STRATEGIC VALUE OF THE R & D INVESTMENT:

A SIMULATION MODEL APPROACH

ABSTRACT

A Monte-Carlo Simulation Model was developed in an attempt
to relate the size of the R&D budget to the future need for new
pharmaceutical products in order to sustain the desired level of
sales growth. This paper describes the simulation model in
detail and presents an example of how it is used to evaluate and
compare various R&D spending levels and strategies.

INTRODUCTION

The subject of the size of a Research and Development budget
and the impact of this investment on the corporate growth have
become of increasing concern to management as pressures to
justify and control expenditures continue to increase. Tradi-
tionally, the size of the corporate R&D spend has been expressed
as a percentage of sales. This figure ranges from a low of 1 to 2
percent in the capital intensive industries such as paper, heavy
machinery and textiles, to 3 or 4 percent for the chemical
industry, and up to 9 or 10 percent for the pharmaceutical
industry. With the increasing attention now being given the R&D
budget and the changing attitudes regarding the value of research
and development, there have been attempts to express the level
of R&D spend in other, and hopefully more meaningful terms
such as its relationship: to cash flow (1) and the impact of
““capitalizing” rather than “expensing” R&D on rate-of-return on
investment (2). Other studies have dealt with the performance or
payoff from the investment in Research and Development (3—7),
selection of projects and allocation of R&D resources (8—11),
and the financial control of the R&D spend (12—13). None of
these approaches, however, deals with the issue of the size of the
R&D expenditure in relationship to the future goals and expecta-
tions of the corporation. In other words, the strategic value and
implications of the R&D budget have been largely ignored.

The specific problem dealt with here basically concerns how
much to spend annually on R&D to insure, within certain levels
of confidence, future sales derived from new products which
would meet desired group growth goals. In order to gain some
insight into this issue, a model was designed which simulates,
under certain specified conditions, the flow of chemical com-
pounds from the research programs through the development
process to the marketplace, and describes this flow in terms of
costs and potential sales. This paper describes the mechanics of
the simulation model and presents a hypothetical example
problem in order to demonstrate how the model can be utilized
to investigate the impact of various research spending levels and
development/marketing strategies upon the future sales levels and
development resources.
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PHARMACEUTICAL RESEARCH AND DEVELOPMENT

The research and development process in the ethical pharmaceu-
tical industry incorporates many varied activities. These may be
grouped, however, into the following basic elements: acquisition
and synthesis of novel new chemical entities, evaluation of these
compounds in biological test systems designed to pick up desira-
ble biological activities, assessing the safety of lead structures in
animals, assessing the safety and efficacy in man of compounds
judged to merit clinical trial, and finally securing permission to
market the new drug. This process of discovery, development and
marketing of a new drug is actually a flow of chemical com-
pounds and is expressed schematically in Figure 1. New chemical
compounds are passed through a number of research programs,
both in the United States and Overseas. A small fraction of these
survives primary and secondary biological testing, as well as all
technical and economic evaluations, and are sent into the devel-
opment process. Compounds also arrive in development from
other sources, such as direct acquisition or joint ventures with
other companies under licensing and/or royalty agreements. Once
in development, a development/marketing strategy is selected
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VALUE OF THE R & D INVESTMENT ... Continued

‘based on the predicted product profile, anticipated market, tech-
nical risk, and available resources. Of all the compounds entering
the development process, a small fraction survive and become
marketable products.

Despite the simplified system overview, the entire process is filled
with uncertainties about the future, including when the next lead
will be found for development, whether or not a particular com-
pound will survive the development process and become a
marketable product, and how the market size and competitive
position of a potential product will vary between the time a
research program is undertaken and the time a product is realized.

MODEL OF - THE R&D PROCESS

Due to the complexity of the entire research and development
process and the uncertainties associated with future events, it was
apparent at the outset that a closed-form mathematical repre-
sentation of the system was not possible. In addition, represent-
ing the system through a series of empirically derived relation-
ships was not considered feasible due to the stochastic nature of
many of the system elements. Since the behavior of many of the
system elements was known in terms of historically derived
probability distributions, and since the path through the R&D
process for a particular chemical compound could be treated as a
series of discrete events, a simulation model was considered to be
the logical choice to represent the system. Conceptually, the
model employs Monte-Carlo techniquesto determine when-each
compound is ready to begin the development process, which
. development/marketing strategy will be employed for each,

Figure 2
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whether or not each compound survives development, and the
sales achieved for each compound that becomes a marketable
product. A flow chart of the model is shown in Figure 2.

The queue of random compound arrivals is generated by con-
sidering three separate and independent sources: U.S. Research,
Overseas Research, and Outside Acquisitions. Actually, a set of
random arrivals is generated for each source independently and
then merged to form the queue of compounds for input to the
development process. This is accomplished by assuming the flow
of compounds from each source to be completely independent
and random events, i.e. a Poisson process with parameter “a’
(the mean compound arrival rate). The time between successive
compound arrivals thus has a negative exponential distribution.
Pseudo random numbers from a negative exponential distribution
can easily be generated from the observation that the cumulative
distribution function of any continuous distribution is uniform.
The cumulative distribution function for the negative exponen-
tial distribution is [1-e®t] and thus times between successive
compound arrivals can be obtained by solving the equation:

t=(1/a) loge [1/(1-w)} @

where is a pseudo random number from the uniform distri-
bution, 0 < u < 1. Equation (1) is used to generate the time
between successive arrivals separately for each source because
‘@’ is different for each source. In the case of outside acquisi-
tions, “a” is an input variable, the value of which is determined
from historical data. In the case of U.S. and Overseas Research,
“a” is determined from the research spend ($), manpower costs
($/man) and productivity rate (compounds/man-year), all of
which are input variables. The manpower costs and productivity
rates for each source are determined by examining historical
data. The research spend is the variable whose impact is to be
assessed and its value directly affects the average compound
arrival rates for both U.S. and Overseas programs. Therefore, as
the research spend i increases, the number of compounds from the
research programs in the input queue also increases. The length
of the input queue was arbitrarily fixed at 25 years with the first
year of the span supphed as input.

“ 3

Once the input queue of development compound arrivals is
generated, the model begins selectmg them for development, one
at a time, until the queue is exhausted. This entire process
assumes that a compound is started in development as soon as it
is available, i.e. no waiting time involved. For each compound
selected, the model randomly picks a development/marketing
strategy. The selection of a particular strategy is madé based on
the occurrence fraction specified for each. The occurrence frac-
tions are supplied as input and reflect the relative amount that
each strategy is to be utilized during that particular simulation.
They can have any value from 0 to 1 for each individual strategy
but the sum of all occurrence fractions must be equal to 1. The
particular developmient/marketing strategy is selécted by generat-
ing a uniform random number and comparing it successively to
the cumulative sum of the occurrence fractions for each option.
We have identified seven basic development/marketing strategies
which vary in the degree to which activities are planned in series
and/or in parallel. Each is associated with a different number of
years for development (N), yearly cost allocation over the
developmerit period and probability (Pg) that a new product
emerges from the process. These values were obtained from
historical data for each strategy and are fixed within the model.

After selecting a development/marketing strategy, the model
determines how long the compound survives the development
process. It does this by assuming that the first year of develop-
ment is completed with certainty, and the probability of com-
pleting each successive year thereafter decreases linearly with



time until “Pg” is reached for year “N°’. Mathematically, this can
be expressed as:

PK)=1-[(k-DA-P)/(N-1)] k=1,2...N) 2)

A uniform random number (u) is generated and compared with
successive values of P(k). When P(k) < u, “k” is assumed to be
the year in which the compound fails and is dropped from the
development process. The model adds the development costs for
the number of years of survival into the appropriate yearly totals
and proceeds to pick up the next compound in the queue.

If u < Pg, the compound is assumed to successfully complete
development and become a marketable product. The model next
randomly determines a peak year sales figure for sales in the U.S.
by generating a Gaussian distributed random number whose dis-
tribution mean and standard deviation are determined from a
combination of historical data and sales projections for existing
research programs and are supplied as input. Also supplied as
input are the upper and lower bounds for the peak sales. If the
randomly generated sales figure lies outside the specified range, it
‘is discarded and another value generated. Once the peak sales
figure is obtained, the model randomly selects a market penetra-
tion rate. The model has three penetration rates: slow, normal
and fast. These correspond to products which face stiff competi-
tion, average competition and little or no competition respec-
tively. It is assumed that 25% of all new products will be slow,
50% normal and 25% fast. These values were obtained consider-
ing historical data. The value of a uniform random number is

used to determine which penetration rate is used. Associated’

with each penetration rate is a curve of percent of peak sales as a
function of time. Hence, once the penetration rate has been
determined the yearly U.S. sales figures are obtained by applying
the appropriate market penetration curve to the peak sales. The
yearly overseas sales figures are obtained by applying a ratio of
U.S. to overseas sales which is supplied as input. The model next
adds the appropriate sales figures (depending upon the strategy)
and the development costs into the appropriate yearly totals and
proceeds to pick up the next compound in the queue.

When all the compounds in the queue have been exhausted, the
model updates the mean yearly values of development costs and
sales. In addition to these parameters, the model also updates
mean yearly values for the number of compounds starting
development, failing development and being marketed for each
year in the 25 year span of interest. Following the updating
process, the model reinitializes all variables and proceeds to
generate a new queue of development compound arrivals for
another run. This process is continued until some minimum
number of runs have been completed, after which the model
compiutes how many runs are necessary to achieve some degree
of stability in the mean sales values. This is accomplished by
utilizing a precision specification on the mean sales for some
particular year of interest within the chosen 25 year span. This
target year usually corresponds to some year for which a sales
level goal has been established. Both the target year and the
precision specification, with the precision specification being
expressed as a fraction of the mean sales, are supplied as input.

The model computes the number of runs necessary by applying a
statlstlcal sampling technique. Suppose we let “X” be the mean
and “s” be the standard deviation of the sales for a particular
year as calculated after “n” runs have been made. These values
are really estimators of an approximately normal distribution
with a true mean “u” and standard deviation “o”’. Assuming “n”
to be large enough. so that the standard normal distribution can
be used to estimate the true population of the calculated mean
sales, then, with 95% probability, it can be shown that:

-u| <196 WA 3)

Now we want the right side of equa'tion (3) to be less than or

[ -”

equal to some “aX”, where “a” is the precision specification.
Hence, solving for the required number of runs “n.” yields:

ny > [1.96 (s)/ax]? “)

After experimenting with many cases it was found that with
a=0.1 a good compromise between precision and run time is
achieved. Smce “ng” varies inversely as the square of “a”,
decreasing “a” by a factor of 2 increases “n;” by a factor of 4 It
was also found that initially letting n= 25 yields good results.
Therefore 25 runs are made before the model first uses equation
(4) to predict the number of runs required. If D > 25, the
additional runs are made and a new value of “n,” is computed.
This process is continued until ny < n, at wh1ch t1me the simula-
tion is terminated. On the other hand, if n; < 25 initially, 10

additional runs are made to insure that a low value of “s” was

not achieved accidentally, After that, the sunulatlon is again
terminated when n, <'n.

After the simulation is terminated, the model produces an output
report consisting of two pages. The first page summarizes all
input parameters and gives the yearly mean values for number of
compounds starting development, number of compounds
dropped from development, number of marketed products,
development costs, and gross sales. The second page gives data
pertaining to the detailed distribution of sales for the target year
and the appropriate statistical parameters so that the probabili-
ties of achieveing various sales levels other than the mean may be
ascertained. A sample output report is shown as part of the
example case presented in the next section,

EXAMPLE OF MODEL USE .

In order to aid in understanding the method in which the model
is utilized, the details of operation and interpretation of results
are demonstrated through the use of a hypothetical example
case. The data presented in this example are for illustrative
purposes only.

Assume a corporation had a projected gap between the desired
sales (reflecting the planned growth level) and the forecasted
sales from current products of $220,000,000 by 1988. Since new
products must ultimately come from R&D, the question of how
much to invest today and in the future in order to find and
develop a sufficient number of new drug products which would
generate the required sales level can be addressed by using a
simulation model such as described here. To look at this issue,
management needs to know not only how much to spend on
research, but how the development/marketing strategies will
affect the sales of products emerging from current and antici~
pated research programs.

The input data assumed for this sample case was as follows:

Research Manpower Costs:

United States: $200,000/man-year

Overseas: $140,000/man-year
Productivity:

United States: 0.04 Compounds/man-year

Overseas: 0.02 Compounds/man-year

Outside Acquisitions: 1.00 Compounds/year

U.S. Product Size Distribution:

Mean: $ 24,000,000
$ 8,000,000
$ 3,000,000

$115,000,000

Standard Deviation:
Lower Bound:
Upper Bound:

Winter Simulation Conference
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VALUE OF THE R & D INVESTMENT ... Continued

U.S./Overseas Sales Ratio: o2
First year in 25 year span: 1973
Target year: 1988

Fractional Mean Sales Precision:  0.10

In addition, it was assumed that the development/marketing
strategy was partially constrained by the fact that due to the
nature of the current research programs, 10% of all compounds
would be developed for an overseas market only and 20% of all
compounds would be develped for a U.S. market only.

Using the simulation model, a parametric analysis was conducted
by varying the research spend level and the development/market-
ing strategy mix. In order to simplify this analysis somewhat the
U.S./overseas research spend ratio was held constant at 5:1. The
results. of the simulations are shown in Figure 3. The solid curves
represent the ranges of possible 1988 mean sales values as a func-
tion of research spend for the specific case considered here: For
each level of research spend the corresponding value for mean
sales could lie anywhere between these two curves depending
upon the strategy mix cliosen. The upper curve corresponds to
developing the remaining 70% of the compounds both overseas
and in the U.S. in parallel for a worldwide markef, and the lower
curve corresponds to developing the remaining 70% of the com-
pounds in the U.S. for a U.S. market only. This phenomenon is
dependent upon the values of the input variables and the fixed
parameters within the model and would probably be different for
different conditions. The broken curve§ represent the range of
values that would have been possible if the development/market-
ing strategy had not been partially constrained. They are
included here for comparison purposes only. It can be seen from
this figure that if the yearly research spend is not at least
$26,000,000 then the example case long-range sales goal of
$220,000,000 in 1988 probably will not be realized.

The specific point plotted in Figure 3 represents one possible
solution to the example case. For this simulation, the research
spend was taken as $30,000,000 (825,000,000 in the U.S. and
$5,000,000 overseas) and the precision specification on 1988
mean sales was set at 5 percent. The development/marketing
strategy was chosen to be: 10% developed overseas for an over-
seas market only, 20% developed in the U.S. for U.S. market
only, 30% developed both overseas and in the U.S. in series for a
worldwide market, and 40% developed both overseas and in the
U.S. in parallel for a worldwide market. The model output for
this particular simulation is shown in Figures 4 and 5. Figure 4
shows a recap of the input parameters plus the mean values of all
important parameters for the 25 year span of interest. Figure 5
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Figure 3
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shows the entire range of sales which were simulated for 1988 as
well as the important statistical parameters. In this case the mean
sales are $231,205,000 and the probability of achieving the
desired goal of $220,000,000 is approximately 53 percent.
Utilizing the information in Figure 5, management can easily see
the probabilities of achieving various other sales levels in the
target year. It is also evident that increasing the research invest-
ment would result in increasing the probability of achieving the
target year sales goal. Hence, management may assess the impact
that the level of research spend has upon the probability of
achieving the desired target year sales goal.
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Figure 4
SAMPLE OUTPUT REPORT—PAGE 1

PLANNING AND OPERATIONS
RESEARCH AND DEVELOPMENT SIMULATION MODEL

SIMULATION DATE = 6/16/73

RESEARCH BUDGETS (SM}
UNITED STATES = 25,0 ( 125 MEN AT 04200 PER MAN )
OVERSEAS = 5.0 ( 36 MEN AT 0.140 PER MAN ) QVERSEAS
INFLATION RATE = 7.5 PERCENT PER YEAR

UeSe PRODUCT SIZE SPECIFICATIONS (NORMAL DISTRIBUTIONs S$M)
MEAN = 2440 STANDARD DEVIATION = 840
LOWER BOUND = 3.0 UPPER BOUND = 115.0

DFVELOPMENT OPTIONS

OPTION 1 = 0410 =~ OVERSEAS DEVELOPMENT FOR OVERSEAS MARKET
CPTION 2 = 0020 = UeSe DEVELCPMENT FOR UeSe MARKET

OPTION 3 = 0430 = SERIES DEVELOPMENT FOR WORLDWIDE MARKET
OPTION 4 = 0400 = SERIES DEVELOPMERT FOR WORLDWIDE MARKET
OPTION 5 = 0440 =~ PARALLEL DEVELOPMENT FOR WORLDWIDE MARKET
OPTION 6 = 000 = PARALLEL DEVELOPMENT FOR WORLDWIDE MARKET
OPTION 7 = G0e00 = PARALLEL DEVELOPMENT FOR WORLDWIDE MARKET

SIMULATION RESULTS (MEAN VALUES)

CMPDS STARTED CMPDS DRCPPED CMPDS MARKETED DEVELOPMENT CUSTS
YEAR ovs USA ovs USA ovs USA ovs USA TOT
1973 53 3.8 Ce0 Y Ue U0 Vel Vet U7
1974 53 3.8 O 0.0 Ue0 V.0 0e9 1.9 2.8
1975 545 52 1.0 0+8 0e0 U.0 1e5 40l 56
1976 5eb S5e2 le9 1.9 Ge0 0s0 200 6ol Be2
1977 Sel 4e9 3.1 343 Gel U0 23 Te2 9e5
1978 548 Sel 4l 445 le2 0.3 2e3 Tl 9e8
1979 540 53 4a3 449 le2 0e5 243 Tets 9e7
1980 Seds Sel ba2 50 le2 0e6 243 Te5 98
1981 Se2 4e9 4ol 49 le1 0.7 243 Teotr 9e8
1982 543 542 hele 4o9 l.0 0.6 2.3 T+3 9.6
1983 542 4e9 4al 4ol 1.3 0.7 202 Tl 9e7
1984 563 5.0 4ol 49 1.0 0.5 23 T3 9eb
1985 543 409 440 449 1e2 0.7 243 743 96
1586 5.4 5e1 4ol 446 1e2 0.6 202 Te3 9e6
1987 52 561 4e3 540 10 0e5 23 73 9e7
1988 Sel Sal 4e0 447 lel Oeb 2.3 Tets 97
1989 Sels 540 400 4e8 1.0 045 243 Ts5 9e8
1990 545 5el 4e0 4e9 le1 0e6 203 Te5 9e8
1991 543 5.0 hel - 4oT 1e2 Geb 243 745 99
1992 582 S5e2 4e3 5.0 1e1 0s6 243 Tet 9e7
1993 Se3 Sel 4e3 Sel lel 0.6 263 Te2 Fe5
1994 Sels Sel b4e2 540 lel Oe? 243 T3 Seb
1995 S5el Sel 4e3 4e7 lel 0.6 203 T3 Ge7
1996 5e6 5.0 4ol 4o 1.0 046 243 Te3 9eb
1997 540 540 beb 51 le2 0e6 242 Tl Fed

UesSe PRODUCT SIZE STATISTICS
MEAN = 2349 STD DEV = Te9

OTHER SOURCES =

IDENTIFICATION ~ STRATEGIC VALUE OF R+D * EXAMPLE CASE #

RESEARCH PRODUCTIVITY
UNITED STATES = 5.0

= Qa7

PRODUCT SALES RATIO
UNITED STATES TO OVERSEAS = 2.0

ovs

Uel
Qev
Qe
Cel
Uel
1.9
Te2
1540
2401
3hets
4547
581
7049
Bheb
987
11248
12649
14046
1544
1678
1813
19543
20943
22340
23740

1.0,

NUMBER UF RUNS = 173

CPD/YR (0¢040uv CPD/MAN~YR)
CPD/YR (040200 CPD/MAN=YR)
CPD/YR

GRUSS SALES INFLATIUN
USA TOT FACTUR
Ul Vel 1eu75
JeU Vel 1.155
U Qe leéd2
Qe Vel le335
Usy Jeu le435
le3 32 le543
49 1241 14659

113 263 1.783
2040 LYYy 1917
3164 6549 2061
G40 89elb 24215
574 1154 203681
Tled 14243 24560
8740 1717 2752
1026 201le4 20958
11843 2312 3.480
1337 26046 3e419
14807 2894 34675
16348 31843 34951
1788 34667 4e247
194e2 37546 4e566
2098 4052 4¢908
2254 43408 5277
24163 46404 5.672
25767 49407 6eUG8
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Figure 5

SAMPLE OUTPUT REPORT—PAGE 2

HISTOGRAM DATA FOR GRO$S SALES IN 1988

INTERVAL
497 = 5367
5347 = 577
577 = 6le7
61le7 = 6547
6547 = 6946
6946 = 7346
736 =~ 776
T7e6 ~ 8146
8le6 = 8546
8546 ~ 8946
8946 = 9346
9346 = 9746
976 = 10146

10146 = 10546
10546 ~ 10945
1095 = 11345
1135 = 11745
1175 = 1215
121e5 = 12545
12565 ~ 12945
1295 ~ 13345
13245 = 13745
1375 = 14le5
14145 = 14545
14545 = 14944
1494 = 15344
153e4 = 15744
15744 = 16les
161e4 = 16544
16544 = 16944
1694 = 17344
173¢4 = 1774
1774 = 181s4
1Ble4 = 18544
185.4 = 18943
1893 = 19343
19343 = 19743
19743 = 20143
20143 = 20543
2053 = 2093
206+3 =~ 213,3
213e¢3 = 21743
2173 = 22143
22143 = 22542
22542 = 22942
22942 = 23342
23342 =~ 23742
237e2 = 24142
24142 = 24542
24542 = 24942

COUNT PERCENT CUM PCNT INTERVAL

1 0.5 0.5 26942 - 253,2
0 040 0e5 25342 = 257.2
0 040 0.5 2572 = 26142
0 040 045 26142 = 26541
0 040 0s5 26541 = 26941
0 0.0 045 \26941 = 27341
0 0.0 0e5 27341 = 277.1
2 11 147 27741 - 281.1
2 11 2.8 281e1 = 285,1
1 045 344 285.1 = 289.1
1 0e5 440 28941 - 293.1
1 0.5 46 29341 = 2971
1 045 542 297.1 - 3011
1 045 5.7 30141 = 305.0
° 040 547 30540 = 309,0
2 1.1 649 30940 = 31340
0 040 6e9 31340 = 31740
2 11 840 31740 ~ 32140
1 0e5 846 32140 = 32540
2 lel 948 32540 = 32940
1 9e5 10e4 32940 = 33340
3 147 12.1 33340 = 33740
1 045 1247 33740 ~ 341.0
1 0e5 1342 34140 = 344,9
1 0.5 13.8 34449 — 34849
5 2.8 1647 34849 = 352,9
2 1.1 17.9 35249 = 35649 |
2 1.1 1940 35649 =~ 36049
3 167 2048 360e9 — 36449
1 045 213 36429 =~ 36849
3 1.7 23,1 36849 - 37249
0 240 231 37249 = 37649
4 2.3 2544 37649 = 38049
2 1.1 2645 380.9 = 3B4.8
3 1.7 28.3 38448 ~ 388.8
4 2.3 3006 38848 = 392.8
4 2.3 3249 39248 ~ 39648
6 3.4 3644 39648 ~ 40048
5 2.8 39,3 40048 = 40448
2 1.1 4044 40448 = 40848
4 2.3 4247 40BeB - 641248
2 1.1 4349 412e8 -~ 41648
7 4e0 479 41608 = 42048
3 1.7 49,7 42048 ~ 42047
3 1.7 51.4 426447 ~ 42847
1 045 52,0 42847 = 43247
4 243 5443 43247 ~ 43647
2 1.1 5544 43607 = 44047
3 1.7 5742 44047 = 444aT
1 0.5 57.8 4467 = 44BeT
MEAN = 2314205 ) STDe DEVe = 774397
MEAN ACCURACY = 4¢98 PCTe (95 PCT4PROB,!

STANDARD ERROR OF THE MEAN = 5¢88

COUNT PERCENT CUM PCNT

MHCOQOCCOOOQWOHCORCHOCHCNWNORNCHOCHWKHWARWRANVWIWVWSONDS

243
1.1
3e4
243
147
243
1e7
2.8
lel
243
1.7
0e5
243

17

Oeb
le7
Qeb
Vel
Qe0
Qo5
Qel
1lel
Q0«5
0.0
l.1
1a7
11
Qe0

05

040
045
040
045
0.0
0.0
045
0.0
1.7
0.0
040
040
040
0.0
040
040
040
0.U
0e0
0.5
0.5

60e1
6le2
6467
670
6807
7140
T2e8
757
7648
791
80.9
8le5
8348
8545
86e1
878
88e4
88e4
BBek
8940
890
90s1
90e7
907
919
9346
S4aT
F4e 7
9543
953
959
9549
9645
9645
965
9741
97e1
98e8
98e8
S8e8
FEe8
988
S8eb
GBel
9848
988
9848
FBe b
99e4
100.0

....".......1’747.
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OBSERVATIONS AND CONCLUSIONS

The model described here represents an initial step in permitting
management to examine the relationships between investment
and future demands for growth from new products. It also pro-
vides one approach to evaluating the impact of a number of R&D
development/marketing strategies on the ability to achieve the
desired level of growth.

Long range planning is an essential activity in any technologi-
cally-oriented industry and is especially important in the pharma-
ceutical industry, where the development process itself is rela-
tively long (anywhere from 3 to 7 years) for any specific
product. It is not sufficient to merely state long-range objectives
and goals and assume that they will somehow be achieved
through careful, although relatively short-range, operational plan-
ning. It is necessary to insure, within certain constraints and
assumptions, that the level of investment commitment is con-
sistent with the established goal. This model facilitates the
generation of this type of information and thus is a valuable aid
in the longrange, strategic planning process.
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