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Outline
• Process Control & Process understanding (ICH Q8 (QbD), Q9, Q10, Q11) 
• PAT in Biopharmaceutical Manufacturing
• Continuous manufacturing & PAT
• Manufacturing models & their validation/verification
• Quality Innovation Group (EMA)
• Take home messages
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http://dx.doi.org/10.1016/j.bjm.2016.10.007

Biopharmaceutical Manufacturing Process
Process understanding
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Characterise Drug Product
Critical Quality Attributes
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Characterise Drug Substance: 
Critical Quality Attributes

DOI 10.1007/s13238-017-0447-x
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https://doi.org/10.1016/j.jpha.2023.12.006

ICH Q8: Quality by Design 
Product & Process understanding

QTPP=Quality Target Product Profile; CQA=Critial Quality Attribute
CPP=Critical Process Parameters; CMA=Critical Material Attribute
ATP= Analytical Target Profile 

QbD promise
• risk-based regulatory decisions (reviews and inspections)

• manufacturing process improvements, within approved design space, without regulatory review;

• reduction of post-approval submissions;

• real-time quality control, reduction of end-product release testing.



PAT: Real-time (RT) monitoring Process Parameters
RT-Release Testing?

Gerzon et al. doi.org/10.1016/j.jpba.2021.114379 0731-7085



PAT: Real-time (RT) monitoring Process Parameters
RT-Release Testing?

RAMAN: mAb Oxidation/Deamidation

RAMAN: Monitoring CQA?

https://dx.doi.org/10.1021/acs.anal
chem.0c00627?ref=pdf
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PAT in Biopharmaceutical (Continuous) manufacturing

• NIR /Raman: glucose, ammonium, 
lactate, glutamate, optical density/ 
biomass, glycerol, & pH

• Monitor process use models to optimize 
e.g. yield 

DOI: 10.1002/biot.202300318     Romann et al 2024.
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DOI: 10.1002/biot.202300318     Romann et al 2024.

DOI: 10.1002/biot.202300318

Controls Monitoring Glycosylation
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PAT in Biopharmaceutical Continuous manufacturing

• NIR /Raman: glucose, ammonium, 
lactate, glutamate, optical density/ 
biomass, glycerol, & pH

• Validate Raman Analysis Results
• Validate model underlying Raman 

Spectral Analysis
• Use Orthogonal method to confirm 

Raman results

DOI: 10.1002/biot.202300318     Romann et al 2024.



Development & Validation of PAT technique

EMEA/CHMP/CVMP/QWP/17760/2009 Rev2
Guideline on the use of near infrared spectroscopy
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Continuous Manufacturing (CM) also includes manufacturing approach in which some unit operations 
operate in a batch mode while others are integrated and operate in a continuous mode

Batch definition: ICH Q7 definition applicable for CM, for both drug substances & drug products
Batch can be defined as: 

• Quantity of output material
• Quantity of input material
• Run time at a defined mass flow rate
• Any other scientifically justified approach

Control Strategy: Based on ICH Q7, Q8, Q10, Q11 and Q9 (Quality Risk Management)
State of control (ICH Q10): assurance of continued process performance & product quality
e.g., process parameters, quality attribute may vary within accepted ranges (if non steady state)
Understand changes over time (cell aging, resin aging), adapt process accordingly
Identify deviations and drifts (identify root cause)
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Process control using PAT

• On-line NIR spectrometer used to 
confirm scale-up of blending

• Blending operation complete when 
mean spectral std. dev. reaches 
plateau region

• Plateau may be detected using 
statistical test or rules

• Feedback control to turn off blender
• Company verifies blend does not 

segregate downstream
• Assays tablets to confirm 

uniformity
• Conducts studies to try to 

segregate API

Alternative approach: Blend uniformity monitored using a process analyser

Data analysis model will be provided
Plan for updating of model available

Acknowledgement: Adapted from ISPE PQLI Team
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Process dynamics: 

• Transient events 
• planned (e.g., process start-up, shutdown and 

pause) or 
• unplanned (e.g., disturbances) 

• Characterise process dynamics & impact on Product 
Quality

• E.g. Residence Time Distribution (RTD): to 
determine which fractions to discard (impurities, 
low DS, other composition)

• PAT process analytical technology
• Validate technology (confirm Raman Measurement 

with offline result)

DOI: 10.1002/biot.202300318     Romann et al 2024.
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Botelho Ferreira et a. https://doi.org/10.1002/btpr.3259

CM for Biopharmaceuticals
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CM for Biopharmaceuticals (2)

Process dynamics: Process monitoring, Process validation, Process Model validation

• Transient events 
• planned (e.g., process start-up, shutdown and pause) or 
• unplanned (e.g., disturbances) 

• Characterise process dynamics & impact on Product Quality
• E.g. Residence Time Distribution (RTD): to determine which fractions to discard (impurities, low DS, other composition)
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Perfusion Upstream Process 
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Analyisis of Glycans & Impurities in 
each process step
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Process Models Regulatory Expectations

ICH QUALITY IMPLEMENTATION WORKING GROUP POINTS TO CONSIDER (R2)
ICH-Endorsed Guide for ICH Q8/Q9/Q10 Implementation

• Risk-based approach: Criticality of Process Parameters & Quality Attributes
• Does model impact CPP or CQA?  (Relation criticality to Control Strategy)

• E.g. Does optimizing yield impact CPP or CQA?
• Lifecycle of the Control Strategy

• Development (Well-characterized CQAs?)
• Continual Improvement (multivariate models: systems to maintain & update model 

suitability)
• Changes to model (requires variation of Marketing Authorisation dossier?)
• Equipment/Process differences between sites
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Process Models Regulatory Expectations (2)

• Role of Model
• Low Impact/Risk (e.g. process development for formulation)
• Medium Impact: 

• Models assuring quality (other indicators present: e.g. IPCs)
• Models defining Design Space 

• High Impact Models 
• e.g. Real-time Release Testing Models 
• Models for process control (Depending on Impacted CQAs) 

• Developing/Implementing Models
• Type of Model: Mechanistic (1st principle) or Empirical (Data-driven; incl. 

Machine Learning & AI)
• Prior knowledge, Process understanding, Model understanding

O’Connor et al. 2024 
https://doi.org/10.1016/j.ijpx.2024.100274
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Process Models Regulatory Expectations (3)

• Model validation
• Set acceptance criteria for model prediction
• Comparison of accuracy of prediction
• Validate using external data set (not used to train the model or otherwise in 

development) 
• Verify prediction (orthogonal method; if possible)

• Documentation depending on model impact/risk 
• Low: high level description
• Medium: models assumptions, graphical summary (input/outputs), equation, 

prediction & measured data,  statistics, mitigation measures.
• High: Above + choice of variable selection, appropriateness of data, model 

validation, model verification during life-cycle
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Preliminary QIG Considerations regarding 
Pharmaceutical Process Models

EMA/90634/2024 (22 February 2024)

 Q1. How should the risk to product quality be considered when determining 
what data is to be included in the dossier in terms of model justification?

 Q2. What data is expected in the dossier in terms of model description and 
scope?

 Q3. What data is expected to be included in the dossier in terms of model 
validation?

 Q4. What data is expected in the dossier in terms of process model lifecycle
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QIG: EU catalyst for advanced manufacturing

Quality 
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Take Home messages

• Develop Process & Product understanding (CPP & CQA)
• Be concious of uncertainties, include mitigation measures  
• PAT and Models can contribute to Process understanding & optimisation 
• Continuous manufacturing more sustainable, lower cost, more efficient 
• Documentation Manufacturing models dependent on Risk/Impact

• Quality Innovation Group (QIG) EMA to support Innovative Techologies in 
Pharmaceutical manufacturing. 

Contact:
qig@ema.europa.eu 

mh.hoefnagel@cbg-meb.nl

https://www.ema.europa.eu/en/committees/working-parties-other-groups/chmp-working-parties-other-groups/quality-innovation-
group

 

mailto:qig@ema.europa.eu
mailto:mh.hoefnagel@cbg-meb.nl
https://www.ema.europa.eu/en/committees/working-parties-other-groups/chmp-working-parties-other-groups/quality-innovation-group
https://www.ema.europa.eu/en/committees/working-parties-other-groups/chmp-working-parties-other-groups/quality-innovation-group
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Back-up Slides



Q1. How should the risk to product quality be considered 
when determining what data is to be included in the 
dossier in terms of model justification? 

27

 Intended use of a model

 Different model uses:

 Model used to support process development

 Model used in the control strategy in addition to other related measurements

 Model used in the control strategy without additional related measurements

 Role of the model in the control strategy (CS), frequency of any additional monitoring, 
model’s performance, potential consequence of an incorrect decision, criticality of the 
manufacturing operation(s), manufacturing mode, intrinsic risk of the medicine



Q1. How should the risk to product quality be considered 
when determining what data is to be included in the 
dossier in terms of model justification? Cont’d 

28

Contribution of the model to a decision 
relative to other available evidence,

and the decision consequence

Degree of regulatory oversight



Q2. What data is expected in the dossier in terms of model 
description and scope? 

29

Model description

 Low-risk: high-level description and discussion regarding model intended use

 Medium-risk: more detailed description, outline of model development

 High-risk: the above + summary of performance metrics and model validity domain

Model scope (similar concept as for NIR chemometric models)

 Low-risk: no formal scope, high-level description as stated above

 Medium- and High-risk: intended use within CS, model type, performance metrics 
acceptance criteria, validity domain, reference method where applicable  exact content 
to be justified based on risk



Q3. What data is expected to be included in the dossier in 
terms of model validation? 

30

 The goal of model validation is to establish the degree to which a 
model is an accurate representation of a process and can predict 
the property(ies) or material quality attribute(s) of interest.

 Focus on model performance (e.g., prediction accuracy) and model 
error, or uncertainty.

 Validation activities are expected to be designed to give confidence in 
the model for its intended use  driven by risk



Q3. What data is expected to be included in the dossier in 
terms of model validation? Cont’d 

31

 Illustrative examples.
 Overarching role of the manufacturing process validation to show that 

the process is in a state of control.
 Validity of model at commercial scale (for high-risk models, and for 

medium-risk on case-by-case); model verification protocol where 
relevant.

 Continuous model verification/protocol where relevant.



Q4. What data is expected in the dossier in terms of 
process model lifecycle? 

32

 It is the MAH responsibility to ensure the model is updated as 
required over its lifecycle to ensure it remains fit for purpose.

 Validity of the model reviewed periodically.
 Model maintenance protocol (medium- and high-risk models): 

expected to set the conditions for changes that can be managed 
within the PQS or require submission of a variation.

 Extent of model maintenance activities commensurate with model 
type and model risk.
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