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Module 1: Introduction UIsenenay/ ®0.&
- Types of biological products: recombinant protein, WININANK

vaccine, blood product, advanced therapy medicinal
products (ATMPs) (e 9.)
O Overview of production process, current
production technology
- GMP for biological products (e.& ¥3.)
- Quality by design (e v4.)
- Biorisk management: Biosafety and biosecurity (e %.)
- Contamination control strategy (e.& %)
- Aseptic processing and sterilization (e ¥.)
- Cleaning, disinfection, decontamination and waste
management (e.& ¥4.)
- Stability program and shelf-life determination (e a.)
- Overview of qualification and validation (e %a.)

Module 2: Drug substance manufacturing process UITWBUaY/ oc
Cell-based technology N30NTUANY

- Cell substrate and expression construct (en %3.)
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O Characterization
O Seed lot and cell bank system
" Master cell bank/working cell bank
(MCB/WCB), Master seed/working seed
® Characterization
Upstream process (@ w4.)
O Cultivation and multiplication
O Harvest and cell disruption
Downstream process (e.& %4.)
O Purification
® (larification and concentration
® Tangential flow filtration
®  Column chromatography
In-process control and process validation (e ¥4.)
Highlighted production process

O Microbial-based technology (e ¥u.)

O Egg-based platform: egg-based technology, in-
process control and process validation (e 4.)

O Conventional vaccine: Inactivation for vaccine,
attenuation, adjuvanted bulk, in-process
control and process validation (o ¥3.)

O Blood products: plasma fractionation and
purification, viral inactivation and viral
clearance study (e ¥.)

O DNA/mRNA-based technology and
miscellaneous (e.& %1.)

Module 3: Drug product manufacturing process

Formulation and filling (e %3.)
O Excipients
O Aseptic filling
Lyophilization (e ¥.)
Container closure system (e %4.)
Finishing (& 4.
Visual inspection, Packaging and labeling (& %4.)
In-process control and process validation (e %4.)

Ussenelay/
ysansalAnNY

Module 4: Plant Management

Ussegag/
ysansalAny

&
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- Facility design (equipment and premises), utility
design, equipment and HVAC, regulation and
recommendations for biological product
manufacturing facilities (e v3.)

- Good Distribution practice (o.& %3.)

O Supply chain consideration
O Cold chain system
- Technology transfer (& 3.)
- Project management (o ¥4.)
saudutlug )

v
wa a va v

oo MAURTR (o= Minein) lidesnin ceo s UsznousensiinufiRrnusiugiud
Judu
oloo.e UfTANMsFUMsHERenTYing Inedanisiineusuluguuuy workshop, case study
LLasgﬂLL‘U‘U’Su 9

PaNINTIU FnsHnausy FUTN
Overview UuRnns, nstidne, o&
€ o
- Cold chain system ANIUNITUADY

Biosafety practice, cleaning, HVAC

Utility monitoring, hazard control, emergency

manual
- Environmental monitoring, water sampling
Drug substance: upstream processing UfuRn1s, nadifinw, o
- Preparation and sterilization of bioreactor #01uNsnlnas

- Growth promotion testing and Bl processing
- Upstream processing operation

- Harvest
Drug substance: downstream processing Ujumns, nsdlfnw, oc
- Downstream processing operation GRRIHRPIORRIN

Column packing

Chromatography

Viral clearance and viral removal

Sterilization

Drug product Ufumnis, ASUANWN, o&

6 o
Formulation process development AN1UNIIURDY

Lyophilization process
Sterile filtration and filling




Packing, storage and shipping nItAnY, o
- Packaging regulation A0UNITUIAS
- Keeping regulation
- Shipment documentation and regulation
Others nItAne, o&
- Production plant design anun1snlidnaes
- GMP inspection
- Specific concern* (IMP , blood product, ATMPs)
- Emerging trends
s nautali «o

oo MitnUFTRNUluNuAS W inudiawaziRnuey viomuunadniildiuses
Mnninedeindnssugaamns meldswinedondynssauisdsemealng
TngardpninauanansufiRnumuilaiuneuning melussesianiinvun

WUpRINTIU Wnsinousy Sruaudalan
Wdafl o: Drug substance: upstream processing LUBnU TR o oo &UnMi =
- Preparation and sterilization of bioreactor Aoy o Tl
- Growth promotion testing and BI processing (m’%aamuﬁ?}nﬂﬁﬁ’am
- Environmental monitoring, water sampling yaunaan bl
- Upstream processing operation AUdIA)
- Harvest WenrnUfURMY
Wadaf : Drug substance: downstream processing F7U b U @ W19
- Downstream processing operation waraL 1 UYABINEIY
- Column packing 994 Drug substance
- Chromatography w3e Drug product
- Viral clearance and viral removal oslnath mile
- Sterilization ¥ project-based
#atiafl o Drug product iCtiVityu ® Eﬂ‘idﬂﬁ
- Formulation process development VaanRBINUMIZEITU
- Lyophilization process
- Sterile filtration and filling
Wadiafl « Packing, storage and shipping
- Packaging regulation
- Keeping regulation
- Shipment documentation and regulation
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oo International Conference on Harmonisation (ICH). Quality Guidelines: Q7, Q8, Q9,
Q10, Q11 and M4Q (R1). Available from: https://www.ich.org/page/quality-guidelines

@alo World Health Organization (WHO). Good Manufacturing Practices for Biological
Products. Proposed replacement of: TRS 822, Annex 1. Geneva: WHO; 2015.
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1. Pharmaceutical Development and ICH Q8 Usseny >}

Overview

- This topic introduces the scope, purpose, and
regulatory context of pharmaceutical
development as outlined in ICH Q8 (Part ). It
covers the key components that must be
understood and documented during
development, including components of the drug
product (drug substance and excipients), drug
product (formulation development, overages,
physicochemical and biological properties,
manufacturing process development, container
closure system, microbiological attributes, and
compatibility. The session also provides minimal
(traditional) approach and compares with
enhanced Quality by Design (QbD) approach,
laying a foundation for a science- and risk-based
framework for product development.

2. ICH Q8 and Quality by Design (QbD) u3sge a
- The topic provides an explanation of the
principles and structure of QbD as recommended
in ICH Q8 (Part Il). Learners will explore the
concepts of the Quality Target Product Profile
(QTPP), Critical Quality Attributes (CQAs), Critical
Material Attributes (CMAs), and Critical Process




Parameters (CPPs). The roles of Design Space and
Control Strategy will also be emphasized. The
session explains how enhanced process
understanding through QbD leads to greater
regulatory flexibility and supports lifecycle
management. Regulatory expectations from
agencies such as the FDA regarding QbD
implementation and submission formats (e.g., CTD
Section 3.2.P.2) will also be discussed.

3. QbD Tools and Methodologies

- This topic introduces tools and techniques for
implementing QbD in practice. Participants will
learn about the design and analysis of
experiments using Design of Experiments (DoE)
approaches (e.g., factorial design, response
surface methodology), as well as practical use
cases in formulation and process development.
Risk assessment tools such as Failure Mode and
Effects Analysis (FMEA) and risk ranking matrices
will be taught and applied to pharmaceutical
contexts. The session also includes an overview
of Process Analytical Technology (PAT), including
spectroscopic tools (e.g., NIR, Raman) and how
real-time data can be used to monitor and

control process quality.

U388

ob

4. Development and Validation of
Manufacturing Processes

- This session focuses on how to develop a
robust manufacturing process based on scientific
understanding and QbD principles. Learners will
examine the selection of appropriate unit
operations, the identification and control of CPPs,
and strategies for optimizing and scaling
processes. It includes the principles and
regulatory requirements for process validation,
including traditional validation, Continued Process
Verification (CPV), and how real-time data

U381y
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supports process consistency. Case studies will
be used to demonstrate how enhanced process
knowledge improves quality assurance, facilitates
regulatory approval, and enables continuous
improvement over the product lifecycle. The
session also introduces Continuous Manufacturing
(CM) as a modern alternative to batch processing,
covering its key benefits e.g., improved control,
reduced variability, integration with PAT for real-
time release testing (RTRT), and unique
challenges in technology transfer and scale-up.

5. Scale-up and Post-approval Changes
Learners will gain a practical understanding of
how pharmaceutical processes are scaled from
laboratory to commercial production. The session
covers key considerations in scale-up, such as
equipment differences, material variability, and
process robustness.

It also introduces the principles and practices of
technology transfer (TT)—the structured process
of transferring knowledge, processes, and
documentation between development and
manufacturing sites or functions. Learners will
explore TT planning, knowledge management,
risk identification, and documentation
requirements that ensure consistent product
quality during transfer activities. In the context of
regulatory change management, the session
explains the SUPAC (Scale-Up and Post-Approval
Changes) guidelines and related global
frameworks (e.g., ASEAN Variation Guidelines).
Learners will categorize changes, assess their
impact on Critical Quality Attributes (CQAs), and
determine appropriate regulatory pathways.
Emphasis is placed on preparing rick-based
justifications and documentation for regulatory
submissions following post-approval changes.

U381y
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6. Analytical Method Development and Validation U338y o
- This topic provides an overview of the principles
of analytical method development and validation
in pharmaceutical settings. Based on ICH Q2(R2)
and ICH Q14, the session covers key validation
parameters including specificity, accuracy,
precision, linearity, and robustness. Rather than
focusing on technical detail, the session
emphasizes how analytical methods support
pharmaceutical development and how to ensure
methods are fit for their intended use. The
concept of the analytical lifecycle and its
relevance to QbD and continuous improvement

will also be introduced.
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1. QbD Tools and Methodologies Workshop om
DoE Software Workshop:

- Learn basic and advanced functionalities of Dok
software (e.g., Minitab, Design Expert).

- Design and analyze DoE experiments relevant to
pharmaceutical processes (e.g., formulation
optimization).

- Interpret data and draw conclusions about CPP-
CQA relationships.

Risk Assessment Exercises:

- Conduct Failure Mode and Effects Analysis
(FMEA) and other risk assessment tools on a
simulated pharmaceutical process.

- Apply Qualitative Risk Assessment (QRA)
principles to prioritize risks.

Develop mitigation strategies and control plans

7



for identified risks.

PAT Hands-on Session:

L Work with various PAT tools (e.g., NIR
spectroscopy, Raman spectroscopy) in a simulated
lab setting.

L Collect and analyze PAT data in real-time.

- Develop control strategies based on PAT data
feedback.

2. Conventional Approach to Product
Development — Formulation and Processing
Decisions

- Provide participants with hands-on experience in
pharmaceutical product development using
traditional (non-QbD) approaches. Activities
include empirical formulation trials, basic process
development (e.g., mixing, granulation,
compression) based on trial-and-error decision-
making, and container closure system selection.
This session emphasizes the conventional
development mindset, without the use of
statistical design or risk management tools.

Laboratory &
Workshop

o&

3. Enhanced (QbD) Approach to Product
Development - Formulation and Processing
Decisions

- Train participant to apply Quality by Design (QbD)
principles to the development of pharmaceutical
formulations and processes. Activities include
identifying Critical Quality Attributes (CQAs) based
on the Quality Target Product Profile (QTPP),
performing risk assessments to determine Critical
Material Attributes (CMAs) and Critical Process
Parameters (CPPs), and using Design of
Experiments (DoE) and multivariate tools to
optimize formulations and manufacturing
processes. Learners will also propose control
strategies and explore the concept of design space

for robust process performance.

Laboratory &
Workshop

o




4. Scale-up

L Analyze case studies of successful and
unsuccessful scale-up projects in the
pharmaceutical industry. Evaluate how variability
in critical process parameters (CPPs) and control
strategies affect product quality during scale-up.
Identify key success factors and potential
challenges in transferring processes across
manufacturing scales. Develop risk mitigation
strategies and understand the role of knowledge
transfer in ensuring a smooth and compliant
technology transfer process.

Workshop

o

5. Process Validation

| Conduct simulated process validation studies for
selected unit operations (e.g., blending,
granulation). Analyze process data to verify
consistency and robustness, and evaluate
outcomes against pre-defined acceptance criteria.
Develop validation documentation, including
protocols and summary reports, with an emphasis
on scientific justification and process
understanding, as expected under a quality-by-
design (QbD) framework.

‘Norkshop

o

6. Translating Development Data into a CTD
Module Summary

- Train participants to analyze, interpret, and
organize pharmaceutical development data—
covering formulation rationale, process
development, and risk assessments—and
translate this information into a regulatory-
compliant summary following the Common
Technical Document (CTD) Module e.g. 3.2.P.2
format or ACTD. Emphasis is placed on aligning
documentation with ICH Q8 principles and Thai
FDA expectations, focusing on clarity, scientific
justification, and regulatory relevance.

‘Norkshop

7. Post-approval Changes
Engage in a simulated case study involving a

proposed post-approval change to a

Workshop
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pharmaceutical product. Perform a risk assessment
to evaluate the potential impact of the change on
product quality, safety, and efficacy. Develop a
regulatory submission strategy in line with ICH
Q8/Q9/Q10 principles and relevant Thai FDA or
international guidelines (e.g., ASEAN variation
guideline or SUPAC). Emphasis is placed on
scientific justification, risk-based decision-making,

and regulatory compliance
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Implementation of QbD Principles in
Formulation Optimization:

- Develop a formulation for a specific medication
using Quality by Design (QbD) principles learned

during the course.

attributes (CQAs) using Design of Experiments
(DoE) methodology.

- Document the process, results, and conclusions
drawn from the optimization process.

- Analyze the impact of QbD implementation on
formulation quality and stability.

- Conduct experiments to optimize critical quality
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Dosage Form Design and Development:

- Develop formulations for various dosage forms,
considering factors such as drug solubility,
stability, and bicavailability.

- Conduct pre-formulation studies to gather data
on the physical and chemical properties of the
drug and excipients.

- Perform compatibility and related studies to
ensure the drug and excipients are stable and
effective in the designed dosage form.

- Optimize the formulation and process
parameters to achieve desired quality attributes.

UuROulunum
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Method Validation and qualification:
Method validation

- Choose an analytical method used in
pharmaceutical testing that requires validation,
such as HPLC or UV-Visible spectroscopy.

- Develop a validation protocol outlining the
validation parameters, acceptance criteria, and

experimental procedures.

- Perform validation studies to evaluate the
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method's performance, including accuracy,
precision, specificity, linearity, and robustness.
- Analyze validation data and assess the
method's capability to provide reliable and
accurate results.

- Prepare a comprehensive validation report
summarizing all validation activities and
outcomes, including any deviations and

corrective actions taken.

Qualification of Equipment, Facilities, and
Analytical Instruments:

- Identify critical equipment, facilities, and
analytical instruments used in pharmaceutical
manufacturing processes and testing.

- Develop qualification protocols for these
equipment, facilities, and analytical instruments,
including installation qualification (IQ),
operational qualification (OQ), and performance
qualification (PQ).

- Execute the qualification studies according to
the protocols, ensuring that the equipment,
facilities, and analytical instruments meet
predefined acceptance criteria.

- Document the qualification process and results
in qualification reports, providing evidence of
compliance with regulatory requirements and

industry standards.

Process validation: UjtRenluiiui| lsidesnin evo
- Select a drug product from your setting's 39S UnaHN S bW
portfolio that requires process validation. Alasuses

- Design and execute a validation protocol based
on the principles learned in the course.

- Perform validation studies for key manufacturing
processes (e.g., blending, granulation) and
analyze the results.

- Prepare validation reports and documentation

12




as per regulatory requirements (e.g., FDA
guidelines).

Risk Assessment and Mitigation Strategies:

- Identify a process or aspect of pharmaceutical
production prone to risks (e.g., raw material
sourcing, manufacturing equipment).

- Conduct a comprehensive risk assessment using
methodologies learned in the course, such as
Failure Mode and Effects Analysis (FMEA).

- Develop mitigation strategies and control plans
to address identified risks.

- Implement the strategies and assess their

effectiveness in minimizing risk.
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Scale-Up Study for Manufacturing Process:

- Choose a manufacturing process in your setting
that requires scale-up from laboratory to
commercial production.

- Plan and execute a scale-up study, considering
factors such as equipment capacity, process
parameters, and product quality.

- Monitor the scaled-up process closely and
document any challenges or deviations
encountered.

- Evaluate the success of the scale-up by
comparing product quality and process efficiency
between laboratory and commercial scales.
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Post-Approval Changes Assessment:

- Select a pharmaceutical product that has
undergone post-approval changes or requires a
change in manufacturing processes.

- Assess the impact of proposed changes on
product quality and regulatory compliance.

- Conduct a risk assessment to identify potential
risks associated with the changes.

- Prepare a regulatory submission following
SUPAC guidelines, including documentation and
justification for the proposed changes.
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Implementation of Process Analytical
Technology (PAT):

tools into a specific manufacturing process in

your setting.

monitoring and control of critical process
parameters.
- Analyze PAT data to identify trends and
deviations, and adjust process parameters
accordingly.

product quality and process efficiency.

- Integrate Process Analytical Technology (PAT)

- Evaluate the effectiveness of PAT in real-time

- Assess the impact of PAT implementation on
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Continuous Improvement Initiative:
- Initiate a continuous improvement project

focused on enhancing a specific aspect of

- Use tools and methodologies learned in the
course, such as Lean Six Sigma or Quality
Improvement Techniques.

- Gather data, analyze processes, and identify
opportunities for improvement.

productivity, quality, and cost-effectiveness.

pharmaceutical development or manufacturing.

- Implement changes and monitor their impact on
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eom.e Textbooks and Guidelines:

em.e.. ICH Q8 (R2) Pharmaceutical Development
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omelo. Schlindwein, W. S.; Gibson, M. Pharmaceutical Quality by Design: A Practical

Approach; Wiley, 2018.

em.e.m Beg, S.; Hasnain, M. S. Pharmaceutical Quality by Design: Principles and

Applications; Academic Press, 2019.
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om.e.c. Jameel, F.; Hershenson, S.; Khan, M. A.; Martin-Moe, S. Quality by Design for
Biopharmaceutical Drug Product Development; Springer New York, 2015.

om.e.¢ Ramalinagm et al. (2021). Risk assessment and design space consideration in
analytical quality by design (pp. 167-189), 2021. Academic Press.

em.e.D. ICH QI(R1) Quality Risk Management
om.e.00. ICH Q10 Pharmaceutical Quality System
em.e.c ICH Q2(R2)
eme.c ICHQlL4

@a.o. Journal Articles and Publications:

emb.@ Helena et al. "Quality by Design in Pharmaceutical Manufacturing: a
systematic review of current status, challenges and future perspectives.” European journal of
pharmaceutics and biopharmaceutics (2019).

emblo  Yu, et al. Understanding Pharmaceutical Quality by Design. The AAPS
Journal, 16 (4), 771-783 (2014).

emlo.m  Karia et al. (2024). Critical Review of Risk Assessment Tools in
Pharmaceutical Quality by Design. Indian Journal of Pharmaceutical Education and Research,
58(4s), s1145-s1155 (2024).

emb.e  Kovacs, et al. Quality-by-design in pharmaceutical development: From
current perspectives to practical applications. Acta Pharmaceutica, 71 (4), 497-526 (2021).

emlo.¢  Neugebauer et al. Process analytical technology in Downstream-Processing

of Drug Substances— A review. International Journal of Pharmaceutics, 124412 (2024).

emlbo  US FDA, SUPAC-R: Immediate-Release Solid Oral Dosage Forms: Scale-Up
and Post-Approval Changes: Chemistry, Manufacturing and Controls, In Vitro Dissolution

Testing, and In Vivo Bioequivalence Documentation (1995)

omb.el  US-FDA SUPAC-MR: Modified Release Solid Oral Dosage Forms Scale-Up and
Postapproval Changes: Chemistry, Manufacturing, and Controls; In Vitro Dissolution Testing

and In Vivo Bioequivalence Documentation (1997)
omb.c  US-FDA SUPAC: Manufacturing Equipment Addendumn (2014)
omb.e  ASEAN Variation Guideline for Pharmaceutical Products
@m.en. Online Resources and Databases:
@m.m.e. FDA
em.amlo. EMA

ea.a.a. ICH Guidelines Database - ICH Guidelines
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em.a.en NBIY

@e.@ Professional Organizations and Conferences:
em.c.®. International Society for Pharmaceutical Engineering (ISPE)
em.clo. American Association of Pharmaceutical Scientists (AAPS)
em.c.o. Parenteral Drug Association (PDA)

em.c.«. Annual Quality by Design (QbD) Conferences and Workshops
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