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01. QbD
Background



QbD Background: Regulatory Initiative
Low industry efficiency and high regulator workload triggered initiatives

Regulatory Agency 
perception

Industry 
perception

Excessive cGMPs / 
Regulatory pressure

More inspections,  
Warning letters

Change is difficult, 
innovation is risk.

Recalls, withdrawals, 
Approval delays

Persistent cGMP 
violations

More severe 
enforcement

Cost / political 
pressures

Insufficient
product/process
understanding

The Issue:

Observation of 
disturbing
industry trends 

(Dr. Janet Woodcock, 
FDA Nov.2001)

The 
Response: 

FDA's 
"GMPs for 
the 21st 
Century“
and 
the PAT 
initiative

Quality by Design (QbD) related guidelines:
ICH Q8, 9, 10, 11
FDA Process validation guidance
EMA: EMA/CHMP/QWP/811210 (Parametric Release); Process validation guidance



QbD Background: Regulatory Initiative
What is QbD? 

A systematic approach to development that begins with 
predefined objectives and emphasizes product and 
process understanding and process control, based on 
sound science and quality risk management (ICH Q8R1).

“…quality cannot be tested or inspected into a finished 
product, but quality, safety & effectiveness must be 
designed and built into a product and its manufacturing 
process”

According to the FDA: 
Designing and developing manufacturing process 
during the product development stage to endure a 
predefined quality at the end of manufacturing 
process 

From test 
quality

to

Built
quality



QbD Background: Regulatory Initiative
Quality is the Key

Efficacy/Strength

Identity & Purity

Safety

Does the production process result in 
product/residues that interfere with final 

product strength or efficacy?

Does the production process result in 
product/residues that interfere with final 

product purity?

Does the production process result in 
product/residues that are toxic to the 

patient?

Suitability of either a drug substance or product for its intended use 
(ICH Q6A)



02. QbD Application in 
biopharmaceuticals



QTPP

(p)CQAs

Systematic Process 
Characterization

Risk Assessment

Design Space

Control Strategy

Lifecycle

• Establish Quality Target Product Profile prior to process 
development activities

• Identify critical quality attribute (CQAs), linking QAs to 
clinical safety and efficacy – criticality assessment

• Link PPs to CQAs based prior knowledge & PD experience
• Evaluate process parameter ranges, e.g. by applying DoE
• Classification of PPs as critical, key or non-key

• Reassess criticality of PPs based on process 
characterization studies

• Define the multidimensional combination and interaction 
of input variables and process parameters that have 
been demonstrated to provide assurance of quality

• Design and implement a control strategy – e.g. Linking 
CQAs to process capability and detectability

• Manage Lifecycle through continuous process verification 
and continual improvement 

QbD Framework
Beginning with the end in mind
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QbD Framework
Quality Target Product Profile (QTPP)

QTPP is defined as ‘prospective and dynamic summary of the quality characteristics
of a drug product that ideally will be achieved to ensure that the desired quality,
and thus the safety and efficacy, of a drug product is realized.’ (ICH Q8 (R2))

• Route of administration and intended use (in a clinical setting or at home)
• Dosage form, delivery system
• Dosage strength
• Container closure system
• Therapeutic moiety release or delivery and attributes affecting pharmacokinetic
• characteristics (e.g., dissolution, aerodynamic performance) appropriate to the
• Drug Product dosage form being developed
• Drug Product quality criteria (e.g., sterility, purity, stability, and drug release)
• appropriate for the intended marketed product



• Easy to administer, 0.5 mL subcutaneous delivery in an outpatient healthcare setting using a 1 mL 
syringe (27G ½-inch needle).

• Stability: Two years at room-temperature storage, Four years at 2–8 °C, and 24 hours’ 
physical and chemical stability following reconstitution at 2–8 °C, or eight hours at room 
temperature (achieves WHO stability requirements)  

• No animal- or human-derived products are used in the manufacture of A-VAX. 
• Sterile product: the drug substance (Ps-VLP) can be sterile filtered.

Key claims

• Three doses (containing 5 mcg each of Ps 1–4 and 50 mcg Ps 5; adsorbed to 300 mdg aluminum 
adjuvant as Ps-VLPs) administered two months apart (preferably zero-, two-, and four-month 
pediatric vaccine schedule)

• Lyophilized and reconstituted with standard diluents containing adjuvant: rapid reconstitution 
profile with viscosity of 1–3 cP.\Composition: sugar, surfactant, buffer (isotonic pH), and Ps-VLP 
conjugate.

• Label volume 0.5 mL filled (actual fill volume is greater than the label volume to account for loss).
• Single-dose vial (ISO2R vial, clear, Type 1 glass), latex-free stopper (13 mm coated stopper), and 

seal (13 mm aluminum seal with flip off plastic button)
• Secondary packaging and shipping: allowed shipping-excursion temperature: 2–40 °C for three 

days in a carton (ten vials per carton).

Formulation 
and dosing

Source: A-Vax applying QbD to Vaccines, 2012 

QbD Framework
Quality Target Product Profile (QTPP)-An example of Vaccine QTPP
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QbD Framework
CQA Determination

 Risk Assessment as a tool

 Based on safety/potency

 Evaluation of impact and its uncertainty

 Higher score for efficacy or safety used
 Efficacy considers effects biological activity, PK and PD

Critical

Non-Critical Potential-Critical

Reference: Project A Gene Case Study, 2021 (ALL-PROJECT-A-GENE-V6-FINAL.pdf (alliancerm.org))



QbD Background: Key Concepts
Critical Quality Attribute (CQA)

CQA is defined as 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)).

Reference: QbD for A VAX, 2012

Key Process Attributes (KPA): Yield, 
COG’s, process time, footprint, 
robustness, expandability, capital 
cost concerns of interest to mfrs., 
but not part of QbD filing

Example of A-Vax



Quality is the Key 
The linkage between QTPP, CQAs and CPPs is of key importance

CQA: a Quality Attribute which, when outside a 
controlled range, induces a change of efficacy 
and/or  safety

CPP: a Process Parameter which, when set 
outside of the Design Space, induces a 
change of a Critical Quality Attribute outside 
of its acceptable range

QTPP CQA CPP

QTPP: What is the drug and what must it do to be 
safe, effective, (convenient)?

Patient  Product  Process  

Public Domain, File:SARS-CoV-2-CDC-23312.png - Wikimedia CommonsPublic Domain, File:Vaccine candidate mechanisms for SARS-CoV-2 (49948301838).jpg -
Wikimedia Commons
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Inactivated  
virus

Vaccines compose of  
dead virus

DNA
vaccines

Vaccines compose of  
snippets of pathogen  
genes

Vaccine Process Understanding

Traditional vaccine

Recombinant  
protein

Vaccines with protein or a  
protein fragment of the  
pathogen, assembled to  
closely resemble viruses

Conjugated  
vaccine

Vaccines compose of  
sugars that mimicbacteria  
pathogen on a carrier  
protein that increase  
immune response

Viral vector  
vaccine

Vaccines that use a virus  
to deliver snippets of  
pathogen genes into  
human cells

Virus-like  
particles

Vaccines with protein or 
a  protein fragment of 
the  pathogen, with a
structure  closely 
resemble the  pathogen

Modern to cutting edge vaccine

Live attenuated  
virus

Vaccines compose 
of  weakened virus

Toxoid

Vaccines compose 
of inactivated toxin

Vaccines compose 
of inactivated 
bacteria

Whole bacteria RNA
vaccines

Vaccines compose of  
snippets of pathogen  
genes

1921 1924 1945 1955 1986 - 2006 1986 - 1991 1987 - 1991 2019 2020 2021

« One bug – one drug » « One platform – multiple vaccines» 

Improvements towards effective, safe, and affordable vaccine

Replication 
incompetent

Replication 
competent

Various expression 
systems

Synthetic
mRNA 

Self-amplifying
(saRNA)



Parameters
• Feed
• Upstream
• Consumable
• Filter, Resin, Chemicals
• Mobius

Manufacturing
Process/ Unit 
Operations

Attributes
• Product Quality
• Efficacy
• Purity
• Safety

Attributes
• Product Quality
• Efficacy
• Purity
• Safety
• Process Performance
• Yield 
• Cost
• Ease of manufacturing 

Key Concept

Parameters
• Operation
• Setup 
• Processing & recovery

Product Quality 
AttributeProcess 

Parameter

Material Attribute

Process Characterization



Process Risk Assessment
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Design Space
How to Establish Design Space? 

• Prior knowledge 

- Use internal knowledge from development and manufacturing to 
understand variables and their impact

- Utilize external knowledge from scientific and technical 
publications

• Quality Risk Management (QRM) 

- Perform initial risk assessment of manufacturing process relative 
to CQAs

- Identify the high risk manufacturing steps Failure Modes and 
Effects Analysis (FMEA)

• Design of experiments (DoE) 

- Conduct Design of Experiments (DoE) and evaluate experimental 
data

- Conduct additional experiments/analyses as needed



Design Space

How to Present Design Space?

• In ideal situation, all design space, 
including points of failure, with an
model-based equation will be 
presented. However, this is not a 
must.

• As an alternative, design space can 
be presented as ranges the green 
rectangle by using ranges, which is 
more simple and straight forward.

Knowledge Range

Edge of failureProven Acceptance 
Range

Normal 
Operation RangeTarget
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QbD Framework
Control Strategy 

Control Strategy

Quality
Risk
Management

CQA/KPA

CPP

Product knowledge

Process knowledge

Raw Material
qualification

Process controls

In Process Testing

Procedural controls

Process parameter 
controls

Testing

Release Testing

Stability Testing

Characterisation

Process monitoring

Process targets for 
CPPs

Testing targets for 
CQAa

Input material 
controls

Control Strategy is a planned set of controls, derived 
from current product and process understanding, that 
assures process performance and product quality. (ICH 
Q10). 

GMP

Design Space

Manufacturing

Process controls

In Process Testing

Procedural controls

Process parameter 
controls

Testing

Release Testing

Stability Testing

Characterisation

Process monitoring

Process targets for 
CPPs

Testing targets for 
CQAa

Input material 
controls

Reference: Project A Gene Case Study, 2021 (ALL-PROJECT-A-GENE-V6-FINAL.pdf (alliancerm.org))
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Life cycle management

QbD Framework

Quality target 
product 
profile

Process 
development

Process 
characterizati

on
Design space Pre-PV control 

strategy
Process 

qualification

Post PV 
control 
strategy 

Adapted from Parenteral Drug Association Technical report 60 Process Validiation: A Lifecycle Approach

Process Consistency and Product Quality Along Product Life Cycle

1st draft
QTPP
QRA

Pre-PC 
QRA

Pre-PV 
QRA

Post-PV 
QRA

QRA: quality risk assessment

PC: process characterization

PV: process validation

Stage 1 Stage 2

Stage 3

ICH Q9 Quality risk management 

ICH Q10 Quality system/knowledge management  

ICH Q11 Development and manufacture of drug substance 

ICH Q8 (R2)



03. Case Study: QbD
Application in 

ultrafiltration 
Process



Basic UF Applications & Schematic

• Clarification
• Product passes through the membrane
• Larger particles / molecules retained by 

membrane

• Concentration
• Product retained by the membrane
• Solvent (buffer) passes through the membrane

• Diafiltration (Buffer Exchange)
• Product retained by the membrane
• Solvent (buffer) passes through the membrane
• New solvent added to product



Examples of Uses of TFF UF in Biological Manufacturing 
Processes

Pre-column –
increase 
protein 
concentratio
n
Post-column 
– change 
buffer type

Post-virus filter – change to formulation buffer 
Increase protein concentration to final desired 
dosage



Examples of UF product CQAs in a mAb process

• UF product CQA’s include: 
• recovered retentate product concentration, 
• recovered retentate protein purity, (e.g. % aggregate)
• retentate buffer composition, osmolality, pH 

•

• Key Process Attributes (KPA)
• Yield/retention 
• COG’s, (Membrane reuse)
• Time (….?)



Link Material attributes and Process parameters to CQA & KPA

Process
(TFF)

Raw
Material*

Process
Parameters

Retentate
(Attributes)

• product concentration, 
• protein purity, (e.g. % aggregate, 

isoform content)
• osmolality, pH 

• Yield/retention 
• COG’s, (Membrane reuse)
• Time

*Raw Material attributes: from Feed solution, buffers 



Example of Raw Material attributes
in mAb UF/DF process

• From Feed solution
• Starting concentration
• pH, conductivity,  
• Feed buffer composition
• DF buffer

• From Filter 
• Lot number 
• UF Membrane type  
• MWCO
• Mass transfer coefficient  



Example of Process Parameters in TFF UF

Process Parameter(s)Step

Module type, area, torque, Hydraulic compressionInstallation
L/m2 retentate & permeate waterFlush

Test pressure & air flow specIntegrity test

L/m2 retentate & permeate bufferEquilibration

Feed flow & TMP, Loading, concentration end-points & 
diavolumes, Temperature

Concentration/ 
Diafiltration

L/m2 retentate DF bufferRecovery

Water flush as above, cleaner 
type/temp/concentration/time/feed flow, L/m2 loading, 
NWP measurement conditions and specs

Cleaning

Sanitant type/temp/concentration/time/feed flow, L/m2

loading, environment
Sanitization



Example of risk 
assessment to 
categorize UF process 
parameters



Risk Assessment to Classify Process Parameters

• The risk analyses help identify and categorize operating parameters by classifying 
them into those that are most or least important

• For most important parameters:

• those that could employ ranges based on prior knowledge, modular claims 
(from previous products or literature studies)

• those that need further evaluation (DOE characterization studies: multivariate, 
univariate),

• CPP, KPP
• GPP



Risk assessment 

• Scoring of Process Parameters and Quality (& Process) 
Attributes

Cumulative score = ∑ (Impact of parameter x Weight of 
quality attribute) 

Source: CMC Biotech Working Group, (October 2009), A-Mab: A Case Study in Bioprocess Development, V2.1



TFF Risk Analysis – Example of a UF-DF

List of all 
process 

parameters

List of 
Quality & Process

Attibutes

Process & Product
Attribute

weight score



TFF Risk Analysis – Example of a UF-DF 



TFF Risk Analysis – Example of a UF-DF 

For Further 
Evaluation ?

?



TFF Risk Analysis – Example of a UF-DF 

• PD studies to explore characterization range and 
establish acceptable range for KPPs and CPPs

Parameter Low Middle High Score Scientific Rationale

Feed Flow Rate (LPM/m2) 3,5 5 6,5 103
Impacts polarization, fouling & 
potentially shear; may impact 
process time, reuse etc

Transmembrane Pressure (psi) 16 30 45 119

Directly impacts flux, 
polarization and fouling, and 
therefore, process time, 
achievable retentate conc

No of Diavolumes 6 8 10 139

Potential impact on purity & 
residual buffer levels; DF 
continuous mode for best 
efficiency

Feed Stock
Linking 
Variable

Potential for variability in feed 
conc, or impurity levels to impact 
UF-DF performance 

Filter
Linking 
Variable

Variability in membrane retention 
can potentially influence yield, 
contaminant removal

2-3 lots representing 
variability in Feed

2-3 lots representing 
variability in Membrane 

characteristics



Example of Experiments to Determine Acceptable Range of 
Process Parameters
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Typical flux excursion experiments 
have two variables and an output.
• Variables – feed flow rate/cross 

flow rate and TMP
• Output - Flux



Example of Experiments to Determine Acceptable Range of 
Process Parameters



A Hypothetical Summary of Process Parameter Classification 
and Ranges

NB. Above assessment identified there were no CPPs for this 
process – may not be applicable in all UF/DF processes

Process Parameter
Acceptable 

Range
Parameter 

Classification
Rationale

(Justification)
Control 
Strategy

Feed Flow Rate (LPM/m2) 3.5-6.5 KPP DOE Skid Control
Transmembrane Pressure (psi) 16-45 KPP DOE Skid Control

Process Loading, L/m2 18-42 GPP DOE Batch Procedure
No of DiaVolumes 6-10 KPP DOE Skid Control

Feed Concentration, g/L 6-14 GPP
Modular 

(Prior knowledge)
Titre Analysis

Recovery, L/m2 70-90% GPP
Modular 

(Prior knowledge)
Skid Control

Temperature, C 15-25 GPP
Modular 

(Prior knowledge)
Environmental 

Control



Definition of “window of operation” or operating space

The Process Characterization study helps in the establishment of the design space

Rathore, A.S. et al. (2007) – Design space for biotech products -
BioPharm Int. 20 (4), 36–40 



Control of Process Parameters

• Control Strategy
• A method to keep or maintain the ‘process’ within the design space.

• Ensure product quality and safety (for CPPs)
• Control within design space to ensure consistent product quality

• Ensure that the commercial manufacturing process is consistent  and robust 
(KPPs)

• Non CPPs need to be controlled just as much as CPPs do



Parameter Monitoring & Control
UF Examples

Feed

Filter

Feed Flow, TMP

Concentration End-
Point

Maintain diafiltration flow rate = permeate flow rate 
through retentate level control & use either time or 

permeate volume measurement.

Feed concentrations of protein product, aggregates, 
bioburden, and buffer components can be measured 
directly and/or controlled through the previous step.

Filter properties such as retention, permeability –
monitor through vendor quality audit.

Control the feed pump flow using a mass flow meter & PID 
control. Use retentate flow control valve & pressure transmitters 

(feed, retentate, permeate) to control TMP (PID).

Retentate tank volume (Wt) or level 
specification.

Diafiltration End-
Point



QbD Concept - Control Strategy

Design Space

Process
(TFF)

Raw
Material

Process
Parameters

Retentate
(Attributes)

Control

Monitoring Process 
Parameters



Summary

• QbD represents a scientific approach to build-in & ensure quality in drug 
substances

• Emphasizes process understanding, relationship between CPPs, CQAs, QTPPs using a 
methodical approach (risk assessment)

• QbD principles may be applied to determine the important process parameters 

• Process control strategies help ensure that process parameters are maintained 
within the desired range to ensure product quality and reliable process operation

• Vendors can assist to define process development, characterization & control
• Deep knowledge of Filter material & attributes



Thank you.
any questions ?
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