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QbD Guidances Mapped to Dissolution Method Dev.

QbD Approach — should provide accurate quantitative knowledge of how all
critical solution and apparatus parameters affect all critical method performance
characteristics, independently and in combination.

QbD Result — robust methods which meet all critical performance requirements.

Sample and Solution Parameters

!

The multidimensional combination and interaction of input variables (e.g., material attributes) and
process parameters that have been demonstrated to provide assurance of quality...
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Disso Apparatus Parameters Robust Method Performance

ObD Definition - Design Space:

ObD Definition - Formal Experimental Design:

A structured, organized method for determining the relationship between factors affecting a
process and the output of that process. Also known as “Design of Experiments”.

T

Disso Apparatus Disso Method Performance

ICH Q8(R2) Guidance for Industry, Pharmaceutical Development, August, 2009



Critical to QbD — Knowledge of Factor Interactions

Note the Key Phrases in the previous slide:

Design Space: ... multidimensional combination and interaction ...

Formal Experimental Design: ... determining the relationship between factors ...

It is now well understood that interactions can greatly affect:
¢ Mean (Average) Method Performance

¢ Method Robustness Performance

Therefore —
the guidances stress STUDYING VARIABLES IN COMBINATION

because itis THE ONLY WAY to understand and characterize interactions!




Before QbD — Standard Approach Was OFAT

OFAT = One Factor At a Time

OFAT Approach: Study one factor (variable) such as pH while

The Problems:

holding all other factors constant.

Once “best” pH is identified, hold it constant
and select a second variable for study, and
soon ...

1 — no knowledge of interactions
2 —Nno robustness characterization
3 — sub-optimal results

4 — not aligned with regulatory expectations
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OFAT versus DOE — Study Efficiency

OFAT

DOE

3 levels of pH
3 levels of Vessel Volume
3 levels of Paddle Speed

3 levels of Disintegrant

3 x3x3x3=81possible combinations

Fusion QbD Design = 23 runs

~ 3x efficiency.



DOE Made Simple

Fusion QbD — Simple Experiment Setup

Just enter your study variables
and their study ranges or

specific study levels

|
=R

Mame |ritg Tupe Level Settings

IDH Eﬁl IDiscrete Mumeric ;l Level 1 I oo
State Mo, of Leve|s|3 vl Level 2| E.00
% “arahle Level 3
i Constant EwE I 7.00

Mame |ritg Tupe Lower Bound Upper Bound

[sssel alume ml 5 Tn'8| | Continuous Ral| EO00 1,000
State
% “arahle
i Constant

Mame |ritg Tupe Lower Bound Upper Bound

[Paddle Speed fpm o6 %8| [Continuous =] B0 100
State
% “arahle
" Constant

Mame itz Type Lower Bound Upper Bound

IDisintergranl arams E T.jgl IEnntinuous j I 4.0 120

State
% “arahle
i Constant

i
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One Click Experimental Design

Generate the Experimental Design

. Run Ho. pH Yezszel Yolume | Paddle Speed Disintergrant

Fusion QbD = 5 5 E
2 |2 4] GO0 100 12

] 3 |3 ] 200 100 4
Automat.lc.ally sele_cts the Ll ! o o ;
most efficient design ¢ 1o ’ 1000 o 2
based on the your ¢ 1o ! L = ;
selected parameters and 1o {10 ! 1 o b
type of s.tud_y — screening 12 112 g B o0 L
or optimization. 14 f14 ! o L .
16 |16 7 £00 100 4

17 17 7 1000 100 4

Automatically includes 18 118 : 50 o :
repeat runs for error 2 120 ! i & X
checking. — S — :
24 |24 B GO0 &0 12

25 |25 4] E00 100 12

26 |26 4] 1000 &0 12

27 |27 7 500 B0 4

‘ * S-Matrix, ;



Creates Dissolution Testing Designs for LC

Fusion Preduct

File Edit Module Tools Window Help
(i == ..l & ”% 4k Create Testing Design " Delete Testing Design 4 Export [ Create Response B Edit Response [ Delete Response & Import Responses| lili Response Reductions @

Design of Experiments
g P R esporyeebl Fiespanze Units [¥ Lower Limit [~ Upper Limit

': = Create a Design +
+ Design Reports I‘ZFleIE ;I I/o o _,58' ID.D <= Response <=

Diata Entry / Analysis

N

| 4 Create Testing Design

Testing Design Mame Testing Design Type

Dissolution Testing |fI'D2] [TII'HE Series F u S i 0 n Q b D S U p p O rts :

Reference Standards Replication Scheme

Reference Standard Runs No. of Preparation Repeats ® U n I fo r m O r Var I ab I e
Apply Replication Scheme No. of Test Repeats per Preparation S am p I i n g p I an S

Sampling Rate

e Multiple sample

Measurement Time Foint (Minutes)
Uniform 0.0

preparation repeats

Mo, of Measurements [4 '] |:»er[H‘:’L'lr ~ - 30.0

4 45.0
Total Time Period Hours 50.0

Start time at 0.0 Update

* Multiple test repeats
at each time point

e |Internal test
standard data

B1 The settings are valid.

Back Cancel
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Exports Testing Designs to CDS

Fusion Product

File Edit Module Tools Window Help

O me .—l =] ||E| 9 Create Testing Design = Delete Testing Defign & Export [

reate Response % Edit Response [# Delete Response & Import Responses| liit Response Reductions &

Design of Experiments
Response Hame

—

186 Units

[# Lower Limit [T Upper Limit

': + Create a Design
= Design Reporis
Data Entry / Analysis

I‘Z Released

[

] Tﬁgl |E|-EI <=Response <= I

‘ * S-Matrix,

N

r Selection

Rl

T.a:t-000t0 2c:t-B0.00

w8

;I Export the testing design by ICqumn VI

Update |

Run Label

1.alt-

0.00

1.5t -

0.00

1.ch-

0.00

2.alt -

0.00

2.blt -

0.00

2.l -

0.00

(e en  fnp ) (I B S (PR AN fey

1.4l -

15.00

1.5t -

16.00

1.ch-

15.00

2.alt -

16.00

2.ht-

15.00

2.l -

16.00

1.al-

30.00

1.5t -

30.00

1.c-

30.00

2.alt -

30.00

2.ht-

30.00

_noAan A

Y

Automatically exports your
testing design to the CDS
as ready-to-run sequences.

<< Back sl |
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Adds Standard Injections

File Edit Module Tools Window Help

== ..l =] ||E| 4k Create Testing Design = Delete Testing Defign & Expert [EE §reate Response 5 Edit Response [ Delete Response & Import Responses| l5li Response Reductions @

Design of Experiments

—

Response Hame 186 Units [# Lower Limit [T Upper Limit

': + Create a Design
s+ Design Reports I‘Z Released B o ‘_‘5.8| IU.U <=FRespanze <= I

Data Entry /Analysis

— Bracketing \/

Strateqy |EBracketing - Dverlap ;I Clear Reset

Bracketing Settings — Bracketing Scheme - first bwo brackets

Std - 1.
Ma. of Standards per Bracket |2 ;I 1at _ﬂE.lm

1bk -0.00
Mo, of Injections within Bracketsl VI 1.ck-0.00
Bracket 1.dk-0.00
1ek-0.00
1 - 0.00

N L e ) —

Automatically incorporates rE

1.dk - 20.00
1.k -20.00

your standard injection Raw
strategy into the exported
sequences.

<< Back | Ment 5> I Einish Cancel | (7]
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Imports Dissolution Chromatogram Results

EFusiun Product D
File Edit Activity Tools Window Help

Ome &

..l & ”é| <k Create Testing Design = Delete Testing Design B2 Create Response ™% Edit Response [ Delete Response  4li Response Reductions & Expdrt & Import Responses &

Design of Experiments .
) Fesponse Mame Fiezponze Unitz [ Loweer Limit [ Upper Limit
|:° Create a Design View T D
+ Design Reports IAPI-ZHeIeased ﬂ I" | IDD <= Response <= I'IDED iewt Testing Design |
Data Entry / Analysis
|:. A B C ] E F
Data Analysis Fiun M. - 0.00 t-15.00 t- 3000 t- 45.00 t- 60.00
BestAnswer Searches 1 [ia 0.00 52.00 53.00 100,00 107.00
+ Best Overall Answer 2 [Tb 0.00 B1.00 101.00 103.00 103.00
+ Acceptable Performance Region |31 0.00 34.00 101.00 102.00 103.00
+ Point Predictions 4 |2a 0.00 104.00 104.00 10
: — i 5 |2b 0.00 10200 102.00 10, - -
Visualization Graphics A t m t I I m t I I
» Single Response Series 5 2E Ly LLILIETS 07200 10 u O a ICa y I por S a
> Mutiple Response Series 7 |3a 0.00 10200 102.00 10,
Reporting Toalkit g |3b 0.00 103.00 102.00 10 - -
3 0.00 104,00 103.00 10 I t f t h d I t
s NS ool F@SUItS from the dissolution
* Auit Log Reporter 11 _[4b 0.00 47.00 £6.00 7 .
12 [4c 0.00 45,00 £1.00 7 t t h t
122 s LeSUINGg cNromatograms.
14 |5b 0.00 103.00 103.00 10
15 [bc 0.00 101.00 104.00 103.00 103.00
16 _|F.a 0.00 36.00 45.00 50.00 53.00
17 |Eb 0.00 34.00 4500 50,00 55.00
18 |Ec 0.00 34.00 44.00 43.00 53.00
13 [F.a 0.00 £4.00 73.00 8600 30,00
20 [7b 0.00 £3.00 78.00 84.00 87.00
21 [P 0.00 £3.00 7700 a4.00 87.00
1

S-Matrix, 11



Converts Raw Chromatogram Results into Profiles

Fusion QbD Automatically:

* handles repeat
injections at each time
point

e computes average
profiles

e« computes f1 & f2 curve
fit metrics

 computes additional
profile response metrics

 Maps all computed
responses to the
experimental design for
instant data analysis

Target Profile Options [REFHE”CE Standard - ]

: Selected Target Profile Option  Graph Mode

Reference Standard

| [Connect—ﬁﬂe-DotsPIot v]

Referonce Shandarnd Ref. Std. 1« | (@ Graph (") Table

200 30 40 50 @0
X-axis

0 5 10 15 20 25 30 35 40 45 50 55 &0

X-axis

B Red S 1

Set Target Profile

Tyt Pl 8- 1 ke 2
e 12 - 13 = 12 W15 e 15 e 1T 18
- W35 e 7 - Rel Sd

3 4 ¥-5 L] 7 a8 a3 0 -8

19 20 2 xn

Profile Similarity Metrics

[] f1 (Cifference Factar)
[ £2 (Similarity Factar)

Map to Design
CV Test
Map to Design

Y¥-axis Data Endpoint for f1and 2 E

[ weibull Difference Factors Map to Design

Response Profile Metrics

MNumber of Responses

[Y—Mean atx =

v] |15 | [¥] Map to Design

[Y—Mean atx =

v] |60 | [¥] Map to Design

h The settings are valid.

S-Matrix.,

Back | [ Finsh | | Cancel
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You Can Add Results From Any Other Tests

Fusion QbD Automatically:
* handles test repeat data

handles non-normal data
 Log-normal
 Exponential
e Gamma
 Weibull

* computes descriptive statistics
based responses

 computes differences of all
statistics from a reference
standard

« Maps all responses to the
experimental design for analysis

1. Response Reductions Wizard - Tablet Ha

Data Distribution | farmal Distribution " + |

Probability density function

]
¥ ]
¢ '
B
1
i "} T
i & .
- - % . o
’ .
1 L L 1

L Il L
-4 -3 -2 -

The red line is the standard normal distribution

Ref, Standards (Ref. Std. 1«

Statisktic Map to Design Difference from Standard Map to Design
Mean [] & Mean
Median & Median
Mode A Mode
Variance A Variance
Standard Deviation (SD) A Standard Deviation (SD)

Relative 5D (RSD) A Relative 5D (RSD)
RS0 A %RSD
Skewness 4 Skewness

Kurtosis || & Kurtaosis

[EE=EIEEIE

‘ [ select Al [] Select Al [ Select All Select Al

H:I Narmal Distribution: Mean = Median = Mode

S-Matrix.,

Back [ Finish ] [ Cancel
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One-click Analysis & Modeling with Full Reporting

Fuszion Product

File Edit Activity Tools Window Help

O me l_ | = ”él [#° Analyze Data E Import Images 51 Custom Model Builder &

Design of Experiments

': + Create a Design
» Design Reporis

Data Entry / Analysis

': + Data Entry
' Datasnayss

BestAnswer Searches
+ Best Overall Answer
E + Acceptable Performance Region
+ Point Predictions
Wisualization Graphics
': + Single Response Series
» Multiple Response Series
Repaorting Toolkit
': + Fusion Reporter
+ Audit Log Reporter

S-Matrix,

Rezponze Data
IAF‘I - % Releaszed - Y-Mean at > =15 (TD1) ;I ¥ View All Repdits

(Anal}lsi& Feparts

Summary Fepart

Surnrnary Report

Experimental Error &nalysis
Fegreszion Analysis

Rezidualz Table & Flots
Tranzformation Analyzis Table & Plat

Name: Administrator
Company: 5-Matrix Corporation
Project: Project 1

Ewutra Sum of Squares Statistics
Coefficients Table and Models
Mean Effects Pareto Ranking Table

Date: May 27, 2014 3:58:24 PM PDT [GMT-07:00]

Analysis Summary Report: API - % Released - Y-Mean at X =15 (TD1)

'S-Matrix,

Model Sufficiency Chart

Fuslon A Graph

14



Best Overall Answer Search

CF FusonPoduc Oevelopment 790 izt B Fie - Al Wy olzec] Easily enter performance

File Edit Activity Tools Win

dowe Hels
] @ R @ | 5| Sk Becute Search @ fename Report = Delete e goals for each an alyzed

" N —
Design of Experiments ot
': + Create a Design

¢ oo aeny e e and modeled dissolution
Data Entry / Analysis _
o m method performance

» Data Analysis
BestAnswer Searches

me characteristic.

Point Predictions
Wisualization Graphics v
': + Single Response Series
» Muttiple Response Series ' Execute Search - Response Goals
Reporting Toolkit
': + Fusion Reporter

»  Audit Log Reporter

Repart Mame
’7 INumericaI Search 2 Model Prediction Erar C.1. for Repaort: £ I2 Sigma 'l

Responsze Mame Goal Lower Bound Upper Bound

¥ |4PI - % Released - Y-Mean at X = 15 [TD1] [Taget =] | BO.OD | 80.00 |1

v |.-’-'~F'I-ZHeIeased-Y-MeanatX=ED (TD1] IMaHimize | | 30.00 | 100.00 |1

EValidatiun Stabuz: Your setings are valid.

Modify Search Region... Restore Defaults ¢<<Back

S-Matrix, 15



Finds Best Performing Method

L Fusion Product Development - Dissolution Demo File - Analysis - June 2014smac L —

File Edit Activity Tools Window Help
O D [ ._| = ||é| (‘i Execute Search @ Rename Report = Delete Report RS Robustness Simulator 'y Export Import Images &)

Design of Experiments
I: @ Create a Design
+ Design Reports
Data Entry / Analysis
I: + Data Entry
+ Data Analysis
BestAnswer Searches

" me mmsar | AUtOMatically identifies the

Select Report

INumericaI Search 1 LI

Acceptable Performance Region Company: S-Matrix Corporatiol
+  Point Predictions Project: Project 1

Visualization Graphics Date: June 1, 2014 5:42:39 PM | b eSt a,C h i eV a.b I e m et h O d i n

I: @ Single Response Series
@ Multiple Response Series

Reporting Toolkit Numerical Answer Search ter m S Of S I m U Itan eO U S Iy

I: @ Fusien Reporter

> Audit Log Reporter Answer #1 meetlng a” analyzed and

Variable Settings

wwe s | MOdeled performance

pH 5.51

o — characteristics.

Predicted Results

-2 Sigma |+2 Sigma
Predicted Conf. Conf.
Response Goal Result Desirability Limit Limit
APl- % Released - Y-Mean at X = 15 (TD1) 70.00 69.89 0.9893 56.43 83.36
APl- % Released - Y-Mean at X = 60 (TD1) Maximize 100.88 1.0000 8577 10261

‘ *S-Matrix, 16



Visualizes Your Design Space & PARsS

Graphically Explore and Visualize the Design Space &
Proven Acceptable Ranges (PARS) =

—H
—
I- axirmum Design space Jid| 200

Graph Settings

TEJAPL % Released - Y-Mean at X = 15 (TD1): B0jy

Lower Upper Painter API- % Released - Y-Mean at X = 60 (TD1): 90|
Name Units Bound Bound Coordinate

x|pH - = 5.200 £.800 740

Y |vessel Volume « |mL 600 800 ===

Paddle Speed I 1} I S0 720

Disintergrant I Lt I 5.0

— Verffication Run Settings

Viessel Volume (mL)
=]
[
[

W Include Proven Acceptable Ranges (PARs) 620 \\.i BJ. D
Operating Ranges
Lower Upper 650
Variable Bound Bound Center Point
pH 6,400 5,700 5.550 /
Wessel Volume 620 &80 650 840
620 @J C
Verffication Runs [~ Include Verfication Runs in Report W Show Verffication Run Labels
AP - % Released - Y-Mean at »
. Vessel Paddle o 800
o D pH e Speed | Disintergrant 6.200 6.300 6.400 6.600 6700 6.800
A Maximum_Design_Space A 5.400 620 S0 5.0
B Maximum_Design_Space B 5.400 580 90 9.0
C Maximum_Design_Space C 6,700 620 S0 9.0 1/
D Madqum_Design_Space D 5.700 580 AN | oo 1 Proven Acceptable
T Maximu esign_Space_ T 5.350 550 /9 0 2 £ I Ranges
Contour
Name GDI Label
¥ [apI - % Released - ¥-Mean at X = 15 [TD1) TE@% . - = I
¥ [P - % Released - V-Mean at ¥ = 60 [TD1)[Maximize v 50.00] | 55.36] | I
« | ’

[ Verification ]
Runs

S-Matrix, 17




Visualizes Your Design Space & PARsS

Create a Trellis Graph Series to Visualize the Design
Space & PARs for Multiple Parameters

Paddle Speed = 90 Paddle Speed = 95 Paddle Speed = 100
o7
(]
=]
o] oo
E n
= D__ -E
e &5 ™ & B
ﬁ Ty j Ty Ty o
g Lo I L= L= ‘E
= & 3 & Z
= b I i
o1
[am ]
(]
o
@ ]
5¢ T
§ E _.:'\. o ."_':_ E
8 & j = = g
*g b f 2 b / ot z
21 7 ! i (=]
o1
(o]
(]
[
o i
5o T
§ E {"\ r’} {"\. r’} _.:'\ F} E
® g o b f 2 b / ot i
21 7 I 7 I i =]
620 650 680620 650 680620 650  6.80
pH pH pH

T -
|
‘ *S-Matrix, 18



Full QbD Aligned Reporting

Creates Complete —— i
Final Reports With T —— S S Matrix.
All Required Content T T
and Graphs Which i /\ /\ / \/E
Can be Output in A=, ) U
Multiple Document i / ~ / / ;
Formats —e.g. T [HEO R )
 MS Word I / / / /E
+ PDF |=i=m] =isn] casm
» HTML ——

[P - 5 bkt - et e w1 T [ [Targar e |y |

[ - et = e s wi T [ Wsecenima [l | Jouews

S-Matrix, 19



Fusion QbD vs. Competitors — Critical QbD Features

Critical QbD Capability Fusion QbD Competitors
Study Parameter Flexibility v d
Automated DOE Experimenting v d
Advanced Modeling Capabilities v d
Fully Integrated Robustness v d
Complete QbD Reporting v d
Supports All Install Environments v d
Supports Full Part 11 Compliance v d

S-Matrix, 20



Conclusions

The Fusion QbD Approach:

v' Greatly accelerates successful method development through:
- Automation
- Statistically valid experimentation

- Novel data treatments

v' Provides quantitative knowledge of all critical parameter effects

v' Enables establishing Design Space for both:
- Mean Performance (setpoint optimization)

- Process Robustness (operating space)

v" Required time for the work is dramatically reduced

v’ Success promotes further use of QbD!

S-Matrix, 21
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