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Quality by Design
I. Context = Quality by Design

Based on  Moheb Nasr’s slides (FDA) – 27 April 2009 at AAPS modelling workshop
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Need for robustness improvement

II. Methods for real-time-release model transfer, update and maintenance
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1st scenario = standardisation set available

� Existing approaches:

Piecewise Direct Standardisation (PDS)

Piecewise Reverse Standardisation (PRS)

Bias / slope

II. Methods for real-time-release model transfer, update and maintenance

- Standardisation set available:

• Measurement of a set of standard samples under the different conditions

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

X1 X2

Condition 1 Condition 2

y

spectra spectra
n

ref.
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2nd scenario = small experimental design available

II. Methods for real-time-release model transfer, update and maintenance

- Small experimental design available:

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

• Source of variability G value is not necessarily measurable

� Existing approaches:

External Parameter Orthogonalisation (EPO)

Orthogonal Signal Correction (OSC) on 
experimental design

Generalised Least Squares (GLS)
G
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3rd scenario = only a few reference control points 
available

II. Methods for real-time-release model transfer, update and maintenance

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

• Neither standard sample nor small experimental design

• Source of variability G value is not measured

X1

Condition 1

y1

spectra
n1

X2

Condition 2
real-time-release

n2

xcontrol
ycontrol

spectra
1 or 2

ref.

ref.

� Existing approaches:

Bias / slope

Model re-development (global / 
exhaustive updating)

Dynamic Orthogonal Projection (DOP)
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3rd scenario = only a few reference control points 
available � 1st approach

II. Methods for real-time-release model transfer, update and maintenance

- Bias / slope correction (BS):
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3rd scenario = only a few reference control points 
available � 2nd approach

II. Methods for real-time-release model transfer, update and maintenance

- Model re-development (MRD): 
(global / exhaustive)

Batch 1

New Batch

Batch 5
.
.
.

Batch 1

New calibration set

Batch 5
.
.
.

New Batch
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3rd scenario = only a few reference control points 
available � 3rd approach

II. Methods for real-time-release model transfer, update and maintenance

- DOP (Dynamic Orthogonal 
Projection) :

Batch 1

Calibration set

New Batch

Batch 5

New condition set
(reference control points)
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Application

III. Presentation of the case study

- 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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Data flowchart

L1 & L2: Production lines
I1 & I2: Instruments
DP1 & DP2: Drug Products (PSDs)

Production 
Facilities

L1, I1, DP1 L2, I2, DP2

Calibration model
CAL DP1

(5 batches)

TEST1 DP1
(3 batches)

TEST2 DP2
(5 batches)

���� Small drift effect 
= batch effect

���� Large block effects = line, 
instrument and product effects

III. Presentation of the case study
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Model 5 batches - Cross Validation Leave one batch out

1 Latent Variable
RMSEC = 0.051
RMSECV = 0.059

R2 = 0.93
Bias = 0.000

Calibration model

Batch 24 (bias=-0.089)

Batch 25 (bias=0.055)

Batch 29 (bias=-0.055)

Batch 31 (bias=0.042)

Batch 40 (bias=0.133)

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

III. Presentation of the case study
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1 – Small drift effect = batch effect

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

IV. Results of the comparison of the 3 approaches
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1 – Small drift effect = batch effect

IV. Results of the comparison of the 3 approaches

Corrections using the 3 approaches on TEST1 DP1 (sa me line, instrument and 
product) 
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1 – Small drift effect = batch effect

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

IV. Results of the comparison of the 3 approaches
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Test with 5 batches

1 Latent Variable
RMSEC = 0.051
RMSEP = 3.952

R2 = 0.94
Bias = -3.951

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

Test on TEST2 DP2 (different line, instrument and p roduct) 

IV. Results of the comparison of the 3 approaches
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Batch 36 (bias = -3.967)
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IV. Results of the comparison of the 3 approaches

Corrections using the 3 approaches on TEST2 DP2 (di fferent line, instr. and prod.) 

2 – Large block effects = line, instrument and 
product effects
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DOP correction on TEST2 DP2 (different line, instru ment and product) 

IV. Results of the comparison of the 3 approaches

2 – Large block effects = line, instrument and 
product effects
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Conclusions

� 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

� DOP and MRD outperform BS when the influence factor  disappears

� 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, …)

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

V. Conclusions


