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Biologicals

Biclogicals Standardization of Biotherapeutic Products

The World

Heaith

Organization

brings togather

international

experts through

its biological

standardization

Aboiit programme to
develop and

Blood products and related revise guidance

biclagicals on biotherapeulic products. The norms and standards programime for
biotherapeautics is responsible for developing and establishing both intarmnationat

P 15 and witten (F and

Guidelines) for these products. The promotion of WHO biological standards |5
undertaken in a variety of ways including rapid publication on the WHO website, as
well as by the crganization of post. pion to i the
implementation of highly complex or lopical guidelines/recommendations mlo
regulatory and manufacturers’ practice. Such have proved
valuable not only in promoting the WHO recommendationsi/guidelines in question,
but also as a means of obtaining Information from countries about their use of
WHO guidance documents and their ability to follow WHO guidance, as well on
mterpreting difficult aspects of the guidance given in the documents

Vaccines

Blotherap

Reference preparations

Publications

Biologicals

Regulation and quality control of vaccines

Biological products,
including vaccines, are
distinguished from
chemical pharmaceuticals
by being derived from
living organisms with a
molecular composition too
complex to be defined by
physical or chemical
means. In addition, the
inherent variability of living
organisms, the potential for

contamination of materials WHO/H. Ruiz

with agents coming from
starting materials or the environment, require special quality control and quality
assurance mechanisms.

N =
Blood products and related biologicals m;&*u nn

Quality Assurance and Safety: Blood Products
and related Biologicals

Since the middle of the 20th century, medical science has found ways to prepare
therapeutic products derived from human blood and plasma for the treatment of
many life threatening diseases, as well as for complex surgical procedures.

Processing blood into various types of medicines or
products is a highly specialized process because blood
products and biological technologies are inherently
variable due to the nature of the source materials as
well as the methods used to test them. The overall goal
of the National Regulatory Authorities is to ensure that
only blood products of demonstrated quality, safety and
efficacy should be used. Yet, experience with
regulatory authorities indicate that many countries have
significant difficulties in fulfilling their responsibilities in
this field.

Pyro-

Antigen glutamate
binding
Disulfide
shuffling

Deamidation/
oxidation

Fragmentation

Carbohydrate site

Glycosylation
Effector (galactose 0,1,2) g

function -

. Truncation
Fo (lysine 0,1,2)

J Chirino, Nature Biotechnology (2004)
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The value of vaccination
Widely recognised as one of the very best investments in healthcare

Tremendous progress for global health... ...but still underserved populations

~3m ~22m

deaths | infants still
prevented missing basic
annually vaccines

Target populations are growing... ...and major diseases remain without vaccines

RSV
~1 bn Group B Strep
60+ year olds B '

by 2020 HIV
(+20%) & more...

UN, WHO, CDC.




Vaccines

Growing market: ~£17bn in 2014’
Few global players SPMSD
Large capital investment ‘ GSK ~27%

pro forma

Complex manufacturing Sanofi

Importance of combinations/lifecycle
management Novartis Vx

(ex. Flu)

Intellectual property
Very long product lifecycles
Pharma like operating margins Merck Pfizer
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R X ka4 K “state of the art”
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Quality by Design Tools and their Purpose
Systematic approach to Control System and Design Space

CQA
Identification
(RRF Tool)

Which attributes
are critical?

Risk
Assessments
for Process
Parameters

—>

—>

Which parameters

should be studied?

CQA
Acceptance
Criteria
Determination

—>

Which levels
are critical?

Attribute
Testing
Strateqgy
(RRF Tool)

What should
be tested?

Does the process control the CQA?

|s it stable?

Multivariate &
Univariate
PC/PV
Studies

How does the

process impact the

CQAs?

—>

|

—>

Linkage
Studies of
Worst-Case
Conditions

—>

How robust is the

RRF: Risk ranking and filtering; PC/PV: process characterization/process validation

Attribute
Testing
Strategy
Robustness

Do we have
the right tests?

wajsAg |o1j3uo)

CPP
Identification
and Design
Space
Definition

Which parameters
overall process? need to be controlled?

aoedg ubisaq




' Quality by Design Workflow

Critical Quality CQA Attribute Attribute

Attribute (CQA) Acceptance Testing Testing
Identification - Criteria ‘ Strategy Strategy

(RRF Tool) Determination (RRF Tool) Robustness

What should be What levels? What should Do we have the
measured? be tested? right tests?

Does the process control this? Is it stable?

wajsAg jonuo)

Process Design of l Linkage CPPs

Characterization # Experiments & Studies of Identific-ation
(PC/PV Study Univariate Worst-Case # & Design

Design RRF) Studies Conditions S[_Ja_c_e
Definition
What parameters How does the process  How robust is the What is critical?
should be studied? impact the CQAs? overall process?

aoedg ubisag

QbD provides a systematic approach to answer these questions




What are Potential Critical Quality Attributes for
a Monoclonal Antibody?

ICH Q8 R1: Critical Quality Attributes - Link Directly to Patient Safety & Efficacy

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.

Host Cell Protein

High Molecular N-terminal Variants _
Weight Species _ Agi@s Fragmentation

Composition and

Strength

Adventitious Agents _
Glycation

Deamidation Raw Materials

Sequence Variants
Leached

Protein A Glycosylation Variantsig Proline Amidation

Cysteine Forms Drug Product Specific
Host Cell DNA C-terminal Lysine %

Leachables

31



Critical Quality Attributes (CQAs)
Categorization

Category of
Attribute

Product Variants

Assessment

Risk Ranking and
Filtering

Rationale for Approach

Impact to patient safety and product efficacy
is specific to variant in question, mechanisms
of action, route of administration, etc.

Process-related
impurities

Risk Ranking and
Filtering

Clinical data from similar products can be
used to assess safety

Composition and
Strength

Obligate CQA

Potentially high impact to safety and efficacy

Adventitious Agents

Obligate CQA

Potentially high impact to safety

Raw Materials

Compare Estimated
Daily Intake and
Acceptable Daily

Exposure

Extensive data available from safety and
toxicity studies




Overall Commercial Control Strategy

The overall commercial control strategy covers different aspects:
+ allowed ranges for CQAs and process parameters
» control of materials

* GMP controls

/

Overall Control Strategy

GMP - Procedural
Controls
+

GMP - Environmental Control of
Controls Materials

\-




Product Lifecycle

Post-Approval Lifecycle Management Plan

Development

Critical Quality CQA Attribute
Testing

Attribute (CQA) Acceptance
Identification Criteria ‘ Strategy #

Attribute
Testing

Strategy
Robustness

What should
be tested?

What should be
measured?

(RRF Tool) Determination (RRF Tool)
What levels? I

Does the process control this? Is it stable?

Process Design of SI;irzllfagef
Characterization # Experiments & udies o
i WorstCase | B>

(PCIPV Study Univariate

Design RRF) Studies Conditions

What parameters
should be studied?

How does the process How robust is the
impact the CQAs? overall process?

Do we have

the night tests?

CPPs
Identification
& Design
Space
Definition

What is critical?

woysg josjuog

soedg ubiisag

Product Lifecycle

Process/Product
Monitoring
(PPs and CQAs)

J
\

Process Lifecycle /
Change Management
(incl. design space

Post-Approval

Lifecycle :

Management
Plan

verification)

Control System
Lifecycle / Change
Management

The PALM Plan describes how process parameters and CQAs are

—>

monitored during product lifecycle.

The PALM Plan describes how changes are managed in the Quality

Management System.
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Overall QbD Approach

Clinical Trials

FDA's "GMPs for the 21st

Century” and the PAT initiative Critical
Quality

Attributes

QbD related guidelines

ICH Q8, 9, 10, 11
Quality Risk

Management

Critical S Control

Process -
Parameters \. / qy

Design Space e b
Process Knowledge HEneiacirng
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Cell Culture Process Operating Parameters
Affect Process Performance & Product Quality

Pressure
Control
Strategy

|
. |
: Temperature Pressure

Osmolality pH =+ dCO5 d0, Shear Mixing Bubble 0, & CO,

Size ST
\ Distrib. Solubilities
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Operational Parameters Analysis of the
Production Bioreactor

I Production Bioreactor |

Timing of Tenp. shift
Druration
Initial Viable Cell Density
pH
Temperaturs
oo

Aeration

Agitation Speed

Harvest
Yield
Quality Attributes

Agitation speed
Aeration
Do
Temperaturs
pH
Initizl Viable Cell Density
Duration

Final Wiable Cell Density

Failure Mode Effect Analysis (FMEA)

- Severity of the excursion: S
- Occurrence of the excursion: O
- Detection of the excursion: D

- Risk Priority Number(RPN) =S X O X D
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External pressures exerted
on the quality assurance

RESREPE

Manufacturing authorizaﬁﬁ"]

« Quality methodologies
« Pharmacoe-vigiliance

-

'Inspemion | | Marketing authorization 1 rlnsp'eciioﬂ
| a ' l
JF , ) el
i. : S
o Quality assurance system
E i - v
| , ;
| Design: _’ Manufacturing:
|
[ Research and Development Production and control
* GLP : * GMP
«GCP j Lgeerl « Validation
« Dgsign review » Pharmaco-vigiliance
* Validation LB
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Receiving Quarantine | QC raw material
procedures B Pprocedures  pee  testing and
(on stage) sampling

v

Vendor/supplier
approval
criteria

e £~ 5 UH BiRE

procedures

* Production-related

Warehouse Storage inventory procedures .
procedures contral i

L

+ ' Equipment

Final Distribution | Material Forpion
distribution procedures transfer forms |

Y

Lyophilization

j Packaging, labelling,
etc.

Product Quarantine Reprocessing
returns procedures procedures Media preparatior/

SSRELSEE LR T T

|

Product
recall o5 procedures

Shipping
procedures

Final
destination

FIGURE 14

Flowchart showing production method, procedures and processes involved in material management
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programmes o e
annual review
Final product Analytical | Animal
testing ’ testing testing
Py biaas sz Annsxal Contin_gepc;;}est
orocedures P proce. ures _dewat:onl
review discrepancies
In-process
testing
3 |
Production-related procedures o :
| Equipment Packaging, Media _
Formulation labelling, preparation/ |-
Lyophilization etc. fill i
b
=T e = e =
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Research

and
| , development
~mid F& 5 it ;
[ Development
protocols
|| F{etter/mor:kgf Development
l s il (master) seeds
[ seed
Developmgnt of Pilot batch Submission of
production > process datato
procedures reg. affairs
Development Development
master batch a— equipmentfacility - Devic;;:i::tent
record process ' P
I
Y
Dew:;;pn;snt o : Prgdt;gtc;ogt Submission to
PRTY e i govemment
procedures licences

41



Environmental

REFFERIE - 1

monitoring

L i

; ]:- M ;_'lmi |
| | ma "
l 1

1 |
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Monitoring |

Material ' utilities Research J et s e
| management (water == 4 ?“d | |
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Quality

Microbiology l s [
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i}

Production: culturing, media production, equipment, formulating and filling,

lyophylization, packaging, labelling, warehousing, etc.

Quality assurance

Documentation
control

i | Instrument Cleanin
Equipment | i g,
reﬁal%ation ; calibration sanitation
rocedures || Programme { - and
P (QA, QC, Prod.) | inspection

Standard
operating
procedures

Inspection
procedures

Baich
record
review

FREFFRARE - 2

T e

|
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R _. 7 g Equipment
iﬁ;;%rgggé Calibration ‘ Sanitation and utilities
programme procedure i | procedures change

programme
=1 N = 4 = |
[REMPZRATTIE - 3
| [T o
Calibration Logbooks | Spare parts
schedule programme
T .
Calibration Equipment
records and | b—r—=——rerd history
certification files

Trend ' Baich

. ; record

analysis i Felakin
i
j Annual E
| product |
i review b

wwwwwww
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= N Environmental
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REP R HIVTE

’ | Monitoring
Material utilities
management {water
systems,eic.)

Authorities

I
Microbiology pe—

Reagistration

SRS

Production: culturing, media production, equipment, formulating and filing, { Quality assurance Documentation
lyophyiization, packaging, labelling, warehousing, efc. control

T

| Instrument ! Standard

calibration operating

programme
(0A, QC, Prod) i procedures

1

' | Equipment
pris e Calibration Sanitation and utiiies Trend
procedure procedures change | analysis

prEdiae programme
AL l el -

Calibration Spare parts
schedule Logbecits programme

Calibration Equipment
records and history
certification files




PRODUCT LIFE-CYCLE PROCESSES

Research

Laboratory Test & Reference
Animal Compounds
Management Management

Clinical Development
Post-Authorization Pharmacovigilance
Studies and Programs

Design & Development Technology Transfer

Manufacturing &

. Control & Release
Packaging

Laboratory
Study Conduct

Regulatory
Submission &
Maintenance

Facilities, Utilities and
Equipment

Supply Chain

M EaEH B EE

Bioanalysis &
Pharmacokinetics

Scientific and Medical
Information & Ethics

Quadlification &
Validation

Product Discontinuation
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ORGANIZATIONAL PROCESSES

Quality Systems : : Quality Risk
o
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TRANSVERSAL PROCESSES

Management of Product & Process St Management of Management of

Documentation Improvement 4o & Third Parties Computerised
Qualification Systems
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Policy %
Quality Manual

Global Quality Directives

Supporting

e YA
REEE

HI SR

Documents

Global Quality Standards

Global Quality Guidances

Global Standard Operating Procedures

Local Quality Documents (SOP, WIN ...)

” Quality Position

Papers
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Indian
Pharmaceutical
Alliance

Employees at All Levels can
Demonstrate Leadership

Strong Corporate Quality Culture

& Manufacturing Consistency
Daily Decisions ...

Quality/Compliance

227 B REX

Path

I
I
I
> | Choices
I
I
I

| Unreliable Systems &
I Manufacturing Problems
... influence y'our direction
Defects, Regulatory Actions, Business
Failures
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Summary - Quality Culture 227 B [[REX

* An environment in which each and every
person understands and embraces their
responsibility for ensuring quality and
protecting patient safety

* Quality culture drives decision-making and

behaviors at all levels of the organization every
day

 Without a strong quality culture, quality
outcomes and delivery of quality medicines to
patients cannot be assured

* “Quality means doing it right when no one is
looking.” — Henry Ford
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What is a Quality-System ?

A Quality System is holistic, there is no exception (it's all)

Systems
People
Equipment
Buildings/Premises
Utilities

Products e e o
Processes

EerH{Fs.. = ]
=

it

Your Pharmaceutical QMS should assure
that the above assets delivers a product
consistent according specification, fit for purpose.
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Documentation
Training
Deviations

Change Management EE (X
o~ 3 £

Equipment Management iy
Vendor management =R

Sample management
Out of Specification
Stability

Etc.

Elements of Quality
System

T
""
T
’*
R
r
R
r
T
’*
T
’*
T
’*
T
""
R
’*
T
’*

The above mentioned Quality System Elements should assure
that the principle stated in former slide manages the assets

properly.
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Essentials

Change-control PQR Self-Inspection

Deviations/00S Trending Investigations

PROCESS

UNDERSTANDING
CQP/CQA, Batch Records

Holding & Djstribution
Vendor quplification

Incoming Material-controls Batch Release

Complaints Recalls External-audits

Quality Risk Management

Validation

Personnel Qualifi

Managemengreview
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An example assessment of a QMS, including progress per element

Complaints

Facility-1

Facility control

Equipment

Calibr/Validation

Distribution

Release

Documentation

Manufacturing

Engineering

Personnel

External Services

Incoming Goods

Segregation
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Document Control AMS System
System

4 EBTHRR > BEFIRIFEERR
MRS System CCS System

1 FEMmnEEERs |SNREasERS
KM\ISO\GMP IMS System
System

3. FEIEREHRER
NCS System

6.itieREERR
Batch record Syste

O WHREEERR
LIMS System
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ICH

=
1.8  Quality Manual ﬁg;ﬂﬂ

A Quality Manual or equivalent documentation approach should be established and
should contain the desecription of the pharmaceutical quality system.

ICH Q10: Pharmaceutical Quality System (2008)
http://www.ich.org/products/guidelines/quality/article/quality-guidelines.html

Pharmaceutical >Technology > Commercial .

Development Discontinuation
[:.— <]

— ==

Transfer Manufacturlng

IIIlIllII I|l |l|IIII"_E

rmance & Product Q llﬂlf Monitoring
A tion / Preventive Action (CAPA)

Change Management

Man geme nt Kevi

Knowledge Management
Quality Risk Management




Quality Objectives and Performance Indicators

2.3 Quality Planning ,EEE*’]_‘ 5 gﬁ?&;gﬁ

(a) Senior management should ensure the quality objectives needed to implement
the quality policy are defined and communicated.
/
(e) Performance indicators that measure progress against quality objectives
should be established. monitored. communicated regularly and acted upon as
appropriate as described in Section 4.1 of this document.

\

Management Review

; — & —
l/ + T

ICH Q10: Pharmaceutical Quality System (2008)
http://www.ich.org/products/guidelines/quality/article/quality-guidelines.html




+f 'wwwe.ich.org/products/guidelines

£~ x|

¢ ICH

harmonisation for better health

Contacl Glossary FAQs Login

Q> M

n About ICH - Work Products - Meetings - Training - Newsroom - Search Our Site

ICH Guidelines | workProducts / #

The ICH topics are divided into four categories and ICH topic codes are assigned according to these categories.

Quality Guidelines

Harmonisation achievements in the Quality
area include pivotal milestones such as the
conduct of stability studies, defining relevant
thresholds for impunties testing and a more
flexible approach to pharmaceutical quality
based on Good Manufacturing Practice
(GMP) risk management

Efficacy Guidelines

The work carried out by ICH under the
Efficacy heading is concerned with the
design, conduct, safety and reporting of
clinicai triais. It also covers novel types of
medicines derived from biotechnological
processes and the use of
pharmacogenetics/genomics technigues fo
produce better tarpeted medicines.

Safety Guidelines

ICH has produced a comprehensive set of
safety Guidelines to uncover potential ricks
like carcinogenicity, genotoxicity and
reprotoxicity. A recent breakthrough has
been a non-clinical testing strategy for
assessing the QT interval prolongation
liability. the single most important cause of
drug withdrawals in recent years

Multidisciplinary Guidelines

Those are the cross-culting topics which do
not fit uniquely into one of the Quality,
Safety and Efficacy categones. It includes
the ICH medical terminology (MedDRA), the
Common Technical Document (CTD) and
the development of Electronic Standards for
the Transfer of Regulatory Information
{(ESTRI).

Key Fact

"in October 2010, the U S
Food and Drug
Administration (FDA)
processed its 160,000th
eGTD submission.”

Find the ICH Guidelines
on the:

EMA websiie

PMDA websie

FDA website

Related Links

Guidelines Index
Notes on Regional Frocesses

www.ich.org
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Quality Management [REEEHIHE, GMP [REB¥x 1 RN

RS EEINE
Premise B <Equipment Requirements i&FERK
Document Control 3{&#iz#l +Validation 3&IESZ=

Complaints ml&#%iF  -Recalls BIY*~am

Deviation (REETE & CAPA 4UIEREFap5IENE
Change Control Z&E#EHl, Vendor Audit {RIFFHLT

® ICH Q8 - Quality by Design [G=iEFi1%iT

® ICH Q9 - Quality Risk Management [GEX[LSIE

® ICH Q10 Pharmaceutical Quality System #lZ&5m&EHFE GMP
Fi
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Science Base
Different unit operations

+ Equipment data Process
Development

+ Operating characteristics

ICH Q8

Process Optimization Tech Transfer
Know your process

+ Design of Experiments - Optimized process,
» Quantification of CPPs and CQAs
operating ranges and - Quality target product

quality controls profile (QTPP)
- Alternatives evaluated

Risk
Management

Manufacturing
Improvement

ICH Q8

Know your process

ICH Q9

Design Lessons Facility Process Data Facility Model

« Process performance
or theoretical

« Design or actual - Statistical process control
« Performance data on + Golden batch root
areas of improvement cause analysis Analvsis of dicti
: . ysis of predictive
. Lessons learned ICH Q10 « Stochastic models power of models
Risk Effectiveness
Monitoring

ICH Q9
Risk

Management

Production Economics Process
- Lower failure rates Improvements
« Improved productivity « Risk-based focus
» Better monitoring - Better measurement
+ Faster lot release ICH Q10 and control systems

Risk Effectiveness
Monitoring




So What Really is QbD!?

A Complex Relationship with other Components of Quality Systems
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Development QbD

Control Strategy

Process Validation

Work Flow

= wm em o wm o mm A Adfifionaf
Information

Conventional

Filing

QbD Filing

CMC Filing | Reguiatory
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Good Engineering Practices

Risk Management

Design Review

Change Management
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Quality Control of Biologics

Ay
Post-translational
modifications

- Aminoacid sequence \. f
- Substitution - Glycosylation (N & O-linked)
- Oxidation - Methylation, Acetylation,

- Deamidation Acylation
- Truncation / clip Structure - Phosphorylation, sulfatation

- N & C-term heterogeneity

Peptide backbone

Molecular

T N

Higher order structure

- Conformation

- Aggregates

- Disulfide scrambling
- Dissociation




Quality Control of Biologics

- Host cell derived % - Stability & storage conditions

_ _ - HSA / HSA-free
residues (protein, LPS...) Product - Polysorbate

- Raw materials environment

- Column leachates

"
T cotaminans

- detergent, solvant

- clothing fiber - Interaction with product and/or
- leaching from manufacturing excipients

equipment - Leachates

- microbiological contamination - Silicone




Control Strategy of Biologics

Control of DS and DP
(characterization, specification, stability)

In Process
Controls Control of cell substrate

& cell bank

Validated

maufacturing process Control of

raw and starting
materials

manufacturing
Practice

85



EBIZG1TI FRBEAINLSS / BRSS, B= Lm~EnsFIHB

e ik 4 BEFHR BAFWR
Rt iE =803 2 bS] - e — -
EIRRE %, BEEE MIERIEH

NEEEY ML HH BARRE Bitor T

il 4 FEFWR  REHER

RERE I G KBS
KI5 RBITE

nHEEE MERRHE

|
I
I
|
I
I
|
|
—
I
I
I
RN ey By




@)
Protecting and Promoting Public Health

Information to Be Submitted in
BLA for Approval

» Applicant information

» Product, methods, establishment and manufacturing

Information — chemistry, manufacturing and controls
(CMC)

» Non-clinical studies

» Clinical studies

» Statistics / Epidemiology

» Pharmacology / Toxicology
» Labeling

» Other information as required by statues and
regulations
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a U.S. Food and Drug Administration www.fda.gov
Protecting and Promoting Public Health

What Will Inspectors Do during
the Inspection?

» Walk through the facilities and visually observe the
manufacturing processes of the product, including:
» Facilities, utilities and equipment
» Gowning
» Aseptic processing
» Changeover/ line clearance
» Cleaning and sanitization
» QC testing
» Receiving, storage, distribution & shipping
» Data entry, data tracking
» Batch records
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e U.S. Food and Drug Administration www.fda.gov
Protecting and Promoting Public Health

System-based, Risk
Management Approach

» The Seven Key Systems » The Three Critical
» Quality System Elements

» Facilities & Equipment » Standard Operating
System Procedures (SOPs)

» Materials System » Training
» Production System » Records

» Packaging & Labeling
System

» Laboratory Control System

» Donor Eligibility (for cord
blood)




Quality System

» Responsibilities of Quality Control Unit (QCU) include:

» Release and/or reject all components, in-process materials,
containers and closures, packaging, labeling, and finished
products

» Approve and/or reject procedures and specifications
» Change controls

» Deviations, OOS

» Investigations, CAPA

» Product recalls, rejects

» Reporting of complaints, AE, BPDR
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Quality System

» Responsibilities of QCU include (cont'd):

» Batch records review

» Annual product review

» Validation protocols and reports

» Evaluation of returned and salvaged products
» Training program

» Document controls, record keeping

» Vendor audit/qualification
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Biological Medicinal Products
Quality : assured by a number of activities

_ How much of the Iceberg is visible?
e.g. Subject of :

T
Monograph Release Tests ' i i

(Specifications) = =~ = R

Consistency

= ; Extended
Comparability Exercise Characterization

Similarity
|
End-Product only

(Process & Product)

Comparability

In-Process
Controls

= Monitoring
« Validation

Unknown
Learned over time —
update control strategy

Residual Uncertainty

Process Control
* Procedures
* Materials
CO ntl‘0| St rategy / PQS . In-;rucess testing

Modified from: Koszlowski, 5. & Swann, P. (2006) Adv. Drug Delivery Revs. 58, 707-722
G -B. Kresse  CMC




Elements in Biopharmaceutical Development

Process Risk
Assessment

|

Control Strategy

|

Establish Quality Target Product Profile — the QTPP forms the
basis of design for development of the product

Determine Critical Quality Attributes — linking quality attributes
to clinical safety and efficacy

Linking process parameters and critical material attributes to
CQAs — Definition of critical process parameters (CPPs)

Optional: Define the design space — (multivariate) acceptable
process parameter ranges

Design and implement control strategy using risk management
e.g. by linking CQAs to process capability and detectability

Manage product life cycle, including continuous process
verification and continual improvement

93



Quality Inputs During Pharmaceutical
Development

CPP and th~ »  Developm Master Batch
Master Cell | Controls ~ « Qualification Report Records Executed
Testing Vendor Sampling P Protocol/Rep = Qualificat SAP master batchrecc = Temperature
Master Cell I _ e Qualification - and In- orts, validation data review Excursion
Release - Process | QCand QA Processtes « Environment appropria Stability Close out: » Technical
Working Cell Descfiption Raw Material DS and DP al to Protocol deviations Complaints
Bank Testing —QC CoAs Monitoring, developm Facility and Generate =+ Expiry
Change of Cs Quality Viral CleaningVeri phase CofA Extension
Line Agreement - ( Clearance ication Reference adines Shelf-life

Studies g Mate

Cell Line
CQA Analysis,
Process Design
Raw Materials
Analytical
Methods
Production
Lot Release
Post-Release

>
Qo
Q
o
18]
| -
-
(]
Ie)
-
o+
-
@)
o

Facility/Utility/Equ
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Ishikawa Diagram

Cell Expansion

Media Formulation
Media Buffering Capacity

Media Stability
Incubation Temperaturs
Incubation Agitation

Seed Fermentor

Inoculation Density
Media Composition

Application of Quality by
Design to Vaccine Development

Production Fermentor

Growth Conditions
On-line Monitoring
Transfer Criteria

Incubation Density
Media Composition
Carbon Source

Growth Conditions
Cn-line Monitoring
Inactiation Criteria

Complex Component Lot

WVariabilr
RM Stability

Complex Components

Vendor
Release Assays

Raw Materials

P5

" Quality Attributes

Phenol Concentration
Incubation
Temperature

Inactivation

Incubation Time
Verification Assay for
Inactivation
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o
’ ICH Typical biotech manufacturing process

harmonisation for better health

ilililg vector l , Gene of interest I \ \

ﬂ&f"" I ssssnlixpression vector Genetic

development

esssssnliiession system (1 clone)

Cell banks
A Working Cell Bank

.....&...“...................‘..... PR SRR PRI R R RN FRRI BB A F RIS J
\
sfiture | Fermentation

Purification l Drug substance

Production

dus SUBSTANCE
ﬂﬁkﬂtﬂ:ﬂ /| Aseptic filling Drug product

Production
s DRUG PRODUCT




Using QbD Outputs to Build the Control Strategy

A Truly Integrated Set of Control Systems is Required Leverage QbD
Product Proces_s & Process & Assay Manu_facturlng <
Analytical  Transfer : Lifecycle
Development Implementation
Management

Development
Process Control (QbD) Manufacturing Control (ICS)

QTPP Construction

v

CQA Assessment Engineering Design and Controls

Process Control and Alarm Systems
Process Instructions & Procedural Controls
Process Validation & CPV
Raw Material Controls
¥

Process Monitoring
Manufacturing Process Specification - -
¥ Analytical Testing & Controls

Process Control Strategy Construction

v

Product Release Specifications

’.._
.
5=
8&
S
&
o

h,

Parameter Risk Assessment
1

| Development / Validation Planning

Scale-down Model Development / Qualific.

v
Process Development and
Characterization

v

Parameter Classification

Manufacturing
Control Strategy

Process-specific Control
Strategy

PROCESS DEVELOPMENT
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A Robust Long-term Control Strategy Required

Process Characterization during Development can not guarantee long-term Control

Development QbD

Control Stratgey

Long-term  Short-term
Control Strategy Control Strategy

Process Validation

/|| Long-term
.. 'Mounitoring Data

Process Characterization data
at time of Development

(QbD) CMC Filing : Regulatory
I Flexibility
Approved I

I
\

Process Changes
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Control Strategy
Implementation Options

Enhanced Level 1

Real-time
Ap proach automatic

control +
Flexible process
parameters to respond
to variability in the
input material attributes

|

Level 2
Reduced end product testing + Flexible
critical material attributes and critical
process parameters within design space

i

Traditional Level 3
End product testing + Tightly constrained
Ap P roach material attributes and process parameters
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Using QbD Outputs to Build the Control Strategy
A Truly Integrated Set of Control Systems is Required Leverage QbD

Product Process & Process & Assay Maanacturlng e
Lifecycle

Analytical  Transfer .
Development Implementation
Development Management

Process Control (QbD) Manufacturing Control (ICS)
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( substitution ) ® it ( Acylation) ( disulfide
® &Elfr (truncation) ® GEEY scrambling)

e N & C-im/&tt ( Phosphorylation ) ® (K
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® 51k ( Oxidation)
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( deamidation)




Linkage between product and Control Strategy lifecycles

Continual
Improvement of
Control Strategy

Development of Implementation of
Control Strategy . Control Strategy

47
Fid a0

Characterization and Proposal for future management " Continuous Process

g Overtime and Knowledge Gained;
Understanding of changes to process parameters and controls < Verification Definition

Update of Process Models

Initial Product and Process Regulatory File Submission - Monitoring and Assessment of Data Trends

\ L 5

Pharmaceutical / Technology Transfer // Commercial Manufacturing /

Development




AE=
MEMESE
SEHEER
= AR5 RDNA
=FEH A ( Protein A)
pH
ZiBlE
7h
EHSE (A280)
SE-HPLC , RP-HPLC
SDS-PAGE , CE-SDS
IEF, clEF
CEX

=35l [YNES

SE4&1E ( Potency ) ELISA, {HRE;ETERSN ( Bioassay )

BEAI—IE
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Assessment of Risks
- Chromatography Parameters

Wash

Conductivity e

toad
pH

Concentration

Bed Height
Volume
Temperature ()

pH

Flow Ratal

—s Column #'l.
Temperature Ennductilr'rt}r pH f -Puﬂty
Gradient Slope

' Conductivity

. pH
E'qu_i_lihratiﬂn Flow Rate Start Buffer 1. ’ftﬁldf
' Gradient Elution s

End Buffer Euncmha’tlan calgss’




Knowledge Knowledge flow QbD
sources Symbols Data Information| Knowledge app"catlon

Prior i// Define Product

Knowledge Profiles

> Storage
Vv’

Define critical
quality attributes

Development
studies

Create product
design space

Knowledge
Management

Aquisition

|

Create process
Manufacturing design space

experience

Establish control
strategy

sisAjeuy/uonesddy <

Transfer -
activities Validate and

monitor




Product Quality
( -
Safety
Efficacy

Understand impact of A\ Understand and
Physicochemical control mfg.
variation on N process
Quality Design Define - variability

N d

Product Formulation | = v Process

\ J . J/

Critical Quality Critical Process
Attributes Parameters

p
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e Target Product Profile summarizes program development strategy based on patient’s =
needs

@ Quality Target Product Profile forms the basis of design for development of the
product.

o Determine Critical Quality Attributes and link to clinical safety and efficacy
Linking Process Parameters and critical material attributes to CQAs.

Design Space Define the design space: (multivariate) acceptable ranges for Process

& Ranges Parameters
Control Design and execute control strategy using Risk Management tool (link CQAs to
strategy process capability and analytical detectability)

Manage Lifecycle through continuous process verification and continual
improvement

Statistical approaches

>
o
@
o
©
S
e
»
S
i
=
o
o
©
L
>
:g
<
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2b. Define

: commercial ElllLe
CLINICAL : formulation and MAs AND PPs
PHASE 1 manufacturing T0
' process. CQAS
N o e = T——--
A ~
_____ A ey, |
a ) 2 N\ !
! 0. DEFINE 1. DEFINE 2a. DEFINE : GLE:IEE\[:CULCET
CLINICAL : CLINICAL QUALITY (POTENTIAL) E MANAGEMENT 4. ESTABLISH
PHASEI . TARGET == TARGET =3 | CRITICAL |: DESIEN
' AND CONTINUAL
PROFILE PROFILE ATTRIBUTES | :
— _J — 1

CLINICAL

~ 5. ESTABLISH

PHASE I CONTROL
= £ [EHA =5 TH STRATEGY
~miYEas B HIETE
CLINICAL DEVELOPMENT CYCLE PHARMACEUTICAL DEVELOPMENT CYCLE

Figure 2: Science- and risk-based development of a drug product

integrating the clinical and quality-by-design cycle. MA: material attribute;
PP: process parameter).
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H~mfY (HrhE S8

MANUFACTURING DISTRIBUTION
Fake raw materials enter the heparin Stolen insulin later appears at chain
supply chain, associated with adverse pharmacies in three states. Patients
events induding deaths. report poor blood sugar control.
RAW : NATIONAL &
MATERIAL . FINAL e
. ACTIVE PRODUCT _." HOSPITALS @
INGREDIENTS 20, AND
Ingredients from PHARMACIES
unknown sources oA
soldasifmadeat *~"°°° . . SMALLER L .
- g Lans Medicaid drugs dispensed
approved plants. .. WHOLESALERS TP to patients arg resnlid into
distribution.
INACTIVE Toxic f;ke glyceriniis
INGREDIENTS  sld tvouan brokers o e e et
s;rtiTﬁﬁgL:: ;é“d?g_ugh et distribution and reaches patients.

Figure 3: The pharmaceutical supply chain with examples of vulnerability/potential failure modes (figure adapted
from PEW Health Group?).




Compliance Programs

Executive Commitment

kep bup GapAnalysis

Performance Monitored, Measured, Reported

Continuous Improvement and Management Review
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Change Incidents &
Training Control Deviations

Document

Validation Failure Investigat’'n
Control : _ |

Production
Control

Supplier
Assurance

External

Internal

Regulatory
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Change control, reprocessing,
batch release,

Annual product review
Validation protocols,
Product defect evaluations
Evaluation of returns.

Quality

Assurance

117



Pharmaceutical Quality System (ICH Q10)

-

-f

Quality
Management

Quality
Assurance

Good
Manufacturing

Practices

)
o
XL
—
c
.@
v
4
o
>
o
>
.t
©
=
of

(6D HDI) 3uswaseue|A ysiy Aljenp
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A Hierarchy QMS/GMP Documentation

A -
Objectives
@ New expectation
Quality Manual
(Guidance/Policy)
Systems Quality
Management SOPs

Operating SOPs
Master Batch Records
Operator Instructions

Manufacturing and Quality Records

Training Manuals and Records
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Development of Personnel

Knowledge

GMP Knowledge

Product and Process
Knowledge

(Skills Competency)

GMP Behaviour

(Minimising Human Error)

Training Manuals, Records and Competency
Assessments
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¢ Knowledge Management, Training
and Education

e Monitoring Systems
¢ Change Management
e CAPA & Improvement

¢ Management Review and
Responsibility

¢ Quality Planning & Resources

* Process Performance and Product

Quality Monitoring System /\;/7

GMP

¢ Quality Management/Quality
Assurance System.

¢ Facilities and Equipment System.

¢ Materials System.

* Production System

¢ Packaging and Labeling System
e Laboratory Control System

7
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Risk Assessment
PQRs Conducted

Management Report KPIs and Quality
Reviews Metrics
Periodic

Meetings Verification of PQS
Effectiveness

Trend Analysis and
Feedback
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Investigation
and Risk

Assessment
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Deviation Investigation Flowchart

Manufacturing Plan

QC Testing Plan

Investigation

) Invest’n

Summary and FEEETE

RCA

Most probable
Root Cause(s)

High CAPA QA Risk Assess Low — no CAPA
required Main RCs needed

Medium
CAPA?
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CAPA System
Elements

SOPs &
Standard
Forms

CAPA
Register

Risk Assessment

Correction / Containment

CAPA Plans &
Implementation

Verification of
Effectiveness

Trend Analysis and
Escalation

125



CAPA Management Flowchart

Marketplace & Manufacturing Quality System
Complaints + Deviations + Non-conformities
Minor and Minor and

Register "\ _ Incidental Risk '“Cide“tm’ Containment
Monitor J Assessment Action(s)

Significant
Assign to CAPA
Team Leader

RCA/Failure Commitment
Investigation Track
Document
CAPA Plan X

K

Implement Verify
CAPA Plan ImplementatiorD_( Close CAPA )

h 4
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Data
Analysis

Data analysis
for effective supply
Planning

Sharing
Price information
Vacc
Cold chain Procurement
DB from 1997

Monitoring &
Reporting

Annual
Forecasting

casting
-F data

from 2003
-Provisional Plan

Forecasting accuracy
reports

Immunisation

Order Supplier

Placement

Operational
Follow-ups
Procurement &
Technical guide

&

Health
Centre

Conlfracls and
suppliers
anagement

&0

District/Regional
Cold Chain Storage

Shipping manage:

for on-time delive

rent
I

Vaccine Arrival Report
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