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Getting Connected

&

Please remember to keep yourself
on mute unless speaking to aveid
any audio feedback issués

& |SPE.

Please use the chat feature to
communicate any technical
difficulties (do not use the Q&A)

Connecting Pharmaceutical Knowledge
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If you are experiencing low
bandwidth/connection issues, it is
recommended that you turn off your

camera
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Tips for Effective

Use Polls to access
the interactive
polling feature™

Participants Polls

Chat Q&A

Use Chat for general
dialog, share ideas,
reactions, efc.

Use Q&A fol~asking
questians at any time
auwring 'the session for the
expert panel near the end
of the session

Collaboration

Video
On / Off

Mute /
Unmute

*Polls once launched should also be visible in your chat, but may be truncated or difficult to view

& ISPE.

Connecting Pharmaceutical Knowledge

Many of you will be familiar with
Teams and I's common features.

W will be using additional
reatures you may not be as familiar
with today, including

« Polls

« Q&A

Additional tips if you are having

trouble:

« Having trouble with sound?
Select Call Me under More
Actions |IER

 Use a hard-wired connection
instead of Wi-Fi

« Disconnect and reconnect

ISPE.org |



POLL #1 - RESULTS

in your PQS?

Q©
[ No, we do not have it defined forr&@w

e 7~
Q Yes, we have a definiti(\n:_)?

L
J Not sure / Dor@@&)w

e ISPE® Connecting Pharmaceutical Knowledge ISPE.org | 5



OLLSCOIL TEICNEOLAIOCHTA
BHAILE ATHA CLIATH

TECHNOLOGICAL
UNIVERSITY DUBLIN

W\

yo. ——— Pharmaceutical

;;‘\\ REGULATORY SCIENCE

Team

The Technological University Dublin
Pharmaceutical Regulatory Science Teairi(i*RST)
was founded in 2005 in response to the drivedor a paradigm shift
towards more science and risk-based approaches to.ensure pharmaceutical product quality.

PRST actively engages with global industry and,regidiators to address the challenges and opportunities of
implementing Science and Risk based adecision making and manufacturing approaches.

PRST research emphasis is on the deveiooment of patient-focused strategies, frameworks, models and tools to
enable those involved in the\iianufacture of drug products to meet the evolving international regulatory
expegtations ensuring the availability of high-quality medicinal products.

Anne Greene
Professor &
Director, PRST

TU Dublin

e ISPE. Learn more at http://prst.ie
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Executive Director - KM
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PRST Researcher

Valerie Mulholland
CEO
GMP Services Ltd
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Kevin O’Donnell
Market Compliance
Manager
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Marty (Martin) Lipa has over 28 years of biopharmaceutical industry: experience and 12 years
of experience in Knowledge Management (KM). Lipa recentl/ zomgpieted his PhD at TU Dublin
in Pharmaceutical and Regulatory Science with a focus o: eriabling ICH Q10 through improved
KM and its interdependency with QRM.

Valerie Mulholland is the CEQ-0f GMP Services Ltd and is a GMP/Quality Consultant in
Europe. She is a practitioner il the area of Quality Risk Management and is researching the

topic of Risk-Bas=d Decision Making for a PhD dissertation with the Pharmaceutical Regulatory
Science Teem ‘PRST) in TU Dublin.

nevin O’Donnell is Market Compliance Manager at the Health Products Regulatory Authority, in
Dublin, Ireland. He has been with the HPRA/IMB since 2001 and is a Senior GMP Inspector. He is
also responsible for a number of compliance-related programmes at the HPRA. He obtained his
PhD in the field of Quality Risk Management (QRM) in 2008. He is currently Chair of the PIC/S
Expert Circle on QRM and is Rapporteur for the ongoing revision of ICH Q9.
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Learning Objectives

1. Introducing and advancing the Risk-Knowledge Infinity Cycle(RKI Cycle) as a
framework to unite QRM and KM, especially in the context-of ICH Q9(R1)

2. An introduction to risk-based decision making.(i.e., decisions based on
science and evidence), and how the RK/NCycle can further enable risk-based
decision making

3. Preliminary considerations-& opportunities for where the RK/ Cycle may be
deployed to drive mioreinformed decisions

4. An introduction to knowledge mapping as a technique to define inputs to
QRM, and how this can inform requirements for KM

e ISPEq Connecting Pharmaceutical Knowledge ISPE.org | 8



Agenda

N

& © 0O ~NO Ol W

. Introduction & Welcome
. General session: The emphasis on knowledge andwrnowledge

management in the draft ICH Q9(R1) Guidelire

. General session: An Introduction to the R¥I Cycle

. General session: Risk-based decigioin making in the PQS

. Workshop: Knowledge inputzinto QRM (RKI Node 1)

. Break © (approx. 11:45 ET 1a%5 GMT +/-)

. Reflections & Girgup Discussion: QRM knowledge outputs (RKI Node 4)
. Q&A

. Wrap Up

ISPEq Connecting Pharmaceutical Knowledge ISPE.org | 9
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Perspectives on the role oglﬂﬁ’?l{n support
of QRM O
New insights from ICH Q9[R1L\/\,?‘

\‘5?((’ ]

Rapporteur, ICH Q9[R1]



HPRAQ

An tUdaras Rialala Tairgi Slainte
Hgaith Products Regulatory Authority

The emphasis on knowledge and knowledge
management in the draft ICH Q9(R1) Guideline

Kevin O'Donnell, PhD, Markei.Compliance Manager

January 18th, 2022



ATy
C)O Knowledge informs decisions about Risk O
— this is a key concept in the draft ICH Q9(R1) HPRA

Health Products Regulatory Authority

* The current draft of ICH Q9(R1) makes many
references to the use of knowledge and Knowledg#
Management in relation to QRM and Risk-basad
Decision Making

 e.g. Introduction: In the development phase, quality
risk management is part of building knowledge and
understanding risk scenarics,so that appropriate risk
control can be decided upon during technology Knowledge
transfer, for use curing the commercial manufacturing
phase. In this context, knowledge is used to make
informed risk-based decisions, trigger re-
evaluations and stimulate continual improvements.




An tUdarés Rialala Tairgi Slainte
Health Products Regulatory Authority

The following are same of the key

references to Knocwiedge and KM in the
draft ICH Q9(R1) guideline



ATy
QC} In the new text on Subjectivity in QRM... 13
(Section 4.3 of the revised gudeline) HPRA

Health Products Regulatory Authority

* While subjectivity cannot be - Decision maiers should... assure
completely eliminated from quality that a atslity risk management
risk management activities, it may be nrocess is defined, deployed and
controlled by addressing bias, the reviewed and that adequate
proper use of quality risk resources and knowledge are
management tools and maximisiing available.

the use of relevant data 21d
sources of knowledae
(see ICH Q10, Secticniil.E.1).




Jov2
QOO In the new text on Formality in QRM...

3
(Section 5.1) HPRA

An tUdaras Rialala Tairgi Slainte
Health Products Regulatory Authority

* The term “uncertainty” in quality risk management means lack of kriowledge about risks. The
level of uncertainty that is associated with the area being risk 2ssessed informs how much
formality may be required to manage potential risks. Systematic approaches for acquiring,
analysing, storing and disseminating scientific informaticr are essential for generating
knowledge, which in turn informs all quality ris«x management activities. Uncertainty may
be reduced via effective knowledge managenient, which enables accumulated and new

information (both internal and externali-tc-be used to support risk-based decisions
throughout the lifecycle.

« Regardless of how much-foirality is applied, the robust management of risk is the goal of the
process. This shoulci b~ vased on evidence, science and knowledge, where risk scores,

ratings or assessmerits are supported by data or by an appropriate justification or rationale.



ATy
QO In the new Risk-based Decision Making text

(Section 5.2) HPRA

Health Products Regulatory Authority

« Approaches to risk-based decision-making are beneficial, ke:cause they address
uncertainty through the use of knowledge, facilitatiing informed decisions by
regulators and the pharmaceutical industry in a inuititude of areas, including when
allocating resources. They also help recoonize where uncertainty remains, so that
appropriate risk controls (including impraved detectability) may be identified to
enhance understanding of those variables and further reduce the level of
uncertainty.

* As all decision making relies on the use of knowledge, see ICH Q10 for
guidance in relation to Knowledge Management. It is important also to ensure
the integrity of the data that are used for risk-based decision making.



ATy
QC} In the new text on Product Availability Risks

(Chapter 6) HPRA

Health Products Regulatory Authority

* An effective pharmaceutical quality system drives both<ugpiy chain
robustness and sustainable GMP compliance. It also-uses quality risk
management and knowledge management to provide an early warning
system that supports effective oversight and response to evolving

quality/manufacturing risks from the prarmaceutical company or its external
partners.

- Approval and oversight cf sutsourced
activities and mateyial suppliers is informed
by risk assessments, effective knowledge
management, and an effective monitoring
strategy for supply chain partner performance.




See the definition of O
Risk-based Decision Making (Chapter 7) HPRA

Health Products Regulatory Authority
{.'/ d’

o .

Risk-based Peacision Making:

An approach or process that considers knowledge about risks relevant to
the decision and whether risks are at an acceptable level.



ATy
$$ In the new Annex 11.9 on the Q
application of QRM to Supply Chain Control HPRA

Health Products Regulatory Authority

« With regard to product@availability risks related
to quality/manufacturiing issues, lifecycle
oversight ofihe supply chain includes
maintaining current knowledge of
quality/manufacturing hazards and
erioritizing efforts to manage such
risks. Understanding hazards
to quality/manufacturing is critical to
maintaining supply predictability. When risks
are well understood and minimized, a higher
confidence in product availability can be
attained.




343
OC;O : :
Reflecting on Risk & Knowledge DR/ O

An tUdaras Rialala Tairgi Slainte
Health Products Regulatory Authority

It is useful to note that, in the published ICH Informational
Presentation on the revision, there is this stocfement:

“The cross-references to ICH Q10 [in relatinn to KM] serve to highlight the
importance of using available sources vt knowledge... and Knowledge
Management in general during QRM activities.”

KNOWLEDGE




An Introduction ¢

Re-thinking the connection
between QRM and KM

Marty Lipa
Merck




Back to Basics

The purpose of QRM is to:

manage risk across the product lifecycle by PN
applying the best scientific knowledge - “\fechrology
available to the organization
In order to

reduce risk to the patient

The purpose of KM is to:
deliver the best available knowledge
to the right person
at the right time
lin\erder to
make the right decision and/or
give the right advice

Pharmaceutical

e ISPEo Connecting Pharmaceutical Knowledge “;\\ REGULATORY SCIENCE 22
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Risk Varies Inversely with Knowledge Application

Risk = f (knowledge,,yjicq)

Risk is a function of knowledge:
Increased knowledge leads to
(increased understanding, lower.uncertainty and therefore to)

lower risk

Aerospace and other

_'uf; Industries are seemingly
14 ahead of pharma in how
they look at risk and
knowledge together
RiSkminimum

© Martin Lipa 2020

Knowledge Applied

~O ., I
e ISPE Connecting Pharmaceutical Knowledge i‘ S REGULATORYSCIENCE 23
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Let’s Look at the PQS Foundation Differently...

Pharmaceutical “\Technology
Development Transfer

Manufacturing Discontinuation

Pharmaceutical \Technology
Development Transfer waaufacturing Discontinuation

Investigatiora st

Investigational products

\ © Lipa & O’Donnell 2020
) _ ‘-,: Pharmaceutical
ISPE® Connecting Pharmaceutical Knowledge ,’;;\ REGULATORY SCIENCE 24
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Risk-Knowledge Infinity Cycle (RKI Cycle) Framework
Key Concepts

 Knowledge is both an input to and
an output from risk management

 Knowledge has an inverse
relationship with risk

KNOWLEDGE

« Concept of flow; knowledge flows
effortlessly and on demand to inform
risk, and risk informs new knowledge

 The cycle is cantinuous and perpetual; knowledge is always evolving and should
be continually applied to inform risk

naceutical ——
e ISPEn Connecting Pharmaceutical Knowledge “ S REGULATORYSCIENCE 25




The RKI Cycle Applies across the Product Lifecycle

« Early in the product lifecycle
when less is known about a
product, risk Is higher

* Over time knowledge increases
through activities such as:

= Application of prior knowledge,
development activities

= Manufacturing experience
= Risk review

= |nvestigations | Knowledge
= Process changes e
= [nnovations (el¢)

« This knowledge can (and should)
be applied to reduce risk

e ISPEn Connecting Pharmaceutical Knowledge ISPE.org 2

awdojre@
[eainaoeweud

KNOWLEDGE

© Lipa, O’Donnell & Greene 2021



© Lipa & O’Donnell 2020
& |SPE.

The RKI Cycle applied to ICH Q10
Applying a ‘systems thinking’ lens to the PQS co-enablers

RISK CONTROL, COMMUNICATION &

KNOWLEDGE VISIBILITY & AVAILASILITY,
REVIEW ACTIONS; CONTINUAL IMPROVZIMENT
NEW KNOWLEDGE & ‘KNOWN-UNKNOWNS' via KNOWLEDGF »PPLICATION
/ 41N
<& 3
9 V7
& %
2,
)
MANAGE % MANAGE
RISKVIATHE @ RISK KNOWLEDGE KNOWLEDGE VIA
\ KM PRACTICES
QRM PROCESS Quality Risk Knowledge
Niar agement Management

BEST AVAILABLE KNOWLEDGE
FLOWS INTO QRM ACTIVITIES

ACQUIRE, GROW, CAPTURE &

RETAIN NEW KNOWLEDGE
Connecting Pharmaceutical Knowledge

\.

Pharn al ——
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The Opportunity of Meaningful QRM-KM Connectivity

RISK CONTROL, COMMUNICATION & KNOWLEDGE VISIBILITY & AVAILABILITY;
REVIEW ACTIONS; CONTINUAL IMPROVEMENT

NEW KNOWLEDGE & ‘KNOWN-UNKNOWNS’ via KNOWLEDGE APPLICATION

G
,p
<
O
MANAGE Z MANAGE
RISKVIATHE KNOWLEDGE ' KNOWLEDGE VIA
QRM PROCESS KM PRACTICES

Quality Risk Knowledge
Management Management

BEST AVAILABLE KNOWLEDGE . ACRUIRE, GROW, CAPTURE &
FLOWS INTO QRM ACTIVITIES © Lipn & O'Donnell 2020 RETAIN NEW KNOWLEDGE

90% agree deploying such a framework
will improve GRM-KM integration
(10% unsure | 0% disagree)

Top anticipated benefits

1.
2.
3.

More data drive®-risk assessments
Better risk-liased decisions

Ingreased ability to leverage prior
rnowledge

Top rated actions

1.

Establish practices / procedures to
operationalize integration of QRM & KM

Define type of knowledge created by
QRM and how this should be managed

Develop ways where KM is a formal input
in all risk assessments

e ISPEn Connecting Pharmaceutical Knowledge ISPE.org 28



A Re-imagined PQS Foundation

‘ Pharmaceutical
Development

,  Commercial Product
Transfer ~  Manufacturing  Discontinuation / 0

Investigational products

© Lipa & O’Donnell 2020

e ISPE® Connecting Pharmaceutical Knowledge ISPE.org "
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Effective Risk-Based Deci\%ia?ﬁ/vlaking

in the PQS )
The Next Horizon in QRM \/\,

Valerie Mulholland
GMP Services Ltd



Connecting Pharmaceutical Knowledge ‘;., REGU‘LAT_O.RY‘SC.I‘ENCE

all



LACK OF CLARITY ON RISK-BASED DECISION-MAKING:

While there are references in ICH Q9 to decision-niaking,
there is a lack of clarity on what good risk-based decision making
actually means,
how QRM may improve decision-making,
or how risk-based decisions'might be achieved.

There is a breadth of peer-reviewed research in this area,
but the level of Zisibility (and uptake) of that research
within the priarmaceutical industry may be improved

ICH Q9 (R1) Concept Paper — Nov 2020

N —— Pharmaceutica
e ISPE Connecting Pharmaceutical Knowledge \;‘, REGULATORY SCIENCE
[eam




RBDM — ICH Q9 (R1)

o
Lo Risk Based Decision Naking
g e i B D o An approach or process that considers
knowledgeaibout risks
Gl relevant {c ithe decision &

- whether iisks are at an acceptable level

- —

Draft version
Endorsed on 18 November 2021

Currently under public consultation

INFORMAL.....LOW

Potential to impact a CQA? CPP? High Severity?
Supply?
Outside our own PQS?

At Step 2 of the ICH Process, a consensus draft text or guideline, agreed by the
appropriate ICH Expert Working Group, is transmitted by the ICH Assembly to the
regulatory authorities of the ICH regions for internal and external consultation,
according to national or regional procedures.

N\ Pharmaceutical —
e ISPE~ Connecting Pharmaceutical Knowledge ‘;‘v REGULATORY SCIENCE 33
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RBDM - Applying Formality

PQS
Decision Making
Multiple Formality
Objectives Criteria Stakeholders

/
Complexity Uncertainty/
/
/ DECISION
HIGH 4
STARES

Mulholland, Valerie and Greene, Anne (2020)
"Quality Risk Management: Seeking the Diamonds: Making the Case for Improved Formality in QRM Decision-making,"

Level 3: Vol. 15: Iss. 2, Article 18. doi:https://doi.org/10.21427/yfw0-hy89
Available at: https://arrow.tudublin.ie/level3/vol15/iss2/18

TRAIL

© Mulholland, Lipa, Greene

- — Pharmaceutic
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RBDM — ICH Q9(R1)

Voting

Weighted Scoring
Decision Trees
Influence Diagrams
Human Factor Analysis
Risk / Benefit Analysis

AN N N N NN

e ISPEO Connecting Pharmaceutical Knowledge

Effective risk-based decision-making begins with determining the level of
effort, formality, and documentation
that should be applied during the quality risk management process.

 NOT DESCRIBED IN
ICH Q9 (R1)

tg; —— Pharmaceutical
: ;:\\ REGULATORY SCIENCE 35
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RBDM — ICH Q9(R1)

Effective risk-based decision-making begins with determining the level of
effort, formality, and documentation
that should be applied during the quality risk management process.

MPORTARGE

INFORMAL.....LOW

Miukticriteria Decision-Making Tools
Fuzzy Logic

Cumulative Risk Assessments
Transition Tools

Monte Carlo Simulations

Adaptive Modeling

~O ., I
e ISPE Connecting Pharmaceutical Knowledge i‘ S REGULATORYSCIENCE 36
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NOT DESCRIBED) |\
IN ICH Q9 (R1)
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POLL # 2

Do you have FORMAL procedures
or tools to support Risk Based — EEEEENTTRA SN " N

Voting Multicriteria Decision-
Weigh:zd Scoring Making Tools
JJecision Trees Fuzzy Logic

Decision Making
- vl Di C lative Risk
1 your PQS? I;u;zzcliac’cao?r:rgﬁysis A:sn;:sameentsS

Transition Tools

Monte Carlo Simulations
Adaptive Modeling

NN NN
ENERN

N N

Risk / Benefit Analysis

DN

d No, we do not have formal tools for RBDM
 Yes, we have some forrnal tools, adequate for LOW complexity RBDM

 Yes, we have formal tools, adequate for HIGH complexity RBDM

............

e ISPE Connecting Pharmaceutical Knowledge “ S REGULATORYSCIENCE 37




RBDM — ICH Q9(R1)

Effective risk-based decision-making begins with determining the level of
effort, formality, and documentation
that should be applied during the quality risk management process.

When is a
decision
complex?

INFORMAL.....LOW

Miukticriteria Decision-Making Tools
Fuzzy Logic

Cumulative Risk Assessments
Transition Tools

Monte Carlo Simulations

Adaptive Modeling

NOT DESCRIBED) |\
IN ICH Q9 (R1)

L Lol

I —
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1

940-1950s 1960's 1970's
Andrei Kolmogorov
Kolmogorov-Arnold-Moser

(KAM) Theorem)

Henri Poincaré
(Founder)

Tien Yien Li

Thomas Schelling
(Founder)

(Micro Motives/
Hiaass sens s John Maynard Smith
(Evolutionary Biology)

Benoit Mandelbrot
(Founder) -,

James Yorke

Paul Erdés & Alfréd Rényi
(Founder)"

(Random Graph Model/
Evolution of Random Graphs)

Robert Axelrod
(ABMs & Complexity of
Cooperation)

Evolutionary

Mathematics Dynamical

Otto Réssler
(Attractors/Chaotic Fractals)

2021 Map of the Complexity Sciences

Brian Castellani & Lasse Gerrits

1980's 1990's 2000's 2010's 2020's

John Doyle

(Control and Dynamical
Systems) L.
Hiroaki Kitano Cristina H. Amon

(Computational Fluid Dynamics,

Yaneer Bar-Yam

Peter M.A. Sloot

Edward Lorenz  Mitchell Feigenbaum ol : : n
(Lorenz Attractor/ (Chaos Constant) Jean Carlson I{gﬂgggc:sls) (Information Processing/ (Systems Dynamics) HETIE=LE .
Butterfly Effect) | otfi Zadeh (Complexity & multi-scale Modeling/ Per Létstedt Multidisciplinary Multi-Scale
o Lo (F'ou: d:r) Robustness) Computational Science) (Computation/ Hierarchical Modelling)
P James Crutchfield Multi-Scale Modeling)

Bart Kosko (Computational Mechanics/ Stephanie Forrest

 (Fuzzy Logic) Nonlinear Dynamics) (Computational P T —
) Immunology Biological *(Multiscale modeling
P:ysuas of Modeling) Hierachy in and computing)
5 Ci

of Systems Game p
Complexity Theory Theory Systems Systems
. Robert May
Lynn Margulis Juval Portugali Andrzej Nowak 5 - K Megan Patterson
gali o2 PD ulation Juniper Lovato I SROODIN.
Qehen Smals - Howard Odum  (Symbiogenesis (Spatial/Urban Planning) ~Goktug Morge (Dynamical Social { ics) ) (Sants Fo atitate (¢ 'ucationa Neadership  (Social Networks & Health)
[8inale Horseshoe) Chai Wah Wu_ L Gaia Hypothesis) Alfred W. Hubler (Public Admin/ Psychology) Carlos Castillo-Chavez Co- '~xity . ‘ucati 1) PS, hol~ -l Complexity) : Yorghos Apostolopoulos
{Graph Dynamical (Ecn/aglcal Systems ; Public Policy) " (Computational Biology/ . 9 g P P
Ludwig von Bertalanffy Roger Barker Systems) ) Arne Nazss (Dynamics of Open Policyr . Denny Borsboom P 9Y/ Susan Stepney ) (Population Health)
(Systems Theon (environmental gradford Kees . (Deep Ecology) Dissipative Systems) Robin Vallacher*, (network theory p. oo /oo Muiti-level Modeling) (Nonstana iE SRTHEEEN Frances Griffiths
A 7 psychology) (Dynamic Social *, mental illness) geliq ) 0-in<ni - (Complexity in Health) George Kaplan
; (Cybernetics, cmarlwty, Donella Meadows, 0 ; Bio-inspir’« Algon '~ ;
Systems Biology)- o James Lovelock yne F Michael Batty chology) : (network theory Yamir Moreno g 2 Bt 5 (Community Health)
(globalization) (Gaia (Dynamical Systems/ (Spatial/Urban { mental illness) Physics of Complex .+ ABMS; s -
E Systems, nola 4" uffanais g salexody Corinna Elsenbroich
ucation) _ (Computational Modelling/

systems therapy)

Planning)
(Engir._>ring Corrolex . (o
Public Health)

?.,'.e,f:'?de; ﬁ°gd;"°" James Grier Miller
‘ektology/ Founder i Peter Allen Complexity in i
Systems Thinking) Psychology €cological (Z,"é";fyiy stems (Management Studies) plextty °°":r’|§""y " ) Sustem, |
oA § biosy<* ..ns —
Systems Systems “Livi"g Raiph Stacey _ & Planning Psychology Biology 8iology/ s i Healthcare
2 \ )
Margaret Mead Theory Theory Systems Eshel Ben-Jacob (Complexity & * Chemisty 1 ark Mason Kristen Hassmiller Lich
(Self-Organization/ Management) Caterina A. M. La Porta 5 Rl <n Hassmiller Lic!
(Anthropology; Mary Lee Rhodes’ s 7 * (International (Operations research
2nd Order Bacterial socisity), (Public Administration) § A - (Biosystems & Complexity) Educati 2
5 . Public Poli 7 Ha der Maas " jucation) public health)
Cybernetics) . Humbg e Stuart ublic Policy) (Computational Adele Hayes Uri A*an O Lol Lulst ;
SRS Fritjof Capra - Eric Bonabeau change in thera, Jessica Flack ~ < .etwo. k Motifs/G ier Luigi Luisi Michelle Jordan Carmel Martin .. ._ - i
1 Kurt Lewin (we% B (Autopoiesis).  Francisco Varela ﬁ;g’;};':o',’uﬁon (Distributed/swarm ¢ SVC"""I’fgy) . (h & %) . s o™ (Synthetic Life) P i tn alicia Juarrero ?\;:37 “VC ’_lgslzthljoux
Kenneth Boulding e =i Jennifer Dunne (Cognitive Science)  Autonomous Agent: Intelligence);  Jean Boulton Wolfgang Tschacher 5 . Complexity) Clinical Practice) '
(economics, ecology) Anatol Rapoport  50¢/a/ Psychology) (Ecology & Complexity/ & (Complexity in (Synergetics Jean-Louis e Wallerstein o) rhrift Neuroethics) . o
e (mathematical 3. 3. Gibson and E. J. Gibson  Global Sustainability) Buckminster Fuller Management) Psychology) o (Swarm Intelligence/ {Sca/e & Foiaemics. 'etworks) (World Systems Theory) N _ Joachim Sturmberg “ Nicholas Christakis
Wertheimer, Iy {Eeolool or) (Synergetics) biological computation) Be vy Weliiil (Place & Time) Sylvia Walby (D;wd Snowdegr: (Complexity in (Health Networks)
Koffka & Kéhler i 5 rganizations Healthcare,
foattslt Peyetioingy) )stems theory) x::;;}x:;m:;hm g Sugi - Steven Strogatz . (Intpet, INSNN) Manuel Castells (Gender/Inequality/  ppplied Complexity) )
& Translation) Behavior (Dynamics/Sma —= (Global Network lobalization) . Alexandra Penn
S iesi . (Participatory
(=D Mark Grar wetter p e
L stems Mappin:
Complex (Strek th j / ngronmenf)p g
Veak ‘es Network Spatial/ :
Systems Self- Complex R SEence Geographical Intersectionality c App:‘ed,t
i i lexi omplexi
LICK H VIR Organization Adaptive ing hesilient John Urry .. CogplExity P y i
Systems % .. “omplex >ystems) " (globalization/ Brenda Zimmerman
Mirta G Social mobilities) 4 -(Organisational Strategy,
Leslie MccCall Innovation, Change)

L \ srten Scheffer

fOI' Map Legend Sergei Kurdyumov (Human & <ial :
s Catastrophy th 5 i H .
& PDF of Ma (Synergetics) Dynamics) Car Folkel C25trophY theory) ?;;:’::(fg‘g’;: (Complex .
p - Murray Gell-Mann e _oupled Duncan Watts Science) David O'Sullivan Patricia Hill Collins Ineguality) : . aron Zivkovic :
Philip W. Anderson (Effective Complexity) . isM. A Settencou.  roogystems) (Small Worlds) : . (GIS, geography & (Race/Class/Gender) Jac Vennix (Social Entrepreneurship/
(Complexity Science) ¢ (Ci s & Ui aniza* ) N Réka Albert - . Complexity) (Group Model ~ Wicked Problems)
Per Bak Hermann Haken Geoffrey West P iy . Brian Arthur SanelBoas (scale-free Albert-Lazlo Barabasi Céline Rozenblat Building)
A f z a e it 5 - S
Ilya Prigogine (Csne}?; a%/g)amzed (Self-Organization . (Scaling Laws) (PhI/J'/ - |Ih 3 > (Economic Complexity) (Co-Evolution/ networks) (Scale-free networks) Michael (Urban C y Networks/) scott Page Robert Geyer
(Dissipative Structure, and Synergetics) Niklas Luhmann (" phY, 7 Ervin Laszlé Inequality) ichae aker (The Difference/ (Public Polity)
time, matter)  Erich Jantsch Steven Eppinger Talcott P: (Snciology) HlereK c:lrles). N (Systems Philosophy) : John Miller César Hidalgo (Relational Dat-abase KatylBOTE Computationsl Methods) _International Poltics)
pil alcott Parsons atherine Hayles b H y
Gregory Bateson (Self-Organizing ~ (engineering , Walter Buckley i Y. Bruno Latour cconomics) - (Economic C: John Tavt (Visu D e, o
5 Universe) complex systems) (Sociology) . Com~x Adapti (posthumanism) (Actor Network ohn Taylor
. (ecology of mind) o & R - (Comyiax Adaptive Theory) s (e-science) Data Science) (Systems Political Graham Room
F Heyligh Debora Hammond S wems) Margaret ARG H Friedrich HEVEk : Science) (Public Policy
rancis Heylighen T (Systems Enginecglly) - ‘morphogenesis) (Economy : Agile Actors)

= (Principia Cybernetica (Syste

Complex System)

Michael Wolfson

Computational
Complexity
Theory

Artificial
Intelligence

Walter Pitts
(Founder)

Cellular
Automata

Connectionism

Warren McCulloch Genetic
Algorithms

(AI Founder)

Hector Zenil
(Algorithmic

Evan Thompsol
(Embodied Mind,

Frank Rosenblatt

Christopher Langton
(AI in computers)

Norbert Wiener e N
(Cybernetics ., roject 3.B. unl”

/ "Arturo Rosenblueth . 8IG DATA .

Mathematics) (Physiology & Cybernetics) Quotng \ (Laws s Visual c (Government/Policy/ABM)
2nd Order - Complexity) Socio- : Oata Science Complexity Political
n Cybernetics Scienc Cybernetics Complexity Aicseivon
Heinz von Foerster Kenneth Bailey -H. Hommes Oigital So
Marvin Minsky  (2nd order \ (Sociology System: . (computational |\ A Eve Mitleton-Kelly
= s e i Theory) 5 economics) eboran Lupton {g $ i
(Cognitive Science) cybernetics) e y Forrester (Digital Sociology* <. (Policy/Methods/
W. Ross Ashby : System dynamics) - Hideki Takayasu Digital health) ManuellINEES Organizations)
i (Cultural ~" Hans van der Zouwen : y . (Power Laws (Visual Complexity) .
(Cybernetics of o et ation) (Methors) Felix Geyer Edgar Morin Manuel DeLanda - Richard R y Lasse Gerrits Phil H:
Mind) John von Neumann r {rei . olmor srov T . ‘ransformation) . - (Alienation) orces bl as Ficoy Econophysics) ichard Rogers : . 3 X (QCA/Public Admin/ Phil Haynes e CE e e e
(Cellular Automata’  (C mplex. & B Peter Checkland Franelsco Pars tuna Complexe) (Digital Methods/  Noortje Marres ~ Anil K. Maheshwari Urban Planning) ~ (Pelicy & Dynamics (Computational Modeling/
a = . e, (Computational/ (Soft Systems Methodology) (Sociocybernetics) mpexe Valeria Krzhizhanovskaya ~ Digital Cultures) (pigital Sociology/ ~ (Big Data Analytics) ) g Pattern Synthesis) Public Policy)
Claude Shannon EIIS IHEEN), . Time Complexity) 4 22 Bruce Loet Leydesdorff (Computational methods, Jeanette Wing E-Science Methods) Nick Emmel Sofia Pagliarin
(Information theory) fge;ul;A“:t""fam Charles H. Bennett  (: Public  (Complexity of William S. Cleveland {Computations  petter Térnberg Dca‘"d oy i (C/"m" fex Realism) % (Gualitative Complexity/
oy omple; ealism, p
= Qe v Computation)  Policy) oshug A;’tseﬁ'“/ (Machine Learning/ - oy ", Thinking) ; (Heterodox Computational (Case e HixedMethect) Malcolm W
. = - Social Science) (complex realism in

Data Visualization)

(SOM/Neural Nets) Modeling) social research)

(Artificial Societies) Michael
Wooldridge

Artificial citar, AaMAs) Interdisciplinar
Life Agent Based Computational \F= Computational Case- N oaiative Tt e
Modeling Multi-Agent B omsgi\.le:‘;:na Social Based omplexity ek _ Rajeev Rajaram
Modeling - q Complexit) (Dynamical Systems/
Katia Sycara Science (R4 Case-Based Entropy)

"(Robotics/
Muti-agent Systems) ..

Celia Lury
(Interdisciplinary
Methodologies)

. Bruch

Elizab
(Quantitative Sociology)

César Garcia-Diaz Jennifer Badi e

Brian Castellani

Herbert Simon - e rosd (Connectionism) Complexity)
(Bounded Ao o Noam Chomsky John Conwa . . 3 Melanie Mitchell (Simulation in
i ‘ " (Embodied Mind) N Teuvo Kohnen Y Nigel Gilbert i Sy " (ABM/Network: ) g i
Rationality/AI) Péter Er E (Linguistics) - (se|f-Organizing Map) (Game of Life) (Ang /public ?ﬁ:;voAri:?‘"c Gregory (Computation in i Social Science) (AN _ (Case-Based Modeling/ Emma Uprichard
(Computational Robert Hodge policy) / . Piatetsky-Shapiro Complex systems) : Robin Purshouse Dpabraj Roy Philippe Giabbanelli Charles Ragi Configurational Theory) (Time/Big Data/
ioti John Holland Computational Modeling) (Knowledge Discovery - ¢ (Decision Modelling  (Modeling Urban (Computational Intelligence/ (Founder, QCA, Interdisciplinary
eter Coveney 5y p)icy) Data Mining/Public Health) | Fuzzy Set Social =}"éﬁg‘t‘;_zx§l’ysis Y Methods)

ognition)

(Genetic Algorithms

(
social complexity)
Emergence)

Doina Precup
(AI and uncertainty)

Processes)

Flaminio Squazzoni in Databases)

i
(ABM and Socio-economics) Science)

(Computational
Science/Chemistry)

Case-Based Method)
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Workplace Safety

Civil Aviation

Medicinal Products
Nuclear Energy
Aerospace

Project Management

Enterprise Energy
Defense  £inance

Medical Device
Blood Banking

Environment

Explored these industry sectors...

And examined sector standards derived from...

Jdezith & Safety
Fecutive

p" Project

~ Management
x& Institute.

=SSP,

Alliance
of Blood
Gperators

Pharmaceut

cal

Connecting Pharmaceutical Knowledge
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(21) Characteristics of RBDM

& |SPE.

GOVERNANCE
Considers..

Perspectives of all
Stakeholders

Intent and Scope of
Decision

PROCESS (QRM) PROCESS (KM)
Considers.. Considers..

Tolerance for Uncertainty
Uses Formal Tools a Significance

© Mulholland, Lipa, Greene

REGPLE
€onsiders..

Bias & Heuristics
within the QRM
and RBDM
Processes

Human &
Organisational
Factors in Analysis
and Application

Not specifically addressed by either QRM or KM

Connecting Pharmaceutical Knowledge

Mulholland, Valerie; Greene, Anne; and Lipa, Martin J. (2021)
"Steps Beyond Risk Assessment in QRM: RBDM, The next horizon,"
Level 3: Vol. 16: Iss. 1, Article 2.

Available at: https://arrow.tudublin.ie/level3/vol16/iss1/2
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“{ ;‘\\ REGULATORY SCIENCE
) — Team


https://arrow.tudublin.ie/level3/vol16/iss1/2

21 RBDM Characteristics

o ol olelole
|

Bntont & ?co?e M Satisfies all Risk Tolerance s as!reed SR h.gh Zonsiders
of Decision is Legal g Ranking quallty ri5.<
5 Stakeholders is agreed Uncertainty
Clear Requirements Scores an‘aiy: (s
S Sleie
\\ /’
Considars Deterministic v Usee Forrvad Uses Bes‘ erences I(novvledge is Knowledge is
e o Probabilistic RA Tools available bolh Internal &| Codified and | accurate and
P ) Approach Know tedge External Accessible reliable
\ Sources
R & Human Factors Prefers . . . .
Competent Subjectivity is Def . Considers Risk Applies Risk Record
Teams Controlled g betralan Sensitivity Review e
Considered Depth Decision Trail
Strategy

——Ph
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(Addressed\

by
QRM

Process

(" )

Potentially
Addressed

by KM
Process

\_ J
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ﬁ equired if decision is
* Insignificant

« Simple

« Certain

m’""”'d
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 Dynamic / Many Influences * Rule-Based Decision Making

» Non-Linear * Low - High
« Complex (High}
* Risk-Based Decision Making

Pharmaceutical

e ISPEm Connecting Pharmaceutical Knowledge “;&\\ REGULATORY SCIENCE
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Effective RBDM - The Next Horizon

 QRM and KM are fundamental as enablers

 Decision Makers need to fully understand-Camplexity, ..and Uncertainty,

when making IMPORTANT decisions with respect to Risk.

« Good RBDM may alsc azpend on a number (217?) of further considerations
(AKA charactziistics) — but KM is key to 8/21

- —— Pharmaceutical ——
e ISPE Connecting Pharmaceutical Knowledge i;“ REGULATORY SCIENCE
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WORKSHOP: Ex |ormg\aﬁ’Node1

How could KM inform QRM for \\_
improved RBDM? NS
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Workshop Intro: A Knowledge Map for QRM

Recall, an array of guidaince-including ICH QS8,
CNOWLEDGE Q9, Q10, WHO estabiish a clear expectation
Quality Risk Knowledge that knowlecoe Informs risk and should be
Management Management L . - . .
used tog=trier to inform decision making in order
to prowect the patient

NODE 1:
‘BEST AVAILABLE KNOWLEDGE
FLOWS INTO QRM”

At the outset of a QRM activity, one must be prepared to answer fundamental questions
1) What could go wrona?
2) How likely is(it’?
3) Will you be able to detect it?
And a categorical fourth question
4) How sure are you? How sure do you need to be? Is the result suitable?

T —— Pharmaceutical —
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Workshop Intro: A Knowledge Map for QRM

How will you ensure you apply the best knowledge, experience,
know-how, expertise & prior knowledge to seiform an optimal risk

assessment and support the best possible risk-based decision?

Ask yourself...

1) Is the most current knowlzdge visible, available and accessible on demand?
coty g 2) Is the knowledge of sufficient ‘quality’ for use?
3) What are you migsing?

A knowledge map

can help answer
these questions!

format

it?

QRM questions:
1)  What could go wrong?
2) How likely is it?
3) Will you be able to detect it?
4) How sure are you?
How sure do you need to be?
|s the result suitable?

>

& ISPE.

Knowledge Management
in the Pharmaceutical
Industry

GOOD PRACTICE GUIDE:

~»

https://www.apgc.org/blog/great-process- Also featured in

e I s P E improvement-begins-knowing-your-knowledge-gaps ISPE KM
®

Good Practice Guide



https://www.apqc.org/blog/great-process-improvement-begins-knowing-your-knowledge-gaps

Sources of Knowledge for QRM: The Guidance!

We explored several guidance documents that detail sources of

information & knowledge that may inform the QRM process (and consequentially RBDM)

PP Project
XN bt
GLOBAL STANDARD

A Guide to the Project
Management Body of Knowledge

PMBOK GUIDE

Seventh Edition

AND The Standard
for Project Management

EUROPEAN COMMISSION

DIRECTORATE-GENERAL FOR HEALTH AND FOOD SAFETY

& 'sPE.

& ISPE.

Baseline,

& |SPE.

& IsPE.

APQ -

foo i TS Ot
. -\;.:l:('; ———VO-I:U-ME S m s m::‘._-;” woe
Risk-Based Manufacture of Commissioning and = au;mwm Corrzctiv. Aciion and
Pharmaceutical Products Qualification Glomant of & Pharmacoutica Dreventive Action

fZAPA) System

A Crnde 1 Mamipreg Wnda Aissin iabed widy
Crima il vt

Medicinal Products — Quality, Safety and Efficacy

Brussels, 30 March 2015

EudraLex

Volume 4

EU Guidelines for

Good Manufacturing Practice for
Medicinal Products for Human and Veterinary Use

Annex 15: Qualification and Validation

Legal basis for publishing the detailed guidelines: Article 47 of L irec:
on the Community code relating to medicinal products for human usciand Zucle 51 of
Directive 2001/82/EC on the Community code relating to veterinary medicinal products.

This document provides guidance for the i

of the principles and

200 1/83/EC

of good manufacturing practice (GMP) for ‘medicinal products as laid down in Directive
2003/94/EC for medicinal products for human use and Directive 91/412/EEC for

veterinary use.
Status of the document: Revision

Reasons for changes: Since Annex 15 was

blished in 2001 the f

ing and

regulatory has changed

changes in manufacturing technology.
Deadline for coming into operation: 1 October 2015

& |SPE.

ly and an update is required to this Annex
to reflect this changed environment. This revision to Annex 15 takes into account
changes to other sections of the EudraLex, Volume 4, Part I, relationship to Part II,
Annex 11, ICH Q8, Q9. Q10 and Q11, QWP guidance on process validation, and

)' ICH

Second [dtion

harmonisation for better heaith

INTERNATIONAL COUNCIL FOI' 1ARMON SAT. N OF TECUNICAL
REQUIREMENTS FOR PHARNM. CEUTIS (LSFC |\ HUMTUN USE

“H HAPSONISE | GUIDELINE

QU LITY RISK MANAGEMENT
QI(R1)

Draft version
Endorsed on 18 November 2021
Currently under public consultation

At Step 2 of the ICH Process, a consensus drafi text or guideline, agreed by the
appropriate ICH Expert Working Group. is transmitied by the ICH Assembly (o the
regulatory authorities of the ICH regions for internal and external consultation,
acconding 1o national or regional procedures.

Second Edition

ASTM E2476-16

Standard Guide for Risk Assessment

and Risk Control as it Impacts
the Design, Development, and
Operation of PAT Processes for
Pharmaceutical Manufacture

INTERNATIONAL

Designation: E2500 - 13

Standard Gulde for

Specification, Design, and Verification of Pharmaceutical
and Biopharmaceutical Manufacturing Systems and
Equipment’

This standard is issued under the fixed designation FE2500; the number immediately following the designation indicates the year of

original adoption or, in the case of revision, the year of last revision. A number in parcotheses indicaies the year of last reapproval. A
superscript epsilon () indicates an cditorial change since the last rovision or reapproval

P

Connecting Pharmaceutical Knowledge
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Perhaps there are
more?

Bias to ‘New’

Processes &
Technology
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Product

Regulatory

Project Capability

Not a definitive & exhaustive review!

Sources of Knowledge for QRM: The Guidance!

PQS Knowledge

QRM Knowledge

Knowledge

Requirements

+ Lifecycle documents » Applicable Legislation, Laws, EHS, + Change Management Strategy » Contracts/Scope/Turn-Over-Packag es

» Specifications/ Acceptance Criteria — etc. » PQS Procedures - Process under + C&Q Plans/Schedules
Product » Guidance/Best Practice Documents analysis + Capabilities & Resources

» Specifications/ Acceptance Criteria — * Pharmacopeial and Test Standards * Quality Records + Laboratory Support ~.ap abin'izs
Materials » Submitted/ Approved Regulatory * Maintenance Records » Training Procec ures « nd 1 olicies

» Design/ Validation Documents - Filings » Validation Procedures and Policies * Good Ergieerin P:actice
Measurement & Analysis Systems » Supplier Management/Procurement * Roles & Pesnc:sibilities

+ History of Product Issues (Product P&Ps * L'HS Ducernents -Safety Data
under analysis or related) + CAPA Data - Complaints/ audits/ > Cunflicting Objectives/Requirements

* Supply Chain (Product & Materials) Deviations/ Trends * KM Outputs (Legacy Requirements)

» Toxicology Data/ Acceptable Daily
Exposure (ADE) Value

+ Information and/ or data on the
potential hazard, harm or human
health impact relevant to the risk
assessment;

» Degradation Pathways/ Stability Data

Process User Requirements

Specifications/ Acceptance Criteria - Process

Design/ Validation Documents - Facility & Utilities

Design/ Validation Documents - Process and Ecu.nmzn.

Design/ Validation Documents - Process Cuintro's

Design/ Validation Documents - Measurciie 1. & Analysis Systems
Design/ Validation Documents - Software Systems

Design/ Validation Documents - Cleaning

History of Problems with process/outputs

& ISPE.

* APR/Management Reviews
* Business Strategy/Prio’ity ror Product

<~ Process Knowledge

Drawings

Calibration Requirements

QRM Documents from design/previous stages
System Integration Requirements

Equipment Manuals/ Technical Specifications
Materials of Construction

Process Capability/Performance Indices
Routes for Contamination/Cross Contamination
Cleaning Process Performance Capability

+ Training & Competence in Process

» Prior Knowledge/Lessons Learnt - current or other locations

© TU Dublin PRST

Connecting Pharmaceutical Knowledge

&

Nl

* Risk Management Knowledge

* Risk Management Procedures and
Policies

+ Defined Risk Question/Scope

» Trained RM Practitioners/Facilitators

» Specify a timeline, deliverables and
appropriate level of decision making
for the risk management process.

REGULATORY SCIENCE 50
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Case Study: Installation of an Autoclave (Parts Sterilization)

PQS Knowledge

Product
Knowledge

Lifecycle documents
Specifications/ Acceptance Criteria
— Product

Specifications/ Acceptance Criteria

Regulatory
Requirements

Applicable Legislation, Laws, EHS,
etc.

Guidance/Best Practice Documents
Pharmacopeial and Test Standards

Change Management Strategy
PQS Procedures - Process under
analysis

Quality Records

Project Capability

Contracts/Scope/Turn-Over-
Packages

C&Q Plans/Schedules
Capabilities & Res«urces

QRM Knowledge

Risk Management Knowledge
Risk Management Procedures and
Policies

Defined Risk Question/Scope

— Materials * Submitted/ Approved Regulatory * Maintenance Records * Laboratory Su pert Capabilities * Trained RM
» Design/ Validation Documents - Filings » Validation Procedures and Policies + Trainine Proracurzs and Policies Practitioners/Facilitators
Measurement & Analysis Systems * Supplier Management/Procurement + Gona Erjirer.ing Practice » Specify a timeline, deliverables and
* History of Product Issues (Product P&Ps * i‘oles  Pesponsibilities appropriate level of decision
under analysis or related) + CAPA Data - Complaints/ audits/ - E\'S bocuments -Safety Data making for the risk management
» Supply Chain (Product & Materials) Deviations/ Trends + Conflicting process.
+ Toxicology Data/ Acceptable Daily « APR/Management Review: Objectives/Requirements
Exposure (ADE) Value + Business Strategy/Prioritv .or « KM Outputs (Legacy
+ Information and/ or data on the potential Product Requirements)

hazard, harm or human health impact
relevant to the risk assessment;
» Degradation Pathways/ Stability

Data

-

_~ 'Process Knowledge

Process User Requirements

Specifications/ Acceptance Criteria - Process

Design/ Validation Documents - Facility & Utilities
Design/ Validation Documents - Process and Eguipn.en:

Drawings

Calibration Requirements

QRM Documents from design/previous stages
System Integration Requirements

* Design/ Validation Documents - Process Cn'rols * Equipment Manuals/ Technical Specifications

* Design/ Validation Documents - Meas'uemer.t % Analysis Systems » Materials of Construction

* Design/ Validation Documents - Softwaic Systems * Process Capability/Performance Indices

* Design/ Validation Documents - Cleaning * Routes for Contamination/Cross Contamination
+ History of Problems with process/outputs » Cleaning Process Performance Capability

* Training & Competence in Process
* Prior Knowledge/Lessons Learnt - current or other locations

© TU Dublin PRST

NNN — applies to this case

e ISPE « NNN — does not apply Connecting Pharmaceutical Knowledge ‘;., REGULAT_O“RY‘SC‘Z.IENCE 51




Case Study: Installation of an Autoclave (Parts Sterilization)

PQS Knowledge

Product

Regulatory

Project Capability

QRM Knowledge

Knowledge

Lifecycle documents
Specifications/ Acceptance Criteria

Requirements

Applicable Legislation, Laws, EHS,
etc.

Change Management Strategy
PQS Procedures - Process under

Contracts/Scope/Turn-Over-
Packages

Risk Management Knowledge
Risk Management Procedures and

— Product Guidance/Best Practice Documents analysis * C&Q Plans/Schedules Policies
Specifications/ Acceptance Criteria Pharmacopeial and Test Standards < Quality Records » Capabilities & Rescurces * Defined Risk Question/Scope
— Materials * Submitted/ Approved Regulatory * Maintenance Records * Laboratory Su pert Capabilities * Trained RM
» Design/ Validation Documents - Filings » Validation Procedures and Policies + Trainine Proracurzs and Policies Practitioners/Facilitators
Measurement & Analysis Systems + Supplier Management/Procurement + Gona ErJjirer.ing Practice » Specify a timeline, deliverables and
* History of Product Issues (Product P&Ps * i‘olrs (- Pesponsibilities appropriate level of decision
under analysis or related) + CAPA Data - Complaints/ audits/ - E\'S bocuments -Safety Data making for the risk management
» Supply Chain (Product & Materials) Deviations/ Trends + Conflicting process.
+ Toxicology Data/ Acceptable Daily « APR/Management Review: Objectives/Requirements
Exposure (ADE) Value + Business Strategy/Prioritv .or « KM Outputs (Legacy
+ Information and/ or data on the potential Product Requirements)

hazard, harm or human health impact
relevant to the risk assessment;
» Degradation Pathways/ Stability

Data

-

Process Knowledge

~

”
* Process User Requirements

» Specifications/ Acceptance Criteria - Process

* Design/ Validation Documents - Facility o Uhlities—
* Design/ Validation Documents - Process and E quiprien.
+ Design/ Validation Documents - Process Con.rcls

* Design/ Validation Documents - Meas 1 ‘em?21# & Analysis Systems
+ Design/ Validation Documents - Software Systems

» Design/ Validation Documents - Cleaning

* History of Problems with process/outputs

& |SPE.

Drawings

Calibration Requirements

QRM Documents from design/previous stages
System Integration Requirements

Equipment Manuals/ Technical Specifications
Materials of Construction

Process Capability/Performance Indices
Routes for Contamination/Cross Contamination
Cleaning Process Performance Capability

* Training & Competence in Process
* Prior Knowledge/Lessons Learnt - current or other Iocations_

© TU Dublin PRST
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Case Study: Installation of an Autoclave (Parts Sterilization)

- Characteristic Category Chosen to illustrate...

1

Design/ Validation Documents

- Facility & Utilities

Prior Knowledge/Lessons Learnt - current or other

locations

Routes for Contamination/Cross Contamination

QRM documents from Product/Process

Development

System Integration Requirement

e.g. MES, EBR, BMS, etc

Applicable Regulations/Guidance

& ISPE.

Process Knowledge
Process Knowledge

Process K{nowledge

Product/ Process Knowledge

Process Knowledge

Regulatory Knowledge

Connecting Pharmaceutical Knowledge

echnical / Explicit

Prior / Tacit
Explicit / Tacit
Explicit / Tacit

Planning

Governance

—— Pharmaceutical ——
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InStrUCtions - QRM KnOWInge Map g Explicit Knowledge = Codified knowledge

[written down in a document, a video, an image, ...]

[know-how, know-why, know-who, experience, expertise,
decision rationale, rnles of thumb, thought models, ...]

3 Tacit Knowledge = Knowledge in people’s heads

1. Simplified knowledge map template

(1) Knowledge type (tacit or explicit)
(2) Knowledge FLOW
(3) Knowledge QUALITY e

- Sufficient Context & Rationale?

- Is it Complete & Accurate?

2. Today is about the process, not the data... Flows readily. Yougetwhatyouneed| @\ L cected (no
. _ _ . on demand, when and where needed. lacking context, rationale, etc.)
+ Ratings will be highly org specific Processes are in place. ’ s
. . Minor issues or inefficiency but can Minor issues requiring simple
* POrtraylng a common and eStabIIShed example get what is needed without wasting | clarification or explanation with no
» The discussion is about the thinking and much time or energy disruption
. . , . Significant barriers, waste, Issues which require resources (time,
the InSIthS a KnOWInge Map can DrC\llde frustration, inconsistency (etc.) in people, etc.) to resolve or not
finding what is needed on demand optimally support QRA / RBDM

© TU Dublin PRST

3. Inyour ratings... Rating rubric

« Consider the overaliexperience — not just you personally. Think: Can a newcomer figure it out?

- Don’t overlook iacit knowledge: Is a document alone really sufficient or do you need to talk to a human?
« Use the most conservative rating if unsure (in alignment with QRM principles)

- Be honest and candid, there is no right or wrong; use CHAT to share any comments

1|
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Knowledge Mapping Exercise

Connecting Pharmaceutical Knowledge

ISPE.org |



Connecting Pharmaceutical Knowledge

ISPE.org |



Break Time!
Please take a quick stretch and kiobreak

e ISPE Connecting Pharmaceutical Knowledge

ISPE.org |
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Q
Exploring RKI Node 4 o =
New Knowledge from @Rﬁ?

Reflection & Group Discuss })h\\’\’
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The RKI Cycle applied to ICH Q10
Applying a ‘systems thinking’ lens to the PQS co-enablers

RISK CONTROL, COMMUNICATION & KNOWLEDGE VISIBILITY & AVAILASILITY:
REVIEW ACTIONS;
NEW KNOWLEDGE & ‘KNOWN-UNKNOWNS'

CONTINUAL IMPROVGIMAENT
via KNOWLEDGE ~PPLICATION

New

Knowledge
from QRM /

.

((\

O
MANAGE % MANAGE
RISK VIATHE @) KNOWLEDGE KNOWLEDGE VIA
KM PRACTICES
QRM PROCESS Quclity Risx Knowledge
Niar agement

Management

BEST AVAILABLE KNOWLEDGE
FLOWS INTO QRM ACTIVITIES

J © Lipa & O’Donnell 2020
& |SPE.

ACQUIRE, GROW, CAPTURE &
K RETAIN NEW KNOWLEDGE J

\.

Connecting Pharmaceutical Knowledge
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Knowledge as an Output from QRM

lllustrative excerpts from regulatory guidance
ICH Q8(R2)

« “[Pharmaceutical Development] provides an opportunity to preseii: the knowledge gained
during application of scientific approaches and QRM”

« “Appropriate use of QRM principles can be helpful in‘brioritising the additional
pharmaceutical development studies to collect suichi kKnowledge.”

WHO Guidelines on Quality Risk Managerment — Annex 2

+ “The QRM approach may be used t2...facilitate the transfer of process knowledge and
product development hisioirv-to ease product progression throughout its life-cycle and to
supplement already available knowledge about the product.”

- “Early in develgpment, the purpose of the QRM process may be to acquire sufficient
product and process knowledge to assess risks associated with [the process]’

* A crucial aspect of product development and QRM is the maintenance of an effective and
secure knowledge management and documentation system

e ISPE Connecting Pharmaceutical Knowledge ISPE.org 60



Knowledge Management

Development Technology
Studies e

Process Model o L

Knowledge Creation

« A proposed model to enhance the practical ) | o 61, frocess & pittrn knoviege
UnderStandlng Of KM Knowledge Management AN\ <
Knowledg< Curcaon.

A practical definition of KM...

| Knowledge Capture

P, l + -

Knowledge Identification,
Review & Analysis

Tools & practices to enable knowledge to flow to the right
person, at the right time, to inform the best decision

 Encompasses ICH Q10 definition of KM & further
enhances as follows:

Basis for prior knowledge

Knowledge
Dissemination

A 4

Knowledge Storage & Visibility

v

Knowledge Availability

Knowledge communicuiion,
exchange & sharing (via knbw =c ge culture)

Growing and evolving knowledge
(product, process & platform knowledge)

Knowledge Management Practices
for both explicit and tacit knowledge

 Knowledge must flow and be aprli=d

« KM practices to for both exvlicit and tacit knowledge

\4

« Knowledge commuritation, exchange and sharing 4 Knowledge Application, Growth & Transfer )

Technology

Product Transfer Change
Filing Management

\ lllustrative processes j

\ 4

N
[ DECISION )

e ISPE Connecting Pharmaceutical Knowledge ISPE.org | 61




lllustrative processes

R KI Cyc I e M a p p i n g to Development Technology
K M P ro ce s S M O d e I Studies Maﬁgg.;%eent Transfer

-
-
-
-
-
-

RK| Node 3 Knowledge Creation

-
-
-
-
-
-
-
-
-
-
-
-

New!:~acquired knowledge
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QRM as a Critical Source of Knowledge

* QRM is a critical source of new knowledge 2 iy

\

* Directly, e.g., QRA outputs, decisions made,
mitigations planned and their effectiveness,

decision rationale, ... ~RELY KN%\:II;EQEGE
* Indirectly, e.g., directing development efforts, Misriagement Management

triggering new studies
* Through Risk Communication & Risk Review

© Lipa & O’Donne 11 2020

* Ask yourself...

Do we recognize this new knawledge as an asset and have intentional processes in place
to manage it?

Does this new knowlsdge wind up in a “silo”?

Is tacit knowledge captured and managed?
* e.g., the why behind decisions, what was known at the time, alternatives & why rejected, ...

How do these outputs become inputs for future QRA and to other processes?
« A source of ‘prior knowledge’?
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Breakout Activity — Node 4

* We will break out into six (6) breakout groups of ~6-7 persons per room

 Breakout instructions:

* |dentify timekeeper, scribe & person to report ot
« Scribe: Please capture notes on a single PowerPoint slide, post this into the chat
during the report out

* |Introductions: 5 minutes
* Discussion: 10 minutes

Room | Room Name Q- _| Your Question to discuss

. . —
Room 1 Knowledge from QRM What knowledge is created during a QRM exercise”

Room 2 (Tip: consider both tacit & explicit)

Sl £ Risk Review What is the role of KM in risk review?

Room 4

2882 g Risk Communication What is the role of KM in risk communication?
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Breakout Activity Report Out — Node 4

» Breakout report out instructions:
» ~2-3 minutes per group, will go in pairs

J ‘ : . . "
Room 1 Knowledge from QRM Wha! knowledge is created during a QRM exercise”

Room 2 "1ip: consider both tacit & explicit)

RO & Risk Review What is the role of KM in risk review?

Room 4

ool g Risk Cormimunication What is the role of KM in risk communication?
Room 6
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Group Discussion | %@A‘%
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Marty Lipa Valerie Mulholland Dr Kevin O’Donnell Prof Anne Greene
Merck GMP Services Ltd HPRA Director, PRST, TU Dublin



Takeaways

The RKI Cycle is a framework that can help unite QRM and KM, enabling more effective QRM, RBDM and
PQS effectiveness

RBDM opportunity for improvement in our industry

Knowledge mapping is a simple but powerful technique which can helo.¢ihe stop and think about
knowledge needs for QRM (or any process) and can help identify gaesin knowledge affecting efficiency
and effectiveness

Highlights of this session will be captured in an upceriing ISPE Pharmaceutical Engineering article
(anticipated Jul/Aug 2022 edition)

To explore these concepts further, exchange\iieas or share best practices, please reach out!
Marty Lipa @ martin.lipa@prst.ie
RKI Cycle, knowledge magging, knowledge management
Valerie Mulholland @_vaicrie@gmp.ie
RBDM

Additional resources available (next slide)

Thanks to ISPE for hosting this event!
Thanks to each of you for your engagement!
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Resources & Additional Reading

Managing Knowledge and Risk: A Literature Review on the Interdependency of QRM and KM as ICH Q10 Enablers

. https://arrow.tudublin.ie/level3/vol15/iss2/3

Knowledge as the Currency of Managing Risk: A Novel Framework to Unite Quality Risk Management and Knewledge Management
. https://arrow.tudublin.ie/level3/vol15/iss2/4 (includes RKI Cycle and KM Process Model)

Quality Risk Management: Seeking the Diamonds: Making the Case for Improved Formalitydn.QRM Decision-making
. https://arrow.tudublin.ie/level3/vol15/iss2/18

Steps Beyond Risk Assessment in QRM: RBDM, The Next Horizon

. https://arrow.tudublin.ie/level3/vol16/iss1/2

APQC Resources on Knowledge Mapping

. Great Process Improvement Begins With Knowing Your Kriowiedge Gaps — https://www.apqc.org/blog/great-process-improvement-begins-knowing-your-

knowledge-gaps

. 4-Step Guide to Knowledge Mapping + Ottnst//www.apqc.org/blog/4-step-guide-knowledge-mapping

ISPE Good Practice Guide: Knowieldlga-Management in the Pharmaceutical Industry

. https://ispe.org/publicatioris/guidance-documents/good-practice-guide-knowledge-management-pharmaceutical-industry

Exploring the Risk-Knowledge Infinity Cycle across the Product Lifecycle (An ISPE Case Study)
. https://ispe.org/sites/default/files/publications/papers/ISPE_Managing%20Knowledge%20across%20the%20Product%20Lifecycle Case%20Studies.pdf
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Contact Information

Marty Lipa

Executive Director - KM
Merck / MSD

PRST Researcher
martin.lipa@prst.ie

Valerie Mulholland
CEO

GMP Services Ltd
PRST Researcher
valerie@gmp.ie

Kevin O’Donnell
Market Compliance

Manager
HPRA

kevin.odonnell@npraiie

Upcoming Webinars

Explore the NEW ISPE Knowledge Management Good Practice Guide
Wednesday, 26 January 2022

Complimentary

Call for papers! ISPE is currently seeking articles for a-Pharmaceutical Engineering KM
Focus issue. If you have KM topics to sharz cr you would like to partner with one of the
authors of the ISPE Good Practice Gitiaa.on KM in the Pharmaceutical Industry to
develop a paper, please reach ou! 10 Fa ge Kane (paige.Kane@merck.com) or Susan
Sandler (SSandler@ispe.org)hy b ~31-Jan-2022. Articles are due by 01-Mar-2022.

Implementation,ci a'\Sound Cleaning & Disinfection Program as a part of

Contamiraiion.Control Strategy
Wednesdey, 3 February 2022
Extended Learning — Bundle & Save!

Cleaning Considerations during Design, Start-up, & Commissioning of

Biopharmaceutical Equipment
Tuesday, 15 February 2022

Extended Learning — Bundle & Save!

On Demand Webinars Now Available!
Visit ISPE.org/webinars for the full calendar

Topic Ideas or Feedback?
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Thank you!






