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Models in Pharmaceutical Development and Manufacture
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AI in CMC Development & Manufacturing
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What regulatory framework is needed for Digital Innovation?



* ASME: American Society of Mechanical Engineers
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Guidance on Process Models and AI 

Regulatory body - 

Organization Links to recent released guidance

ICH 

2011 Q8-10 Points to Consider (PTC) document (section 5 Role of models in QbD)

2023 Q13 Continuous Manufacturing, section 3.17 Process Models

2024 M15 Principles for Model Informed Drug Development

2025 FDA ICH Reflection Paper on advanced manufacturing

ASME*
2018 VVUQ 40–VVUQ in Computational Modeling of Medical Devices 

(In preparation) VVUQ 80–VVUQ in Computational Modeling of Pharmaceutical Products

EMA
2024 Reflection paper on the use of Artificial Intelligence (AI) in the medicinal product lifecycle

2024 EMA QIG Preliminary Considerations on Process Models

2025 Revised Annex 11 – Computerised Systems and New GMP Annex 22 – Artificial intelligence

FDA

FDA Frame

2023 Assessing the Credibility of Computational Modelling and Simulation in Medical Device Submissions

2023 Artificial Intelligence in Drug Manufacturing and Using Artificial Intelligence and Machine Learning in the 

Development of Drug and Biological Products

2025 FDA Considerations for the Use of Artificial Intelligence to Support Regulatory Decision-Making for Drug and 

Biological Products

Japan-PMDA Japan AMED Working Group on Process Models

https://database.ich.org/sites/default/files/Q8_Q9_Q10_Q%26As_R4_Points_to_Consider_2.pdf
https://database.ich.org/sites/default/files/Q8_Q9_Q10_Q%26As_R4_Points_to_Consider_2.pdf
https://database.ich.org/sites/default/files/Q8_Q9_Q10_Q%26As_R4_Points_to_Consider_2.pdf
https://database.ich.org/sites/default/files/ICH_Q13_Step4_Guideline_2022_1116.pdf
https://cstools.asme.org/csconnect/CommitteePages.cfm?Committee=100108782&_gl=1*1lcc315*_gcl_au*NTk2NzA4MDE3LjE3NDQ2MTc1MjM.*_ga*NzkzNDgwMTYuMTc0NDYxNzUyNA..*_ga_3DH4W3W6HS*MTc0NDYxNzUyMy4xLjAuMTc0NDYxNzUyNy41Ni4xLjEwMjkzMDAxMjQ.&_ga=2.131344335.1123626404.1744617524-79348016.1744617524
https://cstools.asme.org/csconnect/CommitteePages.cfm?Committee=100108782&_gl=1*1lcc315*_gcl_au*NTk2NzA4MDE3LjE3NDQ2MTc1MjM.*_ga*NzkzNDgwMTYuMTc0NDYxNzUyNA..*_ga_3DH4W3W6HS*MTc0NDYxNzUyMy4xLjAuMTc0NDYxNzUyNy41Ni4xLjEwMjkzMDAxMjQ.&_ga=2.131344335.1123626404.1744617524-79348016.1744617524
https://cstools.asme.org/csconnect/CommitteePages.cfm?Committee=100108782&_gl=1*1lcc315*_gcl_au*NTk2NzA4MDE3LjE3NDQ2MTc1MjM.*_ga*NzkzNDgwMTYuMTc0NDYxNzUyNA..*_ga_3DH4W3W6HS*MTc0NDYxNzUyMy4xLjAuMTc0NDYxNzUyNy41Ni4xLjEwMjkzMDAxMjQ.&_ga=2.131344335.1123626404.1744617524-79348016.1744617524
https://cstools.asme.org/csconnect/CommitteePages.cfm?Committee=103782467&_gl=1*12mekso*_gcl_au*NTk2NzA4MDE3LjE3NDQ2MTc1MjM.*_ga*NzkzNDgwMTYuMTc0NDYxNzUyNA..*_ga_3DH4W3W6HS*MTc0NDYxNzUyMy4xLjEuMTc0NDYxNzU4My42MC4xLjEwMjkzMDAxMjQ.&_ga=2.131344335.1123626404.1744617524-79348016.1744617524
https://cstools.asme.org/csconnect/CommitteePages.cfm?Committee=103782467&_gl=1*12mekso*_gcl_au*NTk2NzA4MDE3LjE3NDQ2MTc1MjM.*_ga*NzkzNDgwMTYuMTc0NDYxNzUyNA..*_ga_3DH4W3W6HS*MTc0NDYxNzUyMy4xLjEuMTc0NDYxNzU4My42MC4xLjEwMjkzMDAxMjQ.&_ga=2.131344335.1123626404.1744617524-79348016.1744617524
https://cstools.asme.org/csconnect/CommitteePages.cfm?Committee=103782467&_gl=1*12mekso*_gcl_au*NTk2NzA4MDE3LjE3NDQ2MTc1MjM.*_ga*NzkzNDgwMTYuMTc0NDYxNzUyNA..*_ga_3DH4W3W6HS*MTc0NDYxNzUyMy4xLjEuMTc0NDYxNzU4My42MC4xLjEwMjkzMDAxMjQ.&_ga=2.131344335.1123626404.1744617524-79348016.1744617524
https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-use-artificial-intelligence-ai-medicinal-product-lifecycle_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/preliminary-qig-considerations-regarding-pharmaceutical-process-models_en.pdf
https://picscheme.org/docview/9714
https://picscheme.org/docview/9714
https://picscheme.org/docview/9714
https://picscheme.org/docview/9714
https://picscheme.org/docview/9715
https://picscheme.org/docview/9715
https://picscheme.org/docview/9715
https://www.fda.gov/about-fda/center-drug-evaluation-and-research-cder/cders-framework-regulatory-advanced-manufacturing-evaluation-frame-initiative
https://www.fda.gov/media/154985/download
https://www.fda.gov/media/165743/download
https://www.fda.gov/media/167973/download
https://www.fda.gov/media/167973/download
https://www.fda.gov/media/184830/download
https://www.fda.gov/media/184830/download
https://www.fda.gov/media/184830/download
https://www.fda.gov/media/184830/download
https://www.fda.gov/media/184830/download
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Model/AI Risk Evaluation Frameworks

FDA Considerations for the Use of Artificial Intelligence to Support 

Regulatory Decision-Making for Drug and Biological Products

https://www.fda.gov/media/184830/download
https://www.fda.gov/media/184830/download
https://www.fda.gov/media/184830/download
https://www.fda.gov/media/184830/download
https://www.fda.gov/media/184830/download
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Process Development and Controls 



11

Background: 

• To maximize the final quantity of Antigen, there is an optimal time to stop the step of cell culture

• Criterion to stop cell growth: ΔOD < 5%/h

• Variable accuracy on OD measurements

Fermentation Outer Membrane Vesicles (OMV) – Digital Twin

*Outer Membrane Vesicles (OMV) are extracted from the bacterial membrane of Neisseria meningitidis serogroup B 
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OMV Fermentation Modelling & Digital twin:

• Improvement step: Implementation of regression curve (near future) 

• To smooth out errors on OD measurements and  increase batch-to-batch consistency

• Optimization step: Implementation of Digital Twin (next step)

• To estimates the correct OD and increase the yield by changing fermentation stop criterion

Key benefits:

• Improved robustness, batch-to-batch consistency and yield

Fermentation Outer Membrane Vesicles (OMV) – Digital Twin
Low risk model – Internal change - PQS
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Continuous Sterile Formufilling – Digital Twin

* 1st Quality Innovation Listen and Learn Focus Group (LLFG) 13/03/2023 

Medium/High risk model

https://www.ema.europa.eu/en/documents/report/report-listen-and-learn-focus-group-meeting-quality-innovation-group_en.pdf
https://www.ema.europa.eu/en/documents/report/report-listen-and-learn-focus-group-meeting-quality-innovation-group_en.pdf
https://www.ema.europa.eu/en/documents/report/report-listen-and-learn-focus-group-meeting-quality-innovation-group_en.pdf
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EMA QIG Preliminary Considerations on Process Models

https://www.ema.europa.eu/en/documents/scientific-guideline/preliminary-qig-considerations-regarding-pharmaceutical-process-models_en.pdf
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FDA Considerations for the Use of Artificial Intelligence to Support 

Regulatory Decision-Making for Drug and Biological Products

Applicable to all model development (including AI/ML)

1. Question of Interest

2. Context of Use

3. Model Risk

4. Model Credibility

• Model selection

• Model Development

• Verification/validation

https://www.fda.gov/media/184830/download
https://www.fda.gov/media/184830/download
https://www.fda.gov/media/184830/download
https://www.fda.gov/media/184830/download


16

Process Model Development and Deployment

• Model active during manufacture to control the process within the 

design space

- Process boundaries defined based on the model and then experimentally 

verified

- Control strategy unchanged (CQAs tested as part of batch release)

• Model performance demonstrated in development and PPQ, (showing 

superiority of model-based control over classical fixed parametric controls)

- Data from PPQ and subsequent CPV shows the process is in a state of control

• Model validation should not be required, and only limited data on the 

(low/medium impact/risk) model required in the dossier

Strategy for initial market supply

• Further model data provided in 

the dossier (CQI/ECs)

• Increased model 

verification/validation

• Reduced end-product testing

• Simplified PPQ?

• Performance-based control 

strategy?

Future State

Framework will be required to ensure that changes to models can 

be managed under the site PQS without requiring prior approval
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Evolution of Process Model-based control
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Models, AI and GMP



19

GMP Requirements for Airflow & Airborn Particles

Source: ISPE Baseline Guide: Sterile Product Manufacturing Facilities (Third Edition)

EMA - Eudralex Annex 1 (2022): 

• “The “clean Up” period (guidance value of less 

than 20 minutes) should be determined during 

the qualification of the rooms…”

FDA - Guidance for Industry Sterile Drug 

Products Produced by Aseptic Processing - 

cGMP (2004) : 

• “Air change rate is another important 

cleanroom design parameter. For Class 100 000 

(ISO 8) supporting rooms, airflow sufficient to 

achieve at least 20 air changes per hour is 

typically acceptable. Significantly higher air 

change rates are normally needed for Class 10 

000 and class 100 areas”

China GMP Annex

• “The particulate conditions shown in the table 

for the "at rest" state should be obtained in the 

unmanned state after a short cleanup period of 

15-20 minutes (guidance value), upon 

completion of operations. 
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Adaptive Airflow

HVAC design for “full 

airflow” all the time

Past: Traditional approach

HVAC design for reduced 

airflow during non 

production hours

Today: Airflow Reduction Mode

HVAC design for dynamic 

airflow based on particle 

level 

Future: Adaptive Airflow
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Adaptive Airflow technology

20 ACH

10 ACH
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‘Digital Twin + Learning’ Controller That Chooses The Lowest Safe 

Airflow

What is genuinely new vs “adaptive airflow V1”:

Not just “react to particles and ramp up”

It is look-ahead control that uses:

▪ A digital twin (a simple physics-based model of the 

room/AHU/pressure network), and

▪ A learning model to forecast disturbances (people + doors 

+ expected particle generation)

▪ Plus, an uncertainty estimate (“how sure are we?”). When 

not sure → it chooses the safer option
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• Using dynamic modulation of the airflow in real-time (focused on Grade C (ISO 8) and 

Grade D facilities) can reduce HVAC energy use by 30-40% 

• When recovery time, pressure control, and particle performance remain within 

qualified limits, the airflow setpoint can become a managed variable rather than a 

fixed constant.

• The more sophisticated the model, the greater the energy saving

• The more sophisticated the model, the greater the need for qualification and control

Adaptive Airflow
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GMP: A framework  to de risk AI and ML

Example characteristics of GMP which derisk models and Agentic AI

• Pharmaceutical Quality System (PQS) 

• CPV and periodic product review (model performance)

• Inspections

• Humans in the loop (e.g., batch release including QP)
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Generative AI and Structure Data
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Generative AI using LLM
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ICH: Document-Centric to Data-Centric Submissions 

ICH M4Q (R2)
Paves the way for data centric 
submissions by defining and 
organizing product and 
manufacturing information in a 
medicinal product dossier.

ICH M16 (Structured Product Quality 
Submissions)
Aim to develop/adopt global standards for 
data content and structure in submitting 
product quality information in a dossier to 
facilitate regulatory assessment and efficient 
communication between the applicants and 
regulators.

ICH M4Q(R1) - Information organized in a sequential 
narrative way with different structure across chapters

ICH M4Q(R2) - Information organized in a 
logical and standardized way across chapters

ICH M16- Data models defined for each piece of 
information. Data base submissions can replace document

CQI

RM C
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CQI
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M3

DS C

DSJ

DS C

DSJ

DS M 
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SM M
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D Description; M Manufacture; C Control; S Storage; CQI= Core quality information; DSJ= Development Summary and Justification

DS =Drug substance; SM= Starting material; RM= Raw material; CQI DS M equals = Core quality information, Drug substance Material
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Generative AI* - Assisted Submissions

* AI generated picture
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Evolution of GMPs
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GMP Annexe For AI

Revised Annex 11 establishes enhanced requirements for computerised systems.

New Annex 22 addresses general principles for the development of AI in manufacturing, aligning with 
expectations under the Pharmaceutical Quality System and potentially influencing dossier content.
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New GMP Annex 22
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▪ EU GMP Annex 22 on Artificial Intelligence sets requirements for selecting, validating, monitoring, and 

controlling AI systems used in pharmaceutical manufacturing.

▪ The annex focuses on: 

▪ Machine learning (AI/ML) models which have obtained their functionality  through training with data, 

rather than being explicitly programmed. Models may consist of several individual models, each 

automating specific process steps in GMP. 

▪ Static AI models that do not keep learning after deployment, supporting reproducibility and control 

▪ Models with a deterministic output which, when given identical inputs, provide identical outputs.

▪ “The document does not apply to Generative AI and Large Language Models (LLM), and such models 

should not be used in critical GMP applications”.

▪ It also complements Annex 11 on computerised systems

▪ “Final publication is expected in 2026, and manufacturers are encouraged to prepare now”.

Current Draft Annex 22

New GMP Annex 22 - June 30th 2026: EMA workshop
June 30th 2026: EMA workshop

https://health.ec.europa.eu/document/download/5f38a92d-bb8e-4264-8898-ea076e926db6_en?filename=mp_vol4_chap4_annex22_consultation_guideline_en.pdf


gsk.comgsk.com

Conclusions 
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AI in CMC Development & Manufacturing

Agentic AI and Models

• A risk evaluation framework is key

• The guardrails of GMP can de-risk even complex model & AI controls

Generative AI

• LLMs can transform how data and knowledge are handled in dossiers, development, manufacturing 

Data infrastructure will be critical (ICH M16, ISO CMC….)
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2026 IFPMA Paper
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