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Fusion QbD — Leading the Vision!

2008 — Development of Integrated Robustness

S-Matrix recognized very early the limitations and problems associated
with the traditional approach to method validation robustness
experimentation, and its inherent likelihood of false negative outcomes —

characterizing a method as robust when it is not.

In response to this problem, S-Matrix integrated QbD robustness
modeling and metrics into Fusion QbD according to rigorous statistical
principles and industry best practices. This was done in cooperation with

several leading international pharmaceutical company customers!
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Fusion QbD — Leading the Vision!

2009: S-Matrix Presentation to the FDA

In 2009 S-Matrix made a major presentation to the FDA demonstrating

its integration of QbD robustness modeling and metrics into Fusion QbD.

This presentation was extremely well received!
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Fusion QbD — Leading the Vision!

2012* — FDA Public Presentations

In 2012 the FDA began making public presentations about QbD
robustness in analytical method and process development consistent with

the robustness methodology and metrics integrated into Fusion QbD.

See the following slides...

Copyright © 2019 S-Matrix Corporation. All Rights Reserved.



lQbD Robustness — Regulatory Statements 2012 |

Monte Carlo Robustness Simulation

“Statistical treatments (e.g.| Monte Carlo simulations) can help
evaluate the effects of uncertainty.”

Points to Consider for Design Space — A Regulatory Perspective,
Elaine Morefield, Ph.D., 2012 Annual Meeting, AAPS.

Statistical Robustness Metrics

The FDA has stated that accepted process capability indexes such as
Co Cows Cpm» @and C, ) [are also part of the QbD toolset.

US FDA, Quality by Design: Objectives, Benefits, and Challenges,
Lawrence X. Yu, Ph.D., 2012 Annual Meeting, AAPS.
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U.S. Food and Drug Administration www.fda.gov
FIDYA

Protecting and Promoting Public Health

" Method Operable Design Region

« Analytical method design space

— Typically Design of Experiments is used to find ranges for
instrument operating parameters and understand sources of
variation.

— Method performance criteria are response factors.
— Can be conducted together with method validation.

« Considerations for implementing MODR
— Availability of adequate data to support proposed MODR
— Assess validation criteria across MODR
— Confirm system suitability throughout MODR

4

John F. Kauffman, Ph.D. and Daniel J. Mans, Ph.D., “Experimental Design and Modeling to Improve HPLC Method
Performance for Small Molecules”, FDA Division of Pharmaceutical Analysis, CASSSCMC Strategy Forum Europe, 2015
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System Suitability — Method Variation — Normal Distribution Bell Curve

Average Performance
System Suitability normally has two |
requirements: !

1. Average Performance (X)

2. Repeatability (% RSD):

% RSD = [(1.00 / X )*100%]

+3.00 Width =
Overall Repeatability olooo o0 o
1.50 1.75
T
Repeatability is a Robustness Failure Threshold

Specification
«— 130 width of bell curve —

= Repeatability
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Example: APl Resolution

Specification Limit Delta
(x Distance of Mean Response
to Edge of Failure)

X

———— Porformance Variation Bell Curve:
The numerical distance from the mean
performance result to the specification limit.

Cok — Goal is 21.33
150 -30 2_;)0 +3g Meaning — point of failure is
_ USP Resolution 4o away from X
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' C,n — Target with Two-sided Symmetrical Specification Limits

API Tailing Example:

Specification Limit Delta
(x Distance of Mean Response
to Edge of Failure)

X |

LSL : USL

— A

———— Porformance Variation Bell Curve:
The numerical distance from the mean
performance result to specification limits.

C...— Goal is 21.33

pm

0.80 -30 1.00 +30 1.20 | . o
Meaning — point of failure is

USP Tailing 4o away from X
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A Robustness Simulator

Cia = Lower or Upper Specification Lima
Con = min(CuCpu)  whore G5 e G =T

. Lower Limt_Example
LSL or USL:
The numerical distance from

the mean performance result X
10 the speccation limt. LSL !

Critical Quality Attribute

i

| SelectAl | SelectNone |

r The settings are valid.

Built-in Robustness
Metrics

Select correct metric
(index) for each

response (CQA).

Define edge of failure.

@S-Mam‘ix®
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Do all methods within the Preliminary Design Space meet Robustness Requirements?

r~ Heports
IBest Overall Answert _'_I
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Lower Upper Pointer
X|Oven Temperature = |=C 30.00 40.00
¥]pH it e 2.60 3.00
Gradient Time | O | 7.0

— Verification Run Settings

I~ Include Proven Acceptable Ranges (PARs)

All CQAs

Right-click graph to add or remove individual Venfication Run points.

Establish Design Space for

- Graph
|FUSDH QbD Gﬂphl
3.000
[impurity B - USPResolution: 2|
29001
=
ﬂ - Is this a
I 2800 <« “Robust”
| .
Design
Space?
.
2.700 3
|API- uSPResolution: 2]
2600 +—t — + e + + —
30.00 367 33.33 35.00 36,67 38.33 40.00
Oven Temperature (*C)
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? Impurity A - USPResolution|Maximize ¥ 2.00 -
i ¥ Impurity B - USPResolution |Maximize +» 2.00 ¥ Green
§ |API - USPTailing Target w 0.0 1.10 v Orange v

@S-Matrix@
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_ Example

Example Critical Process Parameters (CPPs)

CQA - R,

Column Oven

Temperature
(30° C) ~

‘Gradient
Time
(7.0 min)

Setpoint Setpoint Setpoint
Variation Variation Variation
I I I I I l
-30 +30 -30 +30 -30
v A\ 4

Run simulation for each method in Preliminary Design Space

1.50 1.75

T

Setpoint Variation — expected variation on
normal use in QC lab.

Failure Threshold

Di ’ S-—Matmx@ Copyright © 2019 S-Matrix Corporation. All Rights Reserved. 12



|Fusion QbD — Establishes True Robust Design Space I

Shaded Region — Fails Average

Fusion Qb0 Graph

3.000 Performance
|Im|:-u rity B - USPResolution: 2|
Mean Response — 29009 . .
All CQAS P Shaded Region - Fails
] Robustness
= 28001
[=%
Fusion Qb0 Graph
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Owen Temperature ("C) I
T 28001
[=%
A
2000 Fusion Qb0 Graph 27001
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Robust Design Space —
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I
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Visualize Final Method and Robust Operating Ranges for All CQAs
Across the Entire Design Space —
With Predicted Suitability Results and Chromatograms

ﬁ LC Method Development - RD2 - Analysis -981.smae
File Edit Activity Tocls Window Help
DM B0 S 5| B cresteReport & Update Report = Delete Report ©) Restore Report RS Robustness Simulator | |3 Hide Prediction Chromatograms @

S-Matrix.

Design of Experiments Feports- Graph
* Creats a Design Finel Desizn Space & PARs - 3100
| + Design Reporis | o e _I
Data Entry /Analysis
| + Data Entry L
+ DalaAnalysis Graph Settings
BestAnswer Searches Lowes Upper Pointer 3.000
+ Best Overal Answer __|Mame Units Bound Bound [
_ %|Oven e vl 30.000 38.000 33.52
+ Point Predictions y[eH [+ | 2.500] 3.100 2.803
Vizualizzfion Graphics Gradient Tima | Cr 7.0
| + Single Response Series 2500
» Mutiple Response Series
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E\u’.iddjm Status: Yo setlings ae valid
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Visualize Final Method and Robust Operating Ranges for All CQAs
Across the Entire Design Space —
With Predicted Suitability Results and Chromatograms
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Visualize Final Method and Robust Operating Ranges for All CQAs
Across the Entire Design Space —
With Predicted Suitability Results and Chromatograms
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Visualize Final Method and Robust Operating Ranges for All CQAs
Across the Entire Design Space —

With Predicted Suitability Results and Chromatograms
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Fusion ObD — Requlatory Guidance Aligned Reportin

ICH Q8(R2) — Page 22 Fusion QbD

C. Prezentations of Desizn Space
Name: -Administrqlor . *_ = —.T
Example 1: Response graphs for dissolution are depicted as a surface plot (Figure 1a) and a g:’c';‘ep;:;:osi;m'“":mm"““ |
contour plot (Fizure 1b). Parameters 1 and 2 are factors of a granulation operation that affect the Date:25-0CT-2017:22:10:32- PDT-{UTC-07:00] e S-Matrix,
dissolution rate of a tablet (e z., excipient attmbute, water amount, granule size} '
Robust-Design-Space
3
£ ..
i 2000
T .
f- -
% 20
2700
Fizure la: Response swface plot of Fizure 1b: Contowr plot of dissolution \ Sl
dizsolation as a function of two parameters from example 1a. . Tyt
of 2 granulation operation. Disselution P00 wr  ma %0 w7 w3 a0
above 80%% 15 desired. Oven Temperature (°C)

Proven-Acceptable-Range-Settings

Axis[N: Units [Lower*Bound [Upper®Bound |C
X [Oven’ C 32.0) 36.0) 34.0)
v JoH - 2.700) 2.800 2800

Response-Variable-Goals

Name Units|[Goal __|LowerBound | UpperBound [ Color icted:

|API=-USPResolution ) |Maximize 2.00) —|Red 225
Impurity"A~USPResolution ) |Maximize 2.00) —{Blue 378
ImpurityB-USPResolution ) |Maximize 2.00) —|Green 235
|API-USPTailing ) |Target 0.90] 1.10[Orange 1.01

Crabys Bpaca
Iroy.ieear cantinaion)

[API>-USPResolution™“Cpk ) [Maximize 2.00) —

Impurity"A~USPResolution*Cpk [ () |Maximize 2.00) ~Bue | 708
Impurity B-USPResolution“Cpk |(*) | Maximize 2.00) B Purpic 156
[API>USPTailing™-Cpm ) [Maximize 2.00) - 420

Paramasdar 1
Graph-Variable-Settings
Figure le: Design space for granulation Figure 1d: Design space for granulation Name Units [ GrapSetting [Range/Levells]
parameters, defined by a nonlinear parameters, defined by a lmear combination e e
combination of their ranges, that delivers of thew ranges, that delivers satisfactory
satisfactory dissolution (1.e., =80%). dissolution (1e., =80%).
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Fusion Guidance Aligned Reportin

Mame: Admirsctrator T - Experiment-Variables-for-Robustness-Simulator-
Company: EMatrix
Projact 1 i "~ [Maximum®Expected~Variation
[Data: Maroh 2, 206 7-58:12 PM PDT [BMT-07:100] H Included |VariableName | Units |(+/"3"SigmaValue}
- =-IVISTrx., Yes  |GradienlTime |min 0.5
Ves Oven C 20
Robust Deslgn 3pace & PARS Yes  [eH . 010
Furg Flow Ratn = D350 Parg Flow Raln = D420 Parg Flow Rals = L4850 i
fo Simulator-
o
= Robustness | Specification“Limit ional |Overall i
M Response-Name Index Delta¥+/) LSL |uSL |Target |Error (+/-3"SigmaValue)
% H APIUSPResolution Cpk 150
4_factor Impurity°A*“USPResolution  |Cpk 150
= Impurity B=USPResolution_ | Gpk 150
b || =— — APIUSPTaling Cpm 0.20 100
E Robust
o
& D esi g n LC-Method-Development-Tutorial-2--Predicted-Best-Conditions
By 3 2l a0
. § Space
Ll e
= —
C [ and 2
_|31s0
a® PARSs A
1.00. =1
@ - w0
= = o
&) il | S— 2 e 050 P -
mEp m3m b0 R 0 I m2s  eIa fL J\
Quen Temgernmiss Guen Temgermhss Guen Tempermhes |
000 0s0 100 350 4.00 450 500 5
: I !! Mnutes
| =]
arka [Hama LowarSeand [Upasr Deund | Retenton | 0y Height
W |Crar Tavganinns, E| | 3 [ rame | Time [ T foases | FEEN |use Resouton |usp Taing
P =] a] 3| L
] 1 1126| 1124052 B66| Sa71m 119
Eacooncs Varisols Geals z 1502| 218a78] 189] nse2r 728 17
3 [mpurty A 1668| 14seas| 112 76wz 332 107
[Fams Tirin [Ganl  |Lawsr Sound |Upes: Dound [Coer g
Fic. of Pision = 1.« 5 |meurey 8 1940 254881] 1.96] 114291 21
- el 7.0 e
USFTaling B 2282 1402608 | 10.62| 700581 638 058
& - tiFRuaskian L) 1.1 —|us 7 3143] 887413| S14| 32séis 16.42 036
P LaERassiain = 2 bl [ g 4040 | 1475656 | 11.37| 113958 1660 [T
Iﬂ“‘"' Ll 22 Srangn & agas| 783004 04| 373002 1472 086
W - artackian = ] —|Fas <7+ .30 Channels 120 Channels ) Peaks 4 Fracions 7 1l
.
- LEETal g it |Targae 2. 1.43 «r annels annels s (Fradions
4 - EnmgonTira = [ —
- UG Talling -0y = [E= =
& - EnsonTira - £ = e —
& - FnonTira - 0f = [ =
i - AssrriceTins - 21 [ T 4.36] =
1orz 3-0f-3
B
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‘Fusion QbD - the World is Catching Up!

3. Process Capability
Process capability refers to the performance of the process when it is operating under statistical control. Two
capability indices are usually computed: C,, and Cin a similar way as was described with P, and P,c. However, G
measures the potential capability in the process, if the process was centred, while Cpr measures the actual
capability in a process which is off-centre or biased. If a process is centred, then Cyp = Gy

pk (1.5)

| 52 2
min ”
[ H ekl ]

The critical thing to note is that whilst the formulae for P, and Cy« look very similar, the standard deviation used to

calculate the reference interval for Cy is not S; but S,,.

Sw is the within batch standard deviation (called the within sub group standard deviation in 1SO) not the overall
process standard deviation. It is usually estimated from a Shewhart mean and range control chart using the formula

ECA _AQCG_ SOP 03_APLM_v1.0_lJuly 2018 Final_r1 Page 78 of 80

European Compliance Agency, Analytical Quality Control Group, July 2018, Final _rl
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