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In pharmaceutical industry, decision- makers have to decide whether to continue drug development
projects, if the tests results on new compounds are good enough. Such decisions are made collec-
tively, under a high degree of uncertainty and in non-emergency situations. These projects are very
expensive, risky, and long. The major problem in this context isindecision. In order to improve the
decision-making process in practice, we need to characterize and analyze situations of decision-
making under uncertainty. In this paper, we propose a new definition of uncertainty that takes
human factors in its characterization into account. Then, the factors that contribute to generate,
characterize, perceive or process uncertainty are structured in a typology. That helps us recognize
and explore causal and influential factors of uncertainty. Additionally, based on interview results,
we present a description of the decision-making process in pharmaceutical R&D, illustrating the
role of different actors, their interactions, and the flow of information. This should help decision-
makers adopt proactive practices instead of reactive ones.

Introduction

Decision-making in R&D faces much uncertainty
in al industries. The development of new prod-
uctsimplies dealing with uncertainty that comes
frominnovation in product development process,
market dynamics, and changesin regulation. Many
questions need to be answered in order to make
decisions during the development project. In
pharmaceutical industry, the degree of uncertainty
is particularly high, snce even if many tests are
performed on animals, the behavior of the new
compound in human body cannot be known.

A drug development project is defined as a
processthat allows a presumably active chemical
or biological entity to become a pharmaceutical
drug. After passng a series of teds the drug is
certified for commercialization, guaranteeing its
safety, efficacy, and quality (Gourc & Bougaret
2000). Drug development projectsare composed of
different phases, separated by Go/ No Go decision
milestones, wherein a steering committee decides
whether to continue or stop the project. These
decisons are based on project statusinformation
and the reaults of the sudies which are generally
very poor compared to what is required to make
an informed decision in optimal conditions.

Drug development projects last an average of
135 years and cog about $ 873 million, with a
successrate of only 4% (Paul et al. 2010). The cause
of thishigh attrition rateisnot related to the lack
of management of time, costs and resources. Fan-
ning is a crucial, difficult, and necessary task for
project success but it isnot sufficient. There are
unclear zonesthat we are not ableto recognize at
an early phase of aproject (Ferminovaet al. 2008).
In drug development, the main reason of thishigh
attrition rate isthe lack of knowledge about the
safety, efficacy, and quality of the molecule dur-
ing the first phases of the project. In a full 50%
of lately stopped projects failure isdue to lack of

efficacy, 30% to lack of safety and 20% are not
safer nor more effective than the drugs already
available on the market (Gordian et al. 2006).

In thiscontext, decison-making processischar-
acterized by: 1) a srong degree of uncertainty:
when the profits and risks are unknown, as it is
usually the case in drug development projects,
the degree of uncertainty is high and the choice
isdifficult, 2) non-emergency stuations: in R&D,
decisonsto be made do not seem urgent, compar-
ing accident, criss, and disaster contexts but a
potential danger could arisein thefuture. Previous
research worksconcentrate on risk and uncertainty
in emergency stuations, but for the firg time, to
the best of our knowledge, ours consders non-
emergency Stuations, wherein it isquite possble
to postpone the decison, waiting for complete
and accurate information. Stuations in which
decisonsmay appear without urgency includethe
choice of invesments, renewal and moderniza-
tion of equipment, and the introduction of new
safety devices, 3) the collective aspect: individual
differences within a group play a crucial role in
interactionsbetween expertsand could complicate
the decision or indecision processesand engender
or increase uncertainty.

The sructure of the paper is as follows. Frdt,
we review two major approaches to define and
identify uncertainty: the objective approach and
the subjective approach. We present our defini-
tion, which includesboth subjective and objective
agpectscontributing to uncertainty identification.
Next, we present atypology of uncertainty factors
related to the subject, object and context. Then,
we review how decison-making processisdefined
in the literature and present our description of
decison-making processin drug development. Cur
description isillustrated by a case study based on
areal application.



State of the Art

Defining and identifying uncertainty

The most fundamental capability of human be-
ings is conscious decison-making. In order to
better understand decison-making process, we
need to undersand the notion of uncertainty first
(Klir 2005). Economigts are interested in defining
uncertainty in order to identify and control it. In
economics, uncertainty is defined either based
upon theimpossibility of calculating probabilities
asin the Knight’s definition, wherein uncertainty
isdefined asa situation in which it isnot possble
to specify numerical probabilities (Knight 1921),
or by emphasizing the lack of information in a
more general sense (CGalbraith 1973; Thiry 2002;
Klir 2005).

Psychologissand sociologist sdefine uncertain-
ty either through a state of mind characterized by
“doubt, or aconsciouslack of knowledge about the
outcome of an event” (Head 1967), or through its
consequences. “uncertainty isthe inability to act
determinigtically” (Thompson 1967), “uncertainty
is a sense of doubt that blocks or delays action”
(Lipshitz & Strauss 1997). In psychology, “in the
contrast to thedecison theory approach, psycho-
logical uncertainty is not a part of the externa
environment, such uncertainty may be a mental
reaction to the external environment, but it isa
psychological phenomenon exising only within
the mind of the person who doubts’ (Head 1967).

In economics, uncertainty is characterized by
the lack of information about events and hu-
man factors are not taken into account. Thus, in
this context, uncertainty is objective and exigts
independently of the existence of an uncertain
subject. In contragt, in psychology, the emphasis
is on human’s mental state and uncertainty is
relative to a subject.

Smilar to scholarly definitions of uncertainty,
dictionariesoften define uncertainty either by em-
phasizing the object or the subject. For example,
the Cambridge dictionary defines uncertainty by
emphasizing the object: “when something is not
known”, whereas Webst er focuses on the subject:
“thegateof being unsure of something”. Chjective
and subjective approaches are also identifiablein
philosophers' literature. Aristotle, Descartes and
Laplace only admit logic and mathematical rules
to construct certainty. Socrates, Flato, Carneades,
Pascal and Kant accept other ways of certainty
construction such asfaith and emotion.

When a subject is uncertain about an object,
where doesthe uncertainty comefrom?lIsit inthe
subject’smind or doesit come from the unpredict-
ability of the object’s comportment? We think it
isimportant to take human factorsinto account

in the characterization of uncertainty. In our
definition, uncertainty is a subject’s conscious
lack of knowledge about an object which is
not yet clearly defined, in a context requiring
a decision. Uncertainty cannot be defined neither
as only pertaining to the subject nor to the ob-
ject, because a subject could be uncertain about
an object, while another subject is certain about
it. Hence, uncertainty is a relationship between
subject and object.

Furthermore, context isan important factor in
defining uncertainty. A subject could be uncertain
about an object but if he does not need to make
adecison nor perform an action, thissituation is
not considered to be an uncertain stuation. For
example, | am not sure whether the laboratory
building is accessble during the weekend or is
closed due to construction, but since | do not
plan to go there thisweekend, this stuation does
not concern me. This definition of uncertainty
includes the three elements that contribute to
the identification of uncertainty: subject, object,
and context.

Typology of uncertainty factors

Fgure 1 outlinesthe main categories of the fac-
tors that contribute to generate, characterize,
perceive or process uncertainty. This typology is
based on three axesof the uncertainty definition:
subject, object, and context: 1) factors of uncer-
tainty related to the subject are divided into two
sub groups: the subject’s psychological traits and
his professional experiences as individual factors
and contradictory opinions and debates as col-
lective factors, 2) factors of uncertainty related
to the object refer to two sub groups: the states
of the object that are dynamic and the goals of
the subject that depend on the object’s sates 3)
factorsof uncertainty related to the context also
refer to two sub groups: internal factors such as
the organizational and hierarchical factorswhich
do not favor the circulation of information in-
sde a company and could increase the level of
uncertainty. Likewise, external factors exist such
asmarket dynamics, competitors activities stake-
holders expectations, regulatory changes, and
doctors' conviction in a new drug, which make
the environment of decison uncertain.

The comprehensive vison of thistypology helps
usunderstand the sourcesand theinfluential fac-
tors of uncertainty associated with the manager
and the project team (subject), with the project
(object), and the environment (context) of the
decison. This allows us to control some of the
uncertainty sourcesin order to reduce it asmuch
aspossible and deal with what remains according
to the type of the source.

Uncertainty factors
I
| | |
Subject (Manager) Object (Project) Context (Environment)
Individual Collective Internal External
factors factors SELEE e factors factors

Fgure 1.

Qur typology of uncertainty factors



Decision-making process under
uncertainty

Decison-making isan important part of
any organization (Panneerselvam 2006).
Smon has suggested that “a decision
isnot an act, but a process’ (Tsoukias
2008). The process involves selecting
the best among several optionsthrough
a proper evaluation of the parameters
of each option and its consequences
(Panneerselvam 2006). However, “all
decison isamatter of compromise. The
aternativethat isfinally selected never
permits a complete or perfect achieve-
ment of objectives, but is merely the
best solution that isavailable under the
circumgances’ (Smon 1947). Generally,
decison is the reault of interactions
between preferences of individuals.
The decison process mainly consstsin
these interactions, under the various
compensating and amplifying effectsof
the sysem that make up what we shall
call the decison process (Roy 1996).

The decison-maker usually chooses
an option based on the balance of
benefit / risk of available options. If
he knows all the possible options and
their consequences, he isin the case of
a determinigtic decison. For example,
in maintenance management, if the
annual maintenance cost and the an-
nual operating cog of equipment are
known in advance and are not subject
to any change in the future, then the
decision about the economic life of the
equipment is a deterministic decison
(Panneerselvam 2006). In the case of
non-deterministic or decision under
uncertainty, information about different
choices and their consequences is par-
tial for the decison-maker. The degree
of uncertainty could be different. This
difference correspondsto thedifference
between required information and avail-
able information.

Adecison-making iterative processin
four sageshasbeen proposed by Smon:
Intélligence stageasthefirg sage com-
prisesinformation collecting and prob-
lemidentifying, Design stagecenterson
an aternative analyssand congruction
(invent, develop, and analyze), Choice
stagefocuseson alternativesevaluation,
and Review stageconsigsof evaluating
earlier decisons and satisfaction level
(Smon 1977). Janisand Mann propose a
vigilant decison-making processwhich
takes into account any new informa-
tion or expert judgment to support the
choice process (Janis & Mann 1977).
Based on these two processes, in the
next section, we propose a global vison
of decison-making under uncertaintyin
drug development projects. The objec-
tive ishighlighting the role of different
actorsand the flow of information.

4.Choice and ReviewStage
GO'NO GO
ion
1.Design and
Conception Stage
Project goals, Represented
list of questions information
manager EXPerts 3.New Information
Analysis Stage
- Functional
managers
List of tests
and operational — Raw data
conditions
Technicians
2.Test Stage

Fgure 2. Global vison of decision-making processin drug development projects.

Decision- making process in
pharmaceutical R&D

Global vision

Fgure 2 represents two dimensions in
decision-making process: the actors
with their postionsin a pyramid form
and the flow of information in italic
font. We digtinguish four macro-stages
in the decison-making process: 1) Intel-
ligence and Design stage, 2) Test stage,
3) New Information Analyssstage, and
4) Choice and Review stage. The first
stage, which corresponds to Smon’s
model (Smon 1977), includes problem
identification, information collection,
and solutions development. The steer-
ing committee needsinformation about
molecule activity and behavior in hu-
man body, in order to decide whether
or not to continue the project. Project
goals and a list of questions about
the characteristics of the molecule
are tranamitted to the project team in
charge of defining the Target Product
Profile (TPP) as a key strategic tool,
which guides drug development. TPP
isthe key desgn template for creating
the development plan and should be
defined by the project team asiit isa
multidisciplinary task (Kennedy 1998).
Focusing on the TPR, the project team
determinesalig of tessand operational
conditionsfor technicians.

The second stage correspondsto the
fourth stage of Janisand Mann’smodel:
searching new information relevant to
the choice. In this stage, the techni-
cians carry out the tests and provide
the raw data (Janis & Mann 1977). The
third stage correspondsto thefifth and

sixth stagesof Janisand Mann’smodel:
“taking account of any new informa-
tion or expert judgment, even when
the information does not support the
initial choice of course of action and
re-examining the positive and negative
consequencesof all known alternatives,
including those originally regarded as
unacceptable, prior to making achoice”
(Janis & Mann 1977). In this perspec-
tive, theraw data will beinterpreted by
functional managers. Project managers
and experts contextualize the informa-
tion depending on the project goalsand
conault functional managers to carry
out the new tedts, if necessary. Fnally,
the contextualized result of thetestswill
be presented to the steering committee.
The lagt stage corresponds to Smon’s
model during which the steering com-
mittee, usng a benefit / risk analysis,
will decide whether to continue or not.
In the first two stages, the project
managers more or less know which
questions must be answered in order
to obtain the authorization of com-
mercialization (European Commission
2008). However, the hypotheses about
the molecule are not yet verified by
the teds. Thus the factors related to
the object (project, new molecule) play
an important role in creating and pro-
cessing uncertainty. But in the lagt two
stages, we have to interpret, analyze,
contextualize, and represent the ac-
quired information and the role of the
subjects (project manager and the ex-
perts) becomes crucial. A more detailed
version ispresented in the next section,
emphasizing the lagt two sages.



Detailed vision

FHgure 3 illustrate a detailed vison of
decison-making in drug development
projects. We use the Business Process
Modeling Notation (BPMN), which is
a standard graphical notation. This
diagram illustrates the interactions
between the different actorsand shows
the flow of information from the top
to the bottom of the pyramid and vice
versa. We focuson the new information
analysis stage of the decison-making
process.

At the end of each phase, several
options exigt. If the results of studies
are sufficiently good and demongrate
the objectives of the phase such as ef-
ficacy for animals in preclinical phase,
the decision will be to continue or
accelerate the trandgtion to the next
phase (tests on humans). If the results
arenot adequately satisfying, the steer-
ing committee, consulting the project
team, requeststo performthe new tests
which clarify and complete the previous
results. Depending on the situation, it
is possible to postpone the Go / No Go
decison waiting for the new resaults or
to gart the next phase and review the
decison when the new results arrive. If
the results are bad and prove the inef-
ficacy or the toxicity of the molecule,
the project will be stopped.

During the whole process, we find
examples of the three types of uncer-
tainty factors. During the interpreta-
tion of data, the factorsrelated to the
object (molecule) play an important
role in creating uncertainty, especially

results

Final
recommendations

Input

by incompleteness or contradiction of
information. Factorsrelated to subjects,
especially individual factors, such as
perception and reasoning are also im-
portant. During the contextualization
of information, factors related to the
context appear: internal factors, such
as the condition of other projects in
the pipeline and external factors such
asmarket dynamics.

During the representation of in-
formation, the role of subjects in the
communication of resultsis crucial. At
theend, during the Go/ No Go decision,
factors related to subjects, especially
collective factors, such as debates and
different ideas about the doubtful re-
aultscontributeto creating uncertainty.
There are two major problems in such
a human-in-the-loop sysem: the loss
of information and the subjectivity of
interpretation and representation, on
the right-hand side of the pyramid.
This description helps us obtain an
understanding of the decison-making
process, which is essential to improve
these practices.

Application case

Many questions need to be answered
to prove the saf ety, efficacy, and qual-
ity of a molecule in order to obtain the
authorization of commercialization. The
toxicity of the molecule, its stability,
clinical and side effects, mechanism
of absorption and digtribution in hu-
man body, and elimination from it are
a few examples of these questions.
In the decison pyramid, we consider

the gability question as a part of the
quality quegtion: is the product stable
under conditions of usage? Many envi-
ronmental factorsaffect the sability of
the product.

Depending on the project goals and
also the available quantity of the prod-
uct, the project teamesablishesalist of
tesdsto be conducted in order to obtain
dataon product degradation in different
climatic zones. Operational conditions
such astemperature, humidity, and light
are also determined, so that the real
packaging and storage conditions are
smulated. A protocol that includesthis
information and also the study number,
quantity of the product, time intervals,
measurement, and analysis methods
have to be followed by technicians.
Table 1 presentsa smplified part of the
results. At time tg+12 months, techni-
ciansregister —0,05% of degradationin
ambient temperature.

The functional manager’s inter-
pretation is that our molecule is ap-
proximately stable. The project team
contextualizes this interpretation in
terms of project goals and triesto an-
swer the following questions: doesthis
degradation rate impact the efficacy
of the molecule in usage conditions?
Could the degradation rate be reduced
in another container such as a blister?
In relation to the results of other stud-
ies, such astoxicity, isthis degradation
rate acceptable? Thus, after all these
tedsand gudies, many questionsremain
without certain answers.

Experimental plan for the
next phase

exper
plan for next

Validate
i€9) experimental

plan for next
M

&)

Bxperimental plan for
the next phase + list
of requested tests

List of
required tests

Fgure 3. Detailed vison of decison-making in drug development projects,



Ten'.genrr;lﬂture 0° 5 25°

to 13 g/l 13 g/l 13 g/l

t; month 129999 g/l | 129999 g/l | 12,9995 g/l
te months 12,9998 g/l | 12,9997 g/l 12,9980 pg/l
t4o months 12,9997 gl 12,9995 g/l 12,9935 g/l
t; month + HO 12,9994 pg/l | 12,9945 g/l
te months + HO 12,9993 ug/l 12,9942 g/l
t4> months + H,O 12,9991 pg/l | 12,9934 ug/l

Table 1. Sability measurement tests

Conclusion

The comprehension of the notion of uncertainty
is indispensable for understanding the decison-
making process in situations where we do not
have enough knowledge to decide. We digtinguish
two main approachesin defining uncertainty: the
objective and the subjective approaches. We pro-
pose a new definition of uncertainty that allows
these approachesto converge, including three key
elements: subject, object, and context. From this
point of view, we present atypology of uncertainty
factors related to each element. This typology
enables usto recognize and control some sources
of uncertainty and offers a perspective to deal
with causal and influential factorsof uncertainty
related to subject and context, which are less
gtudied compared to uncertainty caused by object.

Decison-making sysemsin companiesare the
human-in-the-loop type sysems Thus we cannot
ignore the role of human factors in generating
uncertainty and dealing with / handling it. In the
description of the decison-making process in
pharmaceutical industry we propose, the human
agpect isin the center. Weidentify different levels
of hierarchy in the decison-making syssem in a
pyramid, highlighting the role of the subject and
context in producing and dealing with uncertainty.
In thispyramid, weillustratetheinformation flow
in two directions: from the steering committeeto
the technicians and vice versa.

A practical example regarding the question of
gability, asa small part of a larger question, the
quality of the molecule, is presented. Many other
questionshaveto be answered during the develop-
ment project. Go / No Go decisions are based on
these answers which are inexact and incomplete.
This description isafirst step to understand why
decison- makers postpone decisionsin such stua-
tions. Amore complete model that offersa global
vison of the project will be the next step of this
research work.
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