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Agenda

• Introductions (5 min)
• Scope and Ground Rules (5 min)
• PAT and QbD (5 min)
• PAT Definitions, Case Study & Discussion (25 min)
• RTRT Definitions, Case Study & Discussion (10 min)
• Wrap-up (5 min)
• Resources
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Scope & Ground Rules

In Scope 
• Focus on process analytics (ie tools 

and case studies)

• Share experiences with development 
and implementation of at-line, in-line, 
on-line PAT.

• Discuss Real Time Release Testing 
(RTRT) for large molecules including 
definition, scope, barriers and 
examples. 

Out of Scope

• Process Design

• Quality Systems

Ground Rules
• Raise your hand to speak

• Share Name and Company

• Listen to others

• Share knowledge/examples
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PAT as a part of QbD

Enhanced Product 
& Process  

Knowledge

Comprehensive 
Control 
Strategy

Knowledge 
Management

Deep understanding of how material 
attributes and process parameters 
affect Critical Quality Attributes 
(CQAs). Primary sources of variability 
are identified and controlled at the 
most effective points.

Monitoring critical quality and 
performance attributes in real-
time to ensure the process 
remains within the established 
Design Space or state of control.  
Enables application of real-time-
release testing approaches.

Essential to have capabilities (IT systems, PQS, etc.) to 
capture, assess, and share the complex volume of data 
generated, which supports technology transfer and 
continual improvement across the product lifecycle 4



QBD Implementation and PAT Analytics

Current PAT Landscape in the Downstream Processing of 
Biopharmaceuticals, Analytical Science Advances, 2025
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https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/ansa.70013
https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/ansa.70013


Definitions:

PAT is 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.

At-line:  Measurements where the sample is removed, isolated from, and analyzed in close 
proximity to the process stream.
On-line: Measurement where the sample is diverted from the manufacturing process, and 
may be returned to the process stream.
In-line: Measurement where the sample is not removed from the process stream and can be 
invasive or non-invasive.

FDA Guidance for Industry: PAT – A Framework for Innovative Pharmaceutical Development, Manufacturing and Quality Assurance

FDA Guidance for Industry: PAT – A Framework for Innovative Pharmaceutical Development, Manufacturing and Quality Assurance

Process Analytical Technology 

Process Analyzers

Question: Do you agree with the definitions in the guidance?  Could they be improved?
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https://www.fda.gov/media/71012/download
https://www.fda.gov/media/71012/download
https://www.fda.gov/media/71012/download
https://www.fda.gov/media/71012/download
https://www.fda.gov/media/71012/download


PAT Case Study
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Song, et al. Application of Process Analytical Technology 
(PAT) in the Antibody-Drug Conjugate (ADC) Bioconjugation 
Process. Millipore Sigma white paper. 

https://www.sigmaaldrich.com/deepweb/assets/sigmaaldrich/marketing/global/documents/138/673/patapplicationinadc-whitepaper-wp14280en-ms.pdf?srsltid=AfmBOop-9_d-6dt4hrcjEbNSusHG2E7PmSYGiThJwOoDQADfcWtqsLTC
https://www.sigmaaldrich.com/deepweb/assets/sigmaaldrich/marketing/global/documents/138/673/patapplicationinadc-whitepaper-wp14280en-ms.pdf?srsltid=AfmBOop-9_d-6dt4hrcjEbNSusHG2E7PmSYGiThJwOoDQADfcWtqsLTC
https://www.sigmaaldrich.com/deepweb/assets/sigmaaldrich/marketing/global/documents/138/673/patapplicationinadc-whitepaper-wp14280en-ms.pdf?srsltid=AfmBOop-9_d-6dt4hrcjEbNSusHG2E7PmSYGiThJwOoDQADfcWtqsLTC
https://www.sigmaaldrich.com/deepweb/assets/sigmaaldrich/marketing/global/documents/138/673/patapplicationinadc-whitepaper-wp14280en-ms.pdf?srsltid=AfmBOop-9_d-6dt4hrcjEbNSusHG2E7PmSYGiThJwOoDQADfcWtqsLTC
https://www.sigmaaldrich.com/deepweb/assets/sigmaaldrich/marketing/global/documents/138/673/patapplicationinadc-whitepaper-wp14280en-ms.pdf?srsltid=AfmBOop-9_d-6dt4hrcjEbNSusHG2E7PmSYGiThJwOoDQADfcWtqsLTC
https://www.sigmaaldrich.com/deepweb/assets/sigmaaldrich/marketing/global/documents/138/673/patapplicationinadc-whitepaper-wp14280en-ms.pdf?srsltid=AfmBOop-9_d-6dt4hrcjEbNSusHG2E7PmSYGiThJwOoDQADfcWtqsLTC
https://www.sigmaaldrich.com/deepweb/assets/sigmaaldrich/marketing/global/documents/138/673/patapplicationinadc-whitepaper-wp14280en-ms.pdf?srsltid=AfmBOop-9_d-6dt4hrcjEbNSusHG2E7PmSYGiThJwOoDQADfcWtqsLTC


PAT Discussion Summary

Release 
Assay/Attribute

PAT At-Line, On-line, 
In-Line

Line of sight to 
RTRT (Y/N)

Protein 
Concentration

Aggregation

Potency

Micro

…
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Question: For process analytical technology (PAT) please give technology 
examples for the following configurations:

• At-line

• On-line

• In-Line



PAT Questions for Discussion

• What are the biggest technology gaps for PAT?

• What are the regulatory challenges for advancing broader PAT 
implementation?

9



RTRT (Real Time Release Testing) Definition

• RTRT is a system of release that gives assurance that the product is of intended 
quality, based on the information collected during the manufacturing process, 
through product knowledge and on process understanding and control. 
(EMA/CHMP/QWP/811210/2009-Rev1)

• 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))

Real Time Release Testing (RTRT)
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RTRT Case Study – Drug Product
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DS 
Thaw

DS 
Pooling

DP Form 
& Mix

Sterile 
Filt.

Filling & 
Stopper

Cap & 
Seal

100% 
Inspect Store Label 

Pack Release

Off-line:
Release Testing

In-line: Filling 
controls ensure 

extractable volume

On-line:  AQL 
inspection detects 
visible particulates

Earlier sampling for off-line release  
requires product/ process understanding



RTRT Questions for Discussion

• What is the current state of release testing? (i.e. how long)

• What does RTRT mean to you? (i.e. how fast)

• Where is RTRT needed? 
• Raw Materials
• Drug Substance
• Drug Product
• Finished Goods

• What are major barriers to advancing RTRT?
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Some Useful Resources
• EMA Guideline on Real time Release Testing (EMA/CHMP/QWP/811210/2009-Rev1)

• EMA resources on QbD concepts

• FDA Guidance for Industry: PAT – A Framework for Innovative Pharmaceutical Development, Manufacturing and 
Quality Assurance  (September 2004)

• ICH Q8(R2)/ Q9/ Q10/ Q14

• ICH Q8, Q9 and Q10 Questions and Answers (R5) (EMA/CHMP/ICH/265145/2009)

• FDA Guidance for Industry: Development and Submission of Near Infrared Analytical Procedures (August 2021)

• FDA Guidance for Industry & Staff: General Principles of Software Validation (January 2002)

• Operational Vision - Adoption of In-line Monitoring and Real-time Release, BioPhorum Publication, June 2022

• Sathiyapriyan, et al. Current PAT Landscape in the Downstream Processing of Biopharmaceuticals. Analytical Science 
Advances, 2025

• Patel, et al. Multi-angle light scattering as a process analytical technology measuring real-time molecular weight for 
downstream process control. MABS, 2018

• Song, et al. Application of Process Analytical Technology (PAT) in the Antibody-Drug Conjugate (ADC) Bioconjugation 
Process. Millipore Sigma white paper. 
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https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-real-time-release-testing-formerly-guideline-parametric-release-revision-1_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-real-time-release-testing-formerly-guideline-parametric-release-revision-1_en.pdf
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https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-real-time-release-testing-formerly-guideline-parametric-release-revision-1_en.pdf
https://www.ema.europa.eu/en/human-regulatory-overview/research-and-development/scientific-guidelines/quality-guidelines/quality-quality-design-qbd
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https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/ich-guideline-q8-q9-q10-questions-answers-r5_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/ich-guideline-q8-q9-q10-questions-answers-r5_en.pdf
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Thank you
Q&A
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Appendix
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PAT Case Study 2
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