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1.0 Introduction
1.0 515

This technical report provides detailed guidance for the application and
implementation of quality risk management (QRM) principles throughout the product
lifecycle. The report emphasizes QRM application during commercial manufacturing
and integrating QRM into the Pharmaceutical Quality System (PQS). Companion
documents provide detailed examples of characteristic operations and how QRM
principles and tools can be applied for biotechnology and sterile manufacturing of
APIs, drug product (liquids and solids) manufacturing, packaging and labeling (e.qg.,
PDA Technical Report No.44).
XA P AR AL it () A i YIS A4 57 I ORI B AT i XU B PR 4 5
R SRR 7 247t 7 A RS A P B XS AE BE, A Jr IXU R A B B i 2
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QRM is integral to an effective Pharmaceutical Quality System. Per ICH QIO,
Pharmaceutical Quality System, QRM is an "enabler" (along with knowledge
management) that can provide a proactive (while also supporting a reactive) approach
to identifying, scientifically evaluating, and controlling potential risks to product
quality and patient safety. QRM facilitates continual improvement of process
performance and product quality throughout the product lifecycle (1).
I UG BN T-— AN R i 24 T A AR 620K . ICH Q10 B B o, il
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Per ICH Q9, Quality Risk Management, "Risk management is the systematic
application of quality management policies, procedures, and practices to the tasks of
assessing, controlling, communicating, and reviewing risk."(2) It is important to
understand that risk assessment is not synonymous with risk management. To be
effective, risk management should holistically encompass the entire product lifecycle.
QRM is a living process and should be managed based on knowledge gained
throughout the product lifecycle. ICH Q9 specifically provides guidance on the
principles and tools of QRM(2).
ICH QOB BxEA v, o XU 3, MUK B A 20 SR b N ) o A BB
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Implementation of QRM offers many benefits to industry and regulators. When
applied effectively,these tools and principles enable more effective and consistent
risk-based decision-making (by regulators and industry') regarding the quality of drug
substances and drug (medicinal) products across a product's lifecycle. When
successfully integrated into a company’s PQS , QRM may reduce the level of
regulatory oversight that is applied to a company. This idea is further developed in
ICH Q10, which discusses the potential opportunities to be gained from the use of



QRM in terms of risk-based approaches. Effective risk management ensures better
understanding of the product and process by identifying gaps in knowledge and can

enable a company to prioritize and focus resources appropriately.
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QRM has been well established in the device and other non-pharmaceutical industry
sectors. Over the last few years, the pharmaceutical and biotechnology industries have
begun to implement the principles and tools laid out in ICH Q9 in order to ensure that
safe and efficacious drug products are consistently delivered to every patient.
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Realization of QRM is an evolutionary process. It requires a paradigm shift in mindset,
behaviors and in the way people work. Figure 1-1 depicts an example of a maturity
model for QRM.
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Figure 1-1 Example of a Maturity Model for QRM

« Risks managed from early on in the lifecycle A gy B o L EA PR XU e B
« Increased compliance SR Ak
« Higher efficiency EEEnisE &
» Knowledge management HIRE B
« Fewer surprises =4
Prospective Integrated
Mostly Preventive Quality Risk
Retrospective/ Quality Risk Management
Informal Corrective Management
No Quality Aisk Quality Risk Quality Risk
Management Management Management
6 B 1) Jo
AR A B

HiI W L Y T
e A W EI T

b | | TR
‘ RPN g
EEXmR || s

Eoof
)=
il
x
[
s

R PR




Process Maturation
LR

1.1 Purpose and Scope
1.1 HARgAyEH
The task force that developed this report was comprised of experienced professionals
from risk management,  manufacturing, technology, quality, and regulatory
authorities. The broad diversity in experience and expertise in the task force enabled
rich, balanced discussions from industry and regulatory perspectives; therefore, the
content in this report does not represent the QRM practices of any one particular
organization.
AR FIVEF ok B BA AR i KU P, il BoR, B LU
BN 20 e AEF T2 (500 L BE 8 A7 ARV S M A b AR R RO s AT
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The task force recognizes that there are many approaches that can be used for
implementation of the ICH Q9 guideline. This report is intended to align with ICH Q9
and presents information that can be helpful to the reader on how to implement
QRM. .The objective is not to represent or replace regulatory requirements and
guidance; nor does it establish legally enforceable requirements.
TAEHW R B VF 2 Mg A RE W HIK TTWITICH QOrHR-T 7%t R iy H i)
72 5 1CH QIR FF— S L KA A5 ST Wi 25 dn e 25 DAY ot XU A B
This technical report was distributed for public review and comment prior to
publication to ensure its suitability as a valuable guide for QRM implementation.
XA 5 A W RCZ RT3 B 20 2 A USRS, 25 FIARERE , At DRA R 1k B4 i
DA BEAT I A FE e

2.0 Glossary of Terms
2.0 Rifsk

The glossary of terms is based on definitions provided in current ICH, FDA, EU, ISO,
and other regulatory guidelines, standards, or industry publications. In some instances,
two definitions are provided where both are applicable. Where definitions are not
available in such sources, the best available definition has been adopted or developed
by the task force. Refer to ICH Q9 for a summary of the common risk management
tools. The following terms and definitions have been used in this technical report:
RIERME LT HTHIICH, FDA, EU, 1SO, VLR HAb ik e S R, ARk,
SOV AR . ST, A PTAOE T B e A E AR Sk ANE
., TAEH S RN e B Bl IR E o JEHITICH QO 38 XU 45 B T L 1)
MG NSO E AEABEAAR A o Ad ] -

As Low As Reasonably Practicable (ALARP)

T HAAT (ALARP)

The ability to reduce risk. ALARP has two facets: technical and economic. Technical
practicability refers to the ability to reduce risk regardless of cost. Economic
practicability refers to the ability to reduce risk without making the product too costly
to produce. (1ISO 14971)



AR IRE . S PERT4T (ALARP) A AT T BORMZSE . BORIIAAT 1
Fe AN B8 AR BAR AR (R BE ) o 2005 B AT AT 1 A2 48 B A1 ™ i T3 A 1 2l
BEE AT RIS 1) i ) (1SO 14971)

Commissioning

Pk

A well planned, documented, and managed engineering approach to the start-up and
turnover of facilities, systems, and equipment to the end user that results in a safe and
functional environment that meets established design requirements and stakeholder
expectations. (ISPE Active Pharmaceutical Ingredients Baseline Guide Second
Edition [June 2007])

ARt R e AFRG B, R vE, T ROl Rge. W& A3 &
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Continual Improvement

Rral ot

Recurring activity to increase the ability to fulfill requirements. (ICH Q10, 1SO
9000:2005)

S e A T R I E ) 1) B A 1% ) (ICH Q10, 1SO 9000:2005) .«

Control Strategy

P sk

A planned set of controls, derived from current product and process understanding
that ensures process performance and product quality. The controls can include
parameters and attributes related to drug substance and drug product materials and
components, facility and equipment operating conditions, in-process controls, finished
product specifications, and the associated methods and frequency of monitoring and
control.(ICH Q10)

U5t AT i 0 B K — 2RI s, T ORUE 2 BRI i B
XL ]RGS OB 2RI 2 I S AL Oy, WO B A AT 454, IR,
B R AR, MR S I SRR VA S AR AR R Z 8 S JE P (ICH Q10).
Corrective Action

A A

Action to eliminate the cause of a detected non-conformity or other undesirable
situation.

NOTE: Corrective action is taken to prevent recurrence whereas preventive action is
taken to prevent occurrence. (ISO 9000:2005)

h /D B A IAN G m A AN BRAEUR T 1 2B DAL 0 R I8 it

TR A OE 1 i R TP 5 R A AN A T 4 T ok TRl A= (1SO
9000:2005) .

Criticality

I 7

A classification of an item (e.g., process, equipment,parameter) that expresses the
significance given to the impact of that item, and should therefore be controlled or
monitored to ensure product quality, safety or efficacy.
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Critical Process Parameter (CPP)

Kb T 224 (CPP)

A process parameter whose variability has an impact on a critical quality attribute and
therefore should be monitored or controlled to ensure the process produces the desired
quality.(ICH Q8[R2])

AR LS HON R O YA, D9 DR 2 AR TR I T Y 1
Bl R A el (ICH QB[R2]) .

Critical Quality Attribute (CQA)

KR JETE (CQA)

A physical, chemical, biological, or microbiological property or characteristic that
should be within an appropriate limit, range, or distribution to ensure the desired
product quality. (ICH Q8[R2])

— R, AERY, AR S E A S OE PR, YO, AT S 1 By
PEACA R ST 19 7= i i = (ICH Q8[R2])

Current Good Manufacturing Practices(cGMPs):

AT 24 2B iR PG (CGMPs)

Practices and systems that are required to be followed for pharmaceutical
manufacturing to ensure that the products produced meet specific requirements for
identity, strength, quality, and purity.

DIRAOR T S R A R G B0 TR EE S DR AN A PR LA SR 24 I 2 S R RN
SV ILN

Decision Maker(s)

R

Person(s) with the competence and authority to make appropriate and timely quality
risk management decisions. (ICH Q9)

A B AR e 2 0 B ) i RS TR SR N

Detectability

iR o#! g3

The ability to discover or determine the existence, presence, or fact of a hazard. (ICH
Q9)

KB SE R A7 A, L S e

Enabler

SR

A tool or process which provides the means to achieve an objective. (ICH Q10)

h SEIR E AR ATV TR B

Event Tree Analysis (ETA)

FA 2T (ETA)

A systematic technique that employs forward logic to construct a graphical
representation of consequences resulting from an initiating event.

1 TFA6 A A5 RS (132 48 50 2R BRI — R R G B

Failure Mode and Effects Analysis (FMEA)

KRB L 52 3 by



A systematic method for identifying, analyzing, prioritizing and documenting
potential failure modes, their effects on system, product and process performance, and
the possible causes of failure in order to prevent defects from occurring.

— I RGALITTVE IR R« S Ar R DL A SRV AR IR B, R
WS 2R G AL 2R Re P AR, ISR IS A 2B RO A SR R AT ek
Fault Tree Analysis (FTA)

R BER 73 b

A deductive technique used to analyze the causes of faults (defects). The technique
visually models how logical relationships between failures,human errors, and external
events can combine to cause specific faults.

— PRI M kB SR R R 7 ik . AT E R eI 1 3
FGHRE SR R AN R N ZEEE AN A A (R B R R

Harm

Uik

Damage to health, including the damage that can occur from loss of product quality or
availability. (ICH Q9)

XPAR R, LR it o AT 2 B AT P 3 B 4 7

Hazard

y[in

The potential source of harm. (ISO/ IEC Guide51, ICH Q9)

155 (VB A KU (1SO/ IEC F5 #4551, ICH Q9).

Hazard Analysis and Critical Control Points(HACCP)

J& 5503t B oS B RU(HACCP)

A systematic, proactive, and preventive tool for assuring product quality, reliability,
and safety.(WHO Technical Report Series No 908, 2003Annex 7)

IO TR, RTEEME, PR RGN HTE R LS R I ) T
Hazard and Operability Analysis (HAZOP)

JENSESIEIES S (B R SN

A structured, systematic and qualitative technique for examination of a planned or
existing process or operation in order to identify and evaluate problems that may
represent risks to personnel or equipment,or prevent efficient operation.

N T BRIV R N 53 BT 2% R XU, BBE A R M AR, kR AR
EARAEI — A ). RGN BRI,

Intended Use/Intended Purpose

FOUGIIR F e P H

Use for which a product, process or service is intended according to the specifications,
instructions and information provided by the manufacturer. (1IS5014971:2007)
MRS, AR LA i SR B A5 BoRAE ™, T2k RAT & )
() F 342 (1S014971:2007).

Knowledge Management

FRE

Systematic approach to acquiring, analyzing,storing, and disseminating information
related to products, manufacturing processes and components.(ICH Q10)
RGACHIRIL, 047, A AL 3G 5 77 i L il R AN 4153 AH < 145 BV (ICH Q10).



Lifecycle

GRIEEY|

All phases in the life of a product from the initial development through marketing
until the product's discontinuation (ICH Q8).

M il B B BT B BT, LR AR A e B A B B

Occurrence

Al RETE

Probability that an event potentially leading to harm will occur.
—ANEBAER A B0 F R AR AT REE

Pharmaceutical Quality System (PQS)

2 T BEAR R

Management system to direct and control a pharmaceutical company with regard to
quality.(ICH Q10 based upon ISO 9000:2005)

feFAPE R 2] R PR R

Preliminary Hazard Analysis (PHA)

s e ot

A tool of analysis based on applying prior experience or knowledge of a hazard or
failure to identify future hazards, hazardous situations and events that might cause
harm, as well as to estimate their probability of occurrence for a given activity,
facility,product or system. (ICH Q9)

AR 6 T T A b 7 AR DG I &gy A, FHPHAZ BT TH., B AR I AT e
FEOI TSGR, GREE. F, it ES s W P RERG
RAMAEEME. (ICH Q9)

Preventive Action

T £ it

Action to eliminate the cause of a potential non-conformity or other undesirable
potential situation.

NOTE: Preventive action is taken to prevent occurrence whereas corrective action is
taken to prevent recurrence. (1ISO 9000:2005)

AT BV E AN b 1 Dt R s F A AN ST B2 ) 1 T T R IR A T 3

A TS 35 e P SR TSI 8 A i 2 i it e P SR Ty 7 52 A /4 (1SO 9000:2005)
Process Qualification

T &M

Confirming that the manufacturing process as designed is capable of reproducible
commercial manufacturing. (FDA Guidance on Process Validation,January 2011)
BIA T o R B b A 7 T 27 AR AR 7 B B BE RS ALY (FDA L2 50E 4R
F4,2011F1 H).

Process Validation

T2

Collection and evaluation of data, from the process design stage through commercial
production, which establishes scientific evidence that a process is capable of
consistently delivering quality products.

(FDA Guidance on Process Validation, January 2007)

ML Z BB B2 ik AL = B BOSCER IR Bt 7 Rk TR i W] e T2



REME I 2L A P AR E 7= i (FDA L 2 KFFE RS ,20074F1 ).

Product Lifecycle

7 it A i

All phases in the life of a product from the initial development through marketing
until the product's discontinuation. (ICH Q8[R2])

MR W T A3 v, L2 IR & AN ar b B

Quialification

TN

Action of proving and documenting that equipment or ancillary systems are properly
installed,work correctly and actually lead to the expected results. Qualification is part
of validation, but the individual qualification steps alone do not constitute process
validation. (ICH Q7)

IR BV B B RGOS e, 1B TAE HL RS SEILTUN I 45 R BT EAT 35 30 o
BIA S SRR — 370, A A P R RER B L 250 0E (ICH Q7).
Quality

i

The degree to which a set of inherent properties of a product, system or process
fulfills requirements. (ICH Q9)

XA, RGEEGS T B AT — 251 A PR 2 5 K R

The suitability of either a drug substance or a drug product for its intended use. This
term includes such attributes as the identity, strength,and purity. (ICH Q6A)

2 ) o sl 24 (i -6 TOUI A i R o X8I H S an 2500, W, 2ifEE s
PE(ICH Q6A).

Quality Risk Management (ORM):

Jo R RS F

A systematic process for the assessment, control,communication and review of risks
to the quality of the drug (medicinal) product across the product lifecycle. (ICH Q9)
FEr i B A s A, VPAS S il VAR R [ 2 o R XU R R e i
Quality Target Profile (OTP)

JpieqER 7L

A target product profile is a prospective and dynamic summary of the quality
characteristics of a drug product that ideally will be achieved to ensure that the
desired quality, and hence the safety and efficacy, of a drug product is realized. The
target product profile forms the basis of design for the development of the product.
(ICH Q8[R2])

ARSI (IR 2 5 R PE, B IR Ef ORs BRI & 24 B A
F7 i 5 bR R 8 P T B I st (ICH Q8[R2]) .

Residual Risk

N2 4e

Risk remaining after risk control measures have been implemented. (derived from
1SO14971:2007)

FERHUX G Al 5 I i 3 B g XU (oK 1 1S014971:2007)

Risk

P



The combination of the probability of occurrence of harm and the severity of that
harm.(ISO/EC Guide 51)

i R A B 45 (ISO/EC #1579 51D

Risk Analysis

NS

The estimation of the risk associated with the identified hazards. (ICH Q9)

PR A S5 R B R FH NI R .

Risk Assessment

B DPAS

A systematic process of organizing information to support a risk decision to be made
within a risk management process. It consists of the identification of hazards and the
analysis and evaluation of risks associated with exposure to those hazards. (ICH Q9)
F G Y A SR DRI e SR P XU B A o FLA 35 1 T R R Ul BAAG
I AT ARG XSS 1506 35 DA 3 R R

Risk Acceptance

W% %

The decision to accept risk. (ISO Guide 73)

Y sz AR (1SO $5FS 73)

Risk Communication

AN arapliil

The sharing of information about risk and risk management between the decision
maker and other stakeholders. (ICH Q9)

TEDR SR FIAH S 2t 35 2 T 73 555 A 9% DR AR IR 7 PR 5 IR

Risk Control

DA ¢ 1l

Actions implementing risk management decisions.(ISO Guide 73)

S G B SRIKIAT 3 (1ISO - 7/ 73)

Risk Decision

PNS527

A determination of acceptance or rejection of risk.

— A2 SR 2 RS TR UE

Risk Evaluation

B DPAS

The comparison of the estimated risk to given risk criteria using a quantitative or
qualitative scale to determine the significance of the risk.(ICH Q9)

iz F A e 1) e M I RO XU 55 45 5 1R S B R EA T 06 L DPAly, DL 2 X
65 F) A

Risk Identification

AR 2 531

The systematic use of information to identify potential sources of harm (hazards)
referring to the risk question or problem description. (ICH Q9)

F Gz G ERH R XU ) s KR FE R 5 % (JEFRIZRD BRI
Risk Management

RS B



The systematic application of quality management policies, procedures, and practices
to the tasks of assessing, controlling, communicating and reviewing risk. (ICH Q9)
RGN T oA BT B, FE R AR KU DAt #2805 YAyt DA [l AT 45 v
S

Risk Management Report

IR B

Report that summarizes the outcomes of the QRM process.

T RIS B R A R AR A

Risk Reduction

AR BERAI

Actions taken to lessen the probability of occurrence of harm and the severity of that
harm.(ICHQ9)

N AR 5 AR A 3 DA S ™ B IR B K 473

Risk Review

N ATET

Review or monitoring of output/results of the risk management process considering
(if appropriate) new knowledge and experience about the risk. (ICH Q9)

F e CAn SRR RED 3z FH G T RS T FR) AR PR 28 36 R [ Jod sl 4 XU 7 B o 5 1
/A

Senior Management

e B

Person(s) who direct and control a company or site at the highest levels with the
authority and responsibility to mobilize resources within the company or site. (ICH
Q10 based in part on 1SO 9000:2005)

Fa A LA w ) D i m O 5, AR T 2w 55 X P9 1) B Y5t
B (3T 1S0O 9000:2005() ICHQ10)

Severity

P

A measure of the possible consequences of a hazard. (ICH Q9)

Xf T I K PR 35 AT el RN T

Stakeholder

A7 AH S

Any individual, group or organization that can affect, be affected by, or perceive
itself to be affected by a risk. Decision makers might also be stakeholders. For the
purposes of this guideline, the primary stakeholders are the patient, healthcare
professional, regulatory authority. and industry.(ICH Q9)

FEATRESZM, B 2 B0A RS B O T MmN A, BUASA DL, sk
AT BEE A G AT R o AR B I T B R AR SGE E E, AE Rk A,
AR I AR o

Trend

(EEZ]

A statistical term referring to the direction or rate of change of a variable(s). (ICH Q9)
—ANGEERE, IR ARG T B



3.0 General Principles On Quality Risk Management Application i & XU & 55 ¥
FH R HEAS J )

A combined application of ICH Q8[R2] (Pharmaceutical Development), Q9
(Quality Risk Management) and QI0 (Pharmaceutical Quality System) results in an
enhanced knowledge of product performance over a range of material attributes,
manufacturing process options, and process parameters to further support the science
and risk-based management of the product lifecycle.

ICH Q8 (Zy#)7F k), Q9 (& MK QL0 GRIZjFTEAR) HIIL[H N H
BB R bR TN IR E PR AR T Rk T E S BT I S
REMIA TR, DAk — 25 SR AR R 2 R XIS A B 1 = oo 2 o Fa) U P A 2L

3.1 When, Where, and How to Apply Quality Risk Management {r] i | {r] 3 Fl 7G4
I3 o XL A B

One of the characteristics of a mature PQS is the effective integration of QRM into
relevant processes throughout the product and process lifecycles. At each phase in the
lifecycle, QRM should be applied at a level that is commensurate with the knowledge
available during that phase, and complexity of the process. QRM should start with
product design and progress to process design as the product advances to clinical and
commercial production. Risk assessments should be revisited throughout the product
lifecycle (Figure 3.1-1) as additional process and product knowledge become
available. Additionally, QRM can be useful in identifying and managing similar risks
for other products to facilitate continual improvement.

A PQS HIRFIEZ — @ AE B 3N 7 ML L 0 A ain Sl o, K s XU
P S B OGO I R B o A A RIS B o XU 8 4
(PIFE S W% 50 B I T SRA5 10 L R0 T2 W 5 AR ARG N o o i R
FUNAZIT AR T 2R B B 24 it F T I RIIF MR AR = I, R i XU
EHIFN T 200 e M ERIFEAN R T 2000 Sl AT RIS, W24 RS P Ay F 8 .
FHEA L ] (B3R 3.1-1) tre BRULZAE, o UG B 25 ) M A 2 HL At
7 i R ARABURURS: IS AR AT, O AT RS B R AR S 1 ek

Figure 3.1-1 Product Lifecycle
B 3.1-1 77 im0 2B i J 40

Pharmaceutical Technology Commercial Product
Development Transfer Manufacturing Discontinuation
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3.1.1 Quality Risk Management Application During Pharmaceutical Development #j
YT R B B i) Joie: RS B P

Per ICH QIO, the intent of the Pharmaceutical Development phase is to "design a
product and its manufacturing process to consistently deliver the intended



performance and meet the needs of patients, healthcare professionals, regulatory
authorities, and internal customers.”(1) This phase provides the basis for scientific
knowledge and understanding of the product.
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During development, the application of QRM can support the development of
systematic understanding of products and processes beginning early in the lifecycle.
The appropriate use of QRM principles can serve the following objectives:
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*Design the product and process to reduce risk to product quality and to the patient.
AR Bl D07 it (8 i R0 9 R UG SR B 7 it A L 25

*Prioritize the pharmaceutical development studies needed to collect and enhance
product knowledge.

PLICHEAT L E IR 25T e MR I B e it AR

Establish a robust control strategy to adequately manage risks to Critical Quality
Attributes (CQA) (per ICH Q8[R2]).

ST A P48 ] SR L SIS DG B T S 1t (CQAD 1 7 70 XU 7 B . (HiEHE ICH
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Examples of how to apply QRM principles during the development phase include:
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*Developing a process that routinely meets critical quality attributes (CQA).
TFR— AN BESE IR B T B Pt (CQAY I 2.

*Developing a suitable drug delivery system.
PR IS E I 2 4 2 R G
eldentifying critical process parameters (CPP) and material attributes.

R T ZSE(CPP) kL & 14

eldentifying appropriate ranges for CPP, material attributes and manufacturing
controls.
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*Supporting the selection and subsequent qualification of suppliers.

SRR ORI A% D R B %



Risk management tools such as Risk Ranking and Filtering or Ishikawa diagram (also
known as a Fishbone diagram) may be used to identify variables that may have an
impact on a critical quality attribute. These identified variables can then be further
analyzed using a qualitative/ semi-quantitative risk management tool such as a
Preliminary Hazard Analysis (PHA). Failure Mode and Effects Analysis (FMEA) may
also be useful, particularly during the later stages of development.
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3.1.2 Quality Risk Management Application during Technology Transfer 7 AK%%
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Per ICH QIO, the goal of Technology Transfer is to "trasfer knowledge between
development and manufacturing or between manufacturing sites to achieve product
realization . "(1) QRM application during thetechnology transfer phase can serve the
following objectives:
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*Assess and manage risks to process and product quality as a result of the transfer or
manufacturing scale-up.
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Facilitate knowledge transfer.
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*Drive decisions for control strategies to reduce risk during commercial
manufacturing.
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The outcomes of the QRM process can be used to implement corrective and
preventive actions to appropriately manage identified risks and provide timely
management of process controls during the technology transfer process. QRM can be
used to develop a risk based validation master plan to determine the extent of the
qualification and validation activities. During the technology transfer phase, detailed
risk management tools such as an FMEA or Hazard and Operability Analysis
(HAZOP) are Often used.
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3.1.3 Quality Risk Management Application During Commercial Manufacturing
b AR 2R i B iR o X 7 Y

Per ICH Q10, the goal during Commercial Manufacturing is to "achieve product
realization with suitable processperformance, establish and maintain a state of
control, faciliitate continual improvement and expand the body of knowledge."(3)
QRM application during the Commercial Manufacturing phase can serve the
following objectives:
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*Proactively assess and manage risks to process and product quality during
commercial operations.
o AERDIAIZE B I FE ] DL Sl A A B 2R i R

Establish robust control strategies and adjust (as needed) through continual
improvement, to ensure consistent process performance and product quality as
intended.
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During commercial manufacturing, QRM can be a useful process for effective
decision-making as-sociated with change control, discrepancies, failures, or
investigations related to product quality or patient safety events. QRM is also useful
in the selection and management of suppliers and vendors, and managing risks related
to internal and contract manufacturing operations, to ensure a state of control is
maintained at all times.
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QRM may also be applied to effectively manage risks in the supply chain. Risks to
product availability throughout the product lifecycle relate to product storage,
distribution, transportation, chain of custody, counterfeiting, diversion, theft,
geopolitical issues, compliance, and disaster recovery activities, amongst others. (See
Section 5.4, QRM Application in Materials Management.)
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3.1.4 Quality Risk Management Application During Product Discontinuation =/
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Per ICHQIO, the goal of Product Discontinuation activities is to "manage the terminal
stage of the product lifecycleeffectively."(1) QRM application during product
discontinuation activities can serve the following objectives:
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* Ensure risks to patients and product quality continue to be managed while product
remains on the market.
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» Identify and manage risks related to transitioning patients to alternate therapies.
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3.2 Proactive and Reactive Application of Quality Risk Management )it & XU &

B E B A

QRM should ideally be proactive because its greatest value is in early identification
and management of risks. Retrospective or reactive application of QRM may also be
appropriate and add value.
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In general, the earlier risks are identified, the more effective their management can be.
For example, if a risk is identified during the development of design specifications for
a system, the system can be designed to reduce or even eliminate the risk. However, if
the same risk is not identified until routine commercial operation of the system, the
redesign of the system can be challenging and likely be more costly than if the system
had initially been designed to manage the risk appropriately. This would be in
addition to the cost of managing potential harm to product quality that might occur
due to that risk during commercial operation.
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There are, however, some instances where not all risks can be identified
prospectively and risk  assessments may need to be performed
retrospectively.Examples would be new potential risks identified through a deviation
or introduced due to a change such that it impacts the validated status of an existing



manufacturing process. In these instances, deductive risk management tools like Fault
and Event Tree Analysis (FTA/ ETA), FMEA, or Fishbone Analysis may be used to
determine the contributing cause(s) of the event, and any risks impacting product
quality will consequently need to be managed retrospectively.
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QRM is not an independent Quality System element, but should be integrated into
existing operations and appropriate parts of the PQS. QRM should never be used to
deviate from regulations, justify bad practices, defend practices that need to be
corrected, or as a substitute for sound science. Compliance with current Good
Manufacturing Practices (cGMPs) is a mandate.
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3.3 Formality of the Quality Risk Management Process Jii & JXUS: & BRI 1 1F 2007
i

One of the principles of QRM as per ICH Q9 is that the level of effort, formality and
documentation of the QRM process should be commensurate with the level of risk. It
is neither always appropriate nor always necessaryto use a formal risk management
process (2). The use of informal risk management processes (using empirical tools or
internal procedures) is also considered acceptable, as long as they meet the intent of
ICH Q9. Since QRM provides a suitable knowledge management and documentation
framework for previously undocumented or historical knowledge, even simple
informal risk management processes can support this objective. Therefore, a
risk-based approach can range from a documented scientific rationale to a formal risk
assessment methodology (See Figure 3.3-1).

MR ICH Q9, e KUK B AR Jt ) 2 — ot it o XU BRSO PR AL 45 2R, 1R
PRI ST M 122 5 TG DRSS R AH I Y. o 5 3 1R s 1 X R RS A B P T T AN 2 T
WA (2) HEREATG ICH Q9 K, A IR =i R A BERR - (et ]
2050 T H BN ) R A A 2 A2 K o BRI A ot UG A5 B2 25 e i Y
AR A s B s SR A T b S T A AN B SCRAE Y, B DA L AR R L
(100 PRI 7 B Al m) LIS B H ) o DRI, XU 3 7 3k ] LA SR 2 D B 1)
SCRETFER BE RE 2 RSP 75 (P L EIEE 3.3-1).

Figure 3.3-1 Rigor and Formality of QRM Approaches
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The degree of risk management rigor and formality required is influenced by a
combination of many factors, including (but not limited to):
DA B P L I UM SR B R 2 VF 2 IR AL 580, G ((HANR T

* Criticality (e.g., impact on patient safety or product quality) of the risk question

o DXURS )RR S SRR (AN RE e N 2 Al i TR

* Complexity of the issue, process, or system

o, LZERGINE R

* Availability of relevant historical data and related literature

o AHIR S B R OC STHR ) 55 F

* Level of available process knowledge and experience

o LEHIRAE LG IR S PR

The risk assessment formality spectrum can range in the rigor and formality of
facilitation, subject matter experts (SMEs), team structure, tool and documentation as
shown in Figure 3.3-2.
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Figure 3.3-2 Rigor and Formality Spectrum for QRM Activities (adapted from ICH
Q9 Briefing Pack)
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3.4 Establishing a Quality Risk Management Policy il

Stand-alone report, or Linked
to  othercontrolled GMP
documents
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May integrate into
existingcontrolled GMP
documents(ex: change control
package)
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ICH QIO describes the importance of QRM being integrated into the Quality System
as an enabler. The integration process has to begin at the top of the organization. A
QRM policy establishes the company's QRM philosophy and guides the incorporation
of QRM requirements and principles into the Quality System related to:
ICH Q10 ik 1 st MU & BEAE O — B FH 0 TR & 0T 2 it R Gy b i 20
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* Applicability of risk management
o AU LK IE Y

 Accountability and responsibility for managing and determining risk acceptability

oo USSR 1) B3 HIAN DAL,
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« Risk scales

NS KL T AN

* Risk control

© AR

* Risk reviews and communication

RN i bap i)

« Documentation

o JRURS A ) G ol
3.5 Management Commitment % 312 K 54T

Top-level management support and commitment for the risk management program is
essential. Top management endorses the incorporation of QRM into the organization's
Quality System and routine operations, including establishing processes for effective
implementation of QRM principles and activities, and providing adequate resources.
This includes ensuring those involved in QRM activities are qualified and have
received the applicable training.
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Management has the accountability to create a structure or framework in which the
use of QRM is encouraged, its benefits understood, its tools applied appropriately, and
users trained adequately on its concepts and application. The organization should
identify and train facilitators who take responsibility for coordinating QRM across
various functions and departments of their organization.The ultimate goal is to
incorporate QRM into everyday practices, similar to how risk management is
integrated into the safety, health, environment, and financial processes.

IR ST G — A SR R A e xﬁM&WLAERA%EEﬁ%%m
FCOF AR R GRS, UG B ) T A B (R Y P 5 A P 85 i XU A B P
@ﬂ@%L%ﬁT%EmﬁWIﬁmﬁﬂW%Am%ﬂﬂﬁLﬁiﬂAMﬁmﬁ
BEE, PR DOZAE YU I B IR LL e R o LA 28 10 R 2o o XU A P A
Aﬁ%AEeRW$wﬂ%ﬂ1”“ Méﬂﬁﬁﬁﬁ?ﬂ%ﬁw SRR

To facilitate achieving this goal the organization should identify individuals who:
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*Have the responsibility to create and maintain the QRM system.
o HATEDE IR i XU B R S DT



» Can perform risk assessments.
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» Can review and approve the assessments, and have the authority to make risk
reduction and risk acceptance decisions.
o HHRESIHHARZAICHE VAL, A B B UG 22 RS2 KA R RE

* Are responsible for communicating the output of the risk assessments.
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3.6 Understanding the Organization and How it Contextualizes Risk {15 ZH 21 1)
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To develop a shared understanding of the application of QRM among diverse
stakeholders, organizations need to develop a full understanding of the requirements
and regulatory expectations for QRM.
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An evaluation of the current understanding of QRM in the organization will deliver
the baseline from which progress can be measured. The evaluation should include
written policies and procedures, practices, and personnel skills and knowledge. Any
existing or related QRM activities should be reviewed for evidence of the integration
of QRM into the company's Quality System (e.g., auditing processes, change control,
deviation management, product development activities).
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3.7 Integration into Organizational Processes #5451 28 w] (R0

Integration of QRM into an organization is a multi-step process that begins with an
assessment of existing practices and ends with a fully deployed and realized QRM
process. Practical recommendations related to implementation of QRM may include
the following:
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» Performing a gap analysis on current guidelines, procedures, and practices to
identify where systems are currently employing QRM. This will allow the
measurement of the level of risk maturity in an organization. See Table 3.7-1 , Risk
Management Maturity Level, for a guide to maturity level and expected attitudes
and behaviors.
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» Creating QRM policies and procedures based upon the gap analysis findings,
including QRM methods and supporting statistical tools.
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 Piloting the policies and procedures to ensure the risk scales, residual risk
acceptability process, and reporting mechanisms fit the needs of the organization.

o S KU T BRI P EAT AT, B OR A SL AT S A b I KU ), XU ]
KA AR A HL

» Deploying the policies and procedures within the organization by creating a
multi-level training strategy -
o GRETFREZ ORI BT U LS S5 A BB HE S RS B 7 BRI

* High-level awareness / QRM overview training for general employee population.
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* Focused policy, procedure, and risk management tools-based training. This would
include hands-ontraining with reallife applications.
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 Creation of internal audit programs to verify that QRM activities and resulting
decisions comply with the established standards and procedures.
o ML YR o XU R B A O RERE A BT G O AR N AR ) TR
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Table 3.7-1 Risk Management Maturity level (adapted from: A Guide to Supply Chain
Risk Management for the Pharmaceutical and Medical Device Industries and Their
Suppliers 2010)
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3.8 Establishing Communication and Reporting Mechanisms % 7.4 38 A1 15 HL 1)

To fully integrate QRM into the PQS, organizations need to have effective risk
communication and reporting processes. Companies will only fully benefit from the
implementation of QRM when they are able to quickly respond to residual risks that
develop. There needs to be robust information flow through internal and external
feedback loops to identify and communicate new risks as they develop. There are
many ways to accomplish this, including the use of risk dashboards and internal
memoranda. Companies should consider the addition of risk management as an
agenda topic for their periodic management meetings at all levels.
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Feedback loops are two-way in that as new risks are identified they are communicated
internally and that products and processes will be evaluated and modified as needed
based upon that information. Policies and procedures should be in place to facilitate
external communications with  the public and regulataory agencies, if required.
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There should be a method to capture product and process risk throughout the
company so that over-all residual risk can be assessed. The vehicle the company
chooses to capture the overall residual risk should be based upon the organization's
culture, documentation practices and the potential impact of product and process
failures.
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3.9 Roles and Responsibilities {05 54T

Formal QRM activities are usually undertaken by multi-disciplinary teams and should
include SMEs representing relevant functions (e.g.quality unit, business development,
engineering, regulatory affairs, production operations, sales and marketing, legal,
statistics, clinical safety). A single person may satisfy more than one function or role.
Typical QRM roles include:
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* Facilitators who are knowledgeable about, and will facilitate the QRM process.
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*As much as possible, facilitators should be independent from the process being risk
assessed in order to maintain objectivity in facilitation (i.e. subject matter or technical

experts should not facilitate if possible in order to maintain objectivity).
Knowledge of cognitive and other factors, such as human heuristics,
mayaffectdecision-makingduringQRMactivities(suchasbrains  torming and
probability of occurrence
estimation);thisunderstandingandabilitytomanageitappropriatelycanbeparticula
rlyusefulforfacilitators.
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* QRM Lead who may be independent from the facilitator and is responsible for:
o JTEL RURSE BRATN T NAZMOT TR, AR DT

» Leading the development and completion of QRM deliverables such as risk
management plans and reports.
o $5 PR MRS E B AA TARR T RS, XSS B 75

* Ensuring that the outcomes of the QRM process are approved by the
appropriatedecision makers and implemented.
o DR DT XSS B B 1K) 5 RAE 5 165 1 T S LU S it

* Ensuring that riskreview is performed and that QRM documents are updated and
maintained current.

o ORISR B R AT

» Subject matter experts who are responsible for providing technical expertise to
support QRM activities, including risk assessment, determination of appropriate risk
control measures and their implementation.
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* Decision Makers who have the competence and authority to make timely QRM
decisions (2). Decision makers should be accountable for:
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* Ensuring that a QRM process is defined, deployed, and reviewed.
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» Ensuring that adequate resources are available to complete QRM activities,
including the implementation of identified risk control measures.
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* Reviewing and approving the outcomes of risk management activities, including
making risk control (risk reduction and risk acceptance) decisions.
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3.10 Heuristics and Biases in Quality Risk Management Jiit & XU & LI 5 & Ak
o

Heuristics are cognitive behaviors that come into play when people make judgments
in the presence of uncertainty.How these behaviors are manifested is still the subject
of much research, but there is evidence in literature that heuristics are a source of
significant bias and errors in judgment. Human heuristics greatly influence a person's
perception of risk (4) and inevitably their opinion of the magnitude of the contributing
probabilities and severities. A great deal of research has been performed by
experimental psychologists into how risks are perceived. In this respect, three main
factors (5) seem to contribute to the operation of this heuristic and influence the
output of risk analysis exercises:
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1. Degree of "dreadfulness™ associated with the risk.
LRI by RS 2R AR o

2. Degree to which the risk was understood.
2.9 RS R

3. Number of people exposed to the risk in question.
3 NRE G AR RURT XU T

Human heuristics also play an important role in both how risks are assessed and
perceived. There are various types of heuristics, but three of them are:
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1. Availability
1A RE

2. Representativeness
2. LAk

3. Anchoring andAdjustment
3] 5 R #E



The heuristic of availability relates to the fact that people tend to judge the likelihood
of an event in terms of how easily they can recall (or imagine) examples of that event.
A person's judgment concerning an event (in terms of its probability of occurrence
and its severity) may therefore be influencedby how that person imagines or recalls
similar scenarios (6,7).This may lead to a systematic bias andother errors in judgment.
Research has shown that people tend to underestimate the frequency of very common
hazards and overestimate the frequency of very rare hazards (6 8).
IR K BUR SRSy o, A AT TR L e c A (EARS) i r )
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The heuristic of representativeness is related to a person's probability judgment being
influenced by their "expecting in the small behavior that which one knows exists in
the large." In this instance one can pay more attention to specific details, while
ignoring or paying insufficient attention to important probability-related information
that is relevant to the problem (8).
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The heuristic of anchoring and adjustment comes into play when people's judgment
can be heavily influenced by the first approximation of the value or quantity that they
think of or hear (anchor), or is based on "group think." The "anchor" value can then
lead to influencing and "adjusting”any subsequent values to be biased towards the
"anchor" (6,7).
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Bias and variability in risk perception are inherently human traits and can be broadly
categorized into three recognizable anthropomorphic behaviors.Each of these
perceptions should be recognized, and appropriate bias-mitigation strategies and
processes established within the QRM system.
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It is well accepted that we are inherently more comfortable or willing to accept risks
that could be considered voluntary(i.e.under our own volition) than involuntary risks
(i.e.without our own decision) (9). This seemingly maintains true for voluntary risks,
which are calculated to be significantly lower than involuntary risks (10).
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The phenomenon of human heuristics (unconscious rules of thumb) has profound
capacity to bias risk management processes. One human heuristic relates to the fact
that people tend to assign likelihood in terms of how easily they can recall (or imagine)
that or examples of that event.Generally, people tend to underestimate the frequency
of very common hazards and overestimate the frequency ofvery rare hazards (6 8).
From a GMP perspective this is important to know, because these humanheuristics
may influence how the outputs of QRM exercises performed in GMP environments
may be judged and accepted by decision makers, stakeholders and regulatory
inspectors.
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An expert's perception of risk can differ markedly from that of a layperson or those
personnelless familiar with the specific process, technology or circumstance (11).
Generally, laypeople tend to regard as "risky" any technology that is new, imposed on
them, unfamiliar, or beyond their control.Suchfindings are probably important to
consider when performing GMP-related QRM exercises, given the different groups
and stakeholders to whom risk information may be communicated and the highly
technical nature of GMP activities in general.
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The human cognitive and behavioral origins, which may bias and adversely affect our
judgment in this respect, together with detailed means of addressing QRM, have been
previously described (11,12). Effective communication with stakeholders is
particularly important because stakeholders form judgmentsabout risks based on their
own perceptions, and those perceptions may differ from those who executed risk
analysis. In the GMP environment, many existing QRM tools and programs fail to
incorporate strategies to address risk perception biases.
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While using relevant historical and real-time data such as complaints, investigations,
non-conformances and trends contribute greatly in reducing subjectivity and
uncertainty in risk assessments, it is also important to counteract the adverse effects
that heuristics may exert on QRM activities. To address risk perception bias, a number
of features should exist within a company's Quality System. See Table 3.10-1 for a list
of several simple, practical strategies that are designed to improve the outcomes of
QRM exercises and that should be featured in QRM programs.
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Table3.10-1StrategiestoManageCommonPerceptionBiases
% 3.10-1 A FUH MANKA O UL B0 SRS

Risk Perception Bias
Pl L RS

Mana emer/lrtkStrategy
25 il ARG

\oluntary-Involuntary
Bias

F 525 AN B AL

*Training and education of stakeholders recognizing this bias; include
case studies and examples illustrating how this heuristic operates.

U ABCE AL PR AR BX M I, 65 40 55 > A
BRAZE R AE AT s A 52491

 Multi-disciplinary team with some stakeholders unfamiliar with the risk
scenario (e.g. clinical medical, marketing, human factors personnel).

AN I> S ARE NG 5 (BIanm R 2557, Y, Nl
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» Several decision-makers involved.

X NRKE S

Human Heuristics

AZH &

e Training and education of stakeholders recognizing the main heuristics
that may come into play; include case studies and examples illustrating
how those heuristics are manifested.

SEUIMAH R H B IRB 28 A B, GLHE
G 7 S AN 73S JE A I AnT e B PR 1) 1

eMulti-disciplinary team with some stakeholders unfamiliar with the risk
scenario (e.g. clinical medical, marketing, human factors personnel).
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*A range of risk analysis and risk evaluation tools being available for use.
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*Emphasis placed upon data-rich information for risk assessment.

o1 XU DAty ) R IO el = A L e

eFavoring quantitative risk management tools furnished as much as possible

with data driven approaches, as long as the data are considered reliable.

LR N S AT EERY,  SORFE B XU BT B2 I n] fg
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*Pre-defined rules for brainstorming activities that are designed to minimize the
adverse influences of the main heuristics (e.g. when brainstorming as part of risk
assessment exercises, no member of the team should verbalize his or her score
of a probability estimate until every contributor has time to think and record
their own estimate).
o N 5 AE e K BIREE ML Yk 2> 5 A i AN S Wi SR HH TG 78
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Expert-Lagl Bias
CHSEZRINT A

Training and education of stakeholders recognizing this bias; include
case studies and examples illustrating bias.

BE VI H Al ik S B R M WL A FE
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*Multi-disciplinary team with some stakeholders unfamiliar with the risk
scenario (e.g. clinical, medical, marketing, human factors personnel).

NI R B ARG 75 (Bl R 227, 2=, Nl
NEFHE) v RH 2 2Rk .
 Several decision makers involved.
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4.0 Implementation Of The Quality Risk Management Process i & XU & B [ 512 it
Per ICH Q9, the main steps in the QRM process include:
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* Initiating a quality risk management process (Section 4.1)

JR B iR S B (4.175)

* Risk assessment (Section 4.2)

S DAL (4.2795)

* Risk control (Section 4.3)

PRS2 161 (4.371)

* Output/ result of the QRM process (Section 4.4)
JoriE RS B R A 4 R (4471




* Risk review (Section 4.5)

PR IE] s (4.5775)

* Risk communication (Section 4.6)

NS 3E (4.6 719)

4.1 Initiating a Quality Risk Management Process i 5/ Jii & XU B FRLFE 7

QRM should include systematic processes designed to coordinate, facilitate and
improve science based decision making with respect to risk. All QRM activities,
whether they are prospective or retrospective in nature, should be adequately planned
prior to initiating any risk assessments. The rigor in planning should be commensurate
with the impact of the potential risks on product quality. Planning activities should
include (depending on formality of assessment):
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* Defining the problem statement, scope (in and out of scope), known assumptions,
and expected outcomes

B 1) JRR . YE L AN BB R I 45 R

* Identifying the appropriate team of SMEs and an impartial (to the extent possible)
trained facilitator

€l A& H BIA, BL DA OSATRE) « @l Sl i A

* Determining the level of formality and selecting the appropriate tool(s) to deliver the
expected outcomes

i UG B IE SRR, B R0 24 TR ASRAS U0 &5

* Determining how the QRM activities will be documented

B 2 Q] U 3 R XU P T )

» Identifying and collecting relevant background information, reference documents
and data related to the potential risks or product and patient impact relevant to the risk
assessment
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* Specifying a timeline, deliverables and appropriate levels of decision making (and
appropriate decision makers) for the risk management process

Fi 7 PG B R ST« T0UT H B R 2 ) e 55

» Defining a reporting and communication plan

B — MRS FIVA A R

It is also important to appropriately document these planning elements and obtain
management support for the QRM activities, including resource(s) allocation.
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4.2 Risk Assessment XS 1Tl
Risk assessment is a part of QRM and an essential component of managing risks
throughout the product lifecycle. The risk assessment process comprises risk



identification, risk analysis, and risk evaluation.
ARGV J2 T J XU 5 BT — 3853 7% 2 o L 30 KB O R A4
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A risk assessment exercise may take a number of different forms, such as a technical
or scientific rationale developed for a problem statement, an impact assessment, or the
detailed application of a formal risk management tool or methodology. Irrespective of
the type of risk assessment performed, the assessment should be documented,
approved, archived, and retrievable from the Quality System.
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The level of rigor and type of risk assessment should be commensurate with the
potential impact and knowledge of risk associated with a risk question, problem
description or problem statement.
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Broadly, rigor and formality of the risk assessment should be commensurate with a
combination of the potential for a direct adverse impact to the patient or product
quality and the level of process and risk understanding. A direct and critical patient or
product quality impact coupled with an incomplete or uncertain understanding of the
hazard, process and risk, demands the highest level of rigor and formality.

R, UG DIl FR) A% A I R PR I g XU o) R 8 i o RV A LAY
M L RS0 3ol R R XSG F B AR PR AR R I o o) R B3 ot T AT e N O B S i,
I HA G« IR X PR AR AN 58 BE AN 5, U XS DPAG 18 7 A% A0 1 O
N 452 15 o

Conversely, with no or minimal potential patient impact coupled with a very
comprehensive and contemporary knowledge of hazard, process and risk can be
supported by a lower level of rigor and formality. Where it is not possible to estimate
the specific clinical implications of a risk to patient safety, evaluating the risk to
product quality becomes an important surrogate.
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4.2.1 Execution of Risk Assessments JXU5%: A 1) 52 it

Irrespective of the product, process, risk question, problem description, or problem
statement all risk assessments require the same fundamental activities in a common
sequence of events:
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* Identify the owner of the QRM process.

Hiff e o e XU 5 B R R T

* Identify the stakeholders of the QRM exercise, and the individuals responsible for
its execution. The stakeholders should assist with identifying the audiences for



subsequent risk communication activity, the actual content of the risk communication
and the technical level at which to deliver the risk communication message.

P o RS BRYE 3 A A 5T A S BARSRAT N B3 AR T I Bl B i 2 2 5 )i 8
DR VR S 20 RN B, DR A T Y SEZ o P 250 IR V) 3L R A% 3 ) 3R 001
* Identify the areas of expertise required for the exercise and build the risk assessment
team. Ensure that the team members are credible and have the necessary level of
expertise and risk management training. For formal risk assessments, it is essential to
have a trained facilitator guide the risk management process and cross-functional
SMEs involved in assessing and managing the risks.

e 25 MBS VPN I 51, L@ B PPl N DR B3 AT AR 1), AT
TP AR, e UG BRI . XS T IR )RS DA, t— Sz IR Bl il 5
i T B SR B R DA K 2 55 VP A RO B XU 1R 358 0 S A i 2
i

* Describe the product, process, recipient, and mode of administration of product
(where appropriate).
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* Define the risk question, problem description, or problem statement.
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* Determine the appropriate risk management tools to employ. A variety of tools exist,
each with a range of suitability for risk identification, risk analysis and risk evaluation.
Table 4.2-1 compares a selection of the most commonly employed tools to assist in
tool selection.
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* Decide the means and criteria employed to assign values or surrogate descriptors to
probabilities and severities for risk factors and the derivation of overall risk during
risk analysis. It is valuable at this point to determine any pertinent assumptions or
uncertainty associated with data used in the risk assessment process.
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* Identify criteria for risk evaluation.
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» Assemble background information and data on the potential hazard, harm, or human
impact relevant to the risk assessment (e.g., design documents including drawings and
specifications, supplier documentation, complaints, investigations, CAPA, trend
analyses of monitoring and testing, audit results, information from related products,
etc.).
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All these elements should be formally documented.
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A risk assessment may range from a documented simple scientific rationale to a
formal risk assessment methodology. A wide variety of tools and techniques are
available to facilitate risk assessments, as recognized in ICH Q9 such as:

PR VPAL AT Lo — N7 sk I ] SR S B, m) BL— AN IE XS PP 77
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« Process mapping techniques JiiFE &l

« Fishbone (Ishikawa) analysis X 44> #T

« Risk ranking and filtering (RRF) XU HE /5 17 ik

« Fault tree analysis (FTA) #f&i 2> #r

« Failure mode and effects analysis (FMEA) il =X, 5 52043 Hr

« Failure mode effects and criticality analysis (FMECA) #{Fsibi =t . 50 Ay S5 A4y
i

« Hazard analysis and critical control points (HACCP) i 2 JXUJs: 1 55t 422 1] 55

« Hazard operability analysis (HAZOP) & 4545 /3 #r

« Preliminary hazard analysis (PHA) 45/ 35 4> #r

Each of these tools and techniques exhibits a number of inherent features that should
be considered, together with the level of rigor and formality when choosing the most
appropriate tool for a particular risk assessment exercise. Even simple informal risk
tools can support particular objectives and their use may be considered acceptable.
Table 4.2-1 provides a comparison of the features and characteristics for some of the
common risk management tools.
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Table. 4.2-1 Comparison of Common Risk Management Tools ‘5 ] XU

BT HALEE

Comparing common risk assessment tools % FH XU DAl T LI s

Fault Tree Analysis (FTA)
AR 23 AT

Preliminary ~ Hazard  Analysis
(PHA)
WL fE W B

Failure Mode and Effects (and

Criticality) Analysis
(FMEA/FMECA)
MO, 52 CRORBRETD 23
Hr

Hazards Analysis and Critical
Control Points (HACCP)
FE T AT RN K 1l

Hazards and Operability Studies
(HAZOP)
SEFRAE DT

Tool Concept
THREX

Qualitatively identify all probable
pathways for faults to occur, and
then identify how to prevent the
fault pathways from occurring.

SE PEHB R e AT T O A ik
e, A E ARy kR A

Preliminary identification and
ranking of risks based on prior
experience or knowledge.

M AR 250 il 1200
I AT HEF o

Assess failure modes and then
determine whether the failure could
be detected and whether
prevention, detection, and response
controls are adequate.
PEATRAEE,  FRRE S AT T LA
I i, BT RO g 847
& AR 750

Identify and implement process
controls that consistently and
effectively prevent hazard
conditions from occurring.
PUNIF Sl P e, A
B AAT AP IR R A .

Identify all possible process or
design deviations and assess if
controls are adequate.

WO A v] eI R e v vt 22
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Tool Approach
Jiik

Top-down approach that considers
what causes a failure. Deductive
and logical approach and outputs
can also be used as a tool for
deviation root-cause analysis.

B L Nk, % A A 2
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FNo

Prospective bottom-up approach
that considers potential hazards,
hazardous situations and events
that may cause potential harm to
product quality and / or patient

safety. Approach identifies
potential negative events and
remedial measures for

consideration.

EYE A Rk, T
fie T OB T TR B R
EE N EE . [EERBE .
YRS [ DL IR A
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Bottom-up approach that considers
what could go wrong and what the
related risks are. Methodically
divides the analysis of complex
processes into smaller manageable
considerations to facilitate the
assessment.  While  essentially
identical to the FMEA, FMECA
has additional capability to rank the
criticalities of failure modes.
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Bottom-up approach that considers
how to prevent hazards from
occurring and / or propagating.
Better for preventative applications
rather than reactive. Emphasizes
strength of preventative controls
rather than ability to detect.

SR RS A U NI
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Bottom-up approach that considers
what could go wrong, the possible
causes, and what the related risks
or consequences are.
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Risk Focus Process faults (ex: deviation | Negative events-any combination | Failure Modes (similar to faults) Hazards (contaminants, | Deviations from standard (design,
SETE I A conditions that typically include | of hazards, faults, failure modes, | ffEfi=X, (Sl ) adventitious agents, dangerous | specification, procedure, etc.)
terms such as “not”, “without”, | deviations, etc. conditions, etc.) LTy | Q% AN =1 N £ 2 D)
“doesn’t”, “won’t”, etc.) Fmn G- fa s b AR fad g, SRR, fak
TR (e M ZERS DL | (R e ST AL BNV D)
I NS o < RN Y SN |7 N
)
Similar ~ Tools  or | Fishbone/lshikawa/Cause & Effect | FMEA PHA, HAZOP FMEA
Methods diagrams MR R o3 A PR TN & (Y MR R o3 A
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Stand-Alone vs Used
with Other Tools

Often used in conjunction with
other tools since FTA has no

Typically supplemented later by
more detailed analyses with other

Typically used
FMEA/FMECA

alone, though
inputs may be

Typically used alone, though
HACCP inputs may be identified

Typically used alone, though
HAZOP inputs may be identified

F R A8 S 5 HoAth | capability to assess effectiveness of | tools (ex: FMEA) once risks are | identified using other tools such as | using other tools such as FTA. using other tools such as FTA.
THIBEH risk control. better understood. FTA or PHA. T Al R, R TSR LA | s g, LA T FTA 25
W 5HAB T RIRH], B FTA | 7EXS B Aok P R, Eh | Gl oAl i, R W AR | TR FTA R HACCP (i A . | Hofih TR HAZOP #fi A .
ANBE IRV WS IR it p) A | W R AL TR et | b TR FTA B0 PHA )
Bk SEMAR AT AT SETEAN ) S0 AT FMEA/FMECA i\ .
Quantitative vs | Typically qualitative (May be used | Semi-quantitative, Typically | Either depending upon application. | Either depending upon application. | Either depending upon application,
Qualitative quantitatively if fault occurrence | qualitative risk ratings leading to | Risk Prioritization Number (RPN) | Critical control points typically | though most applications are

FE IR E T

rates are well-known)
Wy rE (B e, WRR
T R R A ARO

simple RPN calculations.
P B, A P S A
RPN 57 5 fif 5L

concept favors quantitative
approaches to risk rating.

SEMEEGE R, R A

have quantitative control limits.
EPEEGE R, IR T AR .
OB ) A0 AT IR 4R

qualitative.
SEPEEE R, Ok T AR H .
SR Z AR 2 B TR .

SE R T RPN THEL B
Key Assumptions Assumes that some other tool or | Assume SME input and /or prior | Failure modes are intuitive, well | Assumes comprehensive | Assumes that risk events are
TR 5 process will be used to determine | experience is adequate to support | known, or have been previously | understanding of the process and | caused by deviations from
effectiveness of risk controls for | successful assessment. identified. controls used for the process. established design or operating
the fault conditions identified in the | fE i ZR IR WA S0 56 L LA | ot B (0. I el e | fBeisonh i B R #2447 4> | intentions
FTA. B R IHEAT VA - ZUIL . 1K T i LB IR P e 0 5 e 1 e A
M VR - S Al TR B ok K
2 RG2S 0 0 A 2, 3
A RSP I 2 T R FTA
R RS
Key Strengths Effective at showing how multiple | Able to be used when information | Ability to rank risks and appoint | Tool ensures that critical points in | Systematic and flexible tool that
TN factors may contribute to a given | is limited. Allows risks to be | effort accordingly. Wide | the process can be identified and | has much of the power of FMEA,

fault condition. Best tool for
accommodating human elements
such as non-compliance with
SOPs, training, etc. Excellent tool
for defining the scope of a large
risk assessment. Effective in
determining the root causes of
faults or observed risk conditions.
AERE AT 0 W os 2 A PR 3 ] 5
FHANERE YRR DL o AL B
MNDIEZ (AT S SOP, 5%
WIS et T H . #iE KK
WS DAl O R AR A T F . A Ak
RS e BT W5 1 XL R T
HIARA S A

considered very early in the
lifecycle. Useful to define scope of
a complex system or process and
for prioritizing hazards.

WA B A R N A T
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acceptance in the industry, with
many case studies available. Best
method for prioritizing and ranking

risks.  Effectively  summarizes
modes of failure, the factors
causing the failure, and their
effects.
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adequately  controlled.  Great
precursor or complement to process
validation.
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but without heavy reliance on
rating the ability to detect (a risk
aspect that is typically challenging
in complex processes and when
dealing with human factors). Risk
identification brainstorming is built
into the HAZOP methodology.
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Key Limitations
FEARL

No means to assess effectiveness of
risk reduction activities. Larger
assessments can be difficult to
format and communicate
effectively. Qualitative nature of
FTA often requires it to be paired
with  another tool that has
quantitative analysis capabilities.
No risk ranking or prioritization
capability.
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Generally  requires  additional
follow-up analysis. Quality of
results may be highly dependent on
SME input rather than data.
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Forces the user to rate risks in
terms that may not be well
understood (ex: human factors or
process anomalies are difficult to
rate for probability of occurrence
or the ability to detect). Analysis
can be highly detailed and tedious
for complex systems having
multiple components.
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Analysis is not effective or feasible
unless the subject process and
associated  controls are  well
understood and well defined.
Difficult to apply to new processes
or rapidly evolving / developing
processes.
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No risk ranking or prioritization
capability since probability of
hazard occurrence is not typically
considered. No means to evaluate
hazards involving interactions
between different parts of a system
Or process.
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Scope Management Scope must be actively managed- | Scope must be actively managed- | Scope must be actively managed- | Easier to manage- scope is | Scope must be actively managed —

1 A 2

team must put assumptions and / or
limitations in place to manage
scope from becoming
unnecessarily detailed.
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team must put assumptions and /
limitations in place to manage
scope from becoming
unnecessarily detailed or broad.
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team must put assumptions and / or
limitations in place to manage
scope from becoming
unnecessarily detailed.
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determined by the process being
assessed.
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team must put assumptions and / or
limitations in place to manage
scope from becoming
unnecessarily detailed.
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Risk Ranking | None if tool is used qualitatively- | Yes- Risk Prioritization Numbers | Yes- Risk Prioritization Number | Partial- Hazards are classified into | Optional. A pseudo- RPN approach
Capability all faults are treated equally. For | (RPN) commonly used to | (RPN)commonly used to correlate | significant vs. non-significant. | could be applied if desired.
IS HE R quantitative ranking, data is needed | determine needs for subsequent | risk level to required mitigation | Controls are classified as critical | nJ %L1 7520, 7] N H-—F RPN

for rating probability of all faults. risk controls and further risk | effect. vs. non-critical. AT
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Considers  Probability | Optional Yes Yes Yes Partial- a deviation Credibility
of Occurrence? Tk SEM =1 TR decision is required.
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Considers Ability to | Optional Not traditionally, but may be added | Yes No- emphasis is on hazard | Yes, but not explicitly- if detection
Detect? Tk as an optional consideration =1 prevention, not necessary detection | is used in the process control
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and remediation.
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scheme, then it lowers the risk
probability and / or severity.
Detection also sometimes credited
as a HAZOP “safeguard”.
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Considers Severity of | No Yes Yes Yes Yes
Impact? A S il Pty S
B ?
Ability to  Process | Yes (by design) Not without creating significant | Not without creating significant | No Not without creating significant
Interrelationships  of | J& GHRb#) complexity. complexity. AN complexity.

Multiple Fault Modes
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Ability to Handle | More capable More capable Less capable Less capable More capable

Human Factors/ | it B B B s

Dynamics
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Output Format Graphical depiction Tabular Tabular Tabular Tabular
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Key Guidance | IEC international Standard 1025 | Limited. Brief overviews can be | IEC International Standard 812 | WHO Guideline, Quality | IEC International Standard 61882
Reference(s) (also referred to as Standard 6025 found in 1ISO 14971 and IEC 60300 | (also referred to as Standard | Assurance of Pharmaceuticals, | IEC [H r#rifE 61882
FEFR T IEC Eprbrt 1025 (Hn[ZHbx | H W . Mk W W 15014971 F1 | 60812) Chapter 5-NACMCF, Principles

Ik 6025

IEC60300.
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and Applications Guidelines for
HACCP
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4.2.2 Risk Identification X% U531

Identifying potential hazards and harms, which may elicit an adverse impact on product quality or patient safety, is one of

the most important activities in any risk assessment process. All subsequently performed risk assessment activities will relate
to these identified hazards. Although a number of risk management tools are recognized, process mapping, fault tree analysis,
and fishbone analysis are simple and structured techniques that are especially suited to risk identification.
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Risk identification is the systematic use of information to identify hazards and potential harms relevant to the risk question or
problem description. Risk identification addresses the question *What might go wrong?" and it includes identifying the
possible consequences of hazards.
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Production processes typically involve six main components (13):

A R A FE6 A EEE 4 (13) -

1. Equipment %+

2. People A i

3. Methods 7%

4. Environment 3%

5. Materials 4%}

6. Measurements i &

When the likely causes of potential adverse events are being identified, it is useful if each of these components is considered
and taken into account. Salient information from which to identify hazards includes historical data, theoretical analysis,
technical analysis, advice from technical experts and the concerns of stakeholders (including customers or their surrogates).
FEVUN TAEA RIS A G, a0 it R 2 et 0. AU B S s s s fdls . B 7
B BRIHT BORLERIMEW . AHRTT RF AL (LRI s AR .

4.2.3 Risk Analysis X4 Hr

Typically, risk analysis consists of estimating the risk associated with the identified hazards. It uses either a qualitative or
quantitative process of linking the likelihood of occurrence (probability) and the severity of harms. In some QRM tools, the
ability to detect the hazard (detectability) also factors into the estimation of risk. Derivation of the values (qualitative or
quantitative) assigned to probability, severity and detectability can be prone to bias, errors in judgment, and problems of
misperception.
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Risk analysis is beneficial when conducted with a multi-functional team of SMEs. This assures that risks are analyzed from
multiple perspectives. Team discussion is particularly useful so that different perceptions of the risk can be surfaced.
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It is also important to recognize that an SME's perception of risk may differ markedly from that of other team members who
may be unfamiliar with the process or product under study in the risk assessment.
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Generally, people tend to regard as "risky" any technology that is new, imposed on them, unfamiliar or beyond their control.
Given the highly technical nature of pharmaceutical manufacturing, these are important considerations to ensure that an
effective risk analysis occurs. Appropriate strategies to combat these inherently human biases are detailed in the risk
communication section.
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Numerical values (or alternative surrogate descriptors) (14) for probability, severity, and detectability are typically
designated as singular discrete values (e.g., 1, 5, 10) or as qualitative descriptors (e.g., high, medium, low). While useful,
these surrogate descriptors fail to encompass known variability or perceived uncertainty. The adoption of probabilistic
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descriptors based on historical, process capability, or other relevant real-time data represents a more accurate but more

complex means of accounting for this (15).
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It is important also to recognize that probability of occurrence risk factor values are usually assigned numerical estimates
that are expressed using ordinal scales, such as a scale of 1 through 5, where a value of "1" may represent a very low
probability and "5 may represent a very high probability. The magnitude of the individual values is not necessarily
meaningful in a numerical sense (16, 17). For example, an event with a probability of occurrence of "4" on an ordinal scale
has of course a higher probability of occurring than an event with a probability of "2", but it is not necessarily twice as likely
to occur. Furthermore, it is not strictly mathematically permissible to multiply ordinal scale values, and numerical operations
such as (Risk = 3 x 4) or (Risk = 3 x 4 x 2) (18) have questionable validity. In this respect, surrogate descriptors (e.g., high,
medium, low) may be more valid than numerical descriptors.
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4.2.4 Risk Evaluation MU PFHY
During a risk evaluation, the identified and analyzed risks are compared against given risk acceptability criteria.
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Risk is typically categorized as broadly acceptable, as low as reasonably practicable (ALARP), or intolerable (See Figure

4.2.4-1). Broadly acceptable risks are those for which the severity of harm or likelihood of occurrence of harm (or both) is
sufficiently low that adverse impacts are minimal. Broadly acceptable risks are considered acceptable with no further risk
reduction.
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Figure 4.2.4-1 Classifications of Risks K% 1433

Risks generally
ba [N SR L
Gonerally caml B T AR S, B IS MK
Intolerable Region -m]';f:::id?:vlhan B RAIE BH L AT 3252 P 1 KU o
(Basic Safaty Limit) circumstances
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Bkl gl SR G R 2 M
Residual Risk tolerable only if further (IHFMEIT s A RERESERIAR MRS
|Basic Safaty Objective) risk reduction is impractical
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Risk Reduction not required as resources likely to be AL o

grossly disproportionate to the reduction activity

Broadly Accaptable
Region

Intolerable risks are those for which the combination of severity of harm and likelihood of occurrence of harm is so great that
a significant impact to the quality of the product or to patient may result.
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Risks categorized as ALARP or Intolerable should be assessed from a risk / benefit perspective. Risk / benefit analyses
answer a basic question: Does the activity in question provide benefits to the user such that any residual risks are acceptable
by comparison? These analyses should be performed by individuals who are knowledgeable and experienced and are able
to evaluate the technical, clinical, regulatory, and economical aspects of the decision to be made. The benefit of the activity
in question should have been estimated (at an earlier point in time, by medical professionals) considering the expected



performance during clinical use, as well as, other potential treatment options. Examples of information used in this analysis
include process / product data, literature searches, and survey information. Once completed, the risk / benefit analysis should
be documented in a report, which is typically reviewed and agreed to by the company's senior management.
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Note that the quality of the outputs of a risk assessment exercise usually depend on the robustness of the data and on the
assumptions and sources of uncertainty related to the exercise, such as gaps in the level of knowledge about the sources of
harm and in product and process understanding.
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The output of a risk assessment is usually a semi-quantitative estimate of risk (if a numerical probability factor is used), or a
qualitative description of risk (e.g., high, medium, or low), when qualitative factors are used. These should be defined in as
much detail as possible.
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Sometimes a "risk score™ is used to further define descriptors in risk rankings. When comparing risks associated with
different scenarios, clearly defined risk acceptance thresholds should be employed. This demands that the same number of
risk factors should be employed in each assessment along with using a consistent means of scoring. Evaluation of risk using
scores based upon representative numerical values provides a suitable frame of reference and means of assessment, but the
designation of a numerical level above which the risk is deemed "intolerable” (19) and requires responsive risk reduction, is
often quite subjective. Risk is never zero nor is it an absolute certainty; rather, it exists along a continuum extending from a
very low level of possibility through to a high level of certainty (20). Therefore, the selection of risk acceptance thresholds
should be based on a clear scientific rationale, with consideration given to the confidence levels associated with the threshold
value selected.
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4.2.5 Supporting tools #fiBh . H

Statistical tools can support and facilitate QRM activities. They can enable effective data assessment, aid in determining the
significance of the data set(s), and facilitate more reliable decision-making.
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Statistical tools commonly used in the pharmaceutical industry include:
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« Control Charts, such as:

P Pl

Acceptance Control Charts 7245275714/

Control Charts with Arithmetic Average and Warning Limits 757 A2 1 R 28 1 11975 71/

Cumulative Sum Charts & #1/4

Shewhart Control Charts 243457 #1/4

Weighted Moving Average Z/#(-#1%

« Design of Experiments (DOE) 246 ¥ i1

« Histograms i /5 &l

* Pareto Charts i1 24L&

« Ishikawa diagrams (fishbone or cause-and-effect diagrams) £+ )1| <]

« Process Capability Analysis i FEfE 170 Hr

4.3 Risk Control XU 4 il

Risk control activities attempt to reduce risk to acceptable levels by implementing controls based on risk scores. Risk control
focuses on two activities: risk reduction and risk acceptance. After the completion of risk reduction activities the residual
risks should be reviewed in a formal risk acceptance process where a risk /benefit analysis may be performed to answer the



question, "Does the overall benefit to the user outweigh the risks associated with the use of this product, process?"
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4.3.1 Risk Reduction XU K

Risk reduction focuses on reducing the severity and probability of occurrence by implementing appropriate product, process,
and system controls. Each identified risk should be assessed to determine if it is broadly acceptable, as low as reasonably
practicable, or unacceptable / intolerable. For unacceptable / intolerable risks, the risk reduction strategy should define the
corrective and preventive actions to attempt to reduce the risks to an acceptable level. Risk reduction activities may be
initiated and guided by addressing the following questions:
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¢ |Is the risk above an acceptable level?
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« Were the appropriate controls considered to reduce or eliminate the risk?
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« Were unacceptable risks managed and / or reduced to acceptable levels?
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* How do we know the new controls are (or will be) effective?
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« Have proposed risk controls been examined for new risks?
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Risk elimination may not always be possible or practical. For example, a company that manufactures hospital scanners
(medical devices) may decide to not market their products in countries with unreliable power supplies. Their scanners may
be resilient to spikes in the electrical grid, but technical safeguards may be either too costly or the risk of malfunction is
considered unacceptable. Consequently the risk is avoided by not selling the product in these markets.
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Risk reduction should first focus on reducing harm. This can be achieved, for example, by developing a contingency plan
that will be executed should the risk materialize. In these circumstances it is essential to monitor and review the situation
regularly or even continuously. However, it may not always be possible to reduce a risk by reducing harm. In such instances,
reducing the probability of occurrence by adding preventive controls and increasing the detectability of hazard(s) by adding
detection controls can provide other strategies for reducing risk. Risk reduction should preferentially focus on prevention
rather than detection. Prevention can be achieved in several ways such as:
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« Build in safety by design i B4 e 2 4k

« Add protective measures in product or manufacturing process = 5t w2 27 2 AR PR e

« Add safety warnings 111442 %R

A reduction in the probability of occurrence can be affected by removing or controlling the cause(s) of the hazard or failure
mode through a product, process or system design change. Design and process changes can bring about a reduction in risk
ranking by addressing either the occurrence of the cause of failures or the occurrence of the failure itself. A design/ process
change, in and of itself, does not imply that the risk will be reduced. Any changes(s) should be reviewed to determine the
effect on the product and process. For maximum effectiveness and efficiency, changes to the design / process should be
implemented early in the development process. Studies to understand the sources of variation using statistical methods may
be used; the knowledge gained may assist in the identification of appropriate controls including ongoing feedback of
information to the appropriate operations for continual improvement and problem prevention.

S5 RSN BV 2 11117 4 S U (A i e o e N ST 8P DN 2 SR [T s e O a7 U -
B S0 W 7 A R A A B PR A SR PR AR B S ) . — N v I R AR T A B FEAN RS KBS — 8 S5 B . %
FEATAR AT S A, Al OO S O R R e . R T AT RBOR R A G e KA, AT T A B AT B A R AR



B o ARG A iAW S (KR T 3RAS IR AT B T~ UU000E 24 (P R i, AR IO RREAE 5, BL
AL S CACRE RS 1 il L)

Improvement of detection mechanisms can also be useful in reducing risks especially where prevention controls are
insufficient. In general, improving/ enhancing detection requires knowledge and understanding of the significant/ dominant
causes of process variation and any special causes. Increasing the frequency of inspections is usually not an effective risk
reduction action and should only be used as a temporary measure to collect additional information on the process so that
permanent corrective / preventive actions can be implemented.
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Consider, for example a vial stopper application in which the failure mode is "vial not stoppered correctly." A preventive
approach to precluding the failure mode would be to control the cause(s) of the failure. Some preventive actions could
include improving the set-up procedure, and performance of annual preventive maintenance on the feed screws and universal
joints and bearings. The incorporation of detection controls might include controls such as a periodic in-process inspection of
vials, a 100% visual inspection at the conclusion of stoppering, monitoring of occurrence rates, or incorporating a qualified
vision system with a feedback loop such that improperly stoppered vials would be removed from the process stream.
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Often these preventive and detective activities are implemented in a step-wise manner, reducing the risks incrementally until
an acceptable level can be reached. Risk reduction does not necessarily remove the probability of harm entirely; it limits
negative consequences of a particular event.
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4.3.2 Risk Acceptance X [&252
Risk acceptance is a formal process in which decision makers review the risks associated with a specific activity, and
determine whether the risks are acceptable or need to be reduced further. Risk acceptance reviews occur after all reduction
strategies have been implemented and verified for effectiveness and the process have been evaluated to identify residual risks.
Residual risks are those risks that remain after all control measures have been implemented or which may result from the
implementation of a reduction strategy. For example, in the case of a vial not being stoppered properly a risk reduction
measure might be to increase the force used to place the stopper. However, the increased force may result in an unanticipated
new risk of cracked vials. This would be a risk that originated from the implementation of a reduction strategy.
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Risk acceptance levels are determined by an organization's policy on QRM, and may be influenced by many factors (e.g.,
societal, regulatory, scientific) typically unique to the organization and situation. It is essential that there is adequate
documentation that describes what the acceptable levels are and who is empowered to set them. Preferably, there should also
be documented rationale for the decisions.
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It is widely acknowledged that risk is rarely completely eliminated. Risk management practitioners attempt to reduce risk as
much as possible and practical but recognize that a point of diminishing returns may be reached where further controls have
a minimal impact on risk reduction. Thus a low level of risk may remain that does not significantly impact the activity being
analyzed and therefore the quality of the product being produced. These risks are categorized as ALARP and may be
accepted contingent on an acceptable risk /benefit analysis. High risks should normally be reduced without consideration of
cost while those risks closer to the acceptable region offer greater flexibility to balance the technical and economic aspects.
Intolerable risks should not be accepted without further control measures being implemented or without a formal risk /
benefit analysis being performed.
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Risk acceptance decisions affecting patient safety and product quality must be made by appropriate decision makers and
associated justification must be documented. These decisions may be made and/ or reviewed as part of a periodic
management review meeting.
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4.4 Output/Result of the Quality Risk Management Process
Jo e AR B R F A /5 R

For expedient execution of formal QRM activities, relevant supporting data, salient information, and facts should be clearly
documented and communicated. Risk assessment outcomes including risk reduction and risk acceptance decisions, level of
residual risk and their acceptability; and risk review requirements should be documented and approved by the appropriate
decision makers. QRM documents should be archived appropriately, and should be recoverable and accessible to ensure a
com-
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4.4 Output/Result of the Quality Risk Management Process
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For expedient execution of formal QRM activities, relevant supporting data, salient information, and facts should
be clearly documented and communicated.Risk assessment outcomes including risk reduction and risk
acceptance decisions, level of residual risk and their acceptability; and risk review requirements should be
documented and approved by the appropriate decision makers. QRM documents should be archived appropriately,
and should be recoverable and accessible to ensure a communicated continuity of learning and continual
improvement. The documents should also be current and actively maintained with respect to best available science,
engineering, and product and process data accompanying the product and process lifecycle.
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4.4.1 Risk Register
441 KRG

Subsequent to the publication of ICH Q9, the concept of a risk register has been adopted for the
pharmaceutical industry. While these documents are common outside the pharmaceutical industry, they have not
been commonly used within it. The expectation for these risk registers was created in mid-2010 within the
United Kingdom's Medicines and Healthcare Products Regulatory Agency (MHRA) in  their "GMP- Quality Risk
Management:  Frequently Asked Questions” document. The MHRA laid out an expectation that every
manufacturing site should have a formal risk register, which is a list that provides for planning and remediation of the
manufacturing site's high-level risk items. Most regulatory agencies have explicit or implicit requirements for the use
of risk management, so the requirement for a risk register may be seen as a natural progression in the maturity of the
use of risk management in our industry.
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While most companies have collections of risk assessments performed at their sites, many of them do not have a
system to manage all these risk assessments in such a way that an overall view of the risks and hazards are clearly
laid out.
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The risk register summarizes significant risks at a manufacturing site in a high- level document; it also provides an
explanation of the remediation of those risks. The risk register should also point to or list out the individual risk
assessments that identified the significant risks for that site.

IR 50 P 2890 0 S 417 M TR U R 06 T RO U 0 SRR 5 8 60 1
S 5 I TR 0 2 U DA

The benefit in the use of a risk register is  two-fold:
A5 FH JRIG: 2653 PR Ak o XCEE 1)

1. It provides a summary document for the regulators to review during inspections.
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2. It provides site management a fairly dynamic view of the overall risk for the site and a communication tool to
share with the site in general.
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A risk register is a great tool to incorporate into your risk management program to facilitate and encourage risk
review and risk communication.
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4.5 Risk Review
45 ARG %

Risk review is the review or monitoring of output /results of the risk management process considering (if
appropriate) new knowledge and experience about the risk (2). The QRM process is hot complete once the outcomes of
the risk assessment have been summarized and reported, and risk reduction measures have been implemented. Risk
management is an ongoing process whereby risk assessments are reviewed and monitored to determine if any new
risks or changes have been introduced.It is important that risk assessments are an integral part of a company's
Quality System to continuously assess whether current controls are satisfactory for existing processes or if original risk
management decisions have been impacted by new risks or changes to existing risks or risk control mechanisms.
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Risk assessments should be current and reviewed throughout the lifecycle of a product, process, or system. To
keep risk management "living," there are two types of triggers that might require review and updates to existing risk
management measures and decisions: 1) event-based reviews or 2) schedule-based reviews.
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45.1 Event-Based Reviews
451 IEFTHMFHZ

There are a number of event-based, incidental triggers that would present an opportunity for a riskreview. Examples of
these event-based drivers and a brief discussion follows.
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45.1.1 Deviations or Non-Conformances
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Deviations in processes and systems should be an immediate trigger to review a risk assessment. One should evaluate
and determine the root cause for the deviation as well as those controls that should be put in place to prevent the event
from recurring. Additionally, deviation trends are an indication that the risk profile may have changed. A current and
up-to-date risk assessment is one of the fundamental tools for an effective CAPA system.
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45.1.2 Product Complaints, Returns, or Patient Safety Related Events
45.0.2 77 iR, BB N2 A SR S

Though product complaints, returns, or patient safety related events are lagging indicators that represent failure of
some element of the Quality System, they should be used as key input in ensuring that a risk review activity is
triggered both at initial knowledge of the event and when the root cause has been identified. The risk management
activities that follow such an event should:
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< Determine controls to immediately protect the patients who may have been exposed to the defective product.
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e Evaluate impact to other lots of product that may be available in the market.
PP X T At 7 37 L W B Y B Bt R S

¢ Evaluate whether the risk is common to similar products or activities.
o P DL R AL 17 S 2 R

e Use information from the root cause analysis to identify controls that should be established to prevent recurrence.
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4.5.1.3 Data Trends
45.1.3 Hdatash

The regulatory requirement for process monitoring and annual reporting provides an opportunity for continual
improvement. This has been codified in the guidance and statements on Process Validation by regulatory authorities.
Concurrent with this process, when unexpected data trends are detected a proactive response is not only necessary but
also a wise business practice. A risk assessment and risk control strategy is useful to troubleshoot and identify any new
or modified process controls necessary for remediation.
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4.5.1.4 Change Control
4514 AT

Continual improvement via effective changes to our processes is a key element of the PQS. Changes are inevitable and
a part of the lifecycle of a product from initial development through marketing to divesture. A best practice is to
develop the risk assessment early in development and transition to the next lifecycle phase with appropriate updates.
The risk assessment then becomes a powerful knowledge management tool that is kept alive throughout the life of the
product.
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For existing processes, a risk assessment provides value in the management of ongoing operational risks, and can be
created retrospectively after validation. These assessments have the added benefit of being built from historical data
and real experience as data-based inputs into the process.
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Once the process is qualified, the process transitions to one of continuous verification and improvement. Changes are
implemented with the intent to improve and evolve into more robust processes. For each change it is important to
assess the process and determine the following:
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¢ Does the change introduce a new risk or change the profile of an existing risk?
o ARG AT TN IR KU B SR HAT RS (1 RO 2

¢ Are there sufficient controls in place with the implementation of the change or do new controls need to be
introduced?
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< Does the change eliminate or reduce the effectiveness of existing controls?
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¢ Does the change impact the validated state of the equipment or process?
oA B 2 7 R Vo BT IR SR AR ?

Assessment of changes and review of the risk assessment should be an integrated part of the change control process
throughout the product lifecycle.
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4.5.1.5 Audits and Inspections
4.5.1.5 H it Ffs A

Audits, internally or externally driven, provide an opportunity for an outside and independent assessment of the
Quality System and compliance with regulatory requirements.lt is also an excellent time to assess the completeness of
risk management activities (and documents, if applicable), and identify any potential gaps that could lead to
potential audit or inspection observations.When challenged, the risk assessment would be an excellent tool to
demonstrate that sufficient controls are in place and that the risks associated with the gaps are acceptable.Conversely,
audits and inspections may identify a new or previously unrecognized hazard that needs to be addressed.Again, the risk
assessment can be used as a tool to systematically address the observation and required controls.  Potential regulatory
commitments will be focused only on the hazard and required controls, avoiding unnecessary and excessive non-value
work.
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Some caution should be taken when committing to doing risk assessments in response to audit or inspection
observations. QRM is not a substitute for good science and data. A risk assessment should never be used to deviate
from regulations, justify bad practices, or defend practices that need to be corrected. Compliance with current Good
Manufacturing Practices (cGMPs) is a mandate. Risk assessments provide the tools to proactively align with clear
regulatory expectations and industry standards, and appropriately direct / prioritize efforts and resources based on
impact of the risks.
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Additionally, regulatory intelligence is important to identify, new and emerging regulations. It can also serve to
identify observations and gaps found at other facilities that may be similar to one's own operations. Use of these
external triggers is another proactive way to update risk assessments and avoid unnecessary regulatory observations.
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45.2 Scheduled Reviews
452 RIS

Periodic, scheduled reviews provide another mechanism for integrating QRM into the PQS, operations and
supporting business processes. Worldwide, several regulatory agencies require a periodic review of processes, systems,
and operations. The principle is that some review and assessment is required periodically to ensure that these
systems remain in a validated state (e.g. , facilities, equipment, and processes). Additionally, Annual Product Reviews
/ Product Quality Reviews are a regulatory expectation. Incorporating a review of the corresponding risks
assessments and risk control strategies in these reviews provides efficiencies, a more effective review process, and
ensures ongoing risk management. Furthermore, the frequency of these reviews may be varied and established
based upon the level of risk and the product lifecycle phase. The early lifecycle phase may require more frequent
reviews of data gathered after launch of the commercial process in comparison to a mature process.

SE AR THRITE F R F QRM RN B PQS . #RAEIR A SCREPENY S5 SR A o — MLl o A tH SYE T i, LA
ENUZORE L T2 RGN o [ B SESCAG A R0 DP AL 75 22 I HEA T, L CRIX EE R AT AR AL T30
R BT et WA T 2o BEAD, ™ A BE AL T PP 2 — N WA (RO TUS0) o R AH IV PR XU DA A1
RIS 425 1) S 1) [ 5 80K 28 [ o= rp i v 1 R0, RA— i S A 50 T 2 A0 2 B DR S 1 KU B
A1, I LR AR AT LA AN [ 8, 5 vl DAKRE T JXURS: (89 28 3 0 ot A= i ST RO B Bk s o 55 BRI 77 T 2B B
FHEE, Az J ST LR B RO 4 A b AR A 7 22 5 AT e i 2 S A f) [l s

4.6 Risk Communication
4.6 JAGVAIE

Risk communication is the sharing of information about risk and risk management between the decision makers and
other stakeholders. Effective communication through the correct vehicle and means enables effective risk management
decision-making.
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Communication of the exact systems, processes, individual and collective roles and responsibilities should be clear;
systematic, disciplined, methodical, and timely conveyance of information is imperative. Equally, the
processes and exercise of communications should be effective and an essential component, bridging each step of
QRM. Effective communication in this context permits rational, factual , and science-based decision-making,
permitting an  organization to take the appropriate actions commensurate with the evaluated risk.
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Communication activities are recognized as fundamentally important to the risk management process outlined
in the ISO Risk Management Standard, ISO 31000(21). This is underlined by the recognition that a high
performance in risk management activities is associated with organizations that have a high level of regard for
continual and timely communications with external and internal stakeholders(21).
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The communication of responsibilities, information, activities and data is implicit in ICH Q9, which defines risk
communication as "the sharing of information about risk and risk management between the decision makers and



others." (2) It is considered to be the exchange of information about risk and its management. It can be regarded as a
two-way process in which properly informed decisions can be made about the level of risks and the need for risk
control against properly established and comprehensive risk criteria(21). Ultimately risk communication should
culminate in decisions and disclosure of residual risks.
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ICH Q9 does not give definitive description for how risk communications should be executed, but does recognize
that "parties can communicate at any stage of the [quality] risk management process" and that "the output / result of
the QRM process should be appropriately communicated and documented.”(2) It is imperative that risk
communication begins during the early phases of development in order to design products and processes with inherent
safety features embedded in the product's design. ICH Q9 provides some examples of originators, recipients and
stakeholders, and states that the information that might be communicated might relate to the “existence, nature,
form, probability, severity, acceptability, control, treatment, detectability, or other aspects” of risks to quality
2).
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4.6.1 Essential Elements of Risk Communication
4.6.1 RS VA IE I B 5

There is probably no single vehicle or mode of communication sufficient to cover all communication requirements
throughout the QRM process. Similarly, there is no single tool, process or technique that mitigates inherent
human bias associated with communication. Quality System elements (as defined in ICH Q10) and QRM
documentation (as defined by ICH Q9) should operate in concert to ensure that all information between each step
is exchanged expediently, ensuring minimal human bias and no gaps or miscommunication leading to an erroneous
decision. An effective QRM program should clearly document and inform all stakeholders and their management of
their individual and collective responsibilities.
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The risk register provides a mechanism to drive periodic review of risks and can ensure that the
content is reappraised as an essential vehicle for sustaining risk communication. Any scheduled risk review cycles
and non-scheduled event triggers for risk review (see Section 4.5, Risk Review) should be clearly established within
the Quality System and appropriately communicated as part of QRM activities to ensure timely administration of
these activities. Risk communication should also include the incorporation of salient information, risk assessment
output and decisions into the management review processes and schedules. See Table 4.5.1-1 for a summary of
essential communication elements to describe the processes and responsibilities within a QRM program.
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Table 4.6.1.1 Summary of Essential Information Conveyed to Ensure an Effective and Sustainable QRM Program
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4.6.2 Difficulties with Risk Communication

4.6.2 XRG4 I Y A E

Risk perception, and the management of risk perception, plays a significant role during QRM activities. Risk
perception issues can lead to subjectivity and uncertainty in the outcomes of QRM exercises, because, as ICH Q9
states, "each stakeholder might perceive different potential harms, place a different probability on each harm
occurring and attribute different severities to each harm. "(2)
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Traditionally, communication has been behavioral in nature, driven by the individual, and dialoguebased; verbal
communication therefore presents inherent opportunities for failure, and should not be overly relied upon when
performing formal QRM activities. Furthermore, in the context of regulated environments, the communication of
information throughout and along the QRM process should:
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¢ Be clear and unambiguous.

o ETH WA .

¢ Be intuitive enough to avoid misunderstanding (heuristics).

o (R k) L B, LRE S R

¢ Facilitate unbiased and objective risk analysis and evaluation.
o QREEZ AR RS 7 M AN PP A o

« Convey the appropriate amount of detail and content to facilitate its purpose.
o ARIRIE R B4R A A, DL E T

¢ Possess defined and recognizable originator and recipient(s).
o RAE SRR IR R AR AN (11D)

» Be traceable and auditable based upon GMP expectations.

© MRHE GMP [WEDR, BATANBHI AT § v

¢ Permit recipients to execute their responsibilities and duties.
SOV A TAT AT SEAT AN LS5

Ensure preservation of institutionalized knowledge.

il DR B TR AL R 9 2

ISO 31000 states that confidence in the determination of the level of risk and its sensitivity to
preconditions and assumptions should be considered in the analysis and communicated effectively to
decision makers and, as appropriate, other stakeholders(21). Itis imperative that the correct decision makers and
stakeholders are informed to be fully aware of any insensitivity or bias of the risk assessment process.
Risk perception is an important issue acknowledged in ICH Q9, which may result in stakeholders perceiving
different origins of risk, levels of harm, probabilities of occurrence, and severities. 1SO 14971, which sets out risk
management activities for the design and manufacture of medical devices, also recognizes that different views,



opinions, and values associated with probability of occurrence, and severity (i.e. , risk perception) have the potential
to bias, and should be taken into account especially when deciding acceptability of risk (22).
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5.0 How To Use Quality Risk Management As An Enabler
I B RS B AR HE ) ) A% A

QRM is most valuable when fully integrated into the product lifecycle and its supporting systems (2). QRM should be
applied throughout the supply chain for a product from raw materials through manufacturing, release, distribution, and
delivery to the patient. Effective integration of QRM provides improved decision-making based on sound science for the
entire Quality System and enables continual improvement of Quality System processes such as:
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« Quality System Elements (e.g., documentation, training, quality defects, auditing, periodic review,

change control, continual improvement)

IR RGEZR CNSCrE JI, PrEsia . doh . AR, Frsiiud)

e Product Design and Development (e.g., Quality by Design, process validation, continual improvement activities,
documentation of product and process knowledge)
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« Facilities, utilities, and equipment (e.g., design of facilities / equipment, housekeeping, qualification of facility /
equipment/utilities, cleaning of equipment and environmental control, calibration /preventive maintenance)

] Bi B CAn) Bl vt ) B A RO A BRI T IR L AR T P RS D
« Materials management (e.g., assessment of suppliers and contract manufacturers, starting materials, storage, logistics, and
distribution conditions)
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« Production (e.g., validation, in-process sampling and testing, production planning)

Az CARERE S S ARRIBORERTIAA . AR D

« Laboratory control and stability studies (e.g., out-of-specification results, periodic retesting)
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« Packaging and labeling (e.g., design of packages, selection of container closure system, label control, instructions for use
(IFU), medication guide, Risk Evaluation and Mitigation Strategy [REMS])
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Many processes already incorporate a risk-based approach that is inherent in the process principles. Other processes can gain
from the addition of proper application of QRM. In each case, application of risk management activities that are relevant to
the type and level of risk inherent in each process will enable product realization, establish and maintain a state of control,
and facilitate process improvement.
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5.1 QRM Application during Process Validation Lifecycle &R K& T 2%
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The FDA guidance entitled process validation: General Principles and Practices embraces international harmonized guidance
published in ICH Q7, ICH Q8 (R2), ICH Q9, and ICH Q10. FDA's guidance proposes a three stage lifecycle approach to
Process Validation (23):
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1. Process Design T 2 # it

2. Process Qualification T Z:ffiiA

3. Continued Process Verification 542 T. Zi861iF



Though this terminology is specific to this guidance document, the lifecycle concept is generally accepted worldwide by
regulatory agencies. It advocates for more emphasis on process development, defining process boundaries, and better use of
statistical tools to monitor and assess process performance. As defined in the guidance, process validation is "the collection
and evaluation of data, from the process design stage through commercial production, which establishes scientific evidence
that a process is capable of consistently delivering quality products.” QRM provides the tool to define what really is critical
to patient safety and product quality, gain process knowledge and understanding throughout the product lifecycle, and focus
resources. As discussed in Section 5. 1.4, QRM Applied to Stage 3 Continued Process Verification, validation strategies have
historically incorporated elements of risk, recognized or not.
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5.1.1 Quality Risk Management Applied to Stage 1 Process Design 5t & X\ & 7 W
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Every manufacturing process begins in a developmental mode during which the system/ equipment design and process
parameters are examined. The objective of process development is to define the commercial process that will consistently
deliver a safe and efficacious drug product. The outputs are the master production and control records and a control strategy
that will ensure product is consistently produced to meet all of its required quality attributes.
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The first step in the process is to define the Quality Target Product Profile (QTPP) (3). An early risk assessment is
instrumental in defining the product with respect to its potential CQAs and the acceptable ranges for those attributes that
provide targets for process design and optimization.
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Based on this assessment, effective and efficient developmental studies (e.g., Design of Experiments) can be executed to
develop knowledge regarding the process boundaries and estimate the likelihood of process failures. These risks can either
be removed by design or reduced through processing controls. Based on these experiments, CPPs and their ranges are
defined to ensure CQAs are maintained within appropriate limits. This information is then used to update the risk assessment
and finalize the CQAs and CPPs that define the commercial process. The control strategy provides the rationale and
blueprint for ensuring process control and how each lot will conform to these CPPs and CQAs.
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Development is customarily performed on a small scale so the transition to commercial operations may not be predictable.
Uncertainties and risks such as variability associated with commercial quantities of raw materials and components, mixing
and heat transfer may occur during scale-up(23).These risks can be better understood and reduced by developmental studies
but never fully eliminated. Prior knowledge and engineering principles can increase our understanding of scale-up and
reduce these risks.
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Risk management tools such as a process FMEA, risk ranking and filtering, decision trees, or Ishikawa diagrams may be
useful to assess these potential uncertainties and their effect on product quality. An FMEA can help the team make the most
optimal decisions about where and what controls are necessary to reduce risks. It also helps the team understand the residual
risks that are acceptable and that cannot be eliminated.
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5.1.2 Quality Risk Management Applied to Stage 2 Process Qualification Ji& X
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According to the FDA guidance, Stage 2 Process Qualification is the step where the process design is evaluated to confirm

whether the process is robust and suitable for commercial processing. QRM has a critical role in the evaluation, which

encompasses two elements:
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1. Qualification of the facility design, utilities and equipment

J Bt Bt AN v A R TA

2. Process Performance Qualification (PPQ)

T ZMERERA

During the execution of utility and equipment qualification, QRM may be used to assist in differentiating criticality and

achieving efficiencies by eliminating redundant or non-value added testing. The extent and scope of testing and

documentation during qualification should be appropriate and commensurate with the level of risk (See Section 5.2, QRM

Application during Facilities, Manufacturing and Control Systems Lifecycle) .
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ASTM E2500-007 provides guidance on a risk-based approach to commissioning and qualification activities, designated as

verification (24). Per the guidance, risks to product quality and patient safety should govern the scope and extent of

verification activities for manufacturing systems. SMEs have the responsible for these verification activities; ownership is

not just defined organizationally. Verification activities are defined initially and updated throughout the system lifecycle to

assure robust manufacturing controls.
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Subsequent to utilities and equipment qualification, Process Performance Qualification (PPQ), formerly known as process

validation, should be performed. PPQ covers the initial demonstration of process / product performance and again

incorporates the principles and practices of QRM.
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The control strategy and previous process risk assessments serve as inputs for determining the scope and required number of
batches for PPQ. However, it should be noted that some Health Authorities still require three consecutive batches for each
drug product image, independent of process understanding, development activities, or risk assessments.
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PPQ deliverables include the validation protocol and the validation report. Analytical testing, in-process monitoring, and

demonstration of critical process controls should be linked to the process risk assessment. PPQ provides the opportunity to

verify that controls are effective and process CPPs and product CQAs will be consistently met.
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Many protocols contain "worst case" scenarios (e.g., hold times, microbial control) in order to learn more about the limits of

the process so that risks can be better predicted and reduced by implementing proper controls. PPQ activities may include
increased sampling frequency over routine sampling requirements. Multiple samples are typically taken across the

manufacturing lot to demonstrate intra-lot consistency. Additionally, the protocol may include criteria for acceptance of the

process that are more stringent than the product release criteria. Examples of this practice include content uniformity during

blending, mixing and filling, and weight control during compression and filling. The rationale is demonstration that tighter

than minimally required values during the PPQ effort, reduces risk in route operations.
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5.1.3 Quality Risk Management Applied to Sterilization and Cleaning Validation
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During Stage 2, other processes are qualified including sterilization and cleaning. Both processes include application of risk
management principles with respect to validation study design and testing. Many sampling regimens for sterilization are
designed to examine areas of the equipment or batch that represent potentially "worst case™ scenarios. Typically, penetration
thermocouples and biological indicators are placed in the coldest locations during the sterilization studies. Also, biological
indicators utilize organisms that are the most resistant and most likely to survive the specific sterilization process that is
being challenged. Use of these resistant biological indicators as "worst case" surrogates for process bioburden is incorporated
into the design of the sterilization process. Demonstrating their inactivation during PQ essentially reduces the risk of
bioburden survival during routine sterilizations of the equipment, provided that the same operating conditions are
maintained.
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Sampling regimens and locations selected for cleaning validation can also be risk-based with respect to identifying area that
pose a higher risk for residue carry-over after cleaning. Locations selected for PQ sampling are locations that are at high risk
for process residuals to accumulate (i.e., "worst case" locations that are the most difficult to clean and dry in the processing
equipment). Criteria for site selection can also be expanded to include detection and the likelihood that process residues will
be detected by routine visual inspections. One may improve detection via use of boroscopes, cameras, viewing mirrors, or
disassembling the equipment where feasible (e.g., piping elbows and transfer panels). Consideration of both the probability
of residue soil accumulation and the likelihood of detecting it on routine inspection will help to focus resources on sampling
areas that pose the greatest risk to residual carryover. Finally, one could also include the concept of severity in this
assessment by considering the toxicity/potency of the drug product. For highly potent compounds, more sample locations
may be selected for testing, particularly those of moderate risk for product accumulation and limited visibility during routine
inspection.
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Prior to qualification, emphasis should always be to reduce the risks of residue carryover through process design.
Clean-In-Place (CIP) systems should be considered versus manual cleaning processes. If there are areas in the piping system
where water or residues can accumulate and cannot be thoroughly removed by flushing (dead legs), design and piping
changes should be made to remove them from the system. Risk is best managed through elimination in process design;
increased sampling should not be the operative control for poor design.
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5.1.4 Quality Risk Management Applied to Stage 3 Continued Process Verification

FRERNEEENH TR = BFE T 2RI

The longest segment of the product lifecycle is typically the commercial production phase. The goal of Continued Process
Verification is to assure that a process remains in a state of control during this commercial phase. Once a process has gone
through Process Qualification, an ongoing program should be established to collect and analyze product and process data
that relate to product quality. The process risk assessment should be updated with the data from the PPQ, when necessary,
and serve as an input to developing an on-going monitoring program.
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Fundamental to process control is identifying the sources of variation, detecting this variation, understanding the impact of
the variation, and then controlling variation in a manner commensurate with the risks it represents. Statistical tools such as
Statistical Process Control (SPC), control charts, and multivariate analysis can be used to assess this process variation and
monitor process performance. Subsequent to completing Process Qualification, heightened testing and sampling of process
parameters and quality attributes is expected until statistically significant estimates of variability can be established.
Statistical techniques are also used to identify trend limits, alert limits, action limits, and rejection limits; however,
identification and response to these limits should also be based on a good understanding of risks and controls.
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Prior to the new guidance, process evaluations were generally limited to the Annual Product Review (US)/Product Quality
Review (EU). Additionally, periodic assessments of equipment, utilities, and other process systems were based on an
organization' s particular needs, risk threshold, and regulatory requirements (e.g., sterilization processes re-qualified at least
annually, as a minimum). Depending upon process changes, criticality, and a firm's risk tolerance, the interval and the extent
of the assessment (also called re-qualification or re-validation assessments) varied for these other systems. Under the new
guidance, product reviews are more frequent with the expectation that controls are in place for more immediate actions. The
goal is to detect and correct adverse process shifts sooner, before product quality is impacted.
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Monitoring of CPPs and CQAs would continue throughout the lifecycle as documented in the control strategy. However,
process monitoring is intended to provide assurance that a process is operating in a validated state and is not solely
dependent upon monitoring process parameters and attributes. The process risk assessment and process capability data are
important inputs to determine the scope and frequency of monitoring. For example, parameters that are high risk due to their
impact on product quality may have more frequent process monitoring than other parameters. Monitoring activities would
also include facilities and equipment controls, the manufacturing environment, and critical utilities. Decisions related to
within or between batch monitoring could be supported by understanding the level and scopes of risks. Process monitoring
should also include identification of adverse trends, enhancing process knowledge and supporting process improvements.
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The data gathered during Stage 3 should be used to improve and optimize the process. When warranted, the knowledge
gained should drive updates to risks assessment and the control strategy.
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System performance will always vary, but the overall goal in manufacturing should be to strive for excellence. Incorporating
risk assessments and risk reviews into a firm's Quality System, business processes, whether event-based or scheduled, helps
provide the mechanism to achieve this goal of manufacturing excellence.
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5.2 QRM Application during Facilities, Manufacturing and Control Systems
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As part of implementing a lifecycle strategy it is important to evolve from "evidence-based" compliance to include "science-
and risk-based” compliance. This enables continual control and improvement through focus on those aspects of the
manufacturing operations that are deemed critical for process control and product quality (24). QRM should be applied
iteratively throughout the lifecycle of facilities, manufacturing, and control systems for the following activities:
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« Facility, manufacturing and automated control systems planning, design, build, verification / qualification, maintain, and
retire phases.
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« Consideration of dedicated vs. multi-product risks and controls in designing facility, equipment,

and cleaning validation.
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« Development of equipment commissioning and qualification plans.
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« Assurance of control of the qualified state and drive for continual improvement.
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Risk assessments should be initiated as early as the planning phase during development of user requirements and should be
revisited / updated during the design, build, test and routine operation phases to ensure that risks in the design and operation
of a process or system are either eliminated (mainly during design) or reduced such that a continued state of control is
maintained (See Figure 5.2.1-1). Roles and responsibilities should be clearly defined for system owners, manufacturing,
engineering, and quality / validation leads to ensure appropriate risk-related decision-making throughout the lifecycle.
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Figure 5.2.1-1  Systems Lifecycle
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During the early conceptual or planning phase of the lifecycle, risk assessments are mostly qualitative in nature. This initial
risk assessment is typically applied to the development of User Requirement Specifications (URS). The objective of the risk
assessment is to identify potential hazards that may need to be addressed during the design phase of the project. Performing
risk assessments early in the lifecycle allows significant opportunities to design the system with appropriate controls such
that risks can be eliminated or reduced to the lowest possible level.
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During the design phase of the project, both qualitative and semi-quantitative risk assessment approaches may be considered.
As more information is developed by SMEs and stakeholders, the risk assessments can become more detailed. The objectives
of risk assessments during design are to ensure the identification of risks directly related to critical aspects, to eliminate or
reduce these risks to an acceptable level through system design, and to identify other procedural risk control mechanisms
(e.g., operational SOPs, maintenance procedures). Design controls are preferred over procedural controls whenever feasible.
It is important to ensure that the requirements specifications and requirements traceability matrix incorporate relevant
controls for management of any identified potential risks to product CQAs and CPPs.
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Design reviews should provide assurance on how the system design effectively meets the user, functional, and design
requirements for the system including critical aspects by providing a structured framework to evaluate and manage risks to
acceptable levels. Risk assessments should be approved at the end of design to signify that the design and risk control
measures identified have been implemented into the design of the system. Outcomes from the risk assessment should also be
used to determine testing requirements for the system.
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Risk assessments should be conducted and updated throughout the operational phase of the system lifecycle, especially to
evaluate the impact of events such as deviations, investigations, CAPAs, unplanned maintenance activities, and proposed
changes to ensure that a validated state of control is maintained.
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There should be an appropriate flow of information between QRM and other facilities / equipment project activities to ensure
that any impact to the risks, risk controls, system design, project budget, or schedule are identified in a timely manner and
communicated to and approved by the appropriate parties. For example, a value engineering decision may create a new risk
or increase an existing risk. Conversely; quality risk assessments may identify the need for a previously unforeseen risk
control measure, which may impact the project budget or schedule.
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Risks should also be assessed when decommissioning or retiring a system. The risk assessment can be used to address
potential impact such as data migration and long-term retention of data or other records that support system operations and
the products that were produced from that system. System lifecycle documents including risk assessments should be under
appropriate change management and updated as needed throughout the lifecycle.
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5.2.2 Quality Risk Management Application to System Qualification Activities Ji&
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QRM can provide the basis for determining the level of rigor necessary for system lifecycle deliverables including testing.
Risk assessment and risk control considerations should be included in the preparation, review, and execution of equipment
commissioning, qualification or verification test plans, and test scripts. These should also be compared against the
requirements / acceptance criteria that should have already incorporated the risk considerations appropriately. Testing
therefore becomes a means to verify that risk control measures are implemented and effective. The rigor and extent of
qualification should be commensurate with the level of risk. See Figure 5.2.2-1 for an approach that can be used for
incorporating QRM in the determination of testing requirements.
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Figure 5.2.2-1  Approach for QRM Application to Determine System Testing Requirements
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5.2.3 QRM Application to Facility and Equipment Operation, Maintenance and
Continual improvement JiEXEENA T . W&ERE. g mErssut

No system or its environment remains stagnant and unchanged for prolonged periods of time. QRM should be applied
throughout the operational phase of the system lifecycle to monitor and assess system performance and changes, to ensure
that the system and associated operations are maintained under a state of continuous control. The level of risk control
activities should be balanced with the level of residual risk.
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The approach to demonstrating ongoing control of the validated state through periodic review or requalification has not been
well understood past initial delivery, installation and qualification of systems. Requalification of systems typically involves
repeating the qualification test protocols and comparing the results to the original data. "Over time, the industry has been
moving towards primarily relying on periodic review of discrepancies, changes, unplanned maintenance, and ongoing
monitoring trends to assure maintenance of the validated state, with requalification only being performed when required by
regulatory expectations. Understanding the criticality of systems and their robustness to change are fundamental in the
application of QRM to periodic review and requalification. Effective calibration and maintenance programs are additional
preventive measures to ensure that the facility and systems are continuously maintained to specifications. The risk
assessment can be used to identify critical instruments or components for a system and the appropriate maintenance and/ or
calibration frequency for these critical elements.
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The Quality System should ensure robust and effective management of deviations, investigations, changes, CAPAs,
unplanned maintenance events, or adverse data trends to ensure that the existing profile of risks for the system does not reach
an unacceptable level. Incorporating QRM in these instances can help define criticality, acceptability, resolution timing, and
review frequency. The outcomes of the risk assessment should be used to drive appropriate control of any potential new risks
or changes to existing risks or risk control measures that may be associated with the deviation, investigation, change, CAPA,
unplanned maintenance activities, or adverse data trends. Low-risk changes may require little to no additional testing or
evaluation, whereas high risk changes are likely to require sufficient testing to verify the suitability and effectiveness of the
change.
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See Figure 5.2.3-1 for an example of how QRM can be integrated into the operation and maintenance activities for facilities
and equipment.
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Figure 5.2.3-1 QRM Application during Operation and Maintenance Activities
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5.2.4 Facility and Equipment Design: Dedicated Versus Multi-Product Facilities |~
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Per ICH Q7, Good Manufacturing Practice for Active Pharmaceutical Ingredients, “Building and facilities used in the
manufacture of intermediates and APIs should be located, designed, and constructed to facilitate cleaning, maintenance, and
operations as appropriate to the type and stage of manufacture. Facilities should also be designed to minimize potential
contamination. Where microbiological specification have been established for the intermediate or API, facilities should also
be designed to limit exposure to objectionable microbiological contaminants, as appropriate.” (25) Product and process
requirements should drive the design strategy for facilities, manufacturing, control, and support systems.
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QRM can be used to proactively identify, and manage multi-product risks as a product is being transferred to a facility. A
risk- and science- based evaluation of a process takes into account the potential for cross-contamination, the impact on
product quality, and the intended use of the product(26).This includes addressing risks for highly potent/ sensitizing (e.g.,
cytotoxic) materials. These risks are managed by conducting manufacturing operations in a controlled environment. This
approach is especially critical for multi-product facilities and equipment trains that are used to produce different APIs,
intermediate products, or finished products.
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The concepts of segregation and contamination control practices to manage multi-product risks are described in regulations,
guidance, and reference standards such as ICH Q7 and EudraLex Volume 4 Chapter 3 "Premises and Equipment.” These
concepts include:
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« Understanding of the process, biohazard and contamination issues and related concerns
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 Segregation of APIs and intermediates by design (spatial) or practice (temporal). Segregation is further delineated as
primary, secondary, environmental, or process design; some examples include:
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Primary: Separate clean rooms that are dedicated to specific process equipment and process steps including equipment
arrangement.
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Secondary: A multi-product environment where each product is campaigned and separated with a rigorous / validated
change-over cleaning, or many products at once in separated trains, or separating upstream from downstream process
steps.
LNz 2277 b FEL NI I FFT 7 i M T A T B Y 250 3 il ™ b 7 7y 0 22 7 i 3L 2 90 I
2fg LR 1 2B T
Environmental: Clean room pressure cascade from the most critical operating zone to the least critical zone (i.e., clean
to dirty).
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Process Design: Closed versus open system.
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« Controlling process, material, waste, and personnel flows to reduce the impact of cross-contamination
PRI L2000 D R SEAIR AT NI R B AR A X G
 Designing, constructing, and operating controlled (e.g., clean room) environments that are suitable for the type of
manufacturing activities being performed.
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« Cleaning, decontamination, and disinfection practices
s R EAT
 Steam /water sanitization and sterilization procedures
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» Changeover procedures
MR
« Viral clearance by reduction and inactivation
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« Gowning and hygiene practices
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« Environmental controls and monitoring practices to detect and control potential contaminants
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Proactive QRM will ensure that appropriate multi-product controls exist not only for the product that is being transferred to
the facility but also for products that are already produced in that facility.
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5.3 Quality Risk Management Application During Technology Transfer & X
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Technology transfer includes transfer of product, process, technology, or analytical methods throughout a product lifecycle
(until discontinuation) including:
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« New product transfers from development to full-scale commercial manufacturing
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« Transfers of clinical and marketed products within or between manufacturing and testing sites
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The development of a new product and the associated manufacturing process requires the acquisition and management of
process and product knowledge. The transfer of processing technology from development to production is a critical step in
the product lifecycle. Technology transfers for existing processes are also common as many products are manufactured at
multiple sites or outsourced.
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Knowledge management is a key supporting enabler for effective QRM. It supports the development of a robust and reliable
production process that will reproducibly deliver product that is safe, pure, and efficacious. Such knowledge needs to be
transferable and thus requires tools for managing data, information, and ultimately knowledge. Even risk assessments
performed at an early stage in the product lifecycle will have to be understood and interpretable years later when the
commercialization step is reached. QRM thus requires forward planning, so processes, methods, and knowledge can be
safely transferred.
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Technology transfers are generally associated with potential risks for incomplete transfer of knowledge and would need to be
managed adequately where the company is not directly in control of manufacturing (e.g., use of a contract manufacturing
organization [CMOQ]). A successful technology transfer will result in each process step being fully understood, controlled and
largely optimized, with potential risks being controlled to acceptable levels prior to the transfer. The participation of SMEs
such as validation, production, development, engineering, and quality personnel is crucial to the success of the transfer.
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QRM can be applied throughout the technical transfer process starting with the site selection. A risk assessment should be
performed to determine the risk with choosing a particular site to ensure that the best sourcing decision is made (e.g.,
evaluate risks with the options of contract manufacture, a new company owed facility; or retrofitting an existing company
owed facility). Each site has separate risk profiles, which should be taken into consideration.
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After the site has been chosen a risk assessment can be performed to assess the risks associated with a particular site (e.g.,
types of equipment, scale, raw materials, and personnel). For instance, if a contract manufacturer has been chosen questions
arise such as:
FEA P 1y L2 R 4 i RS PP AL AT LASK It FH R Al A 22 (R A2 P S AT DG O RS (e s 2R L RS JsUREAN
NG o Bl dn Rk £ R AR rs ) BASR H BAE )

. What are the differences or similarities between the donor and recipient sites in the facilities and equipment that is used

to produce the product?
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. What is the level of manufacturing experience with a particular product class (e.g., recombinant protein versus small
molecule)?
R I i3 CATE AL AN T (A= AR K AT A 2

Assessment of risks associated with these differences or changes as part of change control activities can ensure that
unacceptable risks are not introduced due to the differences or changes.
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Another factor to consider is the type of facility (i.e., is it a multi-product or multi-host facility?). If so, then special
considerations should be made for cleaning and change-over procedures, managing cross-contamination or material/product
mix-up risks (see Section 5.1.3, QRM Applied to Sterilization and Cleaning Validation and Section 5.2.3, Facility and
Equipment Design: Dedicated versus Multi-Product Facilities for more information). Risks for storage and transportation,
especially if manufacturing is divided among multiple sites, should also be assessed and appropriate risk control measures
identified.
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The technology transfer should not only ensure a successful transition from product development to product operations or a
new site, but should do so in a manner that results in a process that can be validated to reliably produce high quality product.
The more comply the process is, or the higher the level of residual quality risk is inherent to the process, the more
appropriate it will be to conduct additional evaluative studies to ensure that the process is in an adequate state of control.
QRM can be used to identify, how much validation is required, or where revalidation is not necessary, including assessment
of the number of batches required for validation.

BRI AL R I A 10 7= it A 7 0BT A 7 e D IR 6, S LGS Rt — AN L 2 R B0 UE A S 2
AT RUAR P H o 1) i (0 7 AT o 2T G s LA TR A B o RSB sy, A DR 2 A TR R4
PR SRS M VPSR FORE B G il o oo XU 7 B AT DA SR YU 5 22 22 /D B0 AE sliWil J L AN T 2275, 355G
E T Z AR PRl

Conducting engineering studies or production of test batches prior to conducting validation activities can be an effective
method to identify, and appropriately manage risks that were not identified during development or transfer planning. During
the transfer of an existing manufacturing process, there is the added benefit of historical data availability (including an
understanding of CQAs, CPPs and process controls) that provides a knowledge baseline useful for QRM application during
the technology transfer. Risk assessments should be completed and high / unacceptable risks reduced to acceptable levels
prior to producing qualification lots that support the technology transfer.
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Finally, QRM can be applied during technology transfer to assess considerations for bridging stock and support appropriate
management of the overall plan and logistics for the transfer. As emphasized throughout this document, QRM is an iterative
process and the risk assessments performed in support of the technology transfer should be reviewed and revised as
appropriate.
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5.4 Quality Risk Management Application in Materials Management Jiit & X% & B,
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The globalization of the pharmaceutical industry has increased the complexity and challenges of vendor qualification
including assurance of materials quality and integrity. A dependable source for active, inactive, and other raw materials and
components is one of the prerequisites for successful manufacturing. While globalization has increased the number of
available suppliers, it has also increased quality risks. Thus, pharmaceutical companies need to invest in improved supplier
qualification and materials management programs in order to manage the risk of assuring quality of materials from all
suppliers. Selection of suppliers should primarily be based on their ability to consistently deliver material per specifications.
Cost may be a factor but should not be the primary driver.
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QRM helps pharmaceutical manufacturers assure the safety of their active, inactive, and other raw materials through the
establishment of a risk-based effective supplier assessment and qualification program. The supplier qualification program
has to be part of the Quality System in order to provide assurance that the drug substance / drug product and services that are
purchased will consistently meet specifications and expectations for compliance with the regulations. This process builds
quality into the supply chain and the manufacturing process, and reduces the likelihood of producing a nonconforming
product. QRM can help prevent recalls, health authority enforcement actions, bad publicity, damage to a company's integrity



and reputation, and most importantly negative impact to patient health. QRM aids manufacturers in being knowledgeable
about their suppliers in order to build control systems to prevent the purchase of materials from unscrupulous re-packagers or
wholesalers.

JoC e DRI B g S N7 R T IR R A A5 B L R DA R DA A B o 24 2 AL A ORI P AR P AT A SR
BHE 2 Ao Sh T A SR JEURE 24 13007 it S FE RS54 s 246 05 e JH 5T B s Y AR SV KU P S0 5 i AL DR i 2 o A A
H 22 i & RGN0 o M R ST L T T AN RERAE e R e, R RS i B T e . R
N Ry e 3 R U S ] N R S Y T i E = AN AN T TRER NP /AR B A = Vs dEOE 17 S I o eiap o s e 3 N ]
RO o Ay T ST AR FR G 2 IR AN TR S ) 46 1 At R D Sk T XS A B AT B A R L ARAT T PR A N
THI AT HE W] o

5.4.1 Supplier Selection and Management {3 g5 63 A1 & 3

See Figure 5.4.1-1 for an example of the lifecycle of supplier assessment and qualification.
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See Figure 5.4.1-1 for an example of the lifecycle of supplier assessment and qualification.
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YES ND
: |
Evaluate suitability for use
(qualification, verfication, Remove supplier from approved
etc.). May also need to critical suppliers list
order material and conduct
full release testing.

Results satisfactory? N0+

YES

Y

Establish supplier/quality
agreement

Y NO

Add supplier to approved
critical suppliers list and
supplier audit schedule

!

Monitor supplier and materials for

ongoing performance including quality
and compliance risks

Ensure comective action plan
established, corrections completed
and verified, and identified risks
reduced to acceptable levels

B
ek



5.4.2 Risk Controlfor Suppliers

5.4.2 N US4

Ideally.vendor selection begins with the establishment of the raw material attributes and
specifica- tions_ Manufacturers need to clearly de specification requirements and
understand how those requirements contribute to the quality of the product Experiments with
different sources and differ- ent standards of components may be necessa to understand the
effects on the finished product.
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While most companies rely on APl or cipients that have speccations recognized by compendial
monographsit  may be necessary to investigate the need for tighter or additional specmcations
for these materials due to their performance in the specific dosage form being developed. The
risks of these raw materials should be assessed right om the start with a view to product
development and commercialization.

SR 2B A A KAE AP R S BAT R SR AN IORRHE, (B RHOGS 0 B 520,
A7 EERAT U A DL R A T B ERUE o 757 W IE R LR VAR R R b, R KU 25—
THGHUREAT VPAL o
WWhile it may be preferable to deal with a manufacturer of the APIraw materialsor
components directlymost companies have to purchase om a distributor or wholesaler network.

Some of the factors that should be considered when evaluating risks and selecting a supplier
(ie.manufacturers and distributors) include:
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e Quality of raw materials (ie.compendial monograph material and the ability of the supplier
to provide Certificates of Analysis[COAshvailability of material with different specmcations).
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» Consistency of supply (e.g.reliance of the vendor on secondary or tertiary suppliers).

PENRRSEME . (ARt g, = RS AR

» Registration inspection and compliance status of supplier.

BENRIVENE S A AT O

» Willingness of the supplier to enter into an agreement or contractincluding  willingness
to be audited.

PR Rk P A TR R R, AR RS2 A T I

» Willingness of supplier to share information (e.gQuality System containers closures and distri-
bution channels).

BEV R 5 BRI (i, FUR RS, Ay, A L RS IRIED

» Uniqueness of Material (e.g.considerations for biotechnology raw materials such as bovine
spon giform encephalopathy [BSE] and transmissible spongiform encephalopathy
[TSE}virus,micro- biological contamination, endotoxin levels,leachable/extractable variability
risks etc.).

VORI AR CEMIBARYIROS T 06 5 F 9 [BSE] LA L A% Gk g 4R I [TSE ) %5 1€
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e Counterfeiting potential of the material.
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e Country of  origin and location of manufacturing plant.

RURHE ] X Ak

» Black market sources of the materials.

Pk 2T R YR

In addition to the quality and compliance of vendors manufacturers need to assess the
manufac- turer /supplier’s reliabty to provide the material on a timely and dependable basis.

QRM looks at the lifecycle of the productnot just the immediate need during a particular step in
the lifecycle. The geo-political and geophysical environment impacts the potential risk to drug

substance /drug product
availabty and quality.Regulatory oversight is an important aspect of supply chain integrity espe-
cially as it relates to assuring that counterfeit and substandard materials do not enter the supply chain.
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See Table 5.4.2-1 for an example of how risk management can help determine the audit

equency for a supplier This example illustrates a modelwhich can present varied audit
frequencies based on variations in supplier risk rating.
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Table 5.4.2.1 Example of Risk Management ~ Application to Determine Supplier Audit Frequency

Material and Supplier Criticality Assessment
. Low Medium High

Excellent Audits every 4 years

Supplier

Performance

Rating

In the above example suppliers are evaluated based on the two parameters of past performance and
criticay of suppliers/ materials. The resulting cell in the 9-block diagram provides the recom- mended

equency for supplier audits.
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The first parameter Supplier Performance Ratingis determined based on objective criteria of past
performance. A performance level of ExcellentGoodor Standard is determined based on a pre- defined

check list risk assessmentwith scoring for various elements such as quality of supplier's past performance
percentage of non-conformances per loton-time deliveryetc.
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The second parameter across the topis determined  based on the criticality of the material and the
supplier's delivery of that material. The criticality level of Low Medium or High is determined based on a
pre-defined checklist risk assessment of criticality of the material and the supplier's ability to provide the
material. Elements that contribute to the criticality assessment include aspects such as where the material is
used in the processthe supplier's ability to provide material of the quality level that meets requirement
supplier's internal Quality System their technical capabilities etc.
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T his model can be defined in procedures within a company's Quality System. Inputs to determine the
levels should be provided fom across multiple functionswith quality parameters being weighted the highest.
The resulting level should be refreshed periodically (e.g.annually)incorporating the most

recent data and experience.
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Audit  frequency is illustrated but the tool can be applied for other cross-functional purposes as well. For
examplenew business could onlybe given to suppliers with "excellent” or "good" performance rating. New
suppliers can be given an initial rating of "standard" until data becomes available to incorporate in the
annual refresh. For suppliers that have significant open CAPASs there should be a focused effort applied to
move the suppliers up in their rating or out of the list of approved suppliers.
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Risk control measures should apply to the entire supply chainnot just testing on receipt. Incoming
material need to be in accordance with a statistically based sampling scheme and the samples tested
without compositing.
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One of the greatest risks is receiving a material that has been contaminated with a substance that can cause
serious harm to the patient and is not identified during incoming inspection. If QRM is used to evaluate
evayaspect of the supply chain risks could be managed earlier during the selection of suppliers. Astesting
and specifications can only address and look for ingredients and Impurities that are either knOW11 or
expectedthere is always the risk of an unknown substance going undetected. For that reason it is necessayto
consider the entire supply chain when considering the risk to product quality. QRM applied as a holistic
approach can reduce the risk of substandard or harmful materials being purchased through the supply
chain.
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5.4.3 Quality Agreements
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Quality and Supply Agreements can function as useful and integral elements of a supplier risk
man agement program. In some countries, Quality Agreements are required by regulation. These
agreements are considered contracts between suppliers and manufacturer that dearly
define roles and responsibilities and quality requirements. The folowing are elements of a typical
Quality Agreement that help provide greater assurance of product quality and supply continuity:
T g (3t N DS (At N R XS A B () T A 00 o AR 2B [ 5, PR TR AL
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e ldentity of the supplier

CNAEEE 7y

* Identity of the deliverables

AT

e Intended use of the component or service

A7y BRI S5 1 TE g

Allspecifications for the component or service

L R S5 IR

e Description of the roles and responsibilities of the contract giver and contract receiver:
RS SR CE A S SRR

Responsibilities as they relate to cGMPs

CGMP K F

e Responsibility related to validation (e pre-approval of validation protocols by the contract giver)
T GEAT CPIUIE 20 H] 27 LE R g 32 i 77 %)
« Responsibilities related testing and release

1K TR

e Responsibilities for the supplier to inform the manufacturer of any proposed changes such as changes to the
manufacturing processequipment facilityanalytical methods standard operating procedures key personnel and any key
secondary or tertiary supplier
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» Responsibilities for the supplier to inform the manufacturer of anyerrors deviations and out-of-spedication results
that did or may have impacted the product quality

P B2 F1 L7 P E AN it S 19 7 i 2 OOS Z7 8 1 7
» Possibility to participate in supple's investigations
Zx A N 1 R A ) AT R
e Description of the manufacturing storage and distribution processes
A7 73 R AR A ik
* Requirements for product release quarantine and potential destruction
77 AT R 5 W AERR
* Requirements for shipment conditions
Bk AR AT E R
* Requirements for the contract giver to audit the contract receiver

3 Rl A 0 U T (1 2K

» Requirement for the supplier to share the results of regulatory agency inspections.
PRI B 7 S A A A SR 2K



The task of controlling risks to drug substance /drug product is not over once the supplier has been
identified and qualified. There still remains the activity of protecting the components during shipment and
storage to ensure that quality is not compromised prior to being received at the manufacturer. The
extrapolation of these measures to non-product components would increase the confidence in the
materials received through the global supply chain.
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Pharmaceutical manufacturers can increase their confidence in the shipment of their drug substance /

drug product by working with their suppliers in the folowing methods:
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* Incorporation of anti-counterfeiting measures in packaging and labeling

B BENGREA R

e Use of tamper evident seals on containers

BT HIPUBIAR B

» Use of unit level identification systems (e.g.Radio Frequency Identification [RFID] tags2D-bar codes)

IR AR R G (TGS AR EAR . S EARD

o Useof seals

CIEES

e Use of common carriers that do not bear the branding of the manufacturer

AT AN B A7 7 T s ) 5 L 5

o Container level tracking and data cdlection (e.g.Global Positioning System [GPS])
BRGNS AR (A BRE AL RGEGPS)

e Temperature /humidity data loggers

S Y

Increased confidence impacts the risk level and indirectly the risk to product quality. Purchasing
sub stances locally does not assure that the material was manufactured locally or even in the
same country .Purchasers can take an active role in reducing this risk by establishing:
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e Origin of the material

YRR

e Integrity and compliance status of the original manufacturer

JEIR AR B S B S RURAS

 Distribution route of the material

VIR A iR 22

* Integrity and compliance of the links in the distribution chain

oy Ee ke e AR

e Manner in which the material was shipped and handled until its receipt by the manufacturer

YRR RTIE i b5

5.5  Quality Risk Management Application for Contract Services
5.5 Ju KUSS 8 BN ] T A i 4%



Contract services is a broad term that can refer to many different steps in the overall
manufacturing process  from raw material manufacturing laboratory testing contract
sterilization calibration /maintenance servicespackagingfinished dosage formor device
manufacturing. The use of CMOs in some part of the drug manufacturing process has become
increasingly prevalent in recent years. With the increasing complexity of products and processes
specialization is sometimes necessary as manufacturers seek out specific skillstechnology
experienceor a means to reduce costs or improve efficiency. while the decision to use a contract
supplier can be highly advantageousthe risk associated with the loss of direct control should be
considered and controlled adequately through a risk-based lifecycle approach that emphasizes the
need for communication and clarity on roles and responsibilities. The selection process for a
supplier and the qualification process of the supplier are key elements for adequately controlling
the associated risk. See Section 5.5.1Supplier Selection Initiation and Technology Transfer.
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When a supplier is utilized by a sponsor company for any or all portion(s) of the activity which
are undertaken  within the product and process lifecycle it is critical to ensure that all parties
involved participate in executing a comprehensive QRM strategy. The sponsor and supplier(s)
should clearly define and apply QRM.
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Use of asupplier or a contract factory also follow a lifecycle concept (see Figure 5.5-1) which
provides opportunities for the appication of QRM at each stage as discussed in the following
sections.
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Figure 5.5-"  Lifecycle for Control of Contract Manufacturing Organizations

Selection Initiation el Hnun_na Cononual Decommission
Transfer Oversight Improvement

5.5.1 Supplier SelectionlInitiation and Technology Transfer
5.5. (LN e RE . B S HARE R

Selection of the supplier should be a systematic process that assesses the capabilities and
experience of staff to support product quality. To apply a risk-based approach to supplier
selectionthe initial asessment should take into account at a minimumthe following supplier
attributes:
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« Availability per critical selection parameters
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» Physical facty and equipment including geographic proximity to sponsor

SEARBE B R, AHR LB R B R

» Quality System and inspection history

B R G SR8

» Experience with process or similar complexity of process

TZEAHR R I T 228

» Applicability and transfer of previous regulatory commitments (e.g. post-marketing commitments)
ZHFE AR N ] e Can B s &)

 Initiation and technology transfer considerations including comparabty of product(s) between
manufacturing sites. See Section 5.3 QRM Application During Technology Transfer
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» Hazards from other manufacturing processes (e.g. cross contamination in a multi-product facility)
HoAb A= T2 CHetn 227 i B I A8 X5 4%

 Control of suppliers

VAl

» Communication (linguistics considerations between all affected parties)

AT (MR T 5 07 % 18D

The supplier 's Quality System and how it encompasses QRM is of particular interest. Lack of open
two-way communication between the supplier and the contract giver may result in increased  risks
due to incomplete information and incorporation of feedback on Quality System elements.
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5.5.2 Routine Oversight of Supplier

5.5.2 LNV H il

Many suppliers have a long-term relationship  with the contract giver and this is also where QRM and the
lifecycle approach should be applied. Oversight is a risk-reducing activity and is directly linked to the
actual risk posed. As the inputs to the risk assessment change (e.g. history of compliance change of
deliverables)the control measure(s) may also need to change.
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The example in Table 5.5.2-1il11ustrates the concept of utilizing a more robust strategy and controls as
the risk and complexity level of operations performed by a CMO increase. It is not intended to define the
exact strategy to be used during routine oversight of the CMO's operations. The exact method
and controls to be used by the sponsor company should be defined appropriately on a case- by-case basis
based on the overall risk and complexity of the product process and relationship  with

the CMO(s).
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Table 5.5.2-1 Example of QRM Application to Ensure Sufficient CMO Oversight
5.5.2-1 QRMHA] T-LRIE X CMO & 8 1) 1 % (1451 1
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Risk/Complexity

Oversight Method {Controls)

Level
In addition to medium and low risk controls, routine sponsor Person in Plant (PIP), review .

, H | & approval of manufacturing records prior to release. ;
’_ Medium ! In addition to low risk controls, periodic audits conducted by spansor and increased test- |
! | ing frequency. o
‘ Yo f Use of shared qmlinr_métrics, key performance indicators (KPls), and reduced inspection
L |fequency
NSRS
P K7 D
AR st b, 22l A A DE), BTl R Ay
i WA
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In addition to the oversight methods noted in Table 5.5.2-1 the sponsor and CMO(s) should define in
writing the routine methods and frequencies to be used to facilitate sufficient and timely
communications and exchange of required information and data to jointly manage and control the GMP
operations.
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For examplea Quality Agreement can be used to define a schedule and participants roles to ensure
exchange of data and documentation (such as change control records deviations complaints adverse events
CAPA). In some instances change control oversight for certain critical changes or deviations may require
the sponsor's pre-approval (See Section 5.4.3  Quality Agreements).
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5.5.3 Continual Improvement

5.5.3 fpLkiiit

In line with ICH QI0 a contract giver should encourage continual improvement in the
supplier's process  The supplier's ability to continue improve feeds into the QRM
approach. Measurement

of KPIs or other quality metrics may be needed to manage and control this process. Systems
that facilitate continual improvement include:
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Annual Product Reviews / Product Quality Reviews

P R R AR 17 i R T R

¢ Management review of Quality System

JE R G B R

« Trending/monitoring of internal and external factors that can affect product or process
SN L 2 AN U N

¢ Periodic trending of process data to establish control levels and process capability
R 1 G S, NIRRT 2R )

¢ Change control

AR

¢ Deviations and investigations

i 22 5 A

« CAPA effectiveness monitoring

CAPATT U

* Process Analytical Technology (PAT) improvement opportunities

s ANIE s NS ST IS

Review of Key Performance Indicators (KPI) and irnprovement metrics
KPR 5 Bt e R

« Assessments by external parties (regulators third party auditors)

AMEVEAL CREEERRT] . SR =T

5.5.4 Supplier Decommissioning

5.5.4 N2k

When a product or process is to be retired QRM should be employed to develop a strategy to
suitably manage the proper steps to be taken to avoid impact to product quality supply and
continuity. When decomrnissioning/retiring a product or process  from a facility it is
important to first determine if the product or process will ~ be ceased all together (e.g.
withdrawn from market) transferred to another facility. or have a new generation of product
or process implemented in lieu of the previous. Based on this, a suitable strategy can be
deployed utilizing knowledge management and QRM.
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For transfer of product or process to another facility see Section 5.3QRM Application During
Tech-nology Transfer.
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The following are some key points to consider when developing a joint QRM strategy for
retiring a product and /or transferring from a CMO(s) organization:
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« Avoid a disruption in supply of a medically necessary product or material.

Ui AR ST gl VAR 3 3 P TTE  =9 J VAG Rl T

« Communicate findings that could impact the quality or safety of previously distributed
material or products (e.g. records complaints failed validations).
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« Transfer key information to support product quality at the new facility.
SCREFTBEE ™ it T R S BEAE EL

 Re-execute specific qualification studies e.g. sterilization to meet annual revalidation
requirements.
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5.6 Knowledge Management

5.6 KNiNEEE

During the execution of risk assessment exercises .it is essential to obtain accurate data
informed opinion and expert judgment to identify potential negative events , failure modes,
their probabilities, Severities and subsequent risk evaluations. Orderly logical
comprehensive documentation and ready accessibility to information benefits the decision
and assessment processes. Generally the more information that is communicated to
participants, the less likely they are to exhibit overconfidence in making accurate decisions
and judgments (8,27). The clear communication by documentary evidence and preservation
of such information is imperative to assist not only in accurate decision-making but also to
record for future reference and other related risk assessment activities. Three important
factors that might influence the ability of experts to make reliable assessments on subject
areas or issues with a high level of uncertainty are:

T S VPAG S B AT T, SRATHERA 1205 - 0 SR SEPP A o0) T 5 098 78 1) fr i 44
PNV ¢ i NN i 1 N 8 ¢ A W ) e DN oA B P [ i P S DR S 7 = R R NS B =
ABEI AT IS S A E PGPS A i 1. SRS HHEBZIER, R TEA
SOEME Yo RN R T S (8, 27) o S THIIE A AR AR I A5 B (1 ¥ T (174
A EE,  ANCA BT HER R o SR DABERE 2 25 LLR I ARAR 5€ 1) AU DA 35 31 o
FRESER Lo Z00) 27 AU Bl r] e HE 7T SE PRI DAL BE ) (1) = A BEZE DA 300

Availability of a well-developed and established scientific theory for the area under study
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Availability of precise measuring techniques in that area of study.
JITAIE S TR fff 1) 4 AR
Availability of pre-specified procedures, criteria and guidelines for decision-making.
PR IR IR bRtk SRR 1w HE
To ensure expert opinion is of the highest caliber, data-based and as free from conjecture as
possible the science and engineering information associated with the area of risk assessment
should be clearly documented. Equally important, all information regarding measurement
certainty, accuracy and precision, together with clearly communicated and documented
decision criteria should be achieved.
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6.0Conclusions
6.0 4t
QRM is fast becoming an expectation in the pharmaceutical industry and justifiably so.
Patient protection is paramount and the ultimate goal of QRM. While risk management
practices and risk-based decision-making are not novel concepts doing so in a structured
documented and practical manner is novel for the pharmaceutical industry. This represents a
paradigm change in behavior and approach used for proactively identifying and preventing
risks as early in the lifecycle as possible. Implementation of QRM is still a young field for the
pharmaceutical industry and can be established in many ways. The information presented in
this report and the cases studies provided in companion documents is based on practical
experience and is not intended to be either all inclusive or exclusive.
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Effective management of product quality risks and patient protection throughout the
product fe- cycle including manufacturing operations requires integration of QRM into
the PQS and routine operations. QRM cannot be managed as a separate element or process
of the Quality System, but integration is not easy to accomplish. QRM requires a mindset
shift building quality in as early as reasonably possible effective transition and knowledge
management between the different product lifecycle phases adequate resources  and the
entire organization's commitment to implement. Additionally,  the role of decision makers
and senior management in ensuring effective implementation of QRM cannot be
overemphasized.



FEFEAS 7= i A A JE) 3] PP A7 200 ) o R B A AR P B R, AEPQS LA H A
T ESEHEIIQRM. QRMANRE AN U R RO I B Rl b R, A IR il
F. QRMG ZLLAMALAS, T REF I | HE i it i, AR i A v i R Bz i) &
PRAT A I PRGN B, R ) B AN A SR AT o AL, TSR R
PR G AR DR AT 250 S It T e R 7 3 v 1) T A ) 7 B 4 i AN I 4

The broad practical range and flexibility in QRM application provided by ICH Q9 can
become a double edged sword; that is, the utility and benefits of QRM can be lost when
activities are completed as ""check the box" exercises(i.e. used to justify non-compliance
with regulatory  expectations or as a substitute for science / data)or if outcomes from quality
risk assessments cannot be acted upon in a timely manner. The ultimate objective of all QRM
activities must remain patient safety by producing safe efficacious and pure pharmaceutical
products
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