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Estimating the Potential of New Therapy

How Important Is It?

The answer to this question lies in the cost of inaccuracy
in the forecasts that we are currently seeing. The price of
bringing pharmaceutical innovation to market is $2.7B'
and marketing expense represents about 30% of total
revenue?, arriving at an inflated forecast that results in
wasted R&D and manufacturing capacity, licensing, and
marketing costs for only marginally viable products.
Additionally, underestimating potential further results
in supply challenges, possible project termination, and

missed licensing opportunities.

One typically utilizes historical data, time series
forecasting, and other extrapolation methods for marketed
products forecast. Usually, the focus of extrapolation
methodology is to understand the short-term future.
However, new drug development and launch take years,
sometimes even decades, and are long and complex
processes, with often no data for extrapolation. Then how
should we predict the potential of a new therapy before its

launch?

Historical data suggests that new product adoption
follows the S-shape curve. Figure 1 represents cumulative
adoption, the S-curve, and period-by-period adoption
(Roger’s bell curve). Why new product follows the S-curve
is explained by Everett Roger’s diffusion of innovation
theory3, which attributes it to the heterogeneous nature
of the population. In 1969, Frank M. Bass published a
quantitative tool for modeling the new product potential,

famously known as Bass Diffusion®.
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Figure 1 Schematics of New Product Adoption
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What is Bass Diffusion?
In Simple Words-

It is a mathematical expression that models Everett Roger’s
diffusion of innovation theory, i.e., once the product is introduced,
its initial market growth is due to innovators, then they are
followed by imitators; as more people adopt innovation, more
imitators start using the product. Eventually, potential new user
size dwindles, the market becomes saturated, and then the
adoption pace levels off and goes down. Here, the chance of new
product adoption by those who are yet to adopt is a linear function
of those who have already adopted it.
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Figure 2 Graphical representation of Bass diffusion model4




In Mathematical Terms-
()= p+ LF() [m— F(D)]
m

Equation 1

Cumulative number of adopters at time t=

[p (Remaining Potential)] (+) [g (Remaining Potential) (Past adopters)]
Equation 2

Equation 1 is a mathematical expression of Bass diffusion5.

Here ‘p’and ‘q’ are the innovation and imitation coefficient, f(t) is
cumulative sales at time ‘t; and ‘m’is total market potential. The
constant‘'m’ describes the height of the adoption curve while two
coefficients (p, q) govern the shape of the curve. The total market
potential can be estimated from the epidemiological study as an
eligible patient pool, employing conjoint analysis for physician
preference measurement based on new and established therapy
attributes. Usually, innovation and imitation parameters are taken
as a rule of thumb (p 0.03 |q 0.38) based on a meta-analysis of large
databases of empirically observed ‘p’and ‘q’' parameters6 or by
estimation using analogies. Typically, Bass Diffusion initial period
output is an overestimation (~year one), and after the point of
inflection (take-off point) will tend to be an underestimation and
approaches accuracy towards the peak.

Are There Other Diffusion Models?

The other most notable models are the Fourt and Woodlock model,
that considers the innovation effect in adoption7, and the Fisher
and Pry model, that considers only imitative effect8.

The Bass Diffusion model is an aggregate model that considers
both innovation and imitation effect and is a particular case of the
Gompertz function. It is discussed in literature to a great extent
and many extensions and improvements have been published
which incorporates the impact of the Marketing Mix variable. You
can read more about Bass Diffusion on www.bassbasement.org9.
Following are the notable extension of Bass Diffusion:

« Generalized Bass Diffusion model incorporating price variable10

+ Replacement and Repeat purchase model 11
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+ Modeling marketing mix variables and next-generation
substitution12
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+  Modeling competition among product13
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Why is Bass Model Preferred Over Other Advanced
Models?

Before answering Why Bass model? Let us start with understanding
what the model is. According to John D. C. Little, father of
marketing science, “Model is a preconceived idea of how the world
works and therefore of what is interesting and worthwhile in the
data” 14. To create a good model, one should select interesting and
worthwhile assumptions. The same idea resonates in the principle
of parsimony that one should select the hypothetical solution that
requires the least number of assumptions. This principle acts as a
heuristic guide in the model building in marketing science.

The original Bass Diffusion model requires only three parameters,

P, ‘g, and ‘m; to build a growth curve. If we know ‘m’ (market
potential), then complexity is reduced to two parameters.

Bass model’s parsimonious nature is what makes it ideal for use15.
The Bass Diffusion model allows decomposing the complicated
problem of new product adoption into two components: time to
peak and peak sales. These are two crucial benchmarks that are
easy to estimate and predict even before launch.

Some Applications of the Bass Diffusion Model
Forecast Calibration Using Early Year’s Sales Data

The Bass model can calibrate forecasts using early-year sales data.
In the following case, we have utilized the first two years’sales and
Product D’s estimated peak potential of $2B. Post-calibration with
a two-year data model predicts third-year revenue with -10% error,
closer to third-year actuals than other extrapolation models triple
exponential smoothing where prediction error was -16%.
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Figure 3 Bass Model vs. Exponential Smooth —
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The Shape of Uptake Curve Using Analogies

There are very few examples in literature that discuss the
methodology of establishing the shape of the uptake curve

based on analogies. All publications on uptake curve estimation
using analogies emphasize analog selection based on product
attributes and market characteristics. Product attribute suitability
of a particular analog should be assessed using factors like market
behavior, launch timeframe, market-mix parameter, and pricing
strategy.

Suppose a new product in development mimics most of the
attributes of one analog. In that case, we can use nonlinear least-
squares curve fitting of historical sales data to estimate the p,‘q’
parameters and create the model. However, if the new product
draws analogies from multiple products, we can take a weighted
average of analog parameter16-19. Here, weight can be assigned
to analogs based on attribute importance and attribute score,
order of entry, launch time period17. Following is one hypothetical
scenario for illustration.

+ A new biological Product A for atopic dermatitis is under
development. Unmet clinical need and market dynamics
mimic psoriasis indication. Product A’s likely peak potential is
determined based on conjoint. Product A draws an analogy
with Product B and Product c attributes.

Innovation Imitation

[ Rate q Pdt weight
Product c 0.02 0.10 63%
Product B
0.05 0 37%
@ Based on Attribute Importance weighted average of attribute score is taken /
Patient out-of-
pocket costs

Attribute Importance

Efficacy

Analogue Attribute score closely matching with Product A profile

- -
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s | 6 |2 |
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9 4

Product A

Figure 4 Steps in parameter estimation for Product A
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Figure 5 Product A uptake curve

Modeling the Impact of the Marketing Mix or Any
Other Parameter

fO=[p+ LF®] fm - FO1 = 209

Equation 3 Generalized Bass Diffusion model

One can use a generalized form of the Bass model that considers
these two types of marketing-mix variables, price, and promotion.
In its functional form, the generalized Bass model is the same

old Bass model from Equation 1 multiplied Z(t), an expression of
marketing effort. However, one can substitute Z(t) with any other
variable that impacts uptake. One example is positive uptake lift
attributed to a higher cancer screening rate.




Why is the S-curve Not Visible in
Historical Data?

One reason is that innovative brand uptake
typically follows the r-curve instead of the
S-curve. Multiple causative factors lead to r-curve
adoption, such as competition between products,
higher adoption due to new medical data, price,
and promotional impact. One can create an
average benchmark by taking multiple analogs
and using the Bass model. Another reason is

that the Bass model is a model of growth and
does not model the “Discontinuance Curve”. Bass
model neglects the possibility of instantaneous
adoption and discontinuation. In summary, the
article reflects an opinion that the Bass model
should be a key component of opportunity
estimation exercise for novel therapies. Bass
model, along with its innovation and imitation,
provides a better understanding of therapy

adoption.
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