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Traditional Release Testing

% | Finished

Drug
Product
| FE
% Collect 30 tablets 58 Collect a few tablets
Content Uniformity (USP <905>) Assay
STAGE 1 = Assay composite of tablets
= Assay 10 tablets (typically by HPLC) » PASS if meets acceptance
* PASS if all within 85-115% label daim criteria
and RSD < 6.0%
STAGE 2

s Assay all 30 tablets

= PASS if all within 75-125% label claim
and 29/30 within 85-115% label claim
and RSD £ 7.8%

QbD for Real Time Release

« Real-time release is when all quality test results are
obtained on-line/at-line during or immediately after
manufacturing

=« Manufacturing flexibility

= Increased manufacturing efficiency
= Measure and control in real-time
= Adjust process to respond to variable inputs
= Increased assurance of quality
= Science based release criteria
= More representative of process
= Greater process knowledge gained
= A more modern approach to manufacturing

11
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Real Time Release — Sampling Plan
Example

g

Tablet
Compression

i (i

Dose Uniformity:
= Stratified sampling during compression
= Automatic weight check on all sampled tablets
= Adjust press as needed
= Use non-parametric test criteria
Assay:
= Take several tablets from each vial at end of compression
» Assay using NIR

QbD vs. Traditional Approach to
¢$Spemflcat|0n — a Simplified Comparison

Specification Product Y with QbD Traditional
Identity At-line NIR | Off-line
Assay At-line NIR on Off-line HPLC of
uncoated tablet coated tablet

Disintegration/ Atdine disintegration | Off-line dissolution
dissolution ‘

Dose uniformity On-line weight Off-line content
variation | uniformity by HPLC

24
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Case Study #3

= Rational Approaches to Drug
e Substance CQAs — Particle
o Size Distribution — and
e Control Strategy
L

f

25

‘Drug Substance M - Potential CQA'’s

Potential CQA

| Free Base
Formation

‘ Final
Crystallization

Final
Drying

Assay

Chiral Purity

Impurity Content

X

Metals Content

X
X
X

Water Content

I
|
|

Residual solvent
| Content

Polymorphic Form

Particle Size
Distribution

26
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i Impact of Potential DS CQA'’s

Potential CQAs Impact
Assay Efficacy and safety
Impurity content
Chiral purity *

Metals content

Residual solvent

Polymorphic form Dissolution & stability
Water content
Particle size distribution (PSD) Processability

27

i s PSD a CQA?

= Findings within PSD ranges studied:
= No impact on dissolution
» No impact on content uniformity
= No impact on blending
= Potential segregation post blend, based on
prior knowledge and experience

= Increased tablet sticking during
compression with high levels of fines in DS

mmmp | PSD is a potential CQA |

28
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Particle Size Distribution Control

Seed x% Anti-sclvent additon

Age
u-2'c 1T cooldown o o o t35¢  Hold

—

7

"% Supersaturation
)
PEGEDES

. N
" T
S P |

g

g o e }\

Process time (hr) Harvest

9% Supersaturation

Drug substance in Solution (unit

= Controlled crystallization with seeding
= Processing occurs entirely in thermodynamically favored regime

29

Proposed Control Strategy

= Process control of crystallization step

= Inclusion of a broad range PSD in drug substance

specification

» Based on results from drug product process
development experience

» Inclusion of a drug substance PSD control range

in drug product control strategy

= Based on demonstrated range

= |f PSD falls outside initial control range

« Additional drug product and process evaluation will be
conducted

= Results may be used to update PSD specification

30
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Case Study #4

Rational Approaches to Drug
Substance CQAs — Toxic Impurities
and Polymorphic Form — and
Control Strategy

3

Drug Substance N — Potential CQAs
and Control Strategy

Potential CQAs Control Strategy
Toxic process = Greater emphasis on contribution of
impurities manufacturing processes to quality
cantrol

= Move to upstream testing

Pclymorphic form Process capability = batch experience
+ design of experiments

32
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Understanding of Impurity Z

= Point of formation, and fate, of impurity Z and

N ) . Drug
: ] substance
Starting Step 1 ‘ Step 2 Step 3 Step 4 ( Step §
material A * B C - - D | * N
3 / LS /
| Impurity
==~ ZE - ZC — ZD _ Z

parameters affecting them were determined based on
« Understanding of organic reactions
= Spiking and purging studies

= Data showing capability of downstream purification steps -

Rational Control Strategy for Impurity Z

= Process control of all steps

» Impurity test performed on intermediate C, not part
of drug substance specification

« Test closer to point of formatien

« Excellent detectability using sensitive analytical method

» Acceptance criterion for Z, based on

= Level deemed safe/qualified for the drug substance, not
levels observed in intermediate C in routine
manufacturing

« Demonstrated capability of downstream purification steps

34
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Understanding and Controls of
* Polymorphism

= Justification for omitting polymorph testing
from drug substance specification
= Similar (high) solubility among polymorphic forms
= Most stable form selected as drug substance
= No conversion on stability (humidity challenges)
« Batch experience

DoE to identify design space in final
crystallization

35

* Summary of CMC Pilot

= Observations on the submissions
to date
« Risk assessment
» Design space
» Control strategy
« Overall

36
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Risk Assessment

= What are good?
=« Limited risk assessment, inc. FMEA

= What could be improved?

« Summary of prior experience when cited

« Systematic risk analysis of how raw materials, process steps,
and process parameters affect product quality

« Discussion of comprehensive control strategy that reduces
risks to product quality

= Discussion of controls in place to reduce potential risks to
product quality upon process changes inside or outside the
design space

37

Design Space

» What was observed to date?

» Most applications included a design space for
DP; only some for drug substance (DS)
« Most design spaces for process parameters;
only some included formulation components
(excipients, DS)
»« Methods for determining design space included
» One variable at a time experiments
» Statistically designed experiments (DOE's)
» Modeling approaches
38
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Design Space (cont'd)

= What could be improved?

Effect of formulation component properties
on process performance and product quality
studies

Multivariate interactions examined
Supportive mathematical models utilized as
appropriate

Scale-up and equipment issues considered
Effect of operation or site change considered
Uncertainty addressed with risk analysis

38

Control Strategy

» What are good? Examples:

= Certain tests for drug substance CQAs moved
upstream tc where the control points are

= On-line analyzers (non-PAT) for intermediates
= In-process testing (in lieu of end-product testing) for
« Identification and assay using at-line NIR
« Dose uniformity by at-line weight variation
« Real-time release using PAT
»« What could be improved?
« Better utilization of knowledge in setting specs

= Better understanding of excipient properties, instead
of relying solely on compendial standards

= More meaningful sampling for drug product testing
= Experience in setting real-time release specs

40
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i Overall Observations

= More scientific information was shared
» Risk assessments, though limited, were performed
= Design spaces were proposed

» Various flexible regulatory approaches were explored

» Risk-based regulatory decisions were enabled

= Pilot benefited FDA and industry in implementing QbD
= Learning from Pilot is being input into ICH Q8 revision

= Challenges remain for industry and FDA

41

Next Steps

»

= Sharing lessons learned from CMC Pilot
« \With each applicant under the Pilot

» With other disciplines, including Compliance and Field
investigator, in FDA

= With industry in future public forums
= With regulatory agencies in other regions
» Facilitating QbD submissions outside CMC Pilot

= Evaluating need for training and new guidances
(FDA and ICH)

42
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