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• What is part of Quality by Design (and what isn’t)?

• Is only the enhanced approach QbD?

• Is the minimal approach also Qbd (as it involves risk 

assessment)?

• What was the development process before ICH Q8 

(traditional approach)?

• To what extent is QbD mandatory?



ICH Q8 – from ICH website
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https://database.ich.org/sites/default/files/Q8%28R2%29%20Guideline.pdf
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Where the documents can be found…
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https://www.ich.org/page/ich-guidelines

Applied Immunology Lab / ARGE Ankersmit

Quality by Design (QbD) / Helmut Hofbauer



…on the ICH website
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https://www.ich.org/page/quality-guidelines

Organisational unit



…on the ICH website
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https://www.ich.org/page/quality-guidelines
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…on the ICH website
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https://www.ich.org/page/quality-guidelines
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…on the ICH website
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https://ich.org/page/presentations
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…on the ICH website
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https://ich.org/page/presentations
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…on the ICH website
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https://www.ich.org/page/quality-guidelines
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…in Eudralex Vol. 3 – EMA scientific
guidelines
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https://ec.europa.eu/health/documents/eudralex/vol-3_en
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EMA scientific guidelines for QdB
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https://www.ema.europa.eu/en/human-regulatory/research-
development/scientific-guidelines/quality/quality-quality-design-qbd
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…in Eudralex Vol. 3 – EMA scientific
guidelines
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https://www.ema.europa.eu/en/documents/scientific-guideline/international-conference-
harmonisation-technical-requirements-registration-pharmaceuticals-human-use_en-11.pdf
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EMA website for Qdb
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https://www.ema.europa.eu/en/human-regulatory/research-
development/quality-design
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…in Eudralex Vol 4 (Good Manufacturing 
Practice)
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https://ec.europa.eu/health/documents/eudralex/vol-4_en
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ICH Q9, Q10

„ICH Q7“



Objective of ICH Q8

„1. INTRODUCTION

1.1 Objective of the Guideline

This guideline describes the suggested contents for the 

3.2.P.2 (Pharmaceutical Development) section of a 

regulatory submission in the ICH M4 Common Technical 

Document (CTD) format”

ICH Q8(R2), part I.
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Title of ICH Q8 is “PHARMACEUTICAL DEVELOPMENT” 
– not “QUALITY BY DESIGN”!
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Structure of CTD section 3.2.P.2

ICH Topic M 4 Q Common Technical Document for the Registration of Pharmaceuticals for Human Use - Quality. Step 5.



Structure of ICH Q8

PART I: PHARMACEUTICAL DEVELOPMENT

Drug substance | excipients | drug product | formulation development | overages | physicochemical and 
biological properties | manufacturing process development | Microbiological attributes | compatibility

PART II: ANNEX TO PHARMACEUTICAL DEVELOPMENT
• Quality Target Product Profile (QTPP)
• Critical Quality Attributes (CQAs)
• Risk Assessment
• Design Space
• Control Strategy
• Product Life Cycle Management

SUBMISSION OF PHARMACEUTICAL DEVELOPMENT (in CTD)
• Quality Risk Management and Product and Process Development
• Design Space
• Control Strategy
• Drug Substance Related Information

Appendix 1 (Differing Approaches…)

Appendix 2 (Illustrative Examples)
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QdB!



Mention of QdB in part I of ICH Q8
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“At an October 2005 workshop […] FDA deputy commissioner Janet Woodcock
discussed the state of drug development. She described it as “costly, wasteful,
and encouraging industry to conduct more tests and file more data than needed
[leading] to drug shortages, slower drug development, and intensive regulatory
oversight” (3).

In an effort to address those issues, the FDA established a pharmaceutical quality
assessment system (PQAS) and outlined the agency’s thinking in the
article Pharmaceutical CGMPs for the 21st Century: A Risk-Based Approach (1).

The PQAS was designed to stimulate manufacturers to adopt modern
pharmaceutical product-development approaches leading to a desired state of
drug regulation, which would result in, according to Woodcock, “a maximally
efficient, agile, flexible pharmaceutical-manufacturing sector that reliably
produces high-quality drugs without extensive regulatory oversight” (3).

To that end, the concept of QbD was introduced as a means for manufacturers to
achieve the desired state.”

Background: QdB – initiative of the FDA

Michael Torres: „ Challenges in Implementing Quality By Design: An Industry Perspective” (16 June 2015) 
https://bioprocessintl.com/analytical/downstream-development/challenges-in-implementing-quality-by-design-an-industry-perspective/

https://bioprocessintl.com/analytical/downstream-development/challenges-in-implementing-quality-by-design-an-industry-perspective/
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From „Testing quality into products“ to QbD

Regulators

RESPONSIBILITY
for quality

Quality by Design:

„Testing quality
into products“

QUALITY 
MANAGEMENT

REGULATORS MANUFACTURERS

RESPONSIBILITY 
for quality

Guidelines
specifying testing

REGULATORS MANUFACTURERS

RESPONSIBILITY 
for quality
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History of QdB in pharmaceutical development

Amanda Guiraldelli (US Pharmacopoeia): “Introduction to Analytical Quality by Design (AQbD)principles", 15 April 2021. 
https://www.youtube.com/watch?v=ZoYBTeTJmm4&t=1021s

https://www.youtube.com/watch?v=ZoYBTeTJmm4&t=1021s


Quality by Design (QbD)

Quality by Design (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 Q8(R2), part II, Glossary
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Definition
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Traditional approach vs. QbD

Dr Evdokia Korakianiti “Quality by Design”. Process Analytical Technology and Risk-based CMC development", 2nd EMEA 
Workshop for SMEs: “Focus on Quality” https://www.ema.europa.eu/en/documents/presentation/quality-design-process-
analytical-technology-risk-based-cmc-development-kowid-ho_en.pdf



Design space and real time release testing 
are not part of QdB
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Question Answer

„Is it always necessary to have a 
Design Space (DS) or Real Time 
Release (RTR) testing to
implement QdB?“

„Under Quality by Design, 
establishing a design space or
using real time release testing
is not necessarily expected [ICH 
Q8(R2), Step 4].“

ICH guideline Q8, Q9 and Q10 – questions and answers volume 4, step 5.



Process Analytical Technology (PAT)

Process Analytical Technology (PAT):  

A system for designing, analyzing, and controlling 

manufacturing through timely measurements (i.e., during 

processing) of critical quality and performance attributes of 

raw and in-process materials and processes with the goal of 

ensuring final product quality. 

ICH Q8(R2), part I, Glossary

= Testing, without drawing samples (in-line), of CQAs and CPPs 

& controlling the process on the basis of the test results
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Definition



Real Time Release Testing

Real Time Release Testing: 

The ability to evaluate and ensure the quality of in-process and/or 
final product based on process data, which typically include a 
valid combination of measured material attributes and process
controls. 

ICH Q8(R2), part II, Glossary

= Ensures CQA of intermediates or final product by measuring 
CMAs and CPPs (in-line).

= May substitute end product testing
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Definition



Traditional vs enhanced manufacturing 
process
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Control of starting materials
and excipients

End product testing

Real time release testing
& parametric release

Off-line testing of
intermediates

In-line PAT testing of CPPs or CQAs
& process adjustment

IPC 2
In-process

control (IPC) 1
IPC 3

Traditional manufacturing process

Enhanced, QdB manufacturing process



Real time release (RTR) testing does not affect 
batch release and product specifications
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Question Answer

„How is batch release
affected by employing real 
time release testing?“

„Batch release is the final decision to release
the product to the market regardless whether
RTR testing or end testing is employed. […] 
Batch release involves independent review of
batch conformance to predefined criteria
through review of testing results and
manufacturing records together with
appropriate GMP compliance. […]“

„Does real time release
testing mean the elimination
of end product testing?“

Not necessarily: „For example, an applicant
may propose RTR testing for some attributes
only or not all. […]“

„Is a product specification
still necessary in the case of
RTR testing?“

„Yes product specifications [see ICH Q6A and
Q6B] still need to be established and met, when
tested.“

ICH guideline Q8, Q9 and Q10 – questions and answers volume 4, step 5.



Critical Quality Attribute (CQA)

Critical Quality Attribute (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), part II, Glossary
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Definition



Critical Process Parameter (CPP)

Critical Process Parameter (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), part II, Glossary
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Definition



CMAs, CPPs, CQAs and Unit Operations
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Understanding pharmaceutical quality by design.
Yu LX, et al. AAPS J. 2014. PMID: 24854893 Free PMC article. Review.



CMAs, CPPs, CQAs and unit operations
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WBC 
separation

irradiation cultivation Methylene
blue

Unit operations:

Viability of
WBC

Apoptosis of
WBC

WBC 
count BC

CQA CQACMA

CPP (duration)CPP (duration)
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Traditional approach vs. QbD

ICH Q8(R2), Appendix 1
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„Minimal approach“ vs. QbD - table

ICH Q8(R2), Appendix 1, table, p. 18

Aspect Minimal approaches Enhanced, QdB Approaches

Pharmaceut. 
Development

• Mainly empirical
• Research on variable at a time

• Systematic (relating CMAs & CPPs to CQAs)
• Multivariate experiments
• Design space
• PAT

Manufacturing 
Process

• Fixed
• Validation based on initial full-scale

batches
• Focus on optimisation & 

reproducibility

• Adjustable within design space
• Lifecycle approach to validation

(ideally continuous process verification)
• Focus on control strategy & robustness
• Use of statistical process control methods

Process
Controls

• In-process controls for go/ no-go
decisions

• Off-line analysis

• PAT tools with feed forward & feedback
controls

• Process operations tracked & trended

Product
Specifications

• Primary means of control
• Based on (available) batch data

• Part of control strategy
• Based on desired product performance

Control Strategy • Drug product quality controlled by in-
process and end product testing

• Drug product quality ensured by risk-based
control strategy

• Quality controls shifted upstreams (real-
time release testing or reduced end product
testing

Lifecycle
Management

• Reactive (=problem solving) • Preventive action
• Continual improvement facilitated
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Quality by Testing (QbT) vs QbD
ICH presentation: How ICH Q8, Q9, Q10 guidelines are working together 
throughout the product life cycle 
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„Pharmaceutical development should include at 
a minimum, the following elements:“

ICH Q8(R2), part II, p. 10

Minimal Enhanced, QdB strategy
• Defining QTPP • Defining QTPP

• Identifying drug product CQAs • Identifying drug product CQAs

• Determining CQAs of drug substance, 
excipients, etc.

• Determining CQAs of drug substance, 
excipients, etc.

• Selecting appropiate manufacturing
process

• Selecting appropiate manufacturing
process

• Identifying (through prior knowledge, 
experimentation & risk assessment) 
CMAs and CPPs that can have an affect
on drug product CQAs

• Determining functional relationships
between CMAs, CPPs & CQAs

• Defining a control strategy • Defining a control strategy which can
incluce design space(s) and real-time 
release testing
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Quality by Testing (QbT) vs QbD
Lan Zhang, Shirui Mao, Application of quality by design in the current drug development, 
Asian Journal of Pharmaceutical Sciences (2016), doi: 10.1016/j.ajps.2016.07.006

Traditional approach QdB approach

• No QTPP
• No risk

assessment



Process Robustness

Process Robustness: 

Ability of a process to tolerate variability of materials and 

changes of the process and equipment without negative 

impact on quality.

ICH Q8(R2), part I, Glossary
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Definition



QbD process steps
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Andre S. Raw (FDA): "Quality by Design (Qbd) for Topical Dermatologic Products", https://pqri.org/wp-
content/uploads/2015/08/pdf/Raw.pdf



QbD process steps
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TARGET
DESIGN & 

UNDERSTANDING IMPLEMENTATION

TPP (=SmPC)

QTPP 
(=identify

quality
attributes)

CQAs 
(=identify CQAs 
& perform risk
assessment)

CPPs 
(=design process
& identify CPPs)

Control strategy
(& continual

improvement)



Processes and documents in QdB

Organisational unit

Presentation title / topic OR Presenter's name
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Gary Warren: "Quality by Design (QbD) Overview", Oct. 2015, CSL Behring Pty Ltd, Broadmeadows, Victoria, Australia. 
https://www.pda.org/docs/default-source/website-document-library/chapters/presentations/australia/quality-by-design-(qbd)-
overview.pdf?sfvrsn=f022b28e_6

TPP,
QTPP and
control
strategy
understood as
documents!

https://www.pda.org/docs/default-source/website-document-library/chapters/presentations/australia/quality-by-design-(qbd)-overview.pdf?sfvrsn=f022b28e_6


Quality Target Product Profile (QTPP)

Quality Target Product Profile (QTPP): 

A prospective summary of the quality characteristics of a drug 

product that ideally will be achieved to ensure the desired 

quality, taking into account safety and efficacy of the drug

product.

ICH Q8(R2), part II, Glossary
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Definition



Quality Target Product Profile (QTPP)
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07_The_Case_Study.ppt, Slide 9

Information as in Summary of Product Characteristics (SmPC) (=Beipackzettel, Fachinformation)



Quality Target Product Profile (QTPP)
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07_The_Case_Study.ppt, Slide 10



Quality Target Product Profile (QTPP)

Applied Immunology Lab / ARGE Ankersmit

Quality by Design (QbD) / Helmut Hofbauer

46

ICH presentation: Breakout A Design Space



Risk Assessment

2.3 Risk Assessment: Linking Material Attributes and 

Process Parameters to Drug Product CQAs  

Risk assessment is a valuable science-based process used in 

quality risk management (see ICH Q9) that can aid in 

identifying which material attributes and process 

parameters potentially have an effect on product CQAs.

ICH Q8(R2), part II
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Function



Risk Assessment
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07_The_Case_Study.ppt, Slide 15



Risk Assessment is part 
of the Quality Risk Management process
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ICH Q9, Step 5, Fig. 1.

Risk management activities
usually undertaken by
interdisciplinary teams: 

• e.g., quality unit,
• business development, 
• engineering,
• regulatory affairs,
• production operations,
• sales and marketing,
• legal, statistics and clinical

Risk assessment is only the
1st step. Further steps are:

• Risk reduction
• Risk acceptance
• Risk communication
• Risk review(s)



Risk assessment – focus on dissolution
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07_The_Case_Study.ppt, Slide 45



Risk Assessment
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07_The_Case_Study.ppt, Slide 21



Risk Assessment
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07_The_Case_Study.ppt, Slide 27



Risk Assessment – Fishbone diagram
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ICH Q8(R2), Appendix 2, A. Use of a risk assessment tool

(1.) Identify variables with potential impact on desired CQAs
(2.) rank them based on probability, severity & detectability using failure mode effects analysis (FMEA) 
(3.) study higher ranked variables using DoE or other experimental methods



Interactions between different CPPs
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ICH Q8(R2), Appendix 2, B. Depiction of interactions

Fig.: Interactions between 3 CPPs of
a drying operation of a granulate on 
degradation product Y.

Interactions between:
• IMC & temperature

NO interaction between:
• IMC & mean particle sice
• Temperature & mean particle size



Risk Assessment
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07_The_Case_Study.ppt, Slide 64

„…the level of risk can change as a result of risk management.“ (Q8/Q9/Q10 Q&As (R4) Points to Consider)



Design of Experiments (DoE)

Formal Experimental Design: 

A structured, organized method for determining the 

relationship between factors affecting a process and the 

output of that process. Also known as “Design of 

Experiments”.

ICH Q8(R2), part I, Glossary
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Definition



DoE – experimental setup
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07_The_Case_Study.ppt, Slide 48



Design Space

Design Space: 

The multidimensional combination and interaction of input 
variables (e.g., material attributes) and process parameters that 
have been demonstrated to provide assurance of quality.

Working within the design space is not considered as a change. 
Movement out of the design space is considered to be a change 
and would normally initiate a regulatory post approval change 
process. Design space is proposed by the applicant and is subject 
to regulatory assessment and approval (ICH Q8). 

ICH Q8(R2), part II, Glossary
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Definition



Applied Immunology Lab / ARGE  Ankersmit

Quality by Design / Helmut Hofbauer

59

Design Space – Example 1

ICH Q8(R2), Appendix 2, Example 1, Figures 1a & 1b

Surface plot Contour plot

Parameters 1&2: factors of a granulation operation that affect the dissolution rate 
of a tablet – e.g.: excipient attribute, water amount, granule size

Dissolution > 80% is desired.
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Design Space – Example 1

ICH Q8(R2), Appendix 2, Example 1, Figures 1c & 1d

Fig 1c: If Parameter 1= 46, 
then Parameter 2 = 0 to 1.5.

If Parameter 2 = 0.8, 
then Parameter 1 = 43 to 54.

Fig 1d:

Applicant may prefer a smaller design 
space for operational simplicity.

Fig 1c & 1d: Two design spaces for two granulation parameters
delivering satisfactory dissolution (>80%)
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Design Space – Example 2

ICH Q8(R2), Appendix 2, Example 1, Figures 2a & 2b

Fig 2a & 2b: Design space determined from the combination of two CQAs: dissolution
+ friability;

Parameter 1 and 2 in Fig. 2a & 2b are the same parameters, e.g. water amount & 
granule size

Fig. 2b: Contour plot: friability
as a function of parameters 1 & 2

Fig 2a: Contour plot: dissolution
as a function of parameters 1 & 2
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Design Space – Example 2

ICH Q8(R2), Appendix 2, Example 1, Figure 2c

Fig. 2c: Design space comprised of the overlap region of ranges for friability & dissolution.



Control Strategy

Control Strategy:  

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)

ICH Q8(R2), part II, Glossary
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Definition



Control Strategy
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Ich presentation: Breakout B Control Strategy

Slide shows:
Different control
strategies
(control strategy
1 or control
strategy 2) are
possible.

Process
understanding is
decisive.



Continual improvement – the FDA takes it 
seriously
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https://www.qualitydigest.com/inside/twitter-ed/taking-holistic-approach-quality-design.html
(Die Grafik stammt ursprünglich von der FDA, kommt zB. Vor in der Präsentation von Christine M. 
V. Moore, Texas 2012.)

https://www.qualitydigest.com/inside/twitter-ed/taking-holistic-approach-quality-design.html


QbD – not mandatory, just opportunities
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ICH Q8(R2)



Is QdB mandatory in the US?
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“The current regulatory trend for required QbD elements in submissions 
will soon make a mandate a reality. In the broader pharmaceutical realm, 
as of 2013, the QbD framework for generic drug development is 
mandatory. For instance, according to FDA internal policy, MAPP 5016.1 
(which became effective February 2011) (16), FDA CMC reviewers are 
instructed to review submissions for the following ICH Q8, Q9, and Q10 
elements:

• quality target product profile (QTPP)

• critical quality attributes (CQAs) of a product

• product design and product understanding

• process design and understanding

• product and process control strategies.”

Michael Torres: „ Challenges in Implementing Quality By Design: An Industry Perspective” (16 June 2015) 
https://bioprocessintl.com/analytical/downstream-development/challenges-in-implementing-quality-by-design-an-industry-perspective/

https://bioprocessintl.com/analytical/downstream-development/challenges-in-implementing-quality-by-design-an-industry-perspective/
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69Organisational unit

Presentation title / topic OR Presenter's name

0% QbD 0% QbD1st QbD
element

QbD‚Minimal‘
approach

‚Enhanced‘
approach



No

70Organisational unit

Presentation title / topic OR Presenter's name

Raw material tests
e.g., solubility, purity, dissolution
rate, stability…

Process design

Drug manufacturing

Product testing

Does it meet the requirements of
regulatory agency?

Process validation Yes

Define QTPP

Identify CQAs, CMAs and CPPs

Establish relationships between
CQAs, CMAs and CPPs

Perform experiments using Design 
of Experiments (DoE)

Define design space

Control sources of variability

Continually monitor
manufacturing process



QbD process steps
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TPP (=SmPC)

QTPP (=Identify
quality attributes

(QAs)

Product Design and
Unterstanding 

(Perform risk assessment
to identify CQAs)

Process Design and
Understanding
(& identify CPPs)

Control 
strategy

Continual
Improvement

Target Design &
Understanding

Implementation



72Organisational unit

Presentation title / topic OR Presenter's name

QTPP characteristics QTPP requirements

Dosage form & 
strength

Immediate release tablet, 30 mg 
of active ingredient

Specifications for
safety & efficacy

Assay, content uniformity and
dissolution

Description & 
hardness

Robust tablet able to withstand
transport & handling

• Assay
• Content Uniformity

• Dissolution

• Tablet Mechanical
Strength

CQAs:



Control strategy
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Presentation title / topic OR Presenter's name

Process
understanding

Control strategy 1 Control strategy 2

Control items:
• Blending time
• Blending speed
• Equipment
• Scale
• Drug substance

particle size

Control items:
• Control of blending

end point by NIR*
• Drug substance

particle size

*NIR = Near-infrared spectroscopy
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