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Definition of Design Space

Design Space is:
– the multidimensional combination and interaction 

of input variables (e.g. material attributes) and 
process parameters that have been demonstrated 
to provide assurance of quality. 

ICH Q8(R2) (Step 4, August 2009), 
“Pharmaceutical Development”, page 7.
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• We interpret Quality to mean patient safety and efficacy.
• We do not interpret assurance to mean 100% certainty.



Example: Oral Solid Dosage Granulation and 
Compression

Three CQAs (Ys)
– Disintegration time: 

< 15 minutes (A’s)
– Friability: < 0.8 % loss 

after 12 min at 25 rpm
– Hardness: 8-14kp
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Compression

• Three Compression parameters (Xs)
• Main compression force
• Main compression/pre-

compression ratio
• Speed

Granulation Critical Quality 
Attributes

• Three HSWG parameters (Xs)
• Quantity of water added
• Rate of water addition
• Wet massing time



Design Space Definition
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Design space consists of the set of all values and combinations 
of the controllable parameters (X’s) that are predicted to yield 
all of the critical quality attributes (Y’s) within their 
specifications  (A’s) with a probability of at least 1-α.

{ }1Design Space = | Prob( | )x Y A X x α∈ = ≥ −

Experience with existing processes may provide input to the
establishment of a practical target value for α.  

This definition does not provide a sharp “edge of failure”.  
Values outside the design space are not doomed to fail and 
values inside are not guaranteed to succeed.
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5

Risk 
Assessment

Process 

Design of
Experiments

(DoE) 

Perform the 
Experiments

Statistical Analysis
of DoE (Build a 

quantitative model)

Apply the 1-α level 
of quality assurance.

(to quantitative model)

Knowledge
Space 

from DoE

Design
Space

Control Strategy 
Derived from
Design Space



Example: Oral Solid Dosage Granulation and 
Compression

Three CQAs (Ys)
– Disintegration time: 

< 15 minutes (A’s)
– Friability: < 0.8 % loss 

after 12 min at 25 rpm
– Hardness: 8-14kp
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Compression

• Three Compression parameters (Xs)
• Main compression force
• Main compression/pre-

compression ratio
• Speed

• 8 combinations plus three centre 
points on compression

Granulation CQAs

• Three Granulation parameters 
(Xs)

• Quantity of water added
• Rate of water addition
• Wet massing time

• 7 combinations plus two centre 
points on granulation

All granulation combinations combined with all compression 
combinations to give a total of 99 runs
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Example: OSD Granulation and Compression Analysis –
Seemingly Unrelated Regression Models
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Disintegration Time

1. Water Addition Quantity

2. Water Addition Rate

3. Wet Massing Time

4. Main Compression Force

5.

Interactions: 2 by 4; 3 by 4

Friability

1. Water Addition Quantity

2.

3. Wet Massing Time

4. Main Compression Force

5. Ratio: Main to Pre Compression Force

Interactions: 1 by 5; 3 by 4; 3 by 5; 1 by 3 by 4

Hardness

1. Water Addition Quantity

2. Water Addition Rate

3. Wet Massing Time

4.

5.

Interactions: 1 by 2; 2 by 3; 1 by 3



Table of Probabilities of Passing Specs for given x
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Marginal ProbabilitiesControl Parameter Combinations

[1] This is only a small portion of a much bigger table.

Granulation
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Joint Probability of Passing Specifications, At MidPoint Compression Ratio

Water Addition Quantity
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Joint Probability of Passing Specifications, At M idPoint Compression Ratio

Water Addition Quantity
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Example: OSD Granulation and Compression Design 
Space, with 1-α = 50%
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Example: OSD Granulation and Compression Design 
Space, with 1-α = 70%

Joint Probability of Passing Specifications, At MidPoint Compression Ratio

Water Addition Quantity
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Backup Slides



Design Expert Design Space Alternatives
Yellow region is predicted pass, 
grey region is a fail.
Red dot 50% probability of pass 
(univariate).
Blue dot is >50% probability of 
pass, but do not know whether 
50% or 99.9%
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Example: OSD Granulation and Compression Design 
Space, Overlaying Means Approach
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Knowledge Space
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Knowledge Space
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