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|. Context = Quality by Design

o Quality by Design

Based on Moheb Nasr’s slides (FDA) — 27 April 2009 at AAPS modelling workshop

i Outline

= Quality by Design (QbD)
= Models in a QbD approach
= Models for design space

= Models for control strategy an .
, , In a QbD approach, process learning
continual improvement does not stop at product launch

= Concluding comments

i Model Maintenance and Update

= Design space can be reassessed and
updated

odels that are part of the contro
strategy may need to be periodically
eassessed and updated
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ll. Methods for real-time-release model transfer, update and maintenance

° Need for robustness improvement

CALIBRATION - y > Model b
y=x"'b+e
PREDICTION + Model b ) Y

e Minimize - Robustness improvement
VARIABILITY (G "
. ( : Lo Model b — y@
PREDICTION % 7 51=14 o] Jcos6xo)
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ll. Methods for real-time-release model transfer, update and maintenance

1st scenario = standardisation set available

e e ——

- Standardisation set available:

 Measurement of a set of standard samples under the different conditions

e Source of variability G value is measurable (e.g. NIR instrument change)

Condition 1 Condition 2 - EXiSting appI’OaCheSZ
X y » Piecewise Direct Standardisation (PDS)
1 2
n Piecewise Reverse Standardisation (PRS)
spectra ref. spectra

Bias / slope
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ll. Methods for real-time-release model transfer, update and maintenance

2"d scenario = small experimental design available

e —

- Small experimental design available:

* Measurement of a set of samples under the new different conditions

» Source of variability G value is not necessarily measurable

Condition 1
Xl yl
Ny
spectra ref.

Experimental design

Xex yex
nex
spectra ref.
y
1 > 4

=

-> EXisting approaches:
External Parameter Orthogonalisation (EPQO)

Orthogonal Signal Correction (OSC) on
experimental design

Generalised Least Squares (GLS)
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ll. Methods for real-time-release model transfer, update and maintenance

3'd scenario = only a few reference control points
O available

e

- Few (1 or 2) reference control points available:

* Neither standard sample nor small experimental design

e Source of variability G value is not measured

Condition 1
— e
X1 Y1 -
n Existing approaches:
spectra ref.
Bias / slope
Condition 2
real-time-release Model re-development (global /
X, exhaustive updating)
Ny
@amic Orthogonal Projection (DOP
Xcontrol ycmtrol
lor2
spectra ref. \ /
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ll. Methods for real-time-release model transfer, update and maintenance

3'd scenario = only a few reference control points
available - 15t approach

- Bias / slope correction (BS):

Batch 1
Calibration set

9 ondalys

New condition set

(reference control points)

New Batch

O
@GlaxoSmithKline

Model
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y,=ay, +b

y, =ay, +b
posterior correction

(equation)




ll. Methods for real-time-release model transfer, update and maintenance
3'd scenario = only a few reference control points
O available > 2" approach

e —

- Model re-development (MRD): y
: ew condition set
(global / exhaustive) (reference control points)

New Batch

New Batch
Batch 5

»
- ]

Batch 1 Batch 1 o0

Calibration set New calibration set Model
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ll. Methods for real-time-release model transfer, update and maintenance
3'd scenario = only a few reference control points
available - 3" approach

- DOP (Dynamic Orthogonal

Projection) :

1 - Few reference control points

New condition set

(reference control points)

l

Batch 1
Calibration set

9 ondalys

l

A 4

OX

. |:3-

\ 4

New Batch

Influence spectra

1

(Orthogonalis

Model

i

4 - Projection O influence subspace

O
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lll. Presentation of the case study

Application

e e ——

- Solid drug product
- Drying process (fluid-bed dryer)

- On-line NIR monitoring of a quality critical attribute = solvent
residuals

- Reference method by GC
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lll. Presentation of the case study

® Data flowchart

_—

[ L1, 11, Dpl] EProductio

v

Facilities

Calibration model

L1 & L2: Production lines
11 & 12: Instruments
DP1 & DP2: Drug Products (PSDs)

n} [ L2, 12, DPZJ

CAL DP1
(5 batches)

TEST1DP1
(3 batches)

© Small drift effect
= batch effect

\ 4

TEST2DP2
(5 batches)

@ Large block effects = line,
instrument and product effects
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lll. Presentation of the case study

Calibration model

e e ——

Calibration by leave-one-batch-out Cross-Validation after outlier removal

Model 5 batches - Cross Validation Leave one batch out

1.8 T T T T T T
0o ®
170 1 Latent Variable i
' |RMSEC = 0.051 ,
RMSECV = 0.059 |
o L16F R? = 0.93 - .
% Bias = 0.000 e
8 15+ *% o ° §
o e
12} )
S 14 @ .
S )
&
= 13 , @
5 - P ) ® eBatch 24 (bias=-0.089)
3 ,' ®Batch 25 (bias=0.055)
1.2+ ® . i
' o ®Batch 29 (bias=-0.055)
.. PO o0 ®Batch 31 (bias=0.042)
1ir &° o ®Batch 40 (bias=0.133)
T. ® o
l | L L L L L L L
1 1.1 1.2 1.3 1.4 1.5 1.6 1.7

Solvent residuals measured
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I\VV. Results of the comparison of the 3 approaches

1 — Small drift effect = batch effect

e —

Test on TEST1 DP1 (same line, instrument and produc t)

2
1.8 : °®-
' 1 Latent Variable
RMSEC =0.051
16 RMSEP =0.103 |
T 7 R=o01 - e
s Bias = -0.074 %o
()] L _
kS 1.4 < o
1% ('} B
S v
S 1.2r ® v v -
3 000 & o® v
= o® “ v o
g 1 Vv ® Calibration test -
3 vovYy v ' Batch 58 (bias =- 0.028)
o8- wyv ¥ ¥ Batch 98 (bias = -0.071)
' v V¥ Batch 108 (bias = -0.152)
0.6 -
0.4 : : ‘

| | |
0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
Solvent residuals Measured
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I\VV. Results of the comparison of the 3 approaches

1 — Small drift effect = batch effect

Corrections using the 3 approaches on TEST1 DP1 (sa

product)

L1, 11, DP1

Batch
effect

L1, 11, DP1

No more
batch effect

me line, instrument and

Model update

. Without Bias and
Flgure§ correction slope Model re- bop 3 erence
of Merit (1LV) e development | correction | control points
(2LV) (1LV)
SEP 0.046 /
Batch 58 BIAS -0.028 / / / / 0
R? 0.965
SEP 0.079 / 0.036 0.038
Batch 98 BIAS -0.071 / ; -0.004 -0.006 1(1%)
R? 0.835 0.807 0.797
SEP 0.160 0.079 0.037 0.032 1(1%)
Batch 108 BIAS -0.152 -0.045 -0.025 -0.014
R? 0.887 0.815 0.969 0.963

Batch 58 BIAS 0.155 0.009 -0.012 0
R? 0.856 0.945 0.956
mmm)p MRD and DOP outperform BS when the influence factor  disappears

9 ondalys

O
@GlaxeSmithKline

Chimiométrie 2009 - 01/12/09

18




I\VV. Results of the comparison of the 3 approaches

1 — Small drift effect = batch effect

e —

DOP correction on TEST1 DP1 (same line, instrument  and product)

1.6

1.4

1.2

Solvent residuals

0.8

0.6

L1, 11, DP1: Testl

i ref. Batch
E Batch § 58
;58 # Batch
L F 108 3 |
; : b
"' ref. E" "'
- Batch i) : .
O & M 98 D@é @9
L 0 % o % _
@]
@ .... % % E
I o ¥+ gctual reference value
0 prediction without correction
©  DOP-corrected predictions
| | | | | | | |
400 600 800 1000 1200 1400 1600 1800 2000
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Sample number
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I\VV. Results of the comparison of the 3 approaches

2 — Large block effects = line, instrument and
product effects

e —

Test on TEST2 DP2 (different line, instrumentand p  roduct)

9 ondalys

Test with 5 batches

2 T T T T
e®
S e ®
s ©
1 288 ® |
e}
(]
5o —
-O .
2 1 Latent Variable ¥ Batch 36 (bias = -3.967)
%) RMSEC = 0.051 .
< Batch 37 (bias = -3.978
S 1| RMSEP =395 v Batch 37 (bias ) |
@ R2 = 0.94 Batch 43 (bias = -3.899)
,‘é Bias = -3.951 Batch 44 (bias = -3.938)
S 2 Batch 48 (bias = -3.976) 1
%
e Y
v v

| | |
0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7
Solvent residuals measured

@Glaxosmith,(“ne Chimiométrie 2009 - 01/12/09 20



I\VV. Results of the comparison of the 3 approaches

2 — Large block effects = line, instrument and

product effects

Corrections using the 3 approaches on TEST2 DP2 (di

Figures Without Bias and O E—
: ; Model re- .
of Merit correction sIope correction development DOP correction s points
(1Lv) (1Lv) (1LV)
(2Lv)
SEP 3.967 0.054 0.096 0.043
L2, 12, DP2 Batch 36 BIAS 3.967 0.038 0.069 0.001 2 (1%t and 27)
R 0.989 0.974 0.925 0.969
SEP 3.979 0.059 0.110 0.076
Batch 37 BIAS 3.978 0.014 0.051 0.001 0
R 0.989 0.977 0.931 0.959
% SEP 3.901 0.110 0.141 0.088
ks Batch 43 BIAS -3.900 0.089 0.116 0.056 0
5 R B 0.970 0.954 0.967
< SEP 3.938 0.062 0.129 0.069
Batch 44 BIAS 3.938 0.053 0.104 0.032 0
R? 0.996 0.993 0.961 0.975
SEP 4.061 0.069 0.119 0.056
Batch 45 BIAS -4.061 -0.059 0.107 0.032 0
R* 0.944 0.916 0.815 0.860 ]
© 111 DPL SEP 0.046 3.582 0.044 0.045
og Batch 58 BIAS -0.028 3.581 0.003 0.008 &
o5 R® 0.965 0.952 0.951 0.952
Z

mmm) DOP outperforms MRD for strong effects when very fe
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I\VV. Results of the comparison of the 3 approaches

2 — Large block effects = line, instrument and
O product effects

e —

DOP correction on TESTZ2 DP2 (different line, instru  ment and product)

ref.

21 |
woon o= .
5 K xR L
{3 \ (N "4\0 Q@ @
1r Q@) % % *tb i
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o 36 37 43 44 45 5 |
L2,12,DP2: Test2 L1,11,DP1: Testl

-=¥-- actual reference value
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©  DOP-corrected prediction
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V. Conclusions

Conclusions

e —

v" Different algorithms for model maintenance or trans fer when neither
standardisation set nor small experimental design i s available: bias/slope
correction (BS), model re-development (MRD) and DOP  correction

v DOP and MRD outperform BS when the influence factor disappears

v' DOP outperforms MRD when using a minimal number of reference
control points, especially for strong effects (prod uct effect)

=» DOP is the most suited to specific applications (qu ick model
update, costly reference control points, start of a new condition of

manufacturing, ...)

v MRD can only be used when a large number of referen  ce control points
are available
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