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Case Study 3: team members

Lorenz Liesum, Global Pharma Engineering, Lead PAT, Novartis
Jurgen Mahlitz, GMP inspector, Regierung von Oberbayern
Leticia Martinez-Peyrat, Quality assessor, ANSM

Lama Sargi, Quality assessor, ANSM
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Case Study 3: Overview

Introduction to Case Study

— Overview of the Product
— Scope of the submission

Discussion Topics
Assessing criticalities of process parameters / input variables and DoEs
Validation of Models supporting Real Time Release Testing (RTRT)

QbD in real life production

Connecting People, Science and Regulation 3



 Indication: Chelation Therapy for the Management
of chronic Iron Overload

 Drug Product: Dispersible Tablet
 Three Dosage Strengths with drug load 30 %
 Process Flow:

Charcoal S _ N
AP H ireatment Crystallization Drying Milling

High Shear
D P Wet Drying Blending Compression
Granulation
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Introduction to Case Study

* Product N was initially submitted in 2005

* QDbD pilot project was initiated 2006 for this legacy
product and submitted in 2008/2009 as a variation
comprising

— The downstream steps of the API production (crystallization, drying and
milling)

— Complete Drug Product (DP) process

— Introduction of new control strategy / RTRT elements such as

Design Space (DSp)

NIR for API Drying

NIR for Blend Uniformity (BU) and Content Uniformity (CU)

MSPC for some of the unit operations for process monitoring

* Pre-approval inspections took place for APl and DP

Connecting People, Science and Regulation 5



Discussion Topic 1: 0

Assessing Criticalities and DoEs

 QbD Development assessing criticalities of Process
Parameters (PP) and input variables
- Baseline Risk Assessment: “QbD 1”

- Screening and Interaction DoE at Lab and Pilot Phase

- Second Risk Assessment and Definition of Design Space (DSp) after
development: “QbD 2"

- Full Scale Confirmation of DSp (legacy product !)
- Final Risk Assessment and DSp Verification Report “QbD 3”

Screening

. Full Scale Final
Basic and Second : . .
Risk Interaction Risk Scale Up Con?rénsatmn Risk Ac\issessmlem
Assessment DoEs Assessment orop And Contro
o Strategy
QbD1 Development QbD2 DSp Verification QbD3
Connecting People, Science and Regulation 6



FMEA Metrics

« Fishbone diagram per unit operation to structure process parameters

« Ab5level scale was used to rank the parameters to calculate the
Risk Priority Number RPN =IxD x P

e Threshold was setto 16 (2.5 x 2.5 x 2.5)
 Any value above 16 was studied within a DoE

« Severity/Impact threshold as an additional requirement for including the parameter in
the DoE

o Criticality is dependent on risk: Pxl
» High Detectability does not mitigate criticality

Impact Detectability Probability
1 Negligible Very high Extremely unlikely
2 Marginal High Remote
3 Moderate Moderate Occasionally
4 Major Low Probable
5 Critical / Unknown Very low Frequent
Connecting People, Science and Regulation 7



k assessment

Figure 9-1 Granulation process fishbone diagram
Granulation
110 Premix time
E I . H; Erem@)( B‘Iri:(er Spesed ;
. remix Chopper Spee
Xam p e . 113 Spray Rate Pper=pe
114  Granulation Solution|
115  Mixer Speed
Water Amount 116 Chopper speed e
11 Temperature 117 End Poirtimg
2 RH 1.18  Fill Volume
during Granulation \
.| LOD
/ Flowability
Eaw Materials
13
14
15
16
1.7
18
19
Mame of Current Ref. | Potential {Potential) Detection in R (D E‘;"r:r'zl‘jp"
Mo. Variable / setting = " | Wariability of Impact on curment Comment P|o Mitigation
Input 0| Setti Output N |E
npu ng utput Guality process A
| (]
- Equipment - Pump
1.13 | Spray rate 2b Failure Flowability, PSD | 2 calibration 4 32 (Y | DOE
Amount of Humam ermor .
h ) Flowability, Double check
1.14 granl.JI.atcln 12 Eﬂl..upment PSD, LOD 3 of weight 2 18 | Y | DOE
solution failure
] Equipment - Automated
1.15 | Mixer speed i} failure Flowability, PSD | 4 o o 3 24 | v | DOE
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Example of Screening Lab DoE 9

o 2°>1 fractional factorial design where each experimental variable was run at
2 level for a total of 16 factorial experiments with 4 target replicate runs

Table 2-1 Parameter ranges studied in the granulation DoE
Lab scale ranges
Parameter
(Gral 25L)
Amount of granulation solution (ref. 1.14) 28 - 34%
Solution addition spray rate (ref. 1.13) 0.1-1.2 kg/min
Mixer speed (ref. 1.15) Level 2 + 10%
387 —473 rpm
Fill volume (ref. 1.18) 400-550kg
Endpoint (ref. 1.17) 1—4 min
Table 31 List of batch numbers and corresponding experimental conditions
Water amount Spray Rate Mixer Speed  Fill volume Endpoint
Run Batch Number ) {kgimin} (rpm) (k) (min}
1 CRP136 0507 34 00 01 AT3 550 1
2 CRP137 0507 26 00 12 anT 550 4
3 CRP138 0507 26 00 01 anT 550 1
4 CRP13% 0507 26.00 0.1 387 4,00 4
5 CRP140 0507 F1.68 0.2 430 544 3
] CRP141 0507 34.00 1.2 473 4,00 1
7 CRP142 0507 34.00 0.1 387 4,00 1
] CRP143 0507 34.00 1,2 387 5,50 1
9 CHIP 144 0507 31.88 0,2 430 544 3
10 CRP145 0507 34.00 1,2 473 5,50 4
11 CRP146 0507 34.00 0,1 387 5,50 4
12 CRP147 0507 34 .00 1,2 387 4,00 4
13 CRP148 0507 34 .00 01 473 4,00 4
14 CRP148 0507 31 68 0z 430 544 3
15 CRP150 0507 26 00 01 473 550 4
16 CRP151 0507 26 00 12 387 4,00 1
17 CRP152 0507 31 GR 0z 430 544 3
18 CRP163 0507 26 00 12 473 4,00 4
19 CRP154 D507 26 00 12 AT3 550 1
20 CRP155 0507 26.00 0,1 473 4,00 1
Connecting People, Science and Regulation 9



Risk Re-Assessment after DoEs

« Confirmed critical process parameter:

Water amount during granulation

Standardized Pareto Chart for D20min Standardized Pareto Chart for D30min
Awag = i |
2 - aaidl———— -
] [——
BSpray Rz | iF | .
EEndpt | S Dok |
cmiver | cE| B
D:‘JDIUTE . E:EE%E r
el , , , , e8| , , , , ,
o 2 4 i B ] i i 3 4 5
Standardized effect Standardized effect
Within the
L at tested ranges Equipment has
A ot of 1,2, Human emor a:'::rnr - comated of 22 - 3;% :?EIT upgrav:;l;.;:li
1.14 ~mounta 30% 14, Equipment 2 increases mate z &0 "'"fup‘a . 12 Dfah“"'“.‘:":‘
water 15 failure dissolution r 855 :'35 u.n en t e.weg t
and assay. issoluticn In:|55_ wia a
A rate and recipe.
ssessment assay.
after DoEs Within the
tested
ranges this
115 M d Level 2 ?4 Equipment 2 No dimp:ilct y A\tomated ) Eg;ﬂ::)eter 40N No mitigation strategy
' IXer spee {High) ) failure en I_pm u hCess influence on needed.
qualty the final DP
properties
on lab
scale.
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Flow of DoEs

Screening Interaction Confirmation
Granulation Drying
Blendin C ion
= B Eirna;;g Full Scale
Verification
DoE:
: DoE
Interaction
Vendor
DP DS
PSD
DP PSD
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Main Effect & Optimization DoEs 9

 Lab Scale Main Effect DoEs « Lab Scale Optimization
DoEs

Mix Speed Water Amt

~

Full Scale Confirmation DoE

ill Volume Vendor

iy

Spray Rate
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Discussion Topic 1. 9

Sss=8 Assessing Criticalities and DoEs

* Observations / Learnings

- Fine analysis of the process (Fishbone diagrams) and clear RA methodology
(FMEA metrics) driven by Severity.

- QOutcome of DoEs: Only Pareto charts were presented.
In this case study, no further focus on modelling:
* DSp limits were not extreme

* Although DSp was the surrogate for dissolution test at release, DP was a
dispersible tablet (disintegration time < 3 min tested in-process).

In principle, statistical results confirming the validity of the model are usually
requested for DoEs establishing design space (goodness of fit, goodness of
prediction, ANOVA p-values, ...).

- Full scale DoE already executed: A protocol for DSp verification at commercial
scale was not requested in this application.

Connecting People, Science and Regulation 13



Discussion Topic 1:

Assessing Criticalities and DoEs

e Best Practice / Recommendations

- Level of details for review of RA depends on its use. If DSp claimed:

* Comprehensive RA to understand the selection of variables in the DoE (individual
scores and thresholds, with rationale)

* Could be presented as risk matrix CPP vs CQA or as provided in this application

- Level of details for DoEs depends on the purpose:
For screening, summary might be sufficient.
For design space establishment, more details are needed:

* type of experimental design

* tables summarizing inputs (including batch size), ranges and results achieved for
each experiment

* if applicable, scale independent factors should be discussed
* statistical significance of parameters studied with interpretation
* summary of parameters that were kept constant during the DoE

Connecting People, Science and Regulation 14



Discussion Topic 1: 9

Sss=8 Assessing Criticalities and DoEs

e Best Practice / Recommendations

Use of commercial scale batches for DoE is not mandatory.

Instead, a protocol for DSp verification at commercial scale is usually
requested.

Need for a clear and transparent Control Strategy: is a DSp claimed, or have
PARs been investigated only for robustness purposes?

A design space would normally include only CPP and CQA. Nevertheless,
process description should include non CQA and non CPP.

Development of DSp is detailed in CTD sections S.2.6 and P.2.
Description of DSp should be presented in CTD sections S.2.2 and P.3.3.
* Part of the regulatory commitments

* Facilitates review by the assessor, indicating upfront the control strategy and
the extent of flexibility claimed by the Applicant.

Connecting People, Science and Regulation 15



Discussion Topic 1:

Assessing Criticalities and DoEs

e Best Practice / Recommendations

A satisfactory way to present the process description is in tabular format: one
table for all the target settings, one table for CQA and CPP defining the DSp
with the corresponding ranges (could also be a mathematical equation), and
one table for QA and PP not included in the DS with their PAR.

Table 2-1 Targel processing paramaeters for
Process  Parameler Target value | range
slep &
1 Pre-muong Anorox § manutes
: ol e Sohston Table 5.2 Manulacturing ranges Tor non-critical parameters for ¢
3 Fll Volama - dispersible tablets
- | Variable Quality Attribute (QA) or Manufacturing rangs
Solution Addition Spray - " P‘l':ﬂ‘“ Paramatar (PF)
- " — O am
Rute Ovug substance PSD Q Table 51
Bhoni Spmd -
| Lactoss monohydisle 200 QA Variable
meash PSD
Chopper Speed T
— ¥ F Lactose monchydrate spray QA
=W ared PSD
Granulaton tme
4 InComang Aa Hurmadity cm PR ’
(v hagh shear granulator)
Soiutson BOSBON SOrEy rite PR

{weard haph dhviier Qeinaslishion )

' tablets full scale Design Space

Tables’ extracts from module 3.2.P.3.3

[
[
(
1
k
1
([

Critical Quality Attribute
{CQA) or Critical Process
Parameter (CPP)

Design Space Level Description

CoA

Coh

cep

CPP

CPP




Discussion Topic 2:

Models In the control stratec

 How to implement models supporting QbD
control strategy
- High, medium and low impact models
- Validation of a model for CU
- Validation of a model for BU
- Usage of a MSPC Model
- Level of detalils in the submission

Connecting People, Science and Regulation 17



Categories of Models 9

High impact model: sole indicator for quality and release
Examples in this application:

. NIR for CU, drying (LOD) and ID
. Design Space model (dissolution)

Medium impact model: important in assuring quality of the product but not
the sole indicator of product quality
Examples in this application:

. MSPC for Granulation to assure normal operation conditions (borderline
between levels medium and low)

. NIR for BU (borderline between high and medium)

Low impact model: support product and/or process development

Example in this application:
. Main effect DoE

Connecting People, Science and Regulation 18



Control Strategy

Granulation Drying
CU/ID/Assay PAT Iniformity
Dissolution/degradation Design Space

roducts

[ Models




High Impact models

Independent batch data to confirm reliability and robustness

A
[ |

Calibrati Test Set Parallel Testing
alibration set (Internal Protocol to be
(used for modeling) Validation) provided

\ )
|

Batch data available for model development

1

Model is fixed

Subject to

Subject to Submission Inspeciion
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Example CU by NIR

Risk Assessment
Development/Planning Calibration Design Development

Scoping Feasibility Studies Report

Production and Measurement of
Data collection Calibration Tablets (random design, 85-
115 % of label claim)
Definition of Acquisition Parameters

Calibration Model Generation, optimization and Validation
Internal validation finalization Protocol
External Validation External Validation (n=3, punctual assessment)

Method transfer on 3 batches
Parallel Testing (statistical assessment n >> 3)

Lifecycle management Maintenance

Connecting People, Science and Regulation 21



Risk assessment 9

* Robustness testing included
— EXcipients from different vendors
— DoE batches (varying process conditions)
— Hardness

— Influence of Embossment, Operators and
presentation of tablets

« Variability was incorporated by design or confirmed by
testing
— Random calibration design to avoid chance correlations
— Inclusion of DoE target batches into the calibration

Connecting People, Science and Regulation 22



CU by NIR: Validation

Accuracy

Connecting People, Science and Regulation

Assessment based on a
large number of batches
applying statistical
acceptance criteriain a
retrospective manner

Bias, SEPyopatches PaSEd
on n=30 with low
threshold:

Bias <1 %

Punctual assessment
on a few individual
batches (e.g. n=3) with
individual acceptance
criteria in a prospective
manner

Individual differences
between model and
reference with wider
ranges

MAX; | REF, — NIR|| <
3.5%

Bias < 3.0 %
SEPlOtabIets <3.5%

23



CU by NIR: Validation

Linearity Accuracy across the
range
Correlation coefficient
SEC of calibration data

Specificity Placebo tablets
Specific aromatic
overtone in the spectrum

Precision: Reproducibility Six measurements with
different operators

521 Verum

Placebo

After validation the two methods are running in parallel for at least 15 batches
(parallel prior to final implementation).

Connecting People, Science and Regulation 24



CU by NIR

e Observations

Weight correction not needed in this case as weight is tightly controlled
and long experience/capability.

Range between 85 and 115 % because the model could not cope with a
wider range (high drug load)

* Generally 70-130% recommended to cover 2.9.40 requirements

* In this case, reduced range justified by high dosage form, process
capability and historical data on 200 batches.

Accuracy demonstrated across range on independent tablets but not on
independent batches.

Not considered as real PAT since only 30 tablets were analyzed off-line.

Circumstances under which to go back to the old reference method
clearly specified: NIR result outside of validated range, failure of NIR
apparatus, investigation purposes.

No NIR raw data were requested only figures of the NIR spectra.

Connecting People, Science and Regulation 25
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CU by NIR

e Learnings based on new guidance

Concept of scope to facilitate continuous improvement and to manage how
future changes to the procedure may be implemented from a regulatory
perspective.
Elements of the scope are detailed in the revised NIR guideline.
For this case study, the scope was not clearly identified and some elements
were missing for instance :

- sampling interface model (drawing),

- outlier detection mechanism (e.g. by Mahalanobis distance)

_Topics for further discussion >

Parallel testing: Number of batches (15) not a standard regulatory requirement
(legacy product). However, protocol needs to be submitted and justified.

Connecting People, Science and Regulation 26




Example BU by NIR Q

e Quantitative Model was
developed and validated at lab

scale in the development center
In NJ US

. . Method was then transferred to
the production site in CH

Connecting People, Science and Regulation 27



* Objective of the method
— Online API prediction

— Online moving block standard
deviation of API prediction

— Endpoint decision not on time but
based on API concentration to be
between 90 and 110 and standard
deviation of API over the last 10
revolutions below 2.5

Connecting People, Science and Regulation 28
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Validation for End Point Detection

Blending process is stopped based on NIR results

Different End point settings

120
100 A
—e— End point determination by
80 time
iy ! —s—End point determination by
S 60 54 homogeneity
% 40 ; —&—RSD
20 Ll —1— RSD

-20

Time [min]

 The blending process is stopped when the defined endpoint criteria of
the method are met.

 The blending time is shortened.
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BU by NIR: Validation 9

o Built with external off line sample 70 - 130 %

* With this model the DoE batches with all variability could
be monitored

* Robustness with rpm, fill level and PSD of APl and
excipients

« Transfer to full scale, comparability between lab and full
scale

« Validation for on-line CONTROL by stopping a batch by
the NIR signal and confirming with CU

Connecting People, Science and Regulation 30



BU by NIR

e Observations

— BU by NIR considered a medium impact model since not used
for release

_Topics for further discussion >

— In principle, requirements of the NIR guideline can be applied for
the description and validation of BU gquantitative methods.

It is up to the Applicant to justify his validation methodology.
— Sampling for the reference method:

Complete replacement of thief sampling by testing of final
tablets?

— Validation requirements for qualitative methods?

Connecting People, Science and Regulation 31



Process parameters are summarized
In one quantity (process signature)

} SPC Analysis

TN
N C

9
11

80 90
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MSPC for granulation and drying 9

e Learnings
— Manufacturing process already validated (legacy
product)
— DSp verified at commercial scale

— MSPC models (granulation, drying): part of a
Continuous Process Verification to support continual
Improvement

MSPC models considered low impact
Consequence in terms of level of data requested

Validation data reviewed during inspection but
submitted in the dossier for information
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Discussion Topic 2:

Models In the control stratec

e Best Practice / Recommendations
— Level of details correlated to the impact of the model
— Clear and transparent Control Strategy
DSp as a basis for RTRT?
PAT for release or for in-process monitoring?

Monitoring for continuous improvement or alternative
approach to validation?

Connecting People, Science and Regulation 34



Discussion Topic 3: e

QbD Real life experience

e |SSues
— How to handle OOS and OOE

e OOS results from a NIR measurement
« Excursion out of the Design Space

— How to handle changes
* High Impact models: Change of the NIR model

— General expectations for a QbD Inspection
* Pre Approval Inspection (PAI)
» General GMP Inspection

Connecting People, Science and Regulation 35



Deviation Management for NIR

* Procedures following an OOS obtained by a NIR

measurement:
Invalidate by 6
Standard investigation I. Exclusion of a lab handling error Yes new
' measurements

Z
o

Invalidate by 6
Yes new
measurements

Standard investigation II: Exclusion of Sampling Error (e.g.
tablets damaged)

Z
o

Intensive investigation: Review of batch record Batch release

Y [}
Extensive testing = SR
o Update of NIR
Deviation confirmed Deviation not procedure
Confirmed
Connecting People, Science and Regulation —_— 36



Deviation Management for DSp e

Example

« Definition of DSp: Water amount at granulation 28 — 34 %

Incident: By a human error
more water (35%) was

« Extent of deviation has to be evaluated

* Risk assessment (Impact on Quality)

« Evaluation whether process deviation can be handled by
subsequent steps (drying)

» Scope of additional testing, e.g. IPC (LOD, PSD)?

» Full end product testing needs to be done

Connecting People, Science and Regulation 37



Deviation Management for DSp
Topic for further discussion

* Procedures following a DSp deviation:

Immediate action: Risk assessment and additional sampling o Severe deviation:

whether to proceed Discharge batch

SOA

Proceed with manufacturing with additional sampling if
necessary

2
o

Full QC End Testing (no RTRT)

Thorough batch record review and risk assessment Measure thaVOtid
.- same Inciaen
Release decision based on the outcome. . ol B 6 Sy
OOS of DSp is invalidated by Risk assessment, additional Extension of DSp with
data and full end testing regulatory approval
Connecting People, Science and Regulation 38



Post approval change management e

» Scope of a NIR procedure defines e.g. the instrument, substance to
be tested, method characteristics, model...

* In dalily life it is quite likely that the scope is changing, for instance
new NIR spectrometer, update of model due to supplier change...

» Post-approval requirements for NIR procedures are covered by
Section 7 of the latest revision of the NfG on the use of NIR.
Changes outside the approved scope are subject to variation

application.
Scope
Change
Change Management Protocol
Type IB Variation in most of cases Type IA if agreed by authorities
Connecting People, Science and Regulation 39



Post approval change management e

 Change Management Protocol:

— Describes specific anticipated changes that a company would
like to implement during the lifecycle of the product

— Faster and predictable implementation of changes post-approval

— Strategy and test procedure are agreed with Regulatory
Authorities

« Examples:
— Update of a spectral library for identification

— Update of a quantitative method due to changes in the process
(excipient vendor)

— Update of the chemometric software for the predictions

Connecting People, Science and Regulation 40



Expectations for QbD Inspection

* Pre Approval Inspections (PAI)

Qualification procedures for PAT systems: URS, 1Q,0Q

Qualification of automation and IT infrastructure: CSV, transfer of data,
interfaces between sensors and data storage systems

Maintenance procedures

Periodic re-qualification

System SOPs (OOS, Change management,...)
Education/training records

Exchange with the assessor before and after the inspections
Ideally assessor would take part in PA

 General GMP Inspection

Method performance as part of PQR and CPV
Deviations and changes

Results from parallel testing

Batch release procedures

Procedure for identification, evaluation and implementation of continuous
Improvement

Connecting People, Science and Regulation 41
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e Background
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CU NIR Methodology

Calibration tablets

NIR Reference method
(HPLC)
External validation
(or test) tablets
NIR calibration spectra API content

Chemometrics
NIR

L - : API content of
NIR validation spectra |:> Calibration Model |::> validation tablets
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Concentration distribution of randomized

* Minimized concentration correlation between the API and principal excipients

Concentration distribution of APl and excipients
< Crosprovidone

® Lactate
S 35 4 Avicel
'§' ° ° ° .
@ 30 . e .
c
]
=y 25
5 . .
.
> 20 s .
Ko 4 .
S 15 = : _
.‘|: A
o
b 10 A
c
3
c 5 T T T T T
S 24 26 28 30 32 34
Concentration of APl (wt%)
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