
Performance Based Approaches an Enabler 
for Process Analytical Technology (PAT)

Christine M. V. Moore, PhD
Global Head & Executive Director, GRACS CMC-Policy

WCBP 2019  (Washington, DC)
30 Jan 2019



Disclaimer

The views and opinions represented here are 
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Agenda:

• Background on ICH Q12 & 
Established Conditions (EC)

• Performance Based ECs –
Process related 

• Performance Based ECs –
Analytical method related

• Future vision



ICH Q12 “Technical and Regulatory Considerations for 
Pharmaceutical Product Lifecycle Management”
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1. Introduction
2. Categorisation of Post-Approval CMC Changes
3. Established Conditions (ECs)
4. Post-Approval Change Management Protocol 
5. Product Lifecycle Management 
6. Pharmaceutical Quality System and Change 

Management 
7. Relationship between Regulatory Assessment 

and Inspection
8. Post-Approval Changes for Marketed Products

Public comments on draft closed Dec 2018



ICH Q12 - Established Conditions

• Established conditions (ECs) are legally binding information (or approved 
matters) considered necessary to assure product quality. As a consequence, 
any change to ECs necessitates a submission to the regulatory authority.

• A parameter based approach is one in which product development prior to 
regulatory submission provides a limited understanding of the relationship 
between inputs and resulting quality attributes and will include a large number 
of inputs along with outputs.

• A performance based approach is one where ECs are primarily focused on 
outputs rather than inputs.

5



Performance Based Established Conditions

• Process related performance based ECs are primarily focused on control of 
unit operation outputs rather than process inputs (e.g., process parameters 
and material attributes)

• Analytical method related performance based ECs are focused on method-
specific performance criteria (e.g., specificity, accuracy, precision) rather than 
a detailed description of the analytical procedure
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Process related performance based 
established conditions



Example of Input (Parameter Based) vs. 
Output (Performance Based) Approach 

Oven Roasted Smoked Deep Fried in Oil

Input
(Parameter Based) 
Approach

Cook for 3-3.5 hours in a 
standard oven at 350° F 

Cook 8-10 hours in a smoker
at 225° F

Cook 40-50 min in an oil bath at 
375° F (initial temperature)

Output 
(Performance Based) 
Approach

Cook until breast meat 
reaches 165° F 

Cook until breast meat 
reaches 165° F 

Cook until breast meat 
reaches 165° F 
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Large Molecule Process Step – EC Example Adapted from ICH Q12 Annex

Anion Exchange 
Chromatography

Sample, 
Mobile Phase

INPUTS:
• Separation method
• Resin type
• Resin Age
• Feed conductivity
• Feed pH
• Other input parameters

OUTPUTS:
• Bioburden 
• Endotoxin
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INPUTS:
• Separation method

OUTPUTS:
• Bioburden 
• Host Cell Protein
• Other CQAs
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Eluent to Product or Waste

Performance Based Approach:  
• Ongoing validation for resin age
• Outputs of this step were linked to 

subsequent steps 
• Inline tests are used to control outputs 

in a real time manner 
• Inputs are adjusted realtime based on 

a model accounting for the inline 
measurements of outputs. 
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Benefits of Performance Based Control

•Ability to fully utilize process analytical technology for real time 
monitoring and control
•Process flexibility in adjusting process parameters
•Ability to adjust to shifts in raw materials or equipment behavior
•Equipment and/or scale independence, in many cases
•Support for continual improvement through lowered regulatory reporting burden
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What is needed to make Performance Based 
Approaches Successful?

• Accurate and complete characterization of product attributes
– Challenging for complex products,  heterogeneous products, hard to measure CQAs like stability
– Independence of product attributes to downstream operations and quality
– Appropriate level of detection and sampling 

• Thorough understanding of the relationship between process inputs and product attributes
• Effective pharmaceutical quality system to manage changes
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ICH Q12 text: When considering this approach, it is important to ensure that all relevant parameters and material 
attributes that have a potential to impact product quality are monitored and equipment used remains qualified in order to 
assure a stable process.



Analytical method related performance 
based established conditions
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Performance Measurements (e.g.):
Earned Run Average

Walks and Hits per Inning Pitched
Winning Percentage

Physical Parameters (e.g.):
Left/Right Handedness

Pitch speed
Pitch mechanics

Parameter vs. Performance based Measurements

Performance Characteristics:
Accuracy
Precision

Robustness



Analytical Method – EC Example

INPUTS:
• Analysis type (e.g., RP-HPLC)
• System Suitability 

OUTPUTS (e.g.):
• Specificity 
• Accuracy
• Linearity & Range
• Precision/Repeatability
• RobustnessPe
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INPUTS:
• Analysis type (e.g., RP-HPLC)
• Column type
• Mobile phase composition
• Flow rate
• Gradient
• Sample prep
• System Suitability
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Sample,
Mobile Phase Chromatogram
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ICH Q12 on Performance Based Approaches for Analytical Methods

When there is an increased understanding of the relationship between method parameters and 
method performance defined by a systematic development approach including robustness 
studies, ECs are focused on method-specific performance criteria (e.g., specificity, accuracy, 
precision) rather than a detailed description of the analytical procedure.
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PAT Model – EC Example

INPUTS:
• Analysis type  & model algorithm
• Scan rate
• Spectral quality check
• Reference method

OUTPUTS (e.g.):
• Specificity 
• Accuracy
• Linearity
• Precision/Repeatability
• RobustnessPe
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INPUTS:
• Analysis type & model algorithm
• Equipment model & maker
• Software version
• Scan rate
• Spectral quality check
• Number of model parameters
• Calibration set samples
• Spectral pretreatment
• Spectral Range
• Reference method
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Calibration Data

Chemometric Software

Chemometric Model

&

HPLC
(reference method)

Spectrophotometer
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PAT Model Maintenance and Updates

• Model maintenance is a normal and necessary part of lifecycle 
management for PAT models as new variability is introduced 

• Regulatory requirements for reporting model maintenance to 
PAT models can be problematic!

• New variability that requires model updates is not predictable
• Prior approval or “Tell, wait and do” supplements for model maintenance 

can lead to supply chain issues

A performance based approach enables seamless PAT model updates  
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Why is this important?
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• Real time analytics to measure and control processes in real time
• Artificial intelligence to proactively predict process performance
• Machine learning through algorithms that recommend process control improvements

The digital revolution is coming!
The digital revolution is coming!



• Performance based approaches are a regulatory 
approach in draft ICH Q12 that can:
• Greatly enhance the use of Process Analytical Technologies, 

through flexible processes and robust analytics
• Reduce regulatory barriers for continual improvement
• Support emerging digital technologies
• Moving these concepts forward will require close 

interaction and partnership between regulators, 
industry, and academia
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Concluding Thoughts
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Questions, comments, copies: 
christine.moore@merck.com


