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Overview

~ Getting Ready for a Process Characterization Study...
* Apply QbD principles
* Perform risk assessment, (i.e., how to prioritize parameters to study in PC work)
* Define the "goal" of PC studies

* Design the Process Characterization Study
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Quality by Design

“Quality by design means
designing and developing
manufacturing processes
during the product
development stage to
consistently ensure a
predefined quality at the
end of the manufacturing
process...”

- FDA Draft Guidance, Sept. 2004
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QbD is a risk & science based approach for development & commercialization

~Clinical Aspects
® Efficacy
—Clinical indication
—Mechanism of action
* PK/PD
—Criticality of half-life
* Safety
—e.g., Immunogenicity
»Drug Product Format

® Concentration (strength)
® Desired shelf life

® Desired mode of delivery

@ bptc

Target Product Profile is established
based on characteristics of the
~— disease and patient populatio

Identify TPP a

*A. S. Rathore and H. Winkle, Quality by Design for Pharmaceuticals: Regulatory
Perspective and Approach, Nature Biotechnology.
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Quality by Design — An (Imperfect) Lifecycle Approach

Clinical Development Phases

» Systematic lifecycle
approach to development
) . Toxicology Phase | Phase I Phase Il Filing Manufacturing
* lterative process building
on knowledge gained

> Emphasizes product and Product and Process Development Stages

process understanding and
process control Process Process Process
Characterization / Qualification Monitoring

Process Development

» Quality risk management

* Use risk assessment tools

consistently QbD Risk Assessments and Milestones
* Revise risk assessments as
ot (O~ H——OOOH—0
Reference: Richter S. Recovery of il Targgt Product Profile Identified 4 Initial Procgss Risk Assessment 7. Control Strategy Risk Assessment
Biological Products 2. Quality Target Product Profile Defined 5. Process Risk Assessment 2 8. Control Strategy Defined
XVI (2014) 3. Critical Quality Attribute Risk Assessment 6. Design Space Defined 9. Ongoing Improvement and Support
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Validations Stages: A Life Cycle Approach (PDA TR60)

~ Stage 1: Process Design

* Defining the commercial process

® Based on development & scale-up experience
~ Stage 2: Process Qualification

® Confirming that the process design is capable of
reproducible commercial manufacturing

» Stage 3: Continued Process Verification

® Gaining ongoing assurance during routine
production that the process remains in control

@ bptc

Figure 1.2.2 Commeon Timing of Process Vahdation Enablers and Deliverables to Vahdation Stage Activiti
Process Validation Stages

Process Validation Enablers and Deliverables

Quality Target Product Profile (initial)
(Quality Attnbutes Evaluation (initial)
Clinical Process Description

Clinical Production Master Batch Records
Reference Standard(s)

IND APPLICATION

Quality Attributes Evaluation (updated)
Quality Target Product Profile (updated)
Process Validation Master Plon

Process Parameter ~ Categorization

Process Parameter — Acceptable Aanges

Process Equipment Qualification Protocols and Reports

c ial Process D

Product Lifecycle Validation Stage Activities

Early Drug Sut Process D

Initial Formulation and DP Process Development

Development of PAT and/ or Analytical
methodologies

Risk Assessment for Robustness Studies

2 Initiate Formal Stability Studies

Clinical Manufacturing

Qualify Manufacturing Equipment & Facility
Continued Assay and Process Development
Develop and Qualify Scaled — down Models

Process Characterization Studies — Clearance,
Rob and Other Qualification Studies

Defined Process Control Strateqy
Risk A for C

Commercial Production Master Batch Records
Process Performance Qualification

Protocols and Reports

(Design Space Established, if applicable)

Assay Qualification / Validation

Assess Risk (Process + Equipment + Operation)

Process Perfi
Summaries for Filing / Inspection
REGULATORY LICENSE APPLICATION
Review and Update:

Risk Assessments

Process Manitoring Review / Periodic Report

Comgpletion of Lifetime Validation Studies

6

ion of Process Control Strategies

Manufacture PPQ Batches

PRE-APPROVAL INSPECTION
REGULATORY APPROVAL

Implement Continued Verification Program
C ial Manufacturing & Distributi

Lifecycle Management within Quality System
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Validations Stages: A Life Cycle Approach (PDA TR60) — STAGE 1

Figure 1.2-2 Common Timing of Process Validation Enablers and Deliverables to Validation Stage Activities

Process Validation Stages

Product Lifecycle Validation Stage Activities

Early Drug Substance Process Development

Quality Target Product Profile (initial)

(Quality Attributes Evaluation 1in'rtia|}|

Initial Formulation and DP Process Development
Clinical Process Description

Development of PAT and/ or Analytical
methodologies

Clinical Production Master Batch Records
Reference Standard(s)

IND APPLICATION Risk Assessment for Robustness Studies

Quality Attributes Evaluation (updated)

Initiate Formal Stability Studies

Stage 1

Quality Target Product Profile (updated)

Process Validation Master Plan S o i

Process Parameter — Categorization Qualify Manufacturing Equipment & Facility

Process Parameter — Acceptable Ranges g
y y Continued Assay and Process Development

Notes:

Clinical manufacturing, formal stability studies precede IND
submission

PVMP initiated at beginning of stage 2 after process design
or after all modifications to process made

bptc

Quality Target Product Profile (QTPP)
A prospective summary of the
guality characteristics that

ideally will be achieved to

ensure the desired safety and
efficacy of the drug product

(dosage form & strength,

purity, quality attributes

affecting PK, activity etc.)

Critical Quality Attribute (CQA)
A physical, chemical, biological
or microbiological property or
characteristic of the product
whose variability might have
potential impact on the safety
and efficacy of the product. At
early stages of development
some of these are likely to be
“potential CQAs”
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Timing for Determining CQAs

Figure 1.2-2 Commaon Timing of Process Validation Enablers and Delr

les to Validation Stage Activiti

From TR-60: Process Validation: A Life Cycle e Ve St

Approach, PDA, 2013

(Ouality Target Product Profile {initial)

Quality Attributes Evaluation (initial)

Quality Attributes Evaluation: Initial // PRRETRemC I
Clinical Production Master Batch Records

Reference Standard(s)

IND APPLICATION

Quality Attributes Evaluation (updated)
/ Quality Target Product Profile (updated)
Quality Attributes Evaluation: Updated ek

Process Parameter — Categorization
Process Parameter — Acceptable Ranges

~TR-60 shows this as the last time
the CQAs are update

Process Equipment Qualification Protocols and Reports

[ ial Process Dy

Product Lifecycle Validation Stage Activities

Early Drug Substance Process Development
Initial Formulation and DP Process Development

Development of PAT and/ or Analytical
methodologies

Risk Assessment for Robustness Studies
Initiate Formal Stability Studies

Clinical Manufacturing

Qualify Manufacturing Equipment & Facility
Continued Assay and Process Development
Develop and Qualify Scaled — down Models

Process Characterization Studies — Clearance,
R and Other Qualification Studies

Defined Process Control Strategy
Risk Assessment for Commercial Manufacturing
Commercial Production Master Batch Records

»Pure fantasy for a
biopharmaceutical Poces e (i

(Design Space Established, if applicable)

Assay Qualification / Validation

nss&ss Risk (Process + Equipment + Operation)
ion of Process Control Strategies

~Often don’t get final CQA until e

Summaries for Filing / Inspaction
right before filing BLA et g

Process Monitoring Review / Periodic Report

@b p tC ' . Completion of Lifetime Vialidation Studies

Manufacture PPQO Batches

PRE-AFPROVAL INSPECTION

REGULATORY APPROVAL

Impl Continued Verification Program
Commercial Manufacturing & Distribution
Lifecycle Management within Quality System
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Timing For Determining Risk Assessments

»NQOTE: For
biopharmaceuticals,
do not agree with
many of the relative
timings presented in
TR-60

From TR-60: Process Validation: A Life Cycle
Approach, PDA, 2013

Do first risk assessment well before
start of PC program

Do one more risk assessment prior /

@ bptc

Do another risk assessment prior to
drafting PPQ protocols

to filing BLA

Figure 1.2-2 Common Timing of Process

ion Enablers and Deliverables to Validati

Stage Activiti

Process Validation Stages

Process Validation Enablers and Deliverables

Quality Target Product Profile (initial)
Quality Attributes Evaluation (initial)
Clinical Process Description

Clinical Production Master Batch Records

Reference Standard(s)
IND APPLICATION

Quality Attributes Evaluation (updated)
Ouality Targat Product Profile (updated)
Process Validation Master Plan

ProceXwBarameter - Categorization

Product Lifecycle Validation Stage Activities

Early Drug Substance Process Development
Initial Formulation and DP Process Development

Development of PAT and/ or Analytical
methodologies

Risk Assessment for Robustness Studies

| Initiate Formal Stability Studies

| Clinical Manufacturing

Qualify Manufacturing Equipment & Facility
Continued Assay and Process Development
Develop aodf gy Models

Process Characternization Studies — Clearance)

R and Other Qualification Studies
Design Space Established, if applicable)

Assay Qualification / Validation

Assess Risk (Process + Equipment + Operation)

Risk Assessments

Process Monitoning Review / Periodic Report

Completion of Lifetime Validation Studies

ion of Process Control Strategies

Manufacture PPQO Batches

PRE-APPROVAL INSPECTION

REGULATORY APPROVAL

Implement Continued Verification Program
Commercial Manufacturing & Distribution
Lifecycle Management within Quality System
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Why Do Risk Assessments?

Risk analyses are the single most important validation activity
First: It's the logical organizing principle that guides process characterization strategy & process control strategy.

Second: It creates pauses at various points in development so we can spend time discerning between what we really
know about the process and what we only think we know about the process.

Third: Gets us thinking where all the possible variances in the process exist.

Fourth: The number of permutations of process parameters is infinite. We can’t study everything.
Question: What do we then choose to study?
Answer: The parameters we believe pose the greatest risk to the process

Fifth: Gives confidence to regulatory agencies that you are an organization that routinely evaluates risks to the process
and takes action
Real (Multiple) Examples: FDA asks, “Have you studied the impact of parameter X”. Sponsor answers, “No, because our

risk assessment indicated it was not a significant risk to the process.” Although the FDA did ask the sponsor to perform
post-approval studies looking into the parameter, the FDA was very satisfied with the answer because it showed the

sponsor was evaluating risks

A
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FMEA Scoring

What do we rank

_ Scores
Process Parameters (PP, inputs)
1 < 0.5%
Examples: temperature, pH, conductivity, media & 3 <2.0%
.y . . 5 5%
buffer compositions, pressure, raw material quality, Occurrence 6 10%
hold times, processing times, protein loads to ol ot
2
chromatography (mg/mL) and TTF (g/m?) - e Toacton COAS Sxpocied
. . . 3 inal i t CQA ted
Consider the (O)ccurance that PP will venture outside Severit 5 fog bl e gt
“« ” .r s . y 6 noticable on CQAs expected
the “norm” and if it does can we (D)etect it g strong impact on CQAs expected
. . . . 10 unaceptable deviation of CQA
What are the impacts for which we will determine the _ ,
. 1 100%  will be detected in all cases
(S)everity 3 75%
HH 5 >50%
What are the CQAs for each step Detectability 5 i
10 0% not detectable

A parameter is regarded as potentially critical if:

risk priority number rpn)=0*S*D>125 or S$=10
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FMEA Report — Absolutely Vital!!!

FMEA will be a road map to guide many decisions on the road to commercialization —
SO DOCUMENT IT ASAP after FMEA meeting

Impacts process characterization strategy (what to study)
Impacts changes to MBRs
Will help decide what additional data may be required from upcoming full scale runs

May impact analytical validation strategy (what test methods need to be
qualified/validated for what process streams)

&2 bptc .
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FMEA Is Done: What Do We Do With I1t? Remediate the Risks

First, rank all the RPNs for a

) DOE Studies
given step DOEStudy  OFAT Study
Next, decide what RPN values "

. . MBR Changes
require action
Sorted RPN Score
Immediately 450 /
Before PPQs 400 ‘
350
Before filing 300 |

250 |
200 ‘
150 |

For the parameters that Remediate all immediately

require action, decide what
action is required for each

Remediate most before PPQ, all before BLA filing

100
Capture proposed action in 50 |
FMEA report or separate s g pap apoern .
e e e R E T W O T T U S AN B T E T Ed A v eI S BTN CE E T ETTITETRE W
report

<4—= The various process parameters for the unit operation =—————p
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With Goal Now Defined, How Do We Design PC Program?

~What variables do we study?
®* Those that are at the greatest risk of screwing up your PPQ campaign
»What variables would those be?
® Those that were ranked the highest during the risk assessment (e.g., the RPN score from an FMEA)

»0K, we have the variables we want to study, what ranges do we study for each variable

® Study values a little bit outside of the Normal Operating Ranges (NORs) to account for
measurement error and deviations

»>How do we determine what the NORs are?
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What is an NOR and How Do We Establish Them?

One definition of NOR

From TR60: “a defined range, within (or equal to) the Proven Acceptable Range, specified in the
manufacturing instructions as the target and range at which a process parameter is controlled,
while producing unit operation material or final product material meeting release criteria and

CQAs”
NOR < PAR (That’s the only guidance TR60 gives)
Not a helpful definition. For example .....

Suppose we have data to know that a temperature between 34 and 39 °C has no impact on product
quality or process performance (i.e., the PAR is 34 to 39). How does this help us define NOR?

Is it 34 —39? 35-38? 36.5-—37.5?77°?7?7?
Key term in NOR is “normal”. Where does the process normally run? What is a reasonable range
within which to control a process parameter regardless of PAR?

hnd
L

C
—
O

L=
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What is a PAR and How Do We Establish Them?

One definition of PAR

From TR60: “A characterized
range of a process parameter for
which the operation within this
range, while keeping other
parameters constant, will result
in producing a material meeting
relevant quality criteria.”

“.... producing material meeting
relevant quality criteria”.

What is relevant quality criteria?

Again, can rely on historical
performance of clinical batches

Graph shows historical clinical batches

fa L
in in

Log Clearance Impurity [or Titer])
'_I
in
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L
I

[
I

Range of acceptable performance
i >
NOR :
| i | : | | 1
5.00 10.00 15.00 20.00 25.00 30.00 35.00

Process Parameter #1 (units)
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Establishing Critical Process Parameters

One definition of CPP

From TR60: “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”.

Not a helpful definition.

A temperature of 60 °C would probably have an impact on almost all biopharmaceutical products,
but does that fact alone make temperature a CPP?

If temperature will never come anywhere close to 60 °C, then why should temperature be a
CPP?

Implies some aspect of the likelihood that process may venture beyond the PAR
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Tying It All Together: Quality by Design (QbD) — Lifecycle Approach

Clinical Development Phases

» Systematic lifecycle
approach to development
. - Toxicology Phase llI Filing Manufacturing
¢ Iterative process building
on knowledge gained

> Emphasizes product and Product and Process Development Stages

process understanding and
process control Process Process Process
Characterization / Qualification Monitoring

Process Development

» Quality risk management

* Use risk assessment tools

consistently QbD Risk Assessments and Milestones
* Revise risk assessments as
o ()OO
Reference: Richter S. Recovery of il Targgt Product Profile Identified 4 Initial Procgss Risk Assessment 7. Control Strategy Risk Assessment
Biological Products 2. Quality Target Product Profile Defined 5. Process Risk Assessment 2 8. Control Strategy Defined
XVI (2014) 3. Critical Quality Attribute Risk Assessment 6. Design Space Defined 9. Ongoing Improvement and Support
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&2 votc Thank You!

BioProcess Technology Consultants, Inc.
12 Gill Street, Suite 5450

N. VA 0180
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Follow us...

@ opic www.bpte.com

@ bioprocesshlog www.bioprocessblog.com

g www.linkedin.com/company/bioprocess-technology-consultants-inc.



