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The presenter does not have any conflict of interest.

The views and opinions expressed are those of the author and do not reflect 
the views of EMA or ANSM.
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Modelling and Artificial Intelligence in CMC 
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“The application of digitalization and 
emerging technologies in the manufacture 
and control of drug (medicinal) products 
can lead to risk reduction, when such 
technologies are fit for their intended use.
However, they can also introduce other 
risks that may need to be controlled.”

– ICH guideline Q9 (R1) on quality risk management 
EMA/CHMP/ICH/24235/2006

Modelling and Artificial Intelligence in CMC 
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Use of AI across medicines lifecycle
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EU AI ACT
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QIG main working areas
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QIG considerations regarding pharmaceutical process models
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Preliminary QIG considerations
 First published in February 2024
 1-month consultation period

LLFGs 2023/2024 and BOS 2025

Several 1-1 meetings
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Challenges and gaps
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Flexible, risk-based regulatory framework

Clear definitions and terminology

Validation approach

Model documentation

Lifecycle management

Human-in-the-loop concept

Data governance and storage

Global harmonisation

Education and training
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QIG considerations regarding pharmaceutical process models
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 Scope: mechanistic, data-drivenௗand hybrid models

 Model Risk
 How should the model risk to product quality be estimated and 

documented?

 Model building and validation

 Model control strategy
 Model core quality information
 Model lifecycle
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Model risk to product quality
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Context of Use

ScopeRole
Describes the intended 
use of a model in the 

control strategy and in 
any decision-making 

process

Describes if the model is 
the sole determinant for 

model output or impacted 
CQA(s), or if other 

information are used to 
inform decision-making 

Model influence

 process/system modelled

 predicted output

 model implementation

 criticality of the model output

 process boundaries

 in-process controls

 PAT sensors

 soft sensors

 release testing
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Model risk to product quality
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Risk

CoU

ScopeRole

High risk

Medium risk

Low risk
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Model risk to product quality
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Key questions

 Is the model output used to control 

or adapt the process during routine 
manufacturing?

 Has the model been used to define 

process boundaries or limits?

 Is the model output a CQA/CPP or 

can the model impact a CQA?

Risk

CoU

ScopeRole
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Model risk to product quality
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Key questions

 Does the model replace end-product 

testing?

 Does the control strategy include 

additional control(s) for the predicted 
output or the impacted CQA(s)?

Additional considerations

 Consequence of a wrong decision?

 Likelihood of process failure?

Risk

CoU

ScopeRole
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Model risk to product quality
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Dossier

Risk

CoU

ScopeRole

iterative process!
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Experience with process models/AI in BIO
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 Use cases of process models and AI developments (mechanistic models, 
Machine Learning, Deep Learning, Digital Twin)

 Wide range of biopharmaceutical products (ATMPs and vaccines)

 Different CoUs (process design and characterization, optimization and scale-
up, informed process control strategies, etc.)

 Examples classified as low or medium-risk models

 Not yet in submission files
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QIG considerations regarding pharmaceutical process models
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Model building & validation and Model control strategy
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Only for medium
and high-risk models

 Focus on model performance (accuracy, uncertainty) 
rather than model development
 Prior knowledge can be leveraged
 Only summary of validation studies and outcomes
 Continuous model verification across lifecycle

 Model core quality information: Set of information 
described in the dossier to support regulatory 
oversight and management of future model 
changes >> change to this information triggers a 
post-approval regulatory submission

 Post-Approval Change Management Protocols 
(PACMPs) can be leveraged
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QIG considerations regarding pharmaceutical process models

20

 Revised guidance to be published before the end of this year.

 Guidance will be updated as regulators gain experience with new types of models 
including AI-based models.

 Purpose of the QIG document is not to create a new EU standard. 

 Intended to
 translate commonly understood principles into a simplified and practical workflow,
 assist regulators and stakeholders in dealing with process models,
 give improved predictability regarding EU regulatory expectations. 
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The beginning of a long journey
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 Still many areas for learning & discussion

Level of regulatory notification associated with model updates

AI/ML models: traditional validation versus continuous approach

Adaptive/self-learning models: additional challenges related to lifecycle changes 
and re-validation

 Need for applications with advanced modelling and adaptive control strategies in 
submissions  testing and refining regulatory expectations and requirements

 ICH Reflection Paper on Advanced Pharmaceutical Manufacturing – proposed ICH 
Guideline work to facilitate the adoption of advanced pharmaceutical manufacturing    
(26 January 2026)
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What’s coming next?
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Multistakeholder workshop on expert contributions to artificial 
intelligence guidance development (GMP Annex 22) – 30 June 2026

The 6 pillars of AI guardrail architecture – GMP Annex 22 Drafting Group
Briefing meeting with Interested Parties, April 2026 – Roberto Conocchia, EMA Inspections Office
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What’s coming next?
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QIG Follow-up meeting on Digitalisation and Artificial Intelligence in 
pharmaceutical manufacturing – 18-19 November 2026

Digitalisation (foundational technologies, infrastructure, and data-driven systems)
•Real-time release testing (RTRT) and PAT in continuous manufacturing
•Digital twins, hybrid modelling, and simulations for process optimisation and risk-based QbDD
•Blockchain solutions for data integrity and traceability in manufacturing/QC data flows and supply chain
•Integration of IoT, edge/cloud computing for real-time manufacturing/QC data processing and adaptive production
•Digitalisation for manufacturing and quality control of personalised medicines
•Digitalisation applications for sustainability optimisation (e.g., monitoring energy/waste, data collection infrastructures)

Artificial Intelligence (techniques involving learning, prediction, pattern recognition, 
or autonomous decision-making)
•AI/ML-driven predictive maintenance
•Generative AI / LLMs and machine learning
•anomaly detection
•QC analytics (e.g., PAT, spectroscopy)
•automated CAPA / deviation management
•AI-enabled solutions for data integrity and traceability (e.g., intelligent monitoring, anomaly flags in data flows)
•AI for manufacturing and quality control of personalised medicines (e.g., adaptive therapies, patient-specific optimisation)
•AI model validation, explainability (XAI), and lifecycle management
•AI for sustainability optimisation (e.g., predictive analytics for energy/waste reduction)
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Conclusion
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 Support to advanced manufacturing through digital technologies and AI-
based control strategies, is strategic for EU .

 We are committed to support developers providing high level guidance and 
promote regulatory convergence working in a collaborative way with 
international partners.

 QIG will follow-up on this topic to provide guidance focused on the scientific 
considerations and to address the regulatory gaps.

Come to talk to us: Regulators, Academia and Industry should learn together:
QIG@ema.europa.eu 
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Any questions?

qig@ema.europa.euௗ

Official address Domenico Scarlattilaan 6  ● 1083 HS Amsterdam  ● The Netherlands
Telephone +31 (0)88 781 6000
Send us a question  Go to www.ema.europa.eu/contact

Further information

Follow us on @EMA_News


