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Experiment Design Process
The flow chart below illustrates the experiment design process:

Experimental Design Process

1) Define 8 Conduct
Problem(s) AP Experiment &
Collect Data
h 4
2) Determine B) Analyze
Objectives Data
v
71 Interpret
3} Brainstorm Results
h 4 v
4) Design 8) Verify
Experiment — Predicted
Fesults




Components of Experimental Design

* There are three components of the Formula/process that are
analysed by a design of experiments:

Factors — Independent Variable will form factors. Variables which can be
controlled by an experimenter.

* Levels — Range of each factor in the study or Grade of Excipients

- Response - or output of the experiment.




Response Surface Methodology




Central Composite Design
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Centre Points and Axial Points are added to estimate curvature effect




Types of CCD

1. CCC - Circumscribed CCD
Each factor studied at 5 level
Axial points establishes new high
and low ranges

2. CCF - Face centered CCD
Axial points are al center of each
side of factorial space

3. ccl- Inscribed CCD S
For those situations where limit
specified for each factor is real
limit. Beyond or below that level it
is not possible to perform an
experiment.

« Here also Each factor studied at
5 level

* |tis a Scaled down of CCC
design




Case Study : Fluid Bed Granulation

* Example

Ingredients
Dry Mix
[Microcrystalline Cellulose (AVICEL PH 102)
Silicon dioxide [Aeoperl 300 Pharma)
556G Type A

Drug Solution

\Drug Substance

Povidonek30
Silicon dioxide (Aeoper| 300 Pharma)
[Ethanal

Dichloromethane

Extra Granular

Microcrystalline Cellulose (AVICEL PH 102)
(Silicon dioxide {Aeoperi 300 Pharma)

55G Type A

Tale (M)

Magnesium Stearate

Total Core

Diluent | 90.00
Adsorbent | 10.00
Disintegrant | B.00
Active | 90.00
Binder |  8.00
Adsorbent | 10.00
Surfactant | 5.00
Salvent | qs
Solvent | qs

Diluent | 92.00
Glidant | 3.00
Disintegrant | 8.00

_ Anti-adherent | 3.00

Lubricant | 3.00
| 33000

27.88
0.91
2.42

091
0.91

10000

()



Step 1 - Define Objective

* Objective:

+ Establishing preliminary formulation component levels and demonstrating
the rationale for selection of the excipient levels. The study can also be
utilized to determine if acceptable product attribute are obtained over the
range of excipient concentrations studied.

Note: State Objective in Measurable Responses

< Factor Interaction

“#+ Formula Optimization

“* Process Optimization

Never Club Formula and Process Optimization in single Study ]




Step 2 - Identify and Characterize variables

Ingredients
Dry Mix
Microcrystalline Cellulose {AVICEL PH 102) Diluent 90.00 27.27
Silicon dioxide (Aeoperl 300 Pharma) Adsorbent 10.00 3.03
S5G Type A Disintegrant 8.00 2.42
Drug Solution
Drug Substance Active 90.00 27.27
Povidone K-30 Binder 8.00
Silicon dioxide (Aeoper! 300 Pharma) Adsorbent 10.00
5L5 Surfactant 5.00
Ethanol Solvent qs
Dichloromethane Solvent Qs
_ ~ Extra Granular _ _
Microcrystalline Cellulose (AVICEL PH 102) Diluent 92.00 27.88
Silicon dioxide (Aeoperl 300 Pharma) Glidant 3.00 091
Disintegrant
Talc (M) Anti-adherent 3.00 0.91

Magnesium Stearate Lubricant 3.00 0.91

Total Core 330.00




|dentify and Characterize variables.... 2

* Define Variables
* Factors To Be Studied
(Independent Variables - Factors)

Binder Level - Numerical

Surfactant Level — Numerical

Disintegrant Level - Numerical

Grade of Adsorbent — Categorical (Nominal)

* Responses To Be Measured

(Dependent Variables - Responses)
Dissolution at 30 min (Should Be in Line with Specification)
Disintegration Time
Polymorphic Form
Hardness

Total 4 Factors
3 Numerical
1 Categorical

* Only the Factors having impact on COAs should be selected
= DOnly those Responses having direct/indirect link with CQAs should be selected




Step 3: Create Design




Central Composite Design

« Start Design Expert Software
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1. Select Response Surface then Select Central Composite
2. Select no. of Numerical and Categorical factors.
3. Write Name of Factor, Units.
4. Put low and high value of factor in Actual. Never use coded values.

1. Check for any negative values in +/- Alpha.
2. If any of the Factor range is displaying Negative Values, Follow step mentioned on next slide.

Always check : Alpha values should not be in Minus as it is not possible to execute trials with minus
values.
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Curvature is best estimated by Rotatable Design

Rotatable: Each factor will be tested al 5 level
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“Recommended when all factor ranges are within allowable operating condition"

i.e. Alpha range is positive for all factors

Face Centered: Each factor will be tested at 3 level

Use when region of interest and region of operability are nearly same.




For Negative Alpha Values — Option 1

(Face Centered — Covers Entire Factor Range)

P vy, i ¥}

o 0 G0 O] E ¢ | 9| E[E

Comcl | Comtiu = |

Ceniral Composita Design
O b ko 6 1§ o Bl e P, M [ G e B Tt 1 T [ | B Mok Rl [ S ] EBEY B BT M D el e el D B 4 s
iz phon o Pon L B
Sy [§ =] Gis SR b e
e e T e -
FREEAS] [ [l s -
& Pl e b L] il B .
[T eI, ' gy ey ey, |
S et e % T I 2 it 7 e | g | |
o poms |1
ratm
" B i o i
S T
T . s
¥ g by g i ] e L Lo
e e e o S A toaa i
S 1 o maai =] T [T
— -2
i . 4
L] o | s
-1 —a ey

(5]
e,

Steps:
1. Firsl click on Option and select Face cenlered design.

2. Factor ranges will be automatically displayed in Alpha Calumns




For Negative Alpha Values — Option 2
(Rotatable — Restricted Operating Range)
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Steps:

1. Firsl click on Option “Enter Factor Ranges in Terms of Alpha”
2,

Enter Factor ranges you wanl to study in alpha calumns




Selected Option 1 (Face Centered — Covers Entire Factor Range)
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Steps:
1. Firsl click on Option and select Face cenired design.
2. Factor ranges will be automatically displayed in Alpha Calumns

3, Click "Continue™
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1. Design Layout will be displayed.
(Notice that —alpha and +alpha match the low and high
levels in FCD)




Step 4: Design Evaluation

(Before Initiating Experimentation)




Evaluate Precision side1of3)

« Use the FDS graph to see if the responses can be estimated
precisely enough: (calculate Signal/Noise ratio)
* Dissolution:
Want to estimate Mean Within * 5%
Estimated Std. Deviation is 3% 5/3=1.7
* Hardness:
Want to estimate Mean Within + 2 kp
Estimated Std. Deviation is 0.6 kp 2/0.6=3.33
 Disintegration Time:
Want to estimate Mean Within £ 2 min
- Estimated 5td. Deviation is 0.5 min 2/0.5=4

Before running the experiments make sure the design meets your needs




Evaluate Precision @side2of3)
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When you have multiple responses, look at worst case first (min. ratio). Ifits OK, all others will also
be good. In this case Dissolution (deltafsigma = 5/3 = 1.7) is harder lo realize than other responses.

| Minimum FDS should be 0.8 |




Evaluate Precision sidesof3)

Use the Mean error type if the goal of the experiment is to
provide an optimization model.

Use the Pred error type if the goal of the experiment is to
provide accurate predictions.

Use the Diff error type as a substitute for power on
response surface and mixture designs.

Use the Tolerance setting if you need to meet tolerance
specifications.
FDS should be at least 0.8 or 80% for exploration, and 100%

for robustness testing. FDS can be improved by adding runs,
reducing the "s", increasing the "d", and increasing the "a".

(25)



'Step 5: Perform Experiments and
Input Data




Run Experiments

« Since design is precise enough, run the experiments and note the
responses in response column.
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|_FiII The Response Data..... il

* QOption 1: Enter data manually in Software

= Option 2: Export the file to excel, feed the data and simulate/import to your
existing design
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Fill Th
Fill The Response Data.....
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Step 6: Analysis & Interpretation




'Data Transformation
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1. Go to diagnostic tab

2. In Box-Cox plot, check for recommended transformation




Analy515 Fit Summary..... 1
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The Suggested model is selected because:

1. Quadratic model is significant, p-value < 0.05

2. Lack of fit is insignificant, p-value> 0.10

3. Having highest adjusted and predicted R-squares.

Never Select Aliased Model




Analysis: Fit Summary.....
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Focus on the Model maximizing the "Pred R-Squared”, or equivalently
minimizing the “PRESS"
The diff. between Adjusted R-squared and Pred. R-Squared should be < 0.2
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‘ Analysis: Selection of Model
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» Select finalized model. In this case it is “Quadratic”.
Mate:
There are four algorithms for selection, 1) Backward, 2) Forward, 3) Stepwise and 4) All-
hierarchial.

For experiments with litle or no colinearity all four will lead to a same reduced model. When the
factors are correlated with one other, the reduced model differ depending on the selection method
used.

Backward selection has the advantage of starting with all terms in the model.




Analysis: Anova with backward selection

= ANOVA for Response Surface Reduced Quadratic model
-Anarjsl-l. of variance table [Partial sum of squares - Type il
| Sum of Mean F p-value
__|5eurce Squares df Square Value Prob > F
__|Moael 1968.55 4 45214 T < 0.0001 significant
__| C-Surfsciant T4E2.05 1 1452.05 103.08 = 0.000T
|| D-Sdicone D 14623 1 14823 1045 o.ao2r
| D 186.05 1 186.03 1212 0.000%
] & 17223 1 17223 1214 00013
|__|Residual 458 43 35 14.18
Lack of Fit 351.59 25 1406 a7 0.5521 not significant
|| Pure Emor 144,83 10 1448
|__|Cor Total 2484 58 35

« The least significant terms will be removed automatically
* Model P-value < 0.05
* Model Lack-of-fit > 0.10




Analysis: Full Vs Reduced Quadratic model

Full Model
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How do you compare full vs reduced model
Answer: reduction improves lack-of-fit




Analysis: Full Vs Reduced Quadratic model

Full Model
Std. Dew. 3.97 R-5guared 0.8334
Mean 92.22 Adj R-5quared 0.7501
CV. % 4.31 Pred R-Squared 0.6270
PRESS 919.39 Adeq Precision 11.898
Reduced Model
Std. Dew. 3.77 R-5quared 0.7986
Mean 93.22 Adj R-Squared 0.7756
CM. % 4.08 Pred R-5quared 0.7466
PRESS 624.61 Adeq Precision 17.424

Model

Predicted R-Squared and Adequate Precision improved with Reduced




Step 7: Diagnostic
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1. Go to diagnostic plot and use diagnostic tool tab to confirm
assumptions for ANOVA are met.
2. Check all the plots always




Analysis: Normal Plot & Residual Vs. Predicted Plots
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Mormal plot of residuals: Residuals Vs. Predicted:

Check for normality of data. * This plot is used to confirm the

Residuals should follow a straight
line.

Some scalter is expected.

Lock for definite patterns, e.g. “S
Shape”.

constant variance assumption
All the points should be within
the 3 sigma limits

Some scatter is expecled
Look for definite patterns, e.g.
Megaphone “< Shape”.




Analysis: Residual vs. Run & Predicted Vs Actual

Besiduals va. Run
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Residuals Vs. Run:
* Used to confirm the independence
assumption.
+ All the points should be within the 3
sigma limits.
«  Some scatter is expected.
+ If any point fall outside 3 sigma limit,
this points are statistical outlier.
Problam with the model
Transformation problem
Wrong data enlered
+ Wrong experiment done

Predicted Vs, Actual:

' »  Use to see how the model predicts

over the range of data.

=  Some scatter is expected,

* For optimization study it’s not very
important.

* [ts imp. When you want to predict
a response based on change in
factor level.




Analysis

: Box-Cox
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Baox-Cox Plot for Power Transforms

Box-Cox plot tells you whether transformation of data may help.
Motice that it says “none” for recommended transformation




[ Analysis: Residual Vs. Factors

il v, DBl Dicaie {Gusce] Residuals vs. G Suractant Level (%)
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GOQOD: Random scatter both ends LEAD: More variation at one endj

Watch ONLY for very large differences.




Analysis: Influence — Cook’s Distance & DFFITs

el (AN

Caook's Dhatance
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DFFITS v Aun

Cook's Distance:

Cases with large values relative to other
cases should be investigated.

They could be caused by recording
errors, an incorrect model or a design
point far from the remaining cases.

helps if you see more than one outlier in
other diagnostic plots. Investigate the run
with the largest Cook's Distance first.

DFFITS — Difference in Fits:

* Look for values outside the
blue limits.

« Ahigh value indicates the
predicted response for a
particular run changes when
the particular run is removed
form the regression.

N




Analysis: Influence - DFBETAs

DFBETAS for intescapt v Fun DFBETAS f € v Fun
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DFBetas: Difference in Betas
Used to identify model and data problems.
You must click through the Term Pull down menu to look through all this graphs.




Response Surface - Influence
oo | oesapton | wiw

ired Residual divided by the Normally constant o?
intamnally Stude estimated standard deviation

Raskiitals of that residuals
Residuals divided by the Outlier detection and/for
Externally studentized estimated std dev of that model misspecification
Residuals residual, without the it"
Case (deletion statistic)
Change in joint confidence Overall Influence
Cook’s Distance Ellhpsold [regress:r.-n? with and
without a run (deletion
statistic)
Change in prediction with and  Influence on fitted value
DFFits without a run; the influence a
(difference in fits) run has on the predictions
(deletion statistic)
Change in each model Influence on coefficients
DFBetas coefficient{beta) with and
(difference in betas) without a run (deletion
statistic)

WIIFM = What is in it for me



Model Graphs
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Look at different model graphs, i.e. interaction, 2D, 3D, pertubation to

understand the impact of factor on responses.




Interaction Graph
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With Aerosil 200, increasing Surfactant significantly improves the dissolution.
While with Aeroperl 300 there is only a slight increase in dissolution with increase in
surfactant level.

If the LSD bars for two means overlap, the difference in those means is not large
enough to be declared significant change.




Interaction Graph

_Interaction
D: Silicone Dioxide (Grade)
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To aid in seeing whether the bars overlap, try right clicking on LSD bar and choosing
“Draw horizontal reference”.




Analysis of Each factor

* Analyze all the factors using similar method




Develop Good Model

* Be sure that the fitted surface adequately represents your
process before you use it for optimization

1. Asignificant model: Large F-value with p<0.05
2. Insignificant lack-of-fit: F-value with p>0.10

3. Adequate precision>4,

4.

Well behaved residuals: Check diagnostic plots!




PCreating Knowledge Space

* For multiple response optimization, it's better to use
Numerical optimization.
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[Data to be captured in PDR |

* Goal of the study
* Study name

* Factors studied and corresponding level

* Responses measured

 Design matrix

* Graphs and conclusion — Interaction/Pareto/Contour Etc.
* Result obtained from study as pasted below

Tabbe 19 Resilis froin fsromolatbon stadval

Maguesinm Tale Level | Tablet harduess sl a 30 min Dissolution (%¢) | Tablel conteni
Stearate Level (®a) Tived rnmpm\bﬂ-n undformin (%s RSDY}
pressnre (KP)
1 1 1] a9 2.0
(] I 0.9 92 24
.23 I Fial fo tablet Fail io tablet Fail o tablet
| 1] DE 55 19
0% ] 2.7 a3 22
025 I Fail 1o inblet Fail 1o tabler Fail 1o tablet




[Data to be captured in PDR....

2

* ANOVA
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Annexure




Selection Of Design

Number Comparative Screening Response Surface
of Factors Objective Objective Objective
1 1-factor completely
randomized design = =
2.4 Randomized block Full or fractional g ]]55]JeH1 (0]
| design | factorial Box-Behnken design
Randomized block Fractional factorial or Bl CELR{ e 8 (R T [T
5 or more -
design Plackett-Burman number of factors

Interaction
Study

Factorial Design

RSM - Central [ 5?]
Composite Design




Excerpt of QbD IR

Note to Reader: When center points are included in the factorial DOE, it is possible to test if the
curvature gffect is significant. The data analvsis is done by separaring the curvature term from the
regression model in an adjusted madel. This approach provides the factorial model coefficients as if
there were no center points, If the curvature is significant, the design should be augmented to add
runs that can estimate the quadratic terms. On the other hand, if the curvanre is not significant, the
adjusted model and unadjusred model will be sinilar.

In this meck example, we have not included ANOVA results for each DOE. In practice, please be
advised that ANOVA results should accompany all DOE data analvsis, especially if conelusions
concerning the significance of the model rerms are discussed.

For all DOE data analysis, the commeonly used alpha of 0.05 was chosen to differentiate between
significant and nor significant facters.

Significant factors for Tigp, of ER coared beads
Since center points were included in the ER polymer coating optimization DOE. the significance of
the eurvature effect was tested using an adjusted model. The Analysis of Vanance (ANOVA)
results are presented in Table 34,

(8]




Variables

Variables are attributes that we want to study in the sample

1
| 1

Quantitative Qualitative
(Categorical)

Lm
o.g. Grade of J e.g. severity of J
u.mm.zml- &.g. Dice, caln J exciplent, Different iliness - mild,

pHetc. | vendor moderate or severe

(Numerical)

oo J-m

(0]




Variables

« Variables can be further classified as:

- Dependent/Response. Variable of primary interest

(e.g. Dissolution, Hardness ). Not controlled by the
experimenter.

Independent/Factor
called a Factor when controlled by experimenter.

(e.g. Disintegrant level, Binder level, Kneading time, Chopper Speed
etc. )




