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Abstract

In pharmaceutical industry, decision-makers haveettide whether to continue drug development ptejatich are
very expensive, risky and long. Such decisionsnaade collectively, under a high degree of uncetyaémd in non-
emergency situations. The major problem in thistexinis indecision. In order to improve the deaisioaking
process in practice, we need to characterize aalyzmsituations of decision-making under uncetyaim this paper,
we propose a new definition of uncertainty thategkuman factors in its characterization into antotlihen, we
present a typology of uncertainty generators tledpus recognize and explore its causal factodslitionally, we
represent decision-making process in pharmaceuf&D illustrating the role of different actors artteir

interactions in decision-making. This should he#gidion-makers adopt proactive practices insteadaixtive ones.
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1  Introduction

Decision-making in R&D faces much uncertainty ihiatlustries. The development of new products iegpliealing
with uncertainty that comes from innovation in puot development process, market dynamics and ckaimge
regulation. Many questions need to be answeredderdo make decisions during the development ptoje

A drug development project is defined as a protiessallows a presumably active chemical or biaafentity to
become a pharmaceutical drug. After passing a sesfetests, the drug is certified for commercidiaa,
guaranteeing its safety, efficacy and quality (&o&irBougaret 2000). The data that must be submittedgularity
authorities are explained in the Notice To Applisaprepared by the European Commission (Europeam@ssion
2008). Drug development projects last an averagE3d@ years and cost about $873 million, with acess rate of
only 4% (Paul et al. 2010). The cause of this lightion rate is not related to the lack of maragat of time, costs
and resources. Planning is a crucial, difficult awegdessary task for project success but it is afficient. There are
unclear zones that we are not able to recogniznatarly phase of the project (Perminova et al.820M drug
development, the main reason of this high attritimte is the lack of knowledge about the safefficafy and quality
of the molecule during the first phases of the gebjln a full 50% of lately stopped projects, diadl is due to lack of
efficacy, 30% to lack of safety and 20% are noesaf more effective than the drugs already onntlagket (Gordian
et al. 2006, p.2-3). Drug development projects @mposed of different phases, separated by Go/Naégatsion
milestones, wherein a steering committee decidesthvein to continue or stop the project. These dmtssare based
on project status information and results of theligts which are generally very poor compared totwheequired to
make an informed decision in optimal conditions.

In this context, decision-making process are charaed by: 1) a strong degree of uncertainty: wiienprofits and
risks are unknown, as it is usually the case irgdiavelopment projects, the degree of uncertagtyighand the
choice is difficult. 2) non-emergency situations:R&D, decisions to be made do not appear to benirdut a
potential danger could arise in the future. Previoesearch works concentrate on risk and unceytairémergency
situations, but for the first time, to the bestoof knowledge, ours considers non-emergency sisitiwherein it is
quite possible to postpone the decision, while imgifor complete and accurate information. Situaion which
decisions may appear without urgency include thaicghof investments, renewal and modernizationqufigment
and the introduction of new safety devices. 3) ¢b#lective aspect: individual differences withingeoup play a
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crucial role in interactions between experts, cacape the decision or indecision processes anddcenyender or
increase uncertainty.

The structure of the paper is as follows. First,rexew two major approaches to define and identifgertainty: the
objective approach and the subjective approach. piésent our definition which includes both subjextand

objective aspects contributing to uncertainty idfeattion. Next, we present a typology of uncertgigenerators
related to subject, object and context. We review decision-making process is defined in the liiemand present
our description of decision-making process in didegelopment. Our description is illustrated by aecatudy based
on a real application.

2  State of the art

2.1  Defining and identifying uncertainty

The most fundamental capability of human beingsaiguably conscious decision-making. In order totdvet
understand decision-making process, we need torstagel the notion of uncertainty first (Klir 200&conomists are
interested in defining uncertainty in order to itfgnand control it. In economics, uncertainty isfidied either based
upon the impossibility of calculating probabilities in Knight's definition, wherein uncertainty defined as a
situation in which it is not possible to specifynmerical probabilities (Knight 1921), or by emphasigthe lack of
information in a more general sense (Klir 2005; Baith 1973; Pfeffer & Salancik 1978; Wall et ab02; Thiry
2002).

Psychologists and sociologists define uncertaiittyee through a state of mind characterized by uhdioa conscious
lack of knowledge about the outcome of an evertieafl 1967), or through its consequences: « unogyté the
inability to act deterministically » (Thompson 196« uncertainty is a sense of doubt that blockdedays action »
(Lipshitz & Strauss 1997). In psychology, « uncertiais not a part of the external environmentniy be a reaction
to the external environment, but it is a psychataphenomenon existing only within the mind of gferson who
doubts » (Head 1967).

In economics, uncertainty is characterized by #uk lof information about events and human factoesnat taken
into account. Thus, in this context, uncertaintpligective and exists independently of the existenican uncertain
subject. In contrast, in psychology, emphasis ifwman’s mental state and uncertainty is relative subject.
Similar to scholarly definitions of uncertaintyctonaries often define uncertainty either by engiting the object
or the subject. For example, the Cambridge dictipriefines uncertainty by emphasizing on the objeavhen
something is not known », whereas Webster focuseshe subject: « the state of being unsure of Soimgts.
Objective and subjective approaches are also fibig in philosophers’ literature. Aristotle, Dastes and Laplace
only admit logic and mathematical rules to constreertainty. Socrates, Plato, Carneades, PascaKant accept
other ways of certainty construction such as faitth emotion.

When a subject is uncertain about an object, wHees the uncertainty come from? Is it in the sutgenind or does
it come from the unpredictability of the object quantment? We think it is important to take humantdas into
account in the characterization of uncertainty.our definition, uncertainty is a subject's conscious lack of
knowledge about an object which is not yet clearlglefined, in a context requiring action/decisionUncertainty
cannot be defined neither as only pertaining tostifgect nor to the object, because a subject dmilghcertain about
an object, while another subject is certain abbuiénce uncertainty is a relationship between esttbgind object.
Furthermore, context is an important factor in niefj uncertainty. A subject could be uncertain d@taouobject but if
he does not need to make a decision or perforntonathis situation is not considered to be acewtain situation.
For example, | am not sure if the laboratory buitdis accessible during the weekend or is closedagonstruction,
but since | do not plan to go there this weekehi situation does not concern me. This definitddruncertainty
includes the three elements that contributed t@damty identification: subject, object and contex

2.2  Typology of uncertainty generators

Figure 1 outlines the main categories of uncenag@nerators which are also based on three axé®afncertainty
definition: subject, object and context: 1) genemitof uncertainty related to the subject are diglidhto two sub
groups: the subject's psychological traits and pnifessional experiences as individual factors eowtradictory
opinions and debates as collective factors, 2) rgeéows of uncertainty related to the object: laEkmowledge about
the object due to lack of information, its incompleess, inexactness, ambiguity, volatility, mu#@aplinary,
asymmetry, or abundance of information, 3) genesatd uncertainty related to the context: orgamiwet] and
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hierarchical factors which do not favor the cirtiga of information inside a company could alsorgase the level of
uncertainty. We call these generators internalofactLikewise, external factors exist such as nmadgsmamics,

competitors’ activities, stakeholders’ expectatjoregulatory changes and doctors’ conviction in rérwg which

make the environment of decision uncertain.

Uncertainty
generators
Related to the Related to the
subject object

Related to the
contexl

[ Individual ] [ Collective ] [Information ] [ Internal ] [ External ]
factors factors properties factors factors
Figure 1 Our typology of uncertainty generators
The comprehensive vision of this typology helpsinderstand the sources of uncertainty associatiédtiad manager
and the project team (subject), to the projectga)jand the environment (context) of the decisiidris allows us to
control some of the uncertainty sources in ordereguce it as much as possible and deal with whatans
according to the type of the source.

2.3  Decision-making process under uncertainty

Decision-making is an important part of any orgatian (Panneerselvam 2006). Simon has suggestéd«tha
decision is not aact, but aprocess » (Tsoukias 2008). The process involves seledtisgoest among several options
through a proper evaluation of the parameters oh egption and its consequences (Panneerselvam .2Q04)
decision is a matter of compromise. The alternatheg is finally selected never permits a completeperfect
achievement of objectives, but is merely the bekiti®on that is available under the circumstanc€Simon 1947).
Generally, decision is the result of interactioretween preferences of individuals. The decisiorcgse mainly
consists in these interactions, under the varimmapensating and amplifying effects of the systeat thakes up
what we shall call the decision process (Roy 1996).

A decision-making iterative process, in four staas been proposed by Simadntelligence stage as the first stage
comprises information collecting and problem idsmig, Design stage centers on an alternative analysis and
construction (invent, develop and analyZ&f)pice stage focuses on alternatives evaluation &tediew stage consists
of evaluating earlier decisions and satisfactiovelgSimon 1977). Janis and Mann propose a vigitietision-
making process which takes into account any nearinétion or expert judgment to support the choice@ss (Janis
& Mann 1977, p.11).

The decision-maker usually chooses an option basdtie balance of benefit/risk of available optiofisie knows
all the possible options and their consequencesishia the case of a deterministic decision. Foanagle, in
maintenance management, if the annual maintenassteaod the annual operating cost of equipmenkiaogvn in
advance and are not subject to any change in theefithen the decision about the economic lifenefequipment is
a deterministic decision (Panneerselvam 2006).hln ¢ase of non-deterministic or decision under uacgy,
information about different choices and their capsmnces is partial for the decision-maker. The ekegof
uncertainty could be different. This difference responds to the difference between required infatomaand
available information.

3 Decision-making process in pharmaceutical R&D

3.1 Global vison

Figure 2 represents three dimensions in decisiokirrggprocess: the actors with their positions ipyaamid form,
their tasks in italic font and the flow of inforn@t by arrows. We distinguish four macro-stageshef decision-
making process: 1) Intelligence and Design stap&e&t Realization stage, 3) New Information Anaystage and 4)
Choice and Review stage. The first stage whichesponds to Simon’s model (Simon 1977) includes lprob
identification, information collection and solut®revelopment. The steering committee needs intiwmabout
molecule activity and behavior in the human bodyoiider to decide whether or not to continue thageat. Project
goals and a list of questions are transmitted ¢opttoject team in charge of defining the TargetdBob Profile (TPP)
as a key strategic tool, which guides drug develmmT PP is the key design template for creatiregdivelopment
plan and should be defined by the project teant iasai multidisciplinary task (Kennedy 1998). Faagson the TPP,
the project team determines a list of tests andatio®al conditions for technicians. The secondesteorresponds to
the fourth stage of Janis and Mann’s model: seagcfor new information relevant to the choice. histstage, the
technicians realize the tests and provide the rata (Danis & Mann 1977, p.11). The third stageesponds to the
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fifth and sixth stages of Janis and Mann’s modeaking account of any new information or expedgment, even
when the information does not support the initiabice of course of action and re-examining the tpasiand
negative consequences of all known alternativesyding those originally regarded as unacceptabier to making
a choice » (Janis & Mann 1977, p.11). In this pecsipe, the raw data will be interpreted by funetibmanagers.
Project managers and experts contextualize themton depending on the project goals and corfsmlittional
managers to realize the new tests, if necessamgll¥si the contextualized result of the tests wal presented to the
steering committee. The last stage correspondsinmr8s model during which the steering committesing a
benefit/risk analysis, will decide whether to cont or not.
CHOICE AND REVIEW STAGE

GO/NO {CISION

Project goals,
List of questions
I

» Defining the TPP
* Determining the
list of tests

committee Represented

information

~]

Contextualizing the
INTELLIGENCE information

AND DESIGN STAGE,

NEW INFORMATION

ANALYSIS STAGE

Interpreting the
data

List of tests and Raw data
operational ..
Technicians

conditions

~. A

TESTS REALIZATION STAGE
Figure 2 Global vision of decision-making in drugvdlopment projects

metional
managers

3.2  Detailedvision

In the first two stages, we more or less know witjokstions must be answered in order to obtaiadit@orization of

commercialization (European Commission 2008). bséhstages, we have a predefined model to followyrder to

acquire information. But in the last two stages,hage to interpret, analyze, contextualize andeasgmt the acquired
information. There are two major problems in suchuman-in-the-loop system: the loss of informatamd the

subjectivity of interpretation and representationthe right-hand side of the pyramid. Figure Bjsirate a detailed
vision of decision-making in drug development potg§e emphasizing the last two stages. We use then8ss

Process Modeling Notation (BPMN), which is a staddgraphical notation. This diagram illustrates iteractions

between the different actors and shows the flownfarmation from the bottom of the pyramid to tlopt We focus

on the new information analysis stage of the denisnaking process.

At the end of each phase, several options exighdfresults of studies are sufficiently good aedhdnstrate the
objectives of the phase such as efficacy for argrimapreclinical phase, the decision will be to toaue or accelerate
the transition to the next phase (tests on humding)e results are not adequately satisfying, gteering committee
consulting the project team, decides to do the t&sts which clarify and complete the previous rissul the results

are bad and prove the inefficacy or the toxicityhef molecule, the project will be stopped.

During the whole process, we find examples of tired types of uncertainty generators. During therjmetation of

data, the generators related to the object (mad¢quiay an important role in creating uncertairggpecially by

incompleteness of information. Generators relatedubjects, especially individual factors, suctpasception and
reasoning are also important. During the conteiatibn of information, generators related to tlomtext appear:
internal factors, such as the condition of othaijgmts in the pipeline and external factors sucmasket dynamics.
During the representation of information, the rofesubjects in results communication is crucial.tih¢ end, during
the Go/No go decision, generators related to std)jespecially collective factors, such as debanmeksdifferent ideas
about the doubtful results contribute to creatingartainty. This description helps us obtain aneusihnding of the
decision-making process which is essential to im@ithese practices.
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Figure 3 Detailed vision of decision-making in dagyvelopment projects

3.3  Application case

Many questions need to be answered to prove theysafficacy and quality of a molecule in orderdiotain the
authorization of commercialization. The toxicity the molecule, its stability, clinical and sideesffs, mechanism of
absorption and distribution in human body and elation from it are a few examples of these questidm the
decision pyramid, we consider the stability questas a part of the quality question: is the prodstable under
conditions of usage? Many environmental factoredfthe stability of the product. Depending on pheject goals
and also the available quantity of the product,gigect team establishes a list of tests to belgoted in order to
obtain data on product degradation in differentnaelic zones. Operational conditions such as tenyrerahumidity
and light are also determined. So that the reakaming and storage conditions are simulated. Aqualt that
includes this information and also the study numbeantity of the product, time intervals, measwatrand analysis
methods have to be followed by technicians. Tabpeekents a simplified part of the results. At tigiel2 months
technicians register — 0,05 % of degradation iniantitemperature. The functional manager’s integti@n is that
our molecule is approximately stable. The projeent contextualizes this interpretation in termshef project goals
and tries to answer the following questions: ddes degradation rate impact the efficacy of theauole in usage
conditions? Could the degradation rate be reducexhother container such as a blister? In relatotie results of
other studies, such as toxicity, is this degradatiate acceptable? Thus, after all these testsstudles, many
guestions remain without certain answers.

Time/Temperature 0° 5° 25°

to 13pg/l 13 ug/l 13 g/l

t1 month 12,9999ug/l 12,9999ug/l 12,9995u9/l
t6 months 12,9998ug/l 12,9997ug/l 12,9980ug/l
t12 months 12,9997ug/l 12,9995ug/ 12,9935u9/l
1 month +H20 12,9994ug/l 12,9945u9/|
t6 months + H2O 12,9993ug/l 12,9942ug/l
12 months+ H20 12,9991pg/l 12,9934ug/|

Table 1 Stability measurement tests

4 Conclusion

The comprehension of the notion of uncertaintyngdispensable for understanding the decision-makiogess in

situations where we do not have enough knowledgdetnde. We distinguish two main approaches inniagi
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uncertainty: the objective and the subjective apphes. We propose a new definition of uncertaihéy tncludes
three key elements identifying it: subject, objaotd context. From this point of view, we presenyology of

uncertainty generators related to each elemens fiyjpiology enables us to recognize and control seooeces of
uncertainty and offers a perspective to deal withsal factors of uncertainty related to subject emntext, which
are less studied compared to uncertainty caus@djegt. Decision-making systems in companies aédthman-in-
the-loop type systems. Thus, we cannot ignoredheaf human factors in generating uncertainty dealing with/

handling it.

In the proposed description of the decision-malgngcess in pharmaceutical industry, human is incérger. We
identify different levels of hierarchy in the ddois-making system in a pyramid, highlighting théerof the subject
and context in producing uncertainty. In this pyidnwe illustrate the information flow in two direns: from

steering committee to technicians and vice versa.

A practical example regarding the stability questie presented. This is just a small part of adaqguestion: the
quality of the molecule. Many other questions h&wée answered during the development project. Gd@d

decisions are based on these answers which aracinesd incomplete. This description is a firspdte understand
why decision-makers postpone decisions in sucltsitus. A more complete model that offers a glalisibn of the

project will be the next step of this research work
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