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Quality by Design
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Quality by Design (QbD): 
A systematic approach to 

development that begins with 
predefined objectives and 
emphasizes product and 

process understanding and 
process control, based on 

sound science and quality risk 
management. - ICH
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https://www.mt.com/us/en/home/applications/L1_AutoChem_Applications/L2_ReactionAnalysis/design-of-experiments-doe.html



Design Matrixes
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(2-5 equiv)
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Run 
Order

Temperature
(˚ C)

Reagent X
(Equiv.)

Concentration
(M)

1 2 25 (-1) 2 (-1) 0.2 (-1)
2 6 50 (+1) 2 (-1) 0.2 (-1)
3 3 25 (-1) 5 (+1) 0.2 (-1)
4 1 25 (-1) 2 (-1) 0.5 (1)
5 8 50 (+1) 5 (+1) 0.2 (-1)
6 4 50 (+1) 2 (-1) 0.5 (+1)
7 10 25 (-1) 5 (+1) 0.2 (-1)
8 5 (50) +1 5 (+1) 0.5 (+1)
9 9 37.5 (0) 3.5 (0) 0.35 (0)

10 7 37.5 (0) 3.5 (0) 0.35 (0)

Full Factorial
(2n runs + Center points)

https://www.mt.com/us/en/home/applications/L1_AutoChem_Applications/L2_ReactionAnalysis/design-of-experiments-doe.html



Composite Centered Design 
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Composite Centered 
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1

CCC CCF CCI

ICH PHARMACEUTICAL DEVELOPMENT Q8(R2)  - https://database.ich.org/sites/default/files/Q8_R2_Guideline.pdf
Ait-Amir, B.; Pougnet, P.; El Hami, A. 6 - Meta-Model Development; El Hami, A., Pougnet, P. B. T.-E. M. S. 2, Eds.; Elsevier, 2015; pp 151–179.

https://database.ich.org/sites/default/files/Q8_R2_Guideline.pdf


ANOVA Basics
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Sum of Squares Mean Square

Sum of Squares
˚ of Freedom

F-Value

Varience Attributed
to Investigated Factor
(mean squared)
Varience Atributed
to Random Error

P-Value

Computed from a 
standard 

distribution of F-
values 
(P.05)

Residuals – Measure of random 
errors in a regression analysis

(Should be normally distributed)

Curvature – Measure of linearity in 
the regression model

(Statistically significant curvature
Suggests quadratic terms are 

required)

ANOVA



Visualization Tools
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https://www.statease.com/docs/v13/tutorials/multifactor-rsm/
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FMEA Tables
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Ethyl acetate and isopropyl alcohol 
are added to a round- bottom 

flask. Crude compound 4 is added, 
and the mixture is stirred for 15 

min to achieve complete 
dissolution. The solution is then 
cooled to 25 ± 10 °C, and ethyl 

acetate/HCl is added at the same 
temperature. The reaction mass is 
maintained for another 2 h at 25 ±

10 °C. The precipitated API 
hydrochloride salt is filtered under 

a nitrogen atmosphere, and the 
cake is washed with ethyl acetate. 
The material is then vacuum-dried, 
unloaded into a vacuum tray drier, 
and further dried at 47.5 ± 2.5°C 

until a constant weight is 
obtained. 



FMEA Tables
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ANOVA Evaluation
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Addition of CCD
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% yield = −623.97 + 58A + 1240.5C − 61AC − 531C2



Contour Visualization
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% yield = −623.97 + 58A + 1240.5C − 61AC − 531C2



Design Space
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Optimization of Litagliptin Synthesis
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Optimization of Step 1
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https://www.mt.com/sg/en/home/products/L1_AutochemProducts/chemical-synthesis-reactor-systems/EasyMax-102-Basic-Synthesis-Workstation.html

Full factorial: 25 = 32 experiments
¼ factorial: 8 experiments + 3 center points

Output = Residual 2

PLOF = 0.018
Pcurvature = 0.019
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Step 1 – Addition of CCD
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ICH PHARMACEUTICAL DEVELOPMENT Q8(R2)  - https://database.ich.org/sites/default/files/Q8_R2_Guideline.pdf
Ait-Amir, B.; Pougnet, P.; El Hami, A. 6 - Meta-Model Development; El Hami, A., Pougnet, P. B. T.-E. M. S. 2, Eds.; Elsevier, 2015; pp 151–179.

Composite 
Centered 

Design (CCD) -1

1

CCC CCF CCI

18 Additional CCF 
experiments 
carried out

https://database.ich.org/sites/default/files/Q8_R2_Guideline.pdf


Optimization of Step 2
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Step 2 – Addition of CCD
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17 Additional CCF 
experiments 
carried out
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Optimization of Step 3
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Step 3 – Addition of CCD
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Summary of Litagliptin Synthesis
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DoE on Discrete Variables
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1st Round DoE
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2nd Round DoE
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Summary
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Capabilities:
• Systematically and efficiently 

generate interpolative and 
predictive models

• Can evaluate any number of 
variables for multiple outputs 
simultaneously

• Easily provides powerful tools for 
analysis and visualization of data

Challenges:
• Number of runs scales exponentially with 

number of variables and levels
• Screening of discrete variables is difficult
• Models are only as good as the data they 

are given
• Incapable of accounting for lurking 

variables and scale up challenges


