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Regulatory Statements and Expectations

ICH — Q2A

The objective of Method Validation is to provide documented
evidence and a high degree of assurance that an analytical method
employed for a specific test is suitable for its intended use.

Method Validation is a regulatory requirement as much as a scientific
necessity. A well executed method validation effort:
» provides scientific credence for the method.
(statistical confidence in the data)

» defines the limit of acceptable performance of the method.
(Low and high limits of identificattion and quantitation)




Regulatory Statements and Expectations

PhRMA'’s Analytical Technical Group

Recommends a phased approach to analytical method validation in which early
phase validation efforts are done upstream on a reduced set of validation
elements appropriate to the stage of method development.

Early Phase Validation — experiments are structured for internal
consumption to support and guide method development.

Final Phase Validation — experiments are structured with the rigor and
regulatory compliance overlay required of results that may be exported
outside the lab.




Fusion AE Method Validation Experiment Suite

Early Phase Specific Experiments (Performance Characterization)

o Specificity
* Filter Validation

Early Phase and Final Phase (FDA / ICH Submittal Quality)

» Accuracy

* Linearity and Range

« LOQ, LOD

» Repeatability* (intra-assay precision)

» Accuracy/Linearity and Range/Repeatability — Combined Design
(ICH-Q2A — Accuracy, Linearity, and Repeatability can be done together as a
single combined experiment).Sample Solution Stability (stability for a given time
period under prescribed conditions)

» Intermediate Precision and Reproducibility (USP Ruggedness)

* Robustness




Method Validation Example — Experiment Type Selection

il N
Create New Work File

— Project

[ &udit Logging Enabled

Narne IF.r':'iE':t 1 [Cannot be changed once the file iz created)

— |nstrument

—Sample Compaund Type

IFusiDn AF Agilent 1290 = Smal Molecule " Large Malecule

[natrument Type: HPLC
[rata System: ChemStation
Pump Type: Quatemary IFinaI Phaze Method ' alidation

— Experiment Phaze

— Experiment Type

Analytical Capability
S pecificiby
Accuracy
Linearity and R ange

Robustness
Intermediate Precision and B eproducibilio

Cancel | 'ﬂ' |

S-Matrix,




Fusion LC Method Validation — Automation Workflow

. Complete the Fusion AE template with the relevant information
. Fusion AE creates a Validation Experimental Design

. Fusion AE exports the design to the CDS

 The CDS runs the validation experiment sequence

. Fusion AE imports and analyzes the CDS results

. Fusion AE creates final reports and graphs

(See next slide)




Automation
Workflow

QbD-aligned
Experimental Design

Fusion AE

Automatically
Builds Sequence
and All Methods

|

T,
Ey

Chromatography Data
Software (CDS)

* ChemStation / OpenLab
* Empower 2 and 3

-
o e el i = 5

Automated one-click analysis,
graphing, and reporting.

Report formats: RTF, DOC,

HTML, PDF.

&
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‘ *S-Matrix,

Automated, Audited ‘
Data Exchanges Fusion AE Automatically
Retrieves All

Chromatogram Results Data
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* Full Support for 21 CFR 11 Compliance
e Scalable from Standalone to Enterprise
o Citrix-Ready Certification



Linearity Example — Experiment Setup Template

‘Experiment Setup]  Sampling Plan

Include LOG / LOD

[w Limit of Quantitation

[w Limit of Detection

Define Acceptance Criteria
b Cor 6 for each Key Result for each
Mo, of Compoundz m CO m po U n d .

Azzay Type |F'otenc:y [Drug Cantent) j

Mo, of Levelz per Compound |5 -

100% Std. Level |Level 3 AN 7

Compound Hame Unitz Level Settings Walidation - Acceptance Criteria \/

=, +.0
Compaund 1 |% J-“U Level 1 g Accuracy [% Bias <)
Level 2 30 Linearity [% Bias <]

-
Level 3 100 - Repeatability (% ASD <=]

Level 4 110
v Lirwearity [Regression 1 »=) 0993 T8 ho
Lewvel 5 120 M

Compound Hame Unitz Level Settings Walidation - Acceptance Criteria

=, +.0
Compound 2 = J-“U Level 1 a0 Accuracy [% Bias <]
Level 2 30 Linearity [% Bias <]

-
Level 3 100 - Repeatability (% ASD <=]

Level 4 110
v Lirwearity [Regression 1 »=) 0993 T8 ho
Lewvel 5 120 M




Linearity Example — Standards Setup Options

— Multi-level Bracketing - Overlap Settings
Ma. of Calibration Standard Levels per Bracket |5 vl

Mo, of Repeat Injections per Level

Ma. af Check Standard Levels per Bracket

Ma. of Unknown |njections within Brackets

— Expenment Design

Run No.

CAL-L1.1.a|f--
CAL-L21.af--
CAL-L31.af--
CAL-L41.a(--
CAL-L51.a(-

CHE -L1.1.4 N

Flexible setup of the
required Standards
Strategy.

1.a
1.b
1.c

e oo | o o (e oo s |

Fs

|E|'\-"alidatiu:un Status: Your settings are valid.




ICH Q2B. 1. LINEARITY (2)

... If there is a linear relationship, test results should be evaluated by appropriate
statistical methods, for example, by calculation of a regression line by the method of
least squares... The correlation coefficient, y-intercept, slope of the regression line,
and residual sum of squares should be submitted. A plot of the data should be
included...

Calculation of a regression line by the method of least squares:

« correlation coefficient
y-intercept

slope of the regression line
residual sum of squares
plot of the data...

> S-Matrix. 10



Linearity Example — Fusion AE Output Reports

Ha.rru-:mru:-‘h;lbr o

Campany: 3-Mafris Canpar

Frojest Projestq

Dwde: Oodober 13, 201E 25117 Pl PDT FEMT-07 00]

Lineartty and Rangse Report: AP - Amount {mg)
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ib 1.0 14 10
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Sraiaric pratoicd Faaa
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:‘Ai‘ S-Matrix.

baafural Variahis Woos]
A1 - Amount ipres]) = 0.13632 + UBEII X AP
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Fusion AE instantly creates formal reports
with all required tables and graphs.
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ICH Q2B:

For chromatographic
procedures,
representative
chromatograms should
be used to
demonstrate specificity,
and individual
components should be
appropriately labeled.

If DL is determined
based on visual
evaluation or based on
signal-to-noise

ratio, the presentation of
the relevant
chromatograms is
considered acceptable
for justification.

S-Matrix,

5

Image Handler

Browse. .. | Delete |

Imported Images

Linearity Chrarmatogram - 100% Label Claim

Image Title |Linearit_|,| Chromatagram - 100% Label Clai
Fiun Label |N|:une Selected j

<]~

Report Azsignments

[ Al Reparts and Graphs
[ Experiment Design
[ Instrument Beport
[ Experiment Design
[ Experiment Setup
[ Data dnalysiz
[ &P - Amount
[ Accuracy Beport
v Linearity and Fange Fepart
[ Repeatability Beport
[ Limit of Detection Report
[ Lirnit of Quantitation Repart

Cancel | E

Reports can be augmented with images of
relevant chromatograms.

12



Method Validation — Linearity Example

Hama: Adminictraior - -

Company: 3-Matrix Conporation |

Project Projsst l .
Dats: Juns 23, 3043 3548 PMPDTEOMT-07 00] - S_Matrlxﬁ

Linaartty and Range Raport: AP1- Amount {mg)

s of e of Cagrada, o Mo
Vartadon e Mrasbaciars s F A Pl
e B i g ST ETTTr =
Lalalrt
Faaiius LT 13 ol — —
[T e g p— — —

Lowar 6%, | Uppar 5%
‘ortabis caticians Carfdanca |2 onfidanca
s [ Errar Ly [ Lircke
e B S B T I B
=] Chugit |cooom [eeeetw [= B
(]
Hatura) Variabie Mode]
AP - Amount ipredl = 013532+ {UEELH x AP
Bange
A0 = AP = BEET
.............. -k et b Bopanas daiuaa. | s Bad sk Ra Eth
| [ = = ST
Reports can be N — EEE g

augmented with ity Gt ottt
images of relevant . i
chromatograms. R -

&
| |
‘ *S-Matrix,
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Reports meet
all output format
requirements:

TXT
RTF
.DOC
.PDF
HTML
XML

S-Matrix,

. All Reports
= |, Experiment Design
i Ll Instrument Report

Experiment Setup
=- | Data Analysis
=[] | API - Amount

Accuracy Report
Linearity and Range Repaort
Repestability Repart
Limit of Detection Report
Limit of Quantitation Report

Experiment Design - Experiment Design
API - Amount - Accuracy Repaort

APT - Amount - Linearity and Range Report
APT - Amount - Repeatability Report

APT - Amount - Limit of Detection Repaort
APT - Amount - Limit of Quantitation Report

14



ICH Q2A / Q2B:

The robustness of an analytical procedure is a measure of its capacity to remain

unaffected by smallcbut deliberaiewariations in method parameters and

provides an indication of its

In the case of liquid chromatogr

liability during normal usage.

hy, examples of typical variations are:

* Influence of variations of pH in a\xmobile phase
* Influence of variations in mobile phase composition

« Different columns (different lots and

 Temperature
 Flow rate

r suppliers)

Note — the text “but deliberate” refers to the deliberate perturbation
of critical instrument parameters about their method setpoints
done as part of a Validation-Robustness experiment.

15



Mean Performance Versus Robustness

Methods A and B —

Identical Mean Performance —

Method A — Good Robustnhess

Good mean performance #

Method B — Poor Robustness

good robustness

Compound ¥ - USPResolution Respofse Surface

Final % 0 anic (%) fwen Temperpiure ()
(W0 0 F o oo o o |lo o
A ja 1 - O
o F) ol o m k] -+ y] [74]
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= T =
3 1‘?‘%%‘#4‘ 4 =
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2 B e e e A &
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P i A
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g 7000 R aAvavie 900 3
2 TV AV YA 5
i : w@%ﬁ‘ 3
@] “7‘ ey 2‘ Cy,
c’; 2 ADC'G' o M"‘“ ' 4DDD g
= 2. 5 o ot
o T
5 R y
9 2
Iaﬁur*'”; 3 % pi ¢
B Ny d
mh%rnh '::}- 2 b % I-_'I‘,nf';
by ©

Fusion AE Graph

Legend

I 4570
3.4070
33270
32460
31660
30860
20050
29250
28450
2 7ER0
26340
2 6040
25240
2 4440
23630
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Method Robustness

Potential Sources of Risk in Current Practice

1. Experimental ranges — a “Signal/Noise” source of risk

2. Experimental design selection — an information content source of risk

3. Performance requirements — a performance variation source of risk

QbD-aligned strategy for validating method robustness

1. Define valid study ranges for critical instrument parameters (CPPS)

2. Select the right experimental design

3. Specify risk-based method performance requirements (CQAS)

17



Method Robustness

|. Potential Sources of Risk in Current Practice

1. Experimental ranges — a “Signal/Noise” source of risk

II. QbD-aligned strategy for validating method robustness

1. Define valid study ranges for critical instrument parameters (CPPs)

&
| |
‘ *S-Matrix,



Small Range — Poor Effects Estimation

Traditional Range is Within Setpoint Error Range. The most likely result is that
the study factor effects will be UNDERESTIMATED.

The Result — methods which are NOT robust will pass the robustness test.

«— 60 —

Response

| | | 1 |
L1 L2 L3
Study Factor




Best Practice — Large Ranges = High Signal/Noise

General Guideline: Minimum Study Range for 5 Level Designs Should be 30c

(5 x 60 interval width)

«— 60 —

@ I

0]

S -30 +30
o

0

¥

< 300 >
L3

Study Factor

20



Method Robustness

|. Potential Sources of Risk in Current Practice

2. Experimental design selection — an information content source of risk

II. QbD-aligned strategy for validating method robustness

2. Select the right experimental design

& &
| |
‘ *S-Matrix,



.  QbD-aligned strategy for validating method robustness

® Fusion AE automatically selects the right experimental design
for the included instrument parameters

® Fusion AE design is efficient and automated

Four variable Robustness Study — Efficiency Comparison

Full Factorial 3-Level Design = 81 Runs

Fusion AE Optimal® Design = 22 Runs

* — Optimal designs can support studies with non-numeric
factors (e.qg. different columns) and factors that are not
completely independent (e.g. mobile phase blends).

22



Method Robustness

|. Potential Sources of Risk in Current Practice

3. Performance requirements — a performance variation source of risk

II. QbD-aligned strategy for validating method robustness

3. Specify risk-based method performance requirements (CQAS)

| |
‘ * S-Matrix, 23



Method Robustness

Fusion AE lets you specify the Method’s Required
Performance Limits for Robustness Testing

~_~

b awimum Allowable Difference from Mean:

Difference limit valugs.

narmal wse must be encompassed by the Masimunn Allowable

Tolerance Width Delta

The M auirmum Allowable Difference limit values defing the masimum 12 Satanc)
differences from the mean for a given cribical guality attibube

[rezponze] beyond which the responze value iz unacceptable. For ] 7

the responze to be considered rabust in terms of the parameters o

evaluated, the wariation in the response measurements obtained in '

N

Crmcal Guanty Alrnibnie

S—— MPCRTANT

Tobiranch Wierh Dalta for & Gibven Crical uilty Aliritedy

Enablad Y b awirnum Allowable Difference from Mean —
2 [ Valug]
AP - JSPRezsolution (IRS] =
¥ AP - Peak Retention Time 0.1
< | v
Select Al | Select None

Firnizh

Cancel

ﬂ i

24



Demonstration Example — Experiment Type Selection

Create New Work File

— Project

M ame IF'ru:uie-:t 1

[ &udit Logging Enabled
[Cannaot be changed once the file is created]

— |nstrument

| Fusion AE agilert 1290

[natrument Type: HPLC
[rata System: ChemStation
Pump Type: [uaternary

—Sample Compaund Type

f* Small Maolecule  Large Molecule

— Experiment Phaze

IFinaI Phaze Methad W alidation

— Experiment Type

Analytical Capability

S pecificiby

Accuracy

Linearity and R ange

R epeatability

Accuracy/Linearity and A ange/Repeatabilit
Fobustness

Intermediate Precision and B eproducibilio

— Chromatography Type

Reverzed Phaze [RPC]
Marmal Phaze [MPC]
Chiral - RPC

Chiral - NPC

HILIC

lon Exchange

Cira Furliicinn - Gal Parrmaatine

S-Matrix,

Cancel | 'ﬂ' |

25



Comparative Study Ranges Around Method Setpoints

Factor Method Traditional QbD-aligned
Nominal Range* Range

Pump Flow Rate (mL/min) 1.0 +0.025 +0.125

% Strong Solvent (%) 80.0 +2.0 +5.0

Temperature (°C) 35.0 +2.0 +10.0

pH (*) 55 +0.15 +0.5

* _ worst-case scenario considered.

26



Experiment Setup Template

Experiment Setup l Sampling Plan

Method Type |Gradient +

Available Variables

Included Yariables

Unavailable ¥ anables

Sample Concentration

Purnp Flows Fate

Gradient Curve

& Constant

[#]
Buffer Strength Gradient Slope 3
Buffer Type ﬂ Injection Walume |i|J
Additive Oven Temperature
Column Type W avelength D
M ame Unitg Type Lower Bound Upper Bound
Pump Flow F ate mL+/min e |E0ntinu0us j | 0475 0.525
State
+ Wariable
" Constant
Mame Units Type Arnount
Injection Yolume pl T |Discrete MHurmneric 20
State
" Vaniable

 Solvent Settings

Mo, of Strong Salvents: (1 -

Mo, of Weak Saolwents 1

r r Mobile Phase Precision 538
Mobile Phase Name Solvent Type Reservair
Crganic Strong [Organic) Ei »
Aguscus Buffer Weak [Agusgsus) 21 -

rAvailable Reservoirs ——————————————

v v

2 [L]]] &
W 211 212 W 213
|Z| W a1-4 v 215 W 216

v
B1

_EEE

27



QbD-aligned Study Ranges

Fusion AE Optimization Design Formatted for Export to the CDS

Bun No. Pump Flow Rate Initial % Organic Oven Temperature pH
1 | Condition Column - 1 0.5 65 a0 E.5
2 [ 0.375 B5 40 E5
3 |2 0.625 55 40 E&
4 |3 0.375 B5 40 E5
5 |4 0.625 55 40 ER
£ | Condition Column - 2 0.5 B5 40 7
7 |5 0.E25 =] 40 7
g |& 0.375 55 40 7
9 | Condition Column - 3 0.5 55 a0 75
10 |7 0.5 55 40 7h
1|8 0.375 =] 40 7h
12 |9 0.E25 =] 40 7h
13 |Condition Colurn - 4 0.5 57.5 15 E.5
14 |10 0.438 575 45 ES
15 |Condition Colurn - 5 0.5 57.5 15 75
16 |11 0.438 57.5 45 7h
17 | Condition Colurn - B 0.5 =] 50 E.5
18 |12 0.625 60 50 ES
19 |Condition Colurr - 7 0.5 =] 50 v
20 13 0.5 60 50 7
2 |14 0.5 =] 50 7
22 | Condition Colurn - 8 0.5 65 50 75
23 |15 0.5 B5 50 75
24 |16 0.625 55 50 7h
25 | Condition Coluran - 9 0.5 57.5 55 E.5
26 |17 0.563 57.5 55 ES
27 |18 0.438 25 55 E5
28 119 0.375 55 £0 E&
29 |20 0.625 B5 50 E5
30 | Condition Colurn - 10 0.5 55 =] 7
3|4 0.625 55 50 7
32 |22 0.375 =] £0 7
33 |23 0.375 B5 50 7
34 | Condition Colurin - 11 0.5 55 B0 75
35 |24 0.375 55 50 75
I |25 0.5 =] £0 7h
37 |26 0.E25 E5 £0 7h
38 |Condition Column - 12 0.5 [=ia] =] 75

28



QbD-aligned Study Ranges

Peak Results Data Automatically Imported From the CDS

Run No. Pump Flow Rate Initial % Drganic Oven Temperature pH Impurity B - USPResolution

1 | Condition Column - 1 0.5 ES 40 6.5

2 [ 0.375 E5 A0 55 8.8

3 |2 0.625 55 A0 [34] [.EF

4 |3 0.375 E5 A0 55 8.8

5 |4 0.625 4] 40 |34] [.EF

£ |Condition Colurn - 2 0.5 E5 40 7

7 |5 0.E25 4] 40 7 11.81

g |6 0.375 55 A0 7 378

9 | Condition Column - 3 0.5 fala] 40 7.h

10 |7 0.5 55 40 7h 0.52

11 |8 0.375 ES 40 7h 877

12 19 0.E25 0 40 7h 4.69

13 |Condition Colurnn - 4 0.5 57.5 45 B.5

14 |10 0.438 575 45 53] 350

15 |Condition Colurnn - 5 0.5 57.5 45 7.h

16 |11 0.438 575 45 7h 3583

17 |Condition Colurnn - B 0.5 El 50 B.5

18 |12 0.625 B0 50 53] 4.65

19 |Condition Colurnn - 7 0.5 El 50 7

20 |13 0.5 B0 50 7 TR

2 |14 0.5 El 1] 7 T

22 |Condition Colurnn - 8 0.5 ES a0 7.5

23 |15 0.5 E5 1] A 518

24 |16 0.625 55 50 7h 4.05

25 |Condition Columnn - 9 0.5 57.5 55 B.5

26 |17 0.563 575 55 53] 518

27 |18 0.438 E2.5 2] 55 399

28 119 0.375 55 1] [34] TAT

29 |20 0.625 E5 J<i1] 55 1.45

30 |Condition Colurnn - 10 0.5 fala] E0 7

3|4 0.625 55 J<i1] 7 10.57

32 |22 0.375 4] i 7 4.59

33 |23 0.375 E5 J<i1] 7 462

34 | Condition Colurnn - 11 0.5 fala] E0 7.h

35 |24 0.375 55 0 7h FA0

36 |25 0.5 E0 i 7h 4.45

37 |26 0.E25 E5 0 7h 1.42
S ! M a t 1P| ) (22 Condiion Colur 72 05 £5 B 76

29



QbD-aligned Study Ranges

Robustness Assessment Limits — Worst-case Senario

Experiment Variable Maximum Vanat

kM axirmurn E xpected W anation:

The £3 zigma value defines the "total'” vanation in the parameter
[expenment vanable] around itz defined setpoint that iz expected to
occur on bransfer and normal uge due to statistically random emror.

Expctid 030 Wanalion inberval Asand Setpent ke Each Viratls

Masimum Expecied Yaraton

il S e o Teales

E speriment ¥ ariable Unitz

M awimum E xpected VW ariation [+£3

Sigrna % alue)

Purmp Flow Rate mLmmir 0.1

Final % Strong Sakvent

Owen Temperature

<< Back

Mest »»

Firizh
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QbD-aligned Study Ranges

Response Performance Limits Required for Robust Method

|
ooy e O

b awimum Allowable Difference from Mean:

The M auirmum Allowable Difference limit values defing the masimum
differences from the mean for a given cribical guality attibube
[rezponze] beyond which the responze value iz unacceptable. For
the responze to be considered rabust in terms of the parameters
evaluated, the variation in the responze measzurements obtained in
narmal wse must be encompassed by the Masimunn Allowable
Difference limit valugs.

Tobge itaod Wt Dbl 10 @ Jiveis Cricanl Crodiity Allritety

Tolerance Width Delta
it Sstance|

Crmcal Guanty Alrnibnie

Enablad Y b awirnum Allowable Difference from Mean —
2 [ Valug]
AP - JSPRezsolution (IRS] =
¥ AP - Peak Retention Time 0.1
< | v
Select Al | Select None

S-Matrix,

Finizh Cancel 7
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Demonstration Study — QbD-aligned Study Ranges

Fusion AE Statistical Significance Testing — Model Coefficients

Robustness Report: Impurity B - USPResolution ()

Coded Variable Name Ke : I T [T _
¥ Predicted Tolerance Limit Effects - Statistical Significance
Coded Variable Actual Variable o
Name Name]| B
£ 10.0000
A Pump Flow Rate bt
=
B Initial % Qrganic E  &5.0000 N
— — 2 [  Positive Effect
C Owen Temperature S 50000 I  neqative Effect
D pH E
2 -5.0000
2
L 00000
Variable Effects Table - Statistical Significance £

D o & Y el FLS I
S OO TFERILEREE

Predicted

Robustness Predicted |Tolerance |Predicted
Model | Testing Tolerance [Limit Tolerance
Term (Level Coefficient |Limit Standard |Limit t
Name |(Coded) Value Effect Error statistic  |Pass/Fail
E*C 0.0200 -3.5200 -0.2818 0.0226 -12.4884  |Fail
(DF 0.0%00 -3.1080 -0.2797 0.0224 -12.5133  |Fail
B 0.4000 0.5356 0.2142 0.0228 §.3845 Fail
C 0.2000 -0.1188 -0.0238 0.0227 -1.0478 Pazs
D 0.3000 -0.0137 -0.0041 n.0zza -0.1837 Pazz
A 0.2000 -0.0169 -0.0034 0.0228 -0.1484 Pazz
(BF 0.1500 -0.019% -0.0032 0.0228 -0.1384 Pazs
A7B 0.0800 -0.0182 -0.0015 0.0225 -0.0676 Pazs
(CF 0.0400 -0.0335 -0.0013 0.0227 -0.0553 Pazz
B O 0.1200 0.0058 0.00038 n.0zza 0.0355 Pazz
At 0.0400 0.0070 0.0003 0.0227 0.0123 Pazs
(&) |0.0400 -0.0054 -0.0002 0.0228 -0.008% Pazs
[850) 0.0800 -0.0004 <:0.0001 |0.0223 -0.0011 Pazz
AD 0.0500 0.0001 <x0.0001 |0.0223 0.0003 Pazs

Maximum Allowable Value: |Predicted Tolerance Limit t statistic] < 2.2010 for each variable studied.




Demonstration Study — QbD-aligned Study Ranges

Fusion AE Practical Significance Testing — Effects Magnitude

Variable Effects Table - Practical Significance

Robustness Predicted
Model [Testing Tolerance
Term |Level Coefficient |Limit
Hame |(Coded) Malue Effect Pass/Fail
BAE 0.0800 -3.5200 -0.2818 Fail
(D@  |0.0500 -3.1080 -0.2797 Fail
B 0.4000 0.5355 0.2142 Fail
[ 0.2000 -0.1188 -0.0238 Pazs
b 0.3000 -0.0137 -0.0041 Pazs
A 0.2000 -0.0185 -0.0034 Paz=
(BF  |0.15800 -0.01599 -0.0032 Pasz
A*B |D.0B00 -0.0183 -0.0015 Pazs
(CF 0.0400 -0.0335 -0.0013 Pazs
B*D 0.1200 0.0058 0.0008 Paz=
AT 0.0400 0.0070 0.0003 Paz=
(AF  |0.0400 -0.0054 -0.0002 Pazz
c=D 0.0600 -0.0004 ==0.0001  |Pasz=
AD 0.0800 0.0001 «=0.0001  |Pasz=z

Predicted Tolerance Limit Effects - Practical Significance

+ 0.3000

£
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Maximum Allowable Difference from Mean: |Predicted Tolerance Limit Effect] < 0.2 for each variable studied.
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Fusion AE QbD Robustness — Summary

|. Potential Sources of Risk in Current Practice

1. Experimental ranges — a “Signal/Noise” source of risk

2. Experimental design selection — an information content source of risk

3. Performance requirements — a performance variation source of risk

II. QbD-aligned strategy for validating method robustness

1. Define valid study ranges for critical instrument parameters (CPPS)

2. Select the right experimental design

3. Specify risk-based method performance requirements (CQAS)
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Method Validation — Benefits of Fusion AE

» Full automation — Phased Method Validation.
Early Phase — performance characterization supports development.
Final Phase — aligned with FDA and ICH guidances.

» 21 CFR 11 compliance support toolset —
Including E-records and E-signatures, Audit Logging.
Workflow Management with E-review and E-approve Loops.

» Easy setup of experiments —
Create standardized workflow templates.
Facilitate rigorous practice and defensibility.

» Simple documentation review — easy to defend and communicate.
» Standardized reporting — reports meet all FDA and ICH guidelines.

» Method Robustness — experimental approach is a reliable gatekeeper.
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Method Validation — Fusion AE ROI

International Pharma Co. Benchmarking Project

Realized Time Savings = 85%.

Using historical records* and adjusting for project complexity

Minimum Expected Time Savings per Project = 60%.

% Time Spent per Method Validation Activity

50
40

% Time 30
Spent g

O No Automation

10+ .
B Automation

0,

SPLPrep Data Research
& Seq. Analysis & Report
Setup Stats  Creation

Activity

*- on average 2.5 FTE equivalent years spent in method validation support
work over 10 year life span of drug.
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