
© European Compliance Academy (ECA)

Analytical Methods and Sampling in the 
New Manufacturing Paradigm 

– a Regulatory Perspective

Dr. Øyvind Holte
Norwegian Medicines Agency

EMA PAT team/ EDQM PAT working party
15 October, 2014, Heidelberg



© European Compliance Academy (ECA)

Overview

� Demonstrating end-product quality by on-line (PAT) measurements
� Real time release testing: general considerations
� Ph.Eur. 2.9.47: Uniformity of dosage units using large sample sizes
� PAT analytics and calibration models: Pitfalls and opportunities

Regulatory perspective: 
� Regulatory guidance 
� Dossier requirements for marketing authorizations
� Regulatory experience, advice to applicants
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Quality assurance/ Control strategy

Demonstrating end-product quality by PAT/ QbD

� QbD: Focus shifted from end testing of the product 
via  product knowledge to process control

End 
testing

Process
control

Enhanced
product

knowledge
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Demonstrating quality – what is ‘Quality’?

Typically defined
by the specification
� Tests
� Acceptance criteria

ICH Q8: 
� QTPP: 

Quality Target Product Profile
� CQA:

Critical Quality Attributes

The New Quality Paradigm:
Risk assessment and enhanced approach to development: 
Linking material attributes and process parameters to CQAs
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‘PAT analytics’ vs traditional analytical methods

PAT analytics
� On-line/ in-line testing

• Starting materials
• Intermediates
• End products

� Sample size ~100 ++
� Non-destructive
� Immediate results

Traditional methods
� Off-line testing

• Starting materials
• Isolated intermediates
• End products

� Small sample size
� Destructive
� Delayed results
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ICH Q6A, ICH Q6B

General principles for 
setting specifications

EMA GLs on specific
product types
� Inhalation, nasal
� Radiopharmaceuticals
� Medicinal gases
� …
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Ph.Eur. monographs

1. General notices:
An article is not of Pharmacopoeia 
quality unless it complies with all the 
requirements stated in the monograph

… however….

An enhanced approach to quality 
control could utilise process analytical 
technology (PAT) […] strategies as 
alternatives to end-product testing 
alone. 
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Ph.Eur. General notices

“The manufacturer may obtain assurance that a product is 
of Pharmacopoeia quality on the basis of its design , 
together with its control strategy and data derived, for 
example, from validation studies of the manufacturing 
process.“

"Real-time release testing […] is not precluded by the 
need to comply with the Pharmacopoeia”
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Ph.Eur. 5.15 Functionality-related characteristics

� FRC sections are non-mandatory
� FRCs are not exhaustive, but typical for the excipient:

• Particle size distribution
• Powder flow
• Bulk and tapped density
• Viscosity
• Melting point

“Knowledge of FRCs may facilitate the application of 
process analytical technology (PAT)”
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EMA Guideline on Real Time Release Testing (2012)

An appropriate combination of 
� process controls (CPP) and
� pre-defined material attributes 
may provide greater assurance of 
product quality than end-product testing

Demonstrating end-product quality by PAT/ QbD
The use of PAT analytical methods to demonstrate 

product quality is fully in line with the requirements and 
expectations of  Ph.Eur., ICH and EMA Guidelines
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Ph.Eur. 2.9.40/ USP 905: Understanding the UDU test

� Sample 30 units
� N = 10, calculate

acceptance value

� OK if AV ≤ L1

…or else: N = 30 
• AV ≤ L1 
• No unit outside M L2/100

ksXMAV +−=
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Uniformity of dosage units – regulatory aspect

� The UDU test is mandatory, e.g. for unit dose products
� The European Pharmacopeia allows alternative testing

� Individual applications:
• Industry requested alternative test for dosage

uniformity using large samples
• Much work on both sides
• Case-to-case decisions
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Background: Large N issue

Dennis Sandell, et al. Drug Information Journal  40 (2006) 337ff
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Uniformity of dosage units using large sample sizes

� 2008: Efpia request to the European Medicines Agency (EMA):

� Specific issues raised for large N on the UDU test (Ph.Eur. 2.9.40):
• Rigid requirement: no single unit outside +/- 25 % (if L2 = 25)

When n >> 30, one or few largely deviating units is expected 
• Improved batch knowledge with large sample not appreciated

� EDQM PAT WP was established on request of the EMA PAT team
• Revision of UDU test and other general chapters (NIR, Raman)

The pharmacopeia should not represent a barrier/ 
disincentive to the implementation of PAT
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Ph.Eur. 2.9.47

Option 1
� Parametric

Depending on
sample size: 
Limit for number of
units outside
(1 ± L2 x 0.01)T: c2

Option 2
� Non-parametric

Depending on
sample size: 
Limit for number of
units outside
(1 ± L1 x 0.01)T: c1
(1 ± L2 x 0.01)T: c2

ksXMAV +−=

~90 % probability to pass Ph.Eur. 2.9.40 on any small sample 
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Probability to pass Ph.Eur. 2.9.40/ 2.9.47 (N 100 - 1,000)
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Probability to pass Ph.Eur. 2.9.47 (N=500)
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Comparison of 2.9.40 and 2.9.47
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Reference: Ø. Holte and M. Horvat 2012. Pharm Sci Technol 36(10): 118-122.
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PAT analytical methods – opportunities and pitfalls

Opportunities:
� Process control, 

demonstration of quality
(RTR testing)

� Increasing yield
� Optimising process times
� process knowledge

(Life cycle management)

Pitfalls
� Missing link from the PAT result

to the quality standard/ CQA
� Black box-approach to PAT
� Choice of material attribute (range)
� Maintenance/ cleaning/ 

replacement of equipment
� Different set up between

manufacutring sites?
� Plan B  in case of

• equipment failure
• result outside validated range (library)
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Link from PAT to quality standard

� Requirement = test method + limit
� Example dissolution:
Q 70%/ 20 min vs. Q 80%/ 30 min
Q80%: 30 min/ 50 rpm vs. 20 min/ 100 rpm

PAT example: 
Diss. = tablet hardness x exact excipient comp. x API particle size

� RTR testing (PAT): surrogate for the in vitro dissolution test
� In vitro dissolution: surrogate for in vivo performance (PK biobatch)
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Link from PAT to quality standard

Pros: 
� Large sample size: result more 

representative for the batch
� Immediate results: 

• RTR testing
• Feed-back/ feed-forward 

controls possible

Cons:
� Concentration of active (NIRs) 

and unit weight determined on
different units

� Accuracy/ precision for NIRs
typically lower than e.g. UV

� Example: Assay + dose uniformity
� PAT approach: NIR spectroscopy + tablet weight

Øyvind Holte, Norwegian Medicines Agency 21



© European Compliance Academy (ECA)

Black box approach

� Relate spectral variability to 
relevant material attribute!

� Method performance is 
highly dependent on: 
• the composition of library
• the algorithm

Purpose of the method: 
� Assay?
� Identity?

Increasing strength

Product ‘A’ Product ‘B’        Product C’
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Choice of relevant material attribute

� Purpose of model:
Controlling film coating

Great correlation, but is Tout
relevant for CQA (film coating)?
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PAT in the dossier - where, what and how much?

Where
� CTD module S.4/ P.5
� Often relevant for PAT: 

Analytical method 
integrated part of 
development: cross-
references to other 
parts of the dossier

What:
� Description and validation
� Link to CQA (S.2.6/ P.2 ?)

PAT 
analytics

Process
control/ 

description

Control 
strategy

Risk 
assessment
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QbD in the dossier - where, what and how much?

� The level of details 
presented should 
commensurate with the 
impact of the result

� Purpose of PAT:
• development/ process 

exploration/ monitoring?
• Real time release testing?

� Sufficient data to allow a 
critical assessment

� Sufficient data/ 
discussion to follow the 
logics of the development 
work and agree on the 
control strategy

� Quantity of text = Quality of message? (No…)
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Summary

� The manufacturer must assure his product complies with quality 
standards laid down in the pharamcopoeia and guidelines

� Quality requirements apply regardless of control strategy

� QbD/ PAT is one way of demonstrating quality
� This approach is fully in line with current regulatory practice

• Ph.Eur., Guidelines, Specific case histories

� Dossier requirements: sufficient for third party review
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