradually shifted overseas
.:aﬁfing the past five years. Domestic expenditures over this period
igefeased 2.3% per year while expenditures by U.S. companies abroad

in¢reased at a rate of 19%, adjusted for inflation,

""" There has also been a shift in the output of research efforts

as far as the number of companies involved in R and D, This output

héé become more concentrated in a few large companies as d result
Q£ fhe higher costs and tighter budgeting. Grabowski showed
ﬁﬁat between 1957 and 1961 the four largest companies share

_df;fesearch output was 247%, Between 1967 and 1971 this share was

Hé;7% (Table IL), Since Schwartzman showed that the pharmaceutical
ﬂAQStry accounted for 91% of all new drug researcﬁ between 1960
éﬁ§11969, it was seen that the output of the four largest companies
_,Wééfa major source of innovation., .There seemed to bg a consensus
ﬁhé%ﬁthese shifts in R and Drspending were adaptive measures by the

;#dﬁétry to the adverse regulatory climate in the U.S. In the long

?@pfthe lower rates of return coupled with sharply increased costs

for research and development and the- increased time lag for

rgéliZation of profits from R and B investment, caused in part by

. Grabowski, H. G. and Vernon, .J. M.; American Econ. Review;
_“1277; v. 67, No. 1; pp. 354-371.



TABLE 11

Decline in Number of New Chemical Entity (NCE)
Introductions in Post- Amendment Period and
Concentration of Innovative Output by '
U.5, Ethical Drug Industry

Periods
1957-61 1962 -66 1967-71
i, Total # NCE's 233 93 : 76
2, # Firﬁs having NCEs 51 34 23

3. Sales of NCE's in
first three years 51220.3 5738.6 5726.8
after introduction ' .

&, Four largest
Firm's share of 249, 25% 48,7%
innovational output

5. TFour largest Firm's
share of sales 26.5% 247, 26.,17%

Source: Grabowski, G, A. and Vernon, J. M., American Ecomn. 1977,
v. 67, no. 1, p. 365.

FDA regulation, indiecated a declining research cpmmitment by the
companies, Many projects which would normally haﬁe been undertaken
in the past are no longer economically feagible.

Steiner considered the government to be a key external
environmental force affecting and influencing the business firm,
He stated that in its dealings with business, government was quite
capable of lodging unexpected burdens on particular industries and
companies (5).

The main problem defined in this study is that there are several

Steiner, G. A, and Miner, J. B.; Msnagement Policy and Review;
1977; MacMillan; Wew York and London,



areas of the firms' operations which could be affected by regulatory
policies and which would therefore be of concern to management.

These range from the expected profitability of new drug research
projects to the general attitude of the investment community and

the public toward the securities of companies which were so heavily
regulated., Of primary concern would be the expected profitability
of R and D projects under various regulatory climates, The
profitability of a research project could be affected by an increased
time required to test market a drug to a small control group before
general marketing could begin. This would increase the time over
which development costs would be incurred and delay the realization
of revenues and profits from tﬁe investmeﬁt in R and D for the new
product. 1If the increased time and monetary costs were excessive,
then the profitability, as measured by capital budgeting techniques
such as the profitability index or net present value analysis,

would be lowered, possibly to the point where the project could not
be justified on the basis of the expected monetary benefits to be
derived. If a large number of such projects were rejecte& as too
unprofitable, the amount of innovation in the fiym would decrease.
Therefore, the purpose of this study was to determine the effect of
government~related changes in the profitability of R and D projects
on the decisions by management to invest in further R and D épending.
Information on rates of return for R and D investment and the length
of time for cash inflows from sales of the products were uéed to
calculate the expected profitability of R and D projects. The various

capital budgeting techniques, which used the time value of money,



were evaluated for their use in decision making for R and D projects
undey marketing restrictions imposed by the government. Present
value calculations, using the cost and income figures of other
authors in thg field, were used to determine if the projects

which led to the development of new drug products would have been

profitable using the acceptance criteria for present value analysis.




Literature Survey

Net Present Value analysis techniques have been used by
other authors to determine the expected rate of return and the

profitability of R and D investment. Their contributions were

reviewed in this chapter. Additional information related to risk,

development times and development costs was also presented.

0f the thousands of chemical compounds that are synfhesized
f:in pharmaceutical laboratories only a small percentage ever become
;'marketabie drug products. An even smaller percentage are highly
tvsuccessful and profitable., In 1970, according to the Pharmaceutiéal
_i:Manufacturers_Association, 126,060 compounds were extracted or
igynthesized and over 700,000 were tested pharmacologically, 0f
;;thesé, 1,013 reached the final testing stage and only 16 were
ﬁ;éﬁccessful in passing all tests and obtaining FDA approval for
;ﬁarketing. Wardell and Lasagna surveyed fifteen major drug companies
f}énd reported on the number of Investigational New Drug Applications
:fﬁhich eventually became épproved New Drug Ap?licétions. Their
T£e3u1ts showed that, by April 1974, only 7.1 percent of all
fiﬁvestigational New Drug Applications filed from 1963 through 1967

iﬁad resulted in approved New Drug Applications (1). The data

o Wardell, W. and Lasagna, L.; Conference on Drug Development
and Marketing; American Enterprise Tnstitute for Public Policy
‘Research; 1974; Washington, D.C.



indicated only a .07 probability of a c¢linically tested new chemical
entity being marketed, Therefore, a company that is considering a
large investment in R and D faces a high level of uncertainty as

to whether the investment will be profitable, This uncertainty
must be considered in any capital budgeting decisions made by
management,

As a measure of risk, Clymer used the attrition rate of compounds
f;entering the development process {2}, He says that the attrition
. %ate has increased as a result of increased requirements and
'Qiﬁterpretive regulations brought about by the 1962  Drug Amendments.,

‘From 1965 to 1968 the ratio of FDA rejections to investigational

ﬁéw drug applications filings increased from. 32% to 53%. The level
of investigational new drug applications filled during this period

rémained fairly constant,

The time required for research and development -and for approval

Qf}a new product has also increased since 1962, Sarett showed that

19581962 period, to 5% - 8 years inm the period from 1968 to 1972.
DgﬁeIOpment time tripled during the decade from 1962 to 1972, The
verage regulatory approval times in the U.S., and overseas also

icreased, as shown:

1962 1969 1972
6 mo. 40 mo, variable
é;éeas 6 mo. 9 mo. 16 mo.

__;12C1ymer, H. A.; The Changing Costs and Risks of Pharmaceutical
Innovation, Economics of Drug Innovation; 1970; J.D. Cooper, ed,;
+:109-124, :




Adding approval times to development time, the total time
Zfequired to market a new drug product, from innovation to public‘
i;vailability, is 7.5 to 15 years. Schwartéman used 10 years for
:;he estimated R and D period because he felt that this value
-;fepresented an average of Sarett's and Clymer's estimates,

Sarett showed that the cost of developing a new drug rose ffom
$1.2 million in.1962 to §11.5 million in 1973. He attributed a

érge portion of this increase to changes in FDA fegulations,
Péitzman and Baily estimated that increased regulatory stringency
fém the passage of the 1962 drug amendments increased the cost

oféR and D for a new chemical entity by 136%. Schwartzman estimated
ﬁé R and D cost per new chemical éntity in 1960 to be $1,02 millionm.
In 1973 this value increased by 1,015% to $10.35 miilion.

nd showed that while total development costs for ethical products

_éé from $50 million in 1951 to $472 milliomn in 1968, the number of

ew chemical entities produced by the R and D effort declined £rom

2 to 1956 to just 11 in 1968 (Table TIT) (3).

‘An analysis of the cost data from Table III showed that from

5i€to 1962, costs rose at an annual rate of approximately $17
iiiﬁn while from 1962 to 1968, the annual increase was $33 million.
siindicates that after 1962, when the FDA aﬁendments were passed,
hé é£pua1 R and D expenditure rate increased at a faster rate.

VA-major criterion for evaluating the effect of public policy,

Mund, V. A.; The Return on Investment in the Innovative
J ageutical Firm; Fconomics of Drug lInnovation; 1970; J.D.
operi;-ed.; pp. 125-138.
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TABLE ITT

Industry New Product Performance,
Company Financed R and D Expenditures
and New Chenical Entities (NCE)

1951-1968
S Midpoint Year
2 in 10 Year Cycle

Yr R & D Exp. {(mill) Yr New NCE's
1951 $ 50 1956 42
1952 . 63 1957 51
1953 67 1958 44
1954 78 " 1959 63
1955 91 1959 - 63
1956 105 1960 45
1957 127 1961 39
1958 170 1962 27
195¢ 197 1963 16
1960 206 1964 17
1961 227 1965 23
1962 238 1966 12
1963 . 267 1967 25
1964 278 1968 11
1965 329

1966 374

1967 412

1968 472

Source: Mund, V.A., Econ. of Drug Innovation, 1970, p. 129,

such as government regulation, on investment decisions, including
R and D, Has been the impact of policy on the expected rate of
return (4). If é proposed policy reduced the expected rate of
return on investment in R and D Below the ievel available from
alternative investments, then the amount of investment in R énd D
would be reduced, Botﬁ Mund and Schwartzman calculated rates of

return on R and D investment. They used capital budgeting

4
Schwartzman, D.; Imnovation in the Pharmeceutical Industry;
1976; The Johns Hopkins Press; Baltimore and London.



3? techniques which took into account the time value of money,

Mund estimated the time periods for the complete cycle of

'E'drug development, from basic research through introduction of the
*5.product to the recovery period for the investment (Fig. 1).
ff.He stated that profitability analysis in the pharmaceutical
“industry could be misleading, since it was usually based on the
-génalysis of financial statements and generally accepted.accounting
?%rinciples. Under the matching system for balancing costs against
Eevenues to determine profit, expenditures must either be expensed
ih.the currént year or carried forward as assets to be written off
égainst revenue in future years. Unless it can be readily seen how
7éertain expenditures will benefit future sales, these expenditures
~ﬁﬁst be written off as curvent expemnses. In the pharmaceutical
iiﬁdustry it is difficult to estimate future sales, since there is a
pﬁigh degree of uncertainty associated with undeveloped, unproven and
fﬁénapproved drugs. As a result of this difficulty, it is necessary
{to use an analytical technique considering the time vaiue of money.
iﬁund estimated $15 million to be a realistic average of the
faevelopment cost of g typical new drug product. R and D costs.were
;eeductible, so at a 50% tax rate, this amount would actually céSt
‘the company only $7.5 million, This value was used as a net
féfter—tax cash outlay. A 10 year developmeﬁt period was éssumed,
 33 was a 15 year sales period (see Fig. 1).

: He used a value of 13% as the average after-tax return, since
lit was the average eafned by all industry., This value was the

~discount rate used in the calculations. He found the $7.5 million

12



Fig. 1

- FLOW CHART SHOW!NG TIME PERIODS FROM
SPECIFIC RESEARCH TO MARKETING A NEW PRODUCT

PRODUCT LIFE CYCLE (15 yr)

R&D ' INTRODUCTION RECOVERY | PERIOD
(10 yr) (2yr) ' (13 yr)

2 4_T 6 8 IO .'IZT 14" 16° 1I8° 20 22 24
MIDPOINT SALES PROFITABLE

(INVESTMENT BEGIN SALES BEGIN
OCCURS ) |

£T



principal invested in year one increased to $17.65 million in year
g at 13%. As annual cash inflow of $2.9 million started a year 8
and continued for 13 years to recover the investment principal.
The necessary annual sales to generate an after-tax profit of
$2,9 million (the amount necessary to recover the investment, was

as follows:

Annual Sales

After-tax operating margin (%) Required (Millions)
15 | 19.2
20 14.4
25 | 1E.5

1t could be seen that amnual sales of $19.2 million weré
required to recover this investment within its 20 year life at an
after-tax operating margin of 15%. In 1967 only 34 products of the
hundreds on the market achieved an annual sales level of $10
million and only 12 achieved a $20 million level, Therefore, few
drug products would yield the 13% rate of veturn. This would be a
concern to management in the decision making process considering
investment in R and D. |

Schwartzman calculated the expected rate of return on R and D
projects currently (1973) and for 1960, He used the formula:

Cy G2 G Yo+
e+ tee ot ——
(L + 1) 1+ i)2 (1 + i) (1 + 1)

Thto L otm

+ . S
(1 + )2 , a + Hm

14



where ¢ = annual cost of research, Y = annual net income, i =

1§éount rate, and n,m = number of years. This equation represents

:ﬁétream of discounted expenditures subtracted from a stream of

f&iécounted income earned from the expenditures., The equation

{ctermined the rate of return from the projected streams of

’ékﬁenditnres and income., The estimated cost of R and D for a new
iagﬁg was $24.4 willion, or $12.2 million after taxes, The annual

:féfé, over a 10 year development time was 12,2/10 = $1,22,

:ﬁéﬁme was estimatéd by adding'profits and R and D éxpenditures and
.é;ﬁtracting the cost of financing working capital and fixed assets,
'jﬁi£h ad justments for taxes,

Schwartzman used 8% as the interest rate for fimancing. The
_f;£mu1a for finding v was:

.08 debt

¥ = oD l}frofits before taxes + R and D +
' debt + equity
']{(Working Capital + Net Plant} =~ .08 (Working Capital + Net Plantl?
-T;where .5 was the 507% tax rate, Net profit after taxes was 15.4%
of sales. To adjust this rate to reflect the coét of financing the
required invesﬁment, 2.5% was subtracted to give a profit margiq of
12.8% of sales aé the return on investment in R and D, He used $11
million as the estimated average level of international sgles per
drug product. To find annual net profits per drug, sales were
mﬁltipled by the profit margin to give a $l.4 million value. In the
introductory period and in the declining period of the product life

cycle, the profits were lower to reflect the costs of introduction

15
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”'hé decrease in profits assoclated with the decline stage. The

féﬁd income were shown in Table TV, The product life cycle was

TABLE-IV.

Stream of R & D Costs and
Net Income for an Average
New Chemical Entity (Millioms)

R & D Cost (C) Net Income (¥)

~1.22
-1,22
1,22
-1,22
~1.22
1,22
~1,22
-1,22
-1,22
~1.22

A7

.94

1.40

1.40

1.40

1.40

1,40

1.40

1.40

1.40

1.40

1.40

1.40

.94

A7

Schwartzman, D,, Innovation in the Pharmaceutical
Industry, 1976, p. 143, '

- estimated to be 15 years, This life cycle increased since 1960,
. when it was 5 years. This increase was thought to be due to a

. decrease in the number of new drugs introduced each year. The

decline was ascribed to increased difficulty in obtaining FDA
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appfagal and in discovering and developing new drugs.
" The expected rate of return was found by solving Schwartzman's
eéﬁafion for i. The value obtained was 3,3% when a 15.4% gross

iﬁé}éin figure and a 15 year commercial life were used (Tahle V),

TABLE V

Expected Rates of Return on R & D
Investments in 1973 and 1960

Gross Margins (%)

Commerical Life : 15.4 17.5 20,0
(Yr) '
15 3.3 4.6 6.0
20 5.1 6.3 7.5

5 1.4 14.9 18.4

Séﬁfée: Schwartzman, D., Innovation in the Pharmacettical Industry,
i 1976, p. 144 & 151,

Tﬁé:gross margin figure was based on the reported figures from six

g i;fge pharmaceutical companies,

The expected rate of return in 1973, which was used as a current
:?éStimate, was compared with the value for 1960. The large investments
:  iﬁ-R and D in the late 50's and early 60's were made because thg
E féte of return was higher. In 1960, the cost of developing a new
::ﬁroduct was $650,000, after~lLaxes, spread over a develoPmenﬁ peribd
vyears. Some estimates of the R and D beriod‘during this
evenn shorter, The same equation was used to calculaté the
§ftpresent value of the stream of costs and income, Thé ¢ values were
if}the cost, $650,000 divided by 5 to yield $130,000 per year. The y

value for a three year plateau within the 5 year product life cycle
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estfﬁéted atr $280,000 per vear per product., The stream of

'Sjéﬁd_income was then: {(millions)

Year c v
1 -.13
2 -, 13
3 -.13
4 -.13
5 -,13
N . 14
7 « 28
8 .28
9 »28
10 - » L4

beiving this equation for i gave a value of 11.4% for the

exPe¢ted'rate of return, based on a 15.4% gross margin (see Table V),

.SéhWarthan noted that the decrease in the rate of return
6égg£féd'sharply, immediately after thé passage of the 1962 drug
',éﬁ;ﬁaéénts, rather than gradually and informly over the thirteen
yeaf?ﬁeriod. The evidence suggested a correlation betweeﬁ the
&éélining expected rate of return and more striﬁgent FDA regulation
:féaﬁirements sincerthe early 1960's,

The Health Research Group of the FDA is currently considering
 §fbposals which, if accepted, would require an additional toxicity
iﬁésting and would consequently delay further the develdpment and
 ﬁarketing‘of new drug products. These proposals would also
”iﬁcrease the costs of R and D dramatically. The restrictiveness
héf FDA regulations has resulted in a downward trend in the average
iéffective patent life oif new drug products. The Best Judgment

}Estimates of the average effective patent life of drugs approved in
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66;1969 compared with those approved in 1970-1973 dropped from

jlélg.years to 12.4 years, Since this average covered all classes

qfﬁérug products, the decline suggested that greater FDA
.régtrictiveness was responsible, rather than a depletion of
*reééarch opportunities, A depletion of research opportunities
_Wpﬁld be expected te affect only a few therapeutic classes of drugs.
fiéo, the average regulatory period for drugs marketed in 1970-1973
; 35 5.6 years, which was 1.6 years longer than fbe 4.0 yvears in the
71556—1969 period, - The new HRG proposals Would-increase the - research
_périod by an estimated twelve to eighteen months. In addition, the
;;égulatory period would be lengthened so that the total R and D
fﬁeriod would be extended by up to 2-2.5 vears. This increased R and D
;fime would likely be at the expense of the marketable life of the
5product. The rate of return would also expected to be reduced even

 further under these proposals.



Results

Problem Statement
The main problem addressed in this study was whether or not

.-ﬁﬁreased regulatory restrictions imposed by the government have

'ié& to a decrease in the number of new products introduced by the

'&fﬁg companies within the industry. The FDA has been tightening

ts restrictions in both the safety testing and marketing areas

'$ince the passage of the 1962 amendments, This increased
‘regulation has affected the development times and costs and the
‘profitability of R and D projects to such an extent that managers

:ih firms in the industry must be more critical of projects which,

{é%e being considered for investment.

| Since few products survive the stringent approval process,

:éach project must be analyzed thoroughly-for potential profitability,.
-f?ach mus t meet the required rate of return set down by management
'and the acceptance criteria used for determining satisfactory
?investments.

Capital budgeting methods, which consider the time value of
fﬁmoney, are one way of determining the acceptability of investments,
} These methods have been used in one form or another by wvarious authors
in the field of economics to determine expeqted rates of retufn,
f.over time, of R and D investments and the level of sales required to

return certain rates of return on investment by the pharmaceutical

20
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iéﬁdustry. These authors have not directly addressed the question of
hether or not the investments have wst traditional acceptance
‘eriteria for decision making by manaiement.

Therefore, to determine if the R and D projects alluded to by
"ﬁﬁese authors would be acceptable to management, the analysis
’?;esented in this study addréssed the acceptability duestion directly.
-Ugihg the capital budgeting techniques which were detailed iﬁ the
gthodology section, the acceptability of the R and D projects

éﬁented by Mund and Schwartzman was evaluated,

Mgfﬁodologz

H  Capital budgeting (capital-expeaditure planning) is the

Llocation of capital among alternative investment opportunities (1).
fﬂis regarded as one of the most important functions of management

n the firm. It takes into account the time value of money,

ccording to Weston, the objective iz to develop an optimum capital

udget, i,e., the level of investment thal maximizes the present
dlue of the firm (2). This budget i: simultaneously determined. by

'interaction of supply and demand forces under conditicns of

ncertainty. Supply forces refer to the firm's cost of capital,
mand is related to the investment opportunities open to the firm
;the stream of revenues resulting from an investment decision.

ceértainty must be a part of the decision since it is impossible.

- Haynes, N, W,, and Henry, W. R.; Managerial Economics: Analysis
4nd Cases; 3rd ed.; 1974; Business Publications, Inc.; Dallas.

. Weston, J. F. and Brigham, E, ¥.:; Managerial Finance, 5th ed.;
o3 Dryden Press; Hinsdale, Illinois. -



tbfknOW exactly what the project will cost or what revenues will
.é;éained. The external forces and influences affecting the firm,
é;iuding government regulations and restrictions, must be
cgnsidered as part of the uncertainty surrounding any Ilnvestment
aéﬁision, Van Horne stated that ah investment proposal should be
j;aged in relation to whether it could provide a return equal to
“fgreater than that regquired by potential investors (3).

| This required rate of return relates the affect of the

3ﬁestment decision to the share price and is thus an important

gdﬁsideration in maintaining the attractive investment image of the
?ifm. A project which would not meet this level of return would
n§t be acceptable for the investment of large amounts of funds.

For large firms investing large sums of money in research and
déVeloPment projects with a high degree of uncertainty, both
;nternal and external, sophisticated techniques must be used to
aétermine the best possible allocation of these'fundé, Some of the
Eﬁchniques commonly employed by these firms in their capital
35Udgeting decisionnﬁaking processes include net present value
éhalysis, the interpal rate of return method and the piofitability-
gindex. Certain firms have used variatioﬁs of each méthod which have
‘resulted in highly complex, specifically‘tailored téchniQues to
rreflect individual acceptance criteria, A simplified éxplanation.

of each technique was presented in this section.

: Van Hornme, J, C.; Firnancial Management and Policy; 2nd ed.
'1971; Prentice Hall; Englewood Cliffs, New Jersey,
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1. Net Present Value Method

This method is one of the most widely used discounted cash
jfiﬁw techniques. The present value of the expected net cash flows,
';éually discounted at the cost of capital, is found and the initial
'cgsh outlay is subtracﬁed to yield the net present value. If the

net present value is positive the project is acceptable while if

itais negative the project is not acceptable, For two mutually
exclusive projects, the one with the higher net present value
stiould be chosen.. The formula for the Net Present Value is:

Ry

NPV =

S, B
o

(1 + k)t

=1

ct

In this formula, R represents the net cash flows, such as
those realized from the investment, k is the cost of capital,

Cﬂis the initial cash outlay and N is the nuwmber of perieds, or

'He time, over which cash inflows will be received. The marginal
éast of capital, k could also be defined as the required rate of
ﬁéturn gince the firm must at least recover ifs invested funds at
L rate equal to or greater than that which it must pay for those
fﬁnds.

YT, Internal Rate of Return Method

This method defines an interest rate that equates the present
value of the expected future cash flows with the initial cash outlay.’

?he formula is:

WAAN=
s
P
1]
o
I
o



24

fé;tﬁé'discount rate, r, is defined as the internal rate of
'7} Its value is usually found by trial and error. The

ajfécceptance criterion used with the Internal Rate of Return

ﬁdéJis the comparison of the internal rate of return with the

. or hurdle, rate of return. If the internal fate of
ﬁrﬁ:ékéeeds the required rate, the investment is acceptance,

 it normally should be rejectéd.

_Qéﬁmenting on which method is the most appropriate one to use,
;Qni;téted that if management was trying to maximize the value
fﬁéifirm, it should chose the project with the highesﬁ net

séﬁf'value, Therefore, he concluded that firms should, in

:eneral, use the net present value method for evaluating invesiment

rzpdéals.

III. Profitability Index Method
gThe profitability index, on benefit~-cost ratlo, was defined by
a -Horne as the present value of future net cash flows over the

_n;t;al cash outlay. It is expressed as:

1Wﬁé¥é;Rt is the cash flow, N is the number of periods, k is the
QﬁirEd rate of returmn and R, is the initial cost. The index

HGW$ the relative profitability, or present value of benefits,

i?éf?dqllar of cost., A rvatio of 1,0 or greater indicates that the
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Qéﬁélying capital budgeting methods to the evaluation of

eéféﬁ;?rojects in the pharmaceufical industry, several influences
héfnét present value of such projects were determined. The

it er,bf periods (years, quarters, etc.) in which cash flow were

xpecféd, the rEquifedrrate of return and the initial research and

inistrative costs were estimated. The patent life of a drug
:qdﬁé£ was used as an estimate of the number of periods in which
iéélow of revenues could be expected since the pfoducts highest
éé could be expected under patent protection. If, however,
gﬁvérnment restrictions on the marketing of the product were to

dcﬁur, the level of revenues during the pre=marketing period would

be 1ower than under general marketing. These uneven cash inflows

in the first few periods would affect the overall net present value

of the investment and result in the entire'project being less
ﬁrofitable fhan it would be without markefing restrictions.
f Iﬁfluences on thé reduired rate of retufn could arise from the -
::ﬁncertainty involving the final approval of new products for general
;Jmarketing after both safety and effectiveness testing and pre-

- marketing has taken place. With the possibility of fewer R and D
projects surviving thé increased scutiny; the firm's required rate

of return on the surviving projects would be higher than before.
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érefore, proposed investménts would be required to generate a
_1éher rate of refurn than under less stringent government
;;équirements for testing. Whether such products could do this
:ﬁccessfully could not be assured. Higher initial costs incurred
:% starting research programs leading to a new product would ha
ﬁe to more elaborate animal and volunteer testing to emsure both
%fety and effectiveness with a minimum of side effects. Mbré

‘highly trained personnel and larger facilities in which to perform

esting and analysis could also add to labor and overhead costs

nd to investment in fixed assets by the company.

‘Analysis
. The calculations of Mund and Schwartzman were used as a basis
for calculating the net present value of the investment in R and D
which management would have to comnsider in making decisions on whether
~or not to proceed with projects. Since the sums of money would be
quite large, this analysis and the results obtained would hava
considerable impact on the firm's future level of innovative activity.
To find the net present value of Mund's example, the annual cash
inflows of $2.9 million would were multipled by their present value
coefficients from years 8-20 to find the annual present values,
The total present value obtained was then subtracted from $7.5
million to obtain the net present value of the investment, The ﬁet

present value thus obtained was $7,468,788 - $7,500,000 = $31,212,

$7,468,788
$7.500,000
vate of return was slightly over 13% (Table VI).

The profitability index was = .9958, The internal
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Applications of Capital Budgeting
Methods to R and D Investment

Yr.
8
9
10
11
12
13
14
15
16
17
18
19
20
TOTAL BV

NPV

PI

IRR

il

)

PV
81,084,093
959,360
849,008
751,337
664,906
558,389
520,719
460,227
407,803
360,884
319,354
282,608
250,099
57,468,783

87,468,783 - 7,500,000 = ~$31,212

7,468,783

= ,9958
7,500,000 ?

13%

» previously established acceptance criteria, this investment

1wt acceptable since NPV was negative and PF was less than one.

led with the doubtful level of sales ($19.2 million) required

rn 13%, this investment appeared to be highly risky unless there .

non-monetary factors or benefits which would make it morxe

active.

To calculate the net present value and profitability index

chwartzman's example, a discount rate of 10% was arbitrarily

eit, since this rate was close to

ired by industry in general (4).

Schwartzman, D,; Innovation in

the overall rate of return

At 10%, the calculations

the Pharmaceutical Industry;

; The Johns Hopkins Univ, Press; Baltimore and Londeon,
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TSV RERIT g



he net present value was negative and the profitability

s than .5 (Table VII).

TABLE VII

NPV and PI of Average NCE
(Millions)

Annual Present Value

-1,109,0%0
~1,008,245
~ 916,599
- 833,272
- 757,522
~ 688,653
- 626,055
- 569,142
- 517,402
- 470,359
164,730
299,512
405,524
368,662
335,146
304,682
276,976
251,804
228,914
208,096
189,182
171,990
156,352
95,438
43,381
NET PRESENT VALUE:

PROFITABILITY INDEX

Total Present Value

-7,496,339

3,500,389

- 3,995,950

L4669
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Discussion and Conclusions

drug industry relies so heavily on R and D innovation
of products which in turn provide it with its income,
e with or restrictions on this R and D process would
2t the income producing ability of the industry. If
urn ont R and D investment was not comparable to that
> and was not adequate to sustain an R and D'program,
» would eventually decline, Investors in the

hese companies would neot be encouraged to continue

> companies which were in such a "no-win" situétion.
aught in this dilemma would be encouraged to shift
fforts to a less restrictive regulatory climate,
resently found overseas, As a result, the U,S.
receive less advanced medical ﬁeélth care products

st than even before, since the products that were

- U.S. would be at a greater cost per product and would

make a high rate of return. Management in the
. be under greatef pressﬁre to make investment

the heighténed degree of uncertainty regarding the
- products and would be more cautious to commit
and D projects with uncertain outcomes. Capital
iques would have to be highly sophisticated to
tential costs and the effects of possible time delays

29
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arch or regulatory periods,
ments once thought attractive would have to be re-
md possibly discontinued because of regulatory
18,
apital budgeting methods, such as those used by

to evaluate investment decisions were applied to the
rsented by Mund, the acceptance criteria indicated that

> investment in R and D was not acceptable on a purely
1sis. The Schwartzman calculations indicated that the
curn on R and D investment declined almost three—foid ovef
2cade. The sharpest drop was seen immediately foilowing
2 of the 1962 Kefauver amendments to the Food, Drug and
\ct, The average ten year development period could be
and the patent life shortened as much as two years under
-oposed additional testing rwestrictions, The 3.3%
rte of return on R and D investment which was found by
1 was less than the rate used by other industries as a
riterion, which has beenlapproximately 10% after taxes.

> pharmaceutical industry was discouraged completely
~ipating in imnovative research programs to develop new
only remaining source of these programs would be non-profit
or academic facilities, Since it was pointed out that
resently accounté for approximately 907 of all ﬁew drug
search, the void to be filled by government would be

le, Since the scurce of operating funds for government

is tax revenue, it is conceivable that any sizeable

D program would require a large tax-financed budget.

[y
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uragement by R and D in private induétry would
vernment participation and control of health care
S,
capital budgeting techniques and acceptance
ed as the sole basis for evaluating R and D
. was also uncertain, Perhaps, if a company was
elation to other firms within the same industry,

- return on invesitment would not be as important
 to other R and D investment propesals, TFor

éould céntinue in the research venture as long

- its marginal costs and fully utilizing its

ary pressures, which have increased the

- a single drug product by 50% over the last

't the industry and have made cost figures appear
luence has affected every sector of business,

;, however, and for the purposes of this discussion
i a counstant. |

(Id be argued successfully tﬁat increased regulatory
mefited the public through safer'and more

. consensus of most authors in the field of

e FDA, by concentrating solely on safety and

nd ignoring the economic impacts of_regulation,
eutical industry, Unless the industry is allowed
onable profit with a rate of return on R and D
sufficient to recover its costs, innovative

anies will decline, If thig happens the U,S,

Rl ABHISTRENT
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.ce ever-increasing health care costs in the form

xation and control of another major aspect of
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