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S-Matrix,

S-Matrix: Transforming LC Method Development

S-Matrix Introduces
LC Automation with
DoE for Method
Development

2004

S-Matrix Presents to FDA:

» Concept of LC System
as “Process in a Box”

* Integrated Monte Carlo
Robustness Simulation

2009

S-Matrix Integrates
Automated MS Spectra
Based Peak Tracking

2018

2007

S-Matrix Introduces
Trend Responses to
Simplify Chemistry
System Screening
(Method Scouting)

S-Matrix Integrates Full
Experiment Automation and
Peak Tracking Support for
Forced Degradation Studies

2020

2009 - 2017

S-Matrix Continually
Advances LC Data
Modeling and
Extends Automation
Support to SFC,
Multiple LC Systems

) and CDS Software
S-Matrix Integrates

Replication Strategy

Optimization into Fusion QbD

for Method Development
2022

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

2019

S-Matrix Integrates
USP <1210> Tolerance
& Prediction Interval
Metrics to Support
Method Validation and
Transfer



Presentation Qverview

Fusion QbD is the Only LC and LC-MS Method Development Software Which Brings Al
These Strategic Analytical Quality-by-Design (AQbD) Tools to Support Your Experimental

Workflows for APLM* Method Development, Validation, and Transfer.

e Support for All Install Environments

e Fusion QbD - Automation & Compliance

e Fusion QbD - Design of Experiments (DoE)
 Chemistry System Screening

« LC Method Optimization

« Sample Preparation Method Optimization
 Replication Strategy Optimization
 Method Validation & Transfer

. . . _ * — Analytical Procedure Lifecycle Management 3
Copyright © 2024 S-Matrix Corporation. All Rights Reserved.



S-Matrix,

Referenced Guidance Documents — ICH

’ ( harmonisation for better health

INTERNATIONAL COUNCIL FOR HARMONISATION OF TECHNICAL
REQUIREMENTS FOR PHARMACEUTICALS FOR HUMAN USE

ICH HARMONISED GUIDELINE

ANALYTICAL PROCEDURE DEVELOPMENT
Q14

Final Version

Adopted on | November 2023

This Guideline has been develaped by the appropriate ICH Experr Working Group and
has been subject to consultacion by the regulatory parties, in accordance with the ICH
Process. At Step 4 of the Process the final draft is vecommended for adoption to the
regulatory bodies of ICH regions.

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

)

harmonisation for better health

INTERNATIONAL COUNCIL FOR HARMONISATION OF TECHNICAL
REQUIREMENTS FOR PHARMACEUTICALS FOR HUMAN USE

ICH HARMONISED GUIDELINE

VALIDATION OF ANALYTICAL PROCEDURES
Q2(R2)
Final Version
Adopted on 1 November 2023

This Guideline has been developed by the apprapriate ICH Expert Working Group and
has been subject to consultarion by the regulatory parties, in accordance with the ICH
Process. At Step 4 of the Process the final draft is vecommended for adoption to the
regulatory bodies of ICH regrons.
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Referenced Guidance Documents — USP
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Add the following:
4(1220) ANALYTICAL PROCEDURE LIFE CYCLE
INTRODUCTION
This general chapter hulhﬂcal!y cun!Jdeﬂ thq wvalldatlon activitles that take place across the entire life cycle of an analytical
pro:edule and provides a of the life cycle ap
hy lite cyche app i here is it with the ¢ qualﬂy by design concepts described in
ional Council for ¢ ion (ICH) o TI‘I. procedure life cy(.ll. approach tmphasul:s the Inpurullcl. of
sound scientific aj ches and ity risk antrol, and use of analytical

procedures. T ermor is used in this chlpﬁ:r however, m:umnl. umtrulnly can alio be used.

The procedure life r_ytltafpmam is applicable to all types of analytical procedures, and the extent of effort should be consistent
with the co:z:k:xhy ngnxcd.lu‘ and the criticality of the Eﬁuallty attribute to be measured. The life cycle approach can
be consi any of the elements can be applied on the basis of how the procedure is used. Elements of the

lelppmch can al.subf applied retrospectively if deemed useful or in early stages of development with the appropriate
ifications.

Elements of life it of a al procedures are also discussed in ytical Procedures and Methods
far !'.\mg; and Tugm aldance m"s‘:qr FDA 2015).

Is the process by which It is established, through laboratory muiﬁ. that the penormance
of the pmct.'dll'c meets the requirements for the intended

procedure is suitable for the intended purpose, takes place during the |n|||. uu: initial
procedure de?—ﬁ“ activities and extending through routine use. These activities include the To!mal pmce\;:ne validation,
transfer of p as well a3 g and assuring to an set of p
controls andxtu’n mit.i:lllr.y requirements.
The procedure le is comprised of the analytical target profile (ATP) and three stages, which are introduced below and
shown in Figure
mh‘l?delh??sm:ﬂmﬂafmlhﬁ el

that are linked to the intended analytical application
muthe uality attribute to be measured. It k:mulmguof..., lite cycle. For the
qri)esm recgnned quality of the m;ﬂp‘ahle valug since the reportable value ?ﬂerahed using a q«aﬂ‘led analytical
nxedule rmicl hasks for decishm din of a test article with [« ndial, and
h i !x mg:m:lmm decislon can almﬁgowddemdmm establishing

AP criteria.
Stage 1: Procedure design enc procedur: which consists of the analytical lu:hnolugy and sample
preg It includes gained 'JI\:I?'I ing, i T
and risk and 1B exp its. The output of Stage 1 Includes:
1. Aselodp that P bias to a suitable level, can provide acceplable precision,
and can meet the ATP criteria
2. An understanding of the effect of pr pa {e.g., temg gth, flow rate, ete.) on
procedure performance
3. Optimization of performance characteristics of the analytical procedure such as accuracy, precision, the
appropriateness of any calibration model, specificity and limit of quantitation (as far as applicable); this includes a
preliminary replication strateqy for !.N'Hp|l! and standards
4. An initial anatytical control m%(acsl which is a set of l.unlmls (system suitability tests [85Ts] and other

procedure-specific control: to ensure proper
Stage 2: Proced conslsts of studies dulgned ro demaonsirate that the prund.lm is suitable for
its intended purpclu- Thiis invetves L ion that the rep vahues g
procedure meet the ATP criteria as well as conli of procedu e characteristics lhruugh the traditional

e p
validation, verification, or transfer studics. Data generated during S‘:ﬁ 1 can be used if available and suitable. At the end
of Stage 2, memphcamnnralegyandmepeﬁmncenflhe lelscnrﬁ'medmlneet!heATPmdntlmcrheda.
Suge 3 Onguh? F Invalves during routine use and
the « to meet ATP criteria. Mmrm 3 ensures that the performance of the
pmoedure is maintained at an acceptable level over the procedure lifetime. It can also provide an early indication of
Fnte‘c:\ﬂall pedmmance ssues or ad\neue Imnds and ald in IdenlJMng rraulled fhargﬂ inrtl\e anﬂyﬂcal procedure,

meet the criteria defined in the ATP,
Mare details about the procedure life cycle are described in the subsequent sections.

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

Prinfed on: Sal Mar 16 2024, 07.55.48 PMEST) Stahs. Currently Official on 17-Mar-2024 Dockd. GUID-13ED4BEB-4006-4305-ATDT-S04ADZAF25CH T _en-US
Printed by Gaongs Cotnay Cficial Date: OMcil 38 of 01-May-2018 024 USPC
U Nok Drstrtnde DOH Ret: safim DO hitps 4ol 010, 3100 USPNF_MEE46_07_01

Add the following:

4(1210y STATISTICAL TOOLS FOR PROCEDURE VALIDATION

1. INTRODUCTION
2, COMSIDERATIONS PRIOR TO VALIDATION
3. ACCURACY AND PRECISION
3.1 Methods for Estimating Accuracy and Precision
3.2 Combined Validation of Accuracy and Precision
4. LIMITS OF DETECTION AND QUANTITATION
4.1 Estimation of LOD
4.2 Estimation of LOQ
5. CONCLUDING REMARKS

REFERENCES
1. INTRODUCTION

This chapter describy of statistical ap Inf el as In of Compencdial
Procedures (1225}, For the purposes of this chapter, “p refers to the analy stage
of the method life cycle, lollowing d:ur and development and prior to testing.

Chapter {1225} explains that ca of an analytical procedune must be vandatea based on the intended use of the
analytical procedure. Chaj {IZZS} also describes commaon types of uses and edure categories (1, 11, I, or IV)

e & :fw AppProp Tor these uses. P:?pirlrrmm al may need Lo be

established during validation include accuracy, precision, specificity, detection limit [limit of detection, (LOD)], quantitation
limit, linearity, and r; . In some situations (¢.g., bickogical as: relative accuracy takes the Elatcufacouraqf This chapter
focuses on how to e ish analytical performance characteristics of accuracy, precision, and LOD. For quantitative analytical

procedures, accuracy can only be assessed if a true or ucup‘ed reference value Is avallable. In some cases, it will be necessary
to m relative accuracy. In many ultyll an monll can be assessed even il accuracy cannot be assessed, The
section addressing LOD can be applled limi in Ca
The ather noted in (1225}, which include specificity, robustness, and linearity, are cut
of scope for this chapter.
Because validation must provide evidence of a procedure’s fitness for use, the statistical hypothesis testing puadad
in 3.

r.onl'rnnly used o conduct with {1225). ah seime statistical interval examples are provi
Precision, these methods are not intended to represent approach for data anal nor to imply
lllumml!v:rmlrmdamlnldeq only s
Table 1 provides terminology us!d Lo describe an analytical procedure in this chapter. The definitions for |ndh.1dua|
and rep value are in alig with General Motices, 7.10 Interpretation of Requirement:
Table 1. Analy Terminology
Terminology Deseription
Laboestory sample The materisl received by the labaratary
Material crmated by sery phapsical marsgulation of the Lsborstoey Lampie, uh o ennbing or
. " e
Test prstion Thae cuaantity (alicet) of smaterial ke bioen the analptical ssenple for trsting
The schuticn resulting from chemécal manipulation of the test portion such as chemical deriva-
Test salution tiration of the analyte in the test poetan or diclution of the test portion
Individual determination (10} Thee measured numerical value from a single unit of test solution
Repartabie valise Awerage value of readings fram ane e mare Lnits of a test solution

Mot all anakytical procedures have all s shown in Toble 1. For example, liquid laboratory samples that reguire no further
manipulations immediately e 1o the test solution stage. Demonstration that a reportable value is fit for a particular use
I3 the focus of analytical validation.

Table 2 provides an example of the Table T terminology for a solid oral dosage form.

Table 2. Example for Coated Tablets

Terminology Description
[Irm—— 100 connted tablats
Analytical sample 20 tablets ae removed fenm the lbarasory sample and are crushed in a marar and pestie
Replicate 1: 1 g of erunbud peoeles alicuot feom the Replicate 7: 1 g of crushed powder liquot from the
Test portion anahstical sample analytical sample.
Fpsioning uspel ComASpADIBOCUMEnt_GUID-1JEDABEB-4006-4385-ATDT-94A02AF 25C0_T_en-US "z




#2* S-Matrix. Key Differentiators — Deployment ‘
-

4 Deploy at any Scale

4 Deploy in any Install Environment

Copyright © 2024 S-Matrix Corporation. All Rights Reserved. 6



Fusion QbD - Supports All Install Environmente“

Install Environment Fusion QbD
Standalone (Workstation) v
WorkGroup / Network v
Citrix Ready Certified ci;';d!f v
Fully Qualifiable for GxP* v

* — Fusion QbD is operating in the GxP environments of

international pharmaceutical companies worldwide.

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.



- S-Matrix,

Empower
Enterprise
DB Server

N\

(Ernpower"

Network PC

A 4

\- EC

y

T

Network PC

\- EC

(Ernpower"

Fusion QbD Network
Fusion QbD 2

Lab Desktop

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

Fusion QbD

Home Laptop

y

(Ernpower“

Fusion QbD Network

Fusion QbD P

—&
Fusion QbD

Office Desktop

Fusion QbD - Supports All Install Environments

Network
PC




“s-matrix,  Key Differentiators — Automation & Complianct‘
-

@ PR =11 Experiment Automation Support

® LC Systems

Fusion QbD® ®  Column/Solvent Valves

¥  Separation Modes
. P

® Automation Supports Data Quality

[ =

v’ Forced Degradation Studies
v’ Bi-directional Audit Trail Support

- Automation/Auditing Support Data Integrity

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.



o Dl Blring Miode |IIInrﬂ-'.ldBm¢Pa- :j I~ pka

Mo o Laweis [E =] N

o Lol Akl =

o Ja
e

Butfer Selector

Sedact Buller System

81 275 - £.24 [Formate Syitem (20 mM]]

Buler Solubons
| Formic Acid | 20 mM)

zl 50

50

k

:A_H_Fﬂuh {20 mM}

a0

DD ]

/

Ammonesm Foemate [%]

0 10 20 M 40 50 €0 0 &0 90 1

Enclusde-d pH Formic Acid {%]) Ammmoaeam Fodma e [ %] L
o 275 100.00 0.00 =]
= =78 35.00 3.0:0
| 2.89 $0.00 10.00
E 3.16 80.00 20.0:0
2l 338 70.00 30.00
- | 3.54 60.00 S0.00
o 370 30.00 50.00
] 3.88 00 £0.00
- | .06 30.00 i)

4 FET 26,60 #0.00
= 451 10.00 S0.00
¥ 5.42 3.00 3.00
W rFa.Fi i DN N

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

Built-in pH Titration Curves for
Quaternary Pump Modules!

Or Use Your Own Buffer Curve.

Extremely Precise!

10



~ S-Matrix, Fusion QbD - LC System Automation

)\- v Solvent Selection Valves

(Ernpower‘"
‘/ Column Switching Valves

Alliance HPLC Alliance iS HPLC Acquity Binary Acquity H-Class Acquity Arc Acquity UPC?

2

Copyright © 2024 S-Matrix Corporation. All Rights Reserved. 11



~ S-Matrix, Fusion QbD - LC System Automation

g RL )

:§ ‘;HRGMELEDN 72 (E m D O W e rm

ChemStation h 4 Solvent Selection Valves

OpenLab

‘/ Column Switching Valves

Agilent 1100s Agilent 1260 Agilent 1260 Agilent 1290 Agilent 1290
And 1200s Infinity Series Infinity Il Series Infinity Series Infinity Il Series

AA Iyl

- —

R [

Copyright © 2024 S-Matrix Corporation. All Rights Reserved. 12



2" S-Matrix. Fusion QbD - LC System Automation

g ‘/ Solvent Selection Valves

- W e
—'#‘ CHROMELEON 72

Jur

‘/ Column Switching Valves

UltiMate LCs Vanquish Horizon
And Flex LCs
'-?‘!"."B /lll\-;- ls.;jf .a'!.\._?-.

\idi s 8 A

Copyright © 2024 S-Matrix Corporation. All Rights Reserved. 13



Reversed Phase
Normal Phase
Chiral

HILIC

lon Exchange
Size Exclusion
SFC

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

\ &
(Ernpower“‘

~/

E8 S Matrix. Fusion QbD Automation with Empower ‘
.

Supports All These Separation Modes

14



“smatrix.  Full Support for Forced Degradation Studies ‘

Sample Compound Mix (1.a)

)

Oxidation Degradation Sample (1.b)

1.b Vial
I |
/ j M
Experiment Design Matri

- ¥ Forced Degradation Study- 1.a Vial
Mo, of Unique Degradation Path Samplez |1 vI

Mo. of Injection Repeats Per Sample |1 [ »
Path # |Degradation Path Description

Sample Compaund Mix
1 Cxidation

"

/Pnﬁp Flow Rate nt Time Oven Temperature
Run No. rrl/uuﬁf ImanI [*C) .
Conationna .1 200 ™ 00 o Composite Chromatogram - Run 1
0.300 &0 30.0 450
(Lp— 0.300 8.0 30.0 450
Za 0.500 8.0 30.0 4.50
2k 0.500 2.0 30.0 450
3.a 0.300 16.0 30.0 4.50 h ﬁ
3k 0.300 15.0 30.0 450
Simple Setup integrates the replication scheme Fusion QbD tracks all peaks in all replicate chromatograms for

into the DoE Study, and automatically assigns a each run and generates a composite chromatogram for each run

separate vial position to each replicate injection. . : : L
containing all unique peaks from all replicate injections.

Copyright © 2024 S-Matrix Corporation. All Rights Reserved. 15



-~ S-Matrix,

S—
— B

Maximum Efficiency + Maximum Data Quality:

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

Experiment Automation Intelligence

v
v

N

S X

Automates Mobile Phase Preparation.

Maximizes use of reservoirs and
solvent selection valves.

Incorporates column conditioning.
Ramps on pH.

Ramps on Temperature.

16



Fusion QbD - Export to CDS

N\

(Empower”

ChemStation
OpenLab

A2 Optenization 001_001
L2 Dpemization 001001
D2 Opemzation 091002
L2 Opteization 001_002
AOZ Optezaton 021_003
RO2 Optmization 001_003
OI? Oypteization D1_004
ROZ Opeezaton 091_00&
AL Dptezation 001_005
ROZ Dptenzaton 001_00%
RO2 Optmzation 001_006
ROZ Optmaaton 001_006

Generates QbD-aligned | e
DOE Experiment o s 53
R Gptenzation 091008

ADZ Optmization 091_008
DT Ciptiemization 531010
RO2 Opemzaton 001_010
[ROZ Opeemization 001_011
02 Optemzation 001_011
RO Dptenzaton 001012
HO2 Optenczation 001_012
ROZ Ostemzaton 001_034
ROZ Optmization 021_013

Automatically Builds | SOSRIE TET e
Sequence and Al | e
Instrument Methods __ ' =i

ROZ Opfeization 001_018
ROZ Opesmization 001_017

Copyright © 2024 S-Matrix Corporation. All Rights Reserved. 17



File Edit

View Tools

(51 s-Matrix\Test as System/Administrator - Project
Database Help

GpH

Method Properties

~ Method Information

Name: Add_Demo
Type: Sample Set
Last Modified By:  System
Locked By:
Filter By: I Default ;I Edit View Updatg | Being Edited By:
4| | sample Sets | injections |Channels| Methods |Resuilt Sets |Results| - method History
ﬁ Method Name Method Type N E] Method Name Method Type
1 1 | AAA_Demo Sample Set Created by Fusion QbD: C:\Program Files
2 AAA_Demo 001_001 Method Set 7171201
1
Automated, Audited Data Exchange — oo vsent | 117201
’
1 1 001_002 Method Set THT201
Preserves Data Integrity and Traceability [° ‘
T AAA_Demo 001_002 Instrument e |
6 AAA_Demo 001_003 Method Set 7177201 [T— I Piint Methods | Piint History | we As Curent |
7 AAA_Demo 001_003 instrument 771201
ok | Cancel | Help
8 AAA_Demo 001_004 Method Set 771201 bromrrr e e
9 AAA_Demo 001_004 Instrument 71712018 8:28:16 AM PDT
10 | AAA_Demo 001_005 Method Set 711712018 8:28:20 AM PDT
1 | AAA_Demo001_005 instrument 717/2018 8:28:19 AM PDT
166 total

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.




Fusion QbD - Import from CDS

CDS Software = &, ~\_
ChemStation hm?ﬂiz (Ernpower"

OpenLab

F'

Automatically Retrieves All
Chromatogram Results

]

T W | 5 0= | W W O B0 ]S B3 8 5 &[G 2|0 B] =[] =] w) <l = = e Tuln)

§
i

Automated analysis, graphing, and reporting.

Report formats:
RTF, DOC, HTML, PDF, XLSX, XML

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.



smatrix. — Auditing assures Data Integri

ty and Traceability

File Edit Activity Tools Window Help

@ Method Development - FMD Tuterial - Optimization - Part 2 - 991 5333.smae

0O me

.-| @ ||E| @ Generate Audit Log 0

Design of Experiments
': + Create a Design
+ Design Reports.

Data Entry / Analysis
|: + Data Entry
+ Data Analysis
BestAnswer Searches
+ Best Overall Answer
E + Acceptable Performance Region
+  Point Predictions
Visualization Graphics
': + Single Response Series
+ Multiple Response Series
Repaorting Toolkit
': + Fusion Reporter

Automated, Audited Data Exchange —
Preserves Data Integrity and Traceability

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

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

Date: 07 MAY 2022 15:13:56 PDT [UTC-07:00]

Audit Log

20 JUN 2021 10:13:51 PDT [UTC-07:00] - Administrator

Event Type: Import Responses

Import Response Settings

Setting Value

Target CDS EMPOWER

Empower Version Empower 3 Software Build 3471 SPs Installed: Service Release 3 DB ID: 2434307300
Empower Database (localy

Empower User system

Project Name RD2 - Optimization - 5_9_0

Result Set(ID} AOZ Optimization (3001)

Processed Channel PD& Ch1 Z25nm@4.2nm, Time offzet by 0.020 mins.
Activate PeakTracker Checked

Raw PDA Channel Unchecked

Raw M5 Channel

QDa Positive Scan

M3 Time Offset(min}

0.02

MS Intensity Threshold

100000

Processed MS Channel

QDa Positive Scan MS TIC, Smoothed by 5% point Savitzky-Golay Fiter. (QDa Positive(+)
Scan (100.00-1250.00)Da, Centroid, CW=15)

Track Non-absorbing Peaks

Checked

Aute-imported Response(s)

Height, RetentionTime, WidthAt50Pct, USPTailing, WidthAiTangentUSPResolution, Area

Import Chrematogram Trace Data

Checked

Import Prediction Chromatogram Data

Checked

Total Import Time:

00:08:42

Locale

English (United States)

Imported Data Source

UV-Spectra (IDType)

S-Matrix.

TIC (IDType)

MS-Spectra (IDiType)

MS_TIC (9004/2D)

QDa Positive Scan (7036/30M3)

MS_TIC (9050/2D)

QDa Positive Scan (T063/30MS)

MS_TIC (9055/2D)

QDa Positive Scan (T086/30MS)

Sample Name |[ResultiD MS ResultlD
1 8155 8153
10 8048 9188
" kel 9193
12 8058 8185

MS_TIC (9060/2D)

QDa Posttive Scan (FO0S%/30MS)

Fieady

20



Where did this data
come from?
Which Project?
Which Results Set?
Which Chromatograms?

. 22

n* "2

.-
' %
—

)

-

Who imported this

data — was the data
modified?

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

Audit Log Filter Options

Date
[~ Enable
Starting D ate Awailable:; Included:
Administrator
KR March 2020 n
23 24 25 26 27 2B 29
1 2 3 4 5 6 7
g8 9 10 11 12 13 14
15 16 17 @ 19 20 21
22 23 24 25 26 27 28
29 30 N 1 2 3 4
~Events
Ending Date [v Enable
| March 2020 g || et It
Print Reports Import Responses
Experiment Setup Create/Edit Response Data
23 24 25 26 27 28 29 Enable User Defined Option
Pk | 4 s ] ] & 0 4 Generate DESUI _l
1 2 3 4 5 6 7 Expart Experiment Design
Export Testing Design
g8 9 10 11 12 13 14 Mttt Moster Wizard J
15 16 17 {8 19 20 21 i
22 23 24 25 26 27 28 Eﬁbfl?esf_ghll:;ﬂai_ﬂ
5 ; reate Testing Design
28 30 31 - . 4 Delete Testing Design
Response Reductions

Cancel

21



Risk
Assessment —)

Design of Robustness
Experiments —) Optimization

ICH Q14
In an enhanced approach, the ranges for the
relevant parameters and their interactions can

be investigated in multivariate experiments

(DoE).

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

USP <1220>

Experimentation is a direct way of generating data that
can be used to assess the impact of procedure
parameters on performance, and the use of statistical
design of experiments (DOE) is an effective way to do

this.

22



S0 5-Matrix, Key Differentiators — Design of Experiments ‘
-

i v Full Design of Experiments Support
@ " Chemistry and Instrument Parameters

® Separation Modes

Fusion QbD"®
-

J Built-in Expert System Wizards

J§ v
v

Beyond Trial and Error

Copyright © 2024 S-Matrix Corporation. All Rights Reserved. 23



| Fusion QbD - Design of Experiments (DoE) ‘

Design of Experiments (DoE, DOE) is discussed extensively

In the current and proposed guidances (FDA, USP, ICH)

Discussed as a Core QbD Tool for Many Applications, Including:
* Robust Method Optimization to Establish a MODR
e Sample Preparation Method Optimization
* Replication Strategy Optimization

* efc....

Copyright © 2024 S-Matrix Corporation. All Rights Reserved. 24



e S-Matrix,

— _ ————— e e e

P

Fusion QbD Automation = DoE Flexibility

Experiment Automation Simplifies DoE!

Full utilization of Quaternary Pumps, Solvent Selection Valves, and Column Switching Valves

Study any combination of LC parameters which can interactively effect method performance!

* |socratic and Gradient Methods
* Strong Solvent Type
* Any pump program steps — e.g.
o Equilibration Time & %
o Isocratic Hold Time & %
o Gradient Time / Slope
o Initial / Final Hold Time & %
o0 Re-equilibration Time & %

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

® Column Temperature

* Column Type

* Flow Rate

* |njection Volume

[ pH

Mobile Phase Blends

Salt, Buffer, Additive — Type & AC

Wavelength

25



Before Fusion QbD

Before Fusion QbD: One-Factor-At-a-Time (OFAT) Approach

F Temp+t; | === | ACN:MeOH | wmmmp | Buffer AC | ==y | Additive AC

Starting Point

Select Column & e l
pH using Theory / \ [ Column or pH }

Changing the pH and/or the column is

Traditional Approach

the Last Resort!

This means starting all over again

\without being able to build on prior work!/

Copyright © 2024 S-Matrix Corporation. All Rights Reserved. 26
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~ S-Matrix, Modern Thinking by Recognized Experts

“For methods involving a large number of samples, and where adequate
resolution must be combined with run times that are as short as possible,
It can be profitable to spend more time initially on “scouting”

experiments. The experimentation may be with:

« Different columns

« Different B-solvents

e Variations in pH and temperature

 Use of Gradient elution during the experiments can help avoid the

need to separately optimize values of %B for each variable studied.”

Third Edition

Introduction to
Modern Liquid
Chromatography

Lloyd R. Snyder
Joseph J. Kirkland
John W. Dolan

#WILEY

Snyder, Kirkland, and Dolan. (2010). Introduction to Modern Liquid Chromatography, 34 Edition; John Wiley & Sons, Inc., Hoboken, New Jersey (p. 67)

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.
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~ S-Matrix, Modern Thinking by Recognized Experts

“Still another approach is to search the literature for separation of
the same or similar sample. Trial-and-error modifications of
conditions are then followed until an acceptable separation is
achieved. We do not recommend this approach* because possible
deficiencies in literature methods can delay subsequent attempts at

achieving a final, acceptable separation.”

* — jtalics added by Snyder, Kirkland, and Dolan in book text to emphasize the point.

Third Edition

Introduction to
Modern Liquid
Chromatography

Lloyd R. Snyder
Joseph J. Kirkland
John W. Dolan

#WILEY

Snyder, Kirkland, and Dolan. (2010). Introduction to Modern Liquid Chromatography, 34 Edition; John Wiley & Sons, Inc., Hoboken, New Jersey (p. 67)

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.
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~ S-Matrix, Chemistry System Screening

Copyright © 2024 S-Matrix Corporation. All Rights Reserved. 29



R S-Matrix,

Key Differentiators — Chemistry Screening ‘

A

Fusion QbD"®

Copyright © 2024 S-Matrix Co

rporation. All Rights Reserved.

v’ Ease of Experiment Setup
v Simple Chromatogram Integration
® No Peak Tracking Needed
®  Trend Responses Keep it Simple
v’ Fast Data/Chromatogram Review
v' Instant One-click Modeling — Any Results

v’ Great Best Answer Visualization Graphics
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S-Matrix,

Chemistry System Screening

Experiment Setup | Replication Settings

Method Type | Gradient vI

. | lzocratic:
Ayvailable Y ari

Gradient Curve
Gradient Slope
Sample Concentration
Additive Cancentration
Additive Type

Solvent Type

|nzluded Varniables

v Activate Online Preparation =]

Pump Flow Rate
Injection Yolurme
LILI Owen Temperature
W avelength
Colurnn Type

* pH

" Buffer Concentration
{7 Additive Concentration

Include Strong Solvent Alternatives — e.g., Acetonitrile and Methanol.

— Salvent Settings

Mo, of Strong Sokvents: |2 vI

[~ OK toBlend Strong Solvents

Mo, af Weak Sokvent

[

[T OF toBlend ‘Weak Solvents

; ] |
Mubile Phaze Precizsion 58| o0

Mobile Phase Hame Solvent Type Reservoir
Acetonitrile Strong [Organic) -
Methanol Strong [Crganic) B~
Acid Weak [Aqueosus) ---
Base Weak [Agqueous) -

—Available Rezervoirz

D2 |»D3
D05 |» D&

R =i
=
_p-FDJ
B[ |||W D4
V=
c G

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.
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S-Matrix,

Chemistry System Screening

Multiple pH Levels

Multiple Gradients
(3-5 Levels Covering Range)

Multiple Columns

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

Buffer Selectar... | pH Online Blending Mode | Ore Acid:Baze Pair j [~ pka of Primary Compound I
 pH Buffer Setting
Mo. of Levels: I VI i To'gl
Buffer Buffer Name pH Lavel Acid %o Base %
Acid Formic Acid (20 mM] 273 100.0 0.0
Base Ammeonium Formate [20 mM) 3.20 75.0 25.0
3.69 45.0 55.0
4,27 20.0 80.0
4,93 5.0 95.0

Clear Buffer Systemn |

r Pump Program Chart

ts = 10 = 25 minutes

\ \

0 30

Max Program Duration [minutes)

290

Solvent Types

Strong [l
weak [l

Include recommended pH

Include recommended
column type

Yalve pH B Time Required for One Conditioning
Position _—Timit Flow Rate Diameter (mm) |Length (mm) | Column Yolume (min) Time
1 _|BEHC18 osition 1 » 14.00 0.400 210 100.00 0.9 9.00
2 |BEH Shield RP18 Position 2 14.00 0.400 210 100.00 0.9 9.00
3 _|HS5T3 Position 3 « 14.00 0.400 210 100.00 049 9.00
4 |CSH Phenyl-Hexyl Position 4 « 14.00 0.400] 210 100.00 0.9 9.00
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Trend Response* Automation

*—U.S. Patents No. 7,613,574 B2 and No. 8,219,328 B2

Flexible Trend Response Data Modeling Requires no Peak Tracking —
Just Consistent Integration

Consistent Integration Means:
« All integratable peaks of interest are integrated in each chromatogram.

» Baseline noise and artifact peaks of no interest are not integrated.

|Hun Mo.:2: Result ID:1750: Channel 1D:1540: Channel PDA Chl 228nmiad. Snri: : Channel Type:20: | |Fusi0n Qb0 Experiment Chrormatogram

Sample Actually Contains
8 Compounds

0.76

UNIKS

0.47
2

n1a
LIME1

2.00 200 4.00 5.00 £.00
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S-Matrix,

Screening Study — Simple Analysis

Trend Responses™

=

lUhdo Changes | R ezhol

Support the Chromatographer’s Screening Goals

Value Respaonse

Automatically imported for each chromatogram:

-
-
-
-
-
-

1.50 USPResolution
2.00 USPResolution
1.20 USPTailing

1 USPResolution

1/ USPTailing

 How many peaks are visible?

I  How many peaks are baseline resolved?
-  How many peaks have acceptable Tailing?
[ * How well resolved is the API?
T * ... (Any desired response)!

Aailable Included

2rdD envativedpes ”

25igma

3Sigma

45igma w3 |
BSigma

AboveldentificationT hreshold

IF'DI—'« Ch1 228nmisd. Bnm, Time offzet by 0.020 minz.
— Trend Responzes
Add Delete
Operator
1 = Mo. of Peaks
2 | Mo. of Peaks ==
1 | Mo. of Peaks ==
4 | g Mo.of Peaks <=
5 | Max Peak
e |m Max Peak
Al
Select Al | Select None

Aboveb azimumnT hrezhold y
7 AbovelualficationT hrezhold
3 AboveReportingT hrezhold
Aaym
| = Incomplete Baymdt] 0
D = Duplicate Azymdt] 0Sgrd A

Hest =» LCancel | ﬂ'l

Auto-imported Responses. .

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.
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~ 3" S Matrix, Automated Results Import & Data Review

T Method Develop LT Method Develop Tutorial - Screening - 992 - 506.smae m} b4
File Edit Activity Jook Window Help

DREREL & m ¢ s Labels # Matrix Master & Export L Import Responses T Create/Edit Response Data []] Show/Hide Responses ] Sort Grid | %) Show Chromatograms [] PeakTracker @

Design of € 1 e T ow Lo T oo | Mo of Poaks 52 1.50-_|  Wo.of Peaks>=200- | Ho_of Peaks <= 1.50- | MaxPeak1-_| Fust Peak - |

® Sort chromatograms by study factors or results. 1
® View the chromatograms for one or more experiment runs.

Zoom
o Overlay two or more chromatograms in a single view. Stack

o0 Independently set Y-axis and X-axis offsets for easy comparlsons Offset

20 [ .su BEHShneldF!Pwl 8 ml 1.0]

Faill E 7. 5.0} 1.0{ 0.79]
2 |2 [ 6.0] 80) 308
2 |23 [ 30| 0.0]

24 |24 5.0} X 0.87]
S |5

% |% 29
Frll i

2 |2

Pl =] 7 0.76)
30 |30 3 1.78]
EXl k1 118l
4

N

[Flur Ne. -5 Resul ID:1756: Channel ID:1558 Charnet PDA Ch 22Gnm(@d B : Channel Type:20:

11

048
ol
036
02
2
012
083 158 i) 2% 365 434 503 572 641 EAL) 7 a4g 417 986
Minutes

K —| 0
Experiment Design

Ready | modied [T 35
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* S-Matrix. DoE (DOE) — A Model Building Methodology

W/

Turning Chromatograms into Knowledge

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

Linear
Effect

1
 Curvature

Effect

Interaction Effects

Complex Effect

me = ‘ r l“?."" B
: - ? == (adoser R T TR
I SN
#—R.22.00= 9.3+ 4.2(prR) - 5.4(s)? + 12.7(atpH) + 1.3(pHeat) + 1.6[(a7)2at] + ...
I I
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- S-Matrix,

Screening Study — Simple Analysis

— Report — Graph
IBest Overall Anzwer LI 585
‘iew ag Report |
T SR ses No. of Peaks »= 2.00 - USPResalution: 2.5|
name units S = | I e [No_ of Peaks == 1.50 - USPResolution: 3.9|
Y| pH - Tm 3:25 5* 4:90
Column Type \ II:II;EI:;:PLS | 5325
 Verffication Run Settings \ e e
™ Include Independently Adjustable Ranges Rectangle CSH Phenyl Hesyl
™ Include Verfication Runs
/- [No. of Peaks <= 1.25 - USPTaiing: 3.8]e|
Switch Columns and Move the Crosshairs No-otpess > 150~ USPReaoiion 35
to See Method Performance
Different method combinations of Column Type, pH, and e —
t; change the predicted results:
 How many peaks are visible
« How many peaks are baseline resolved T B
 How many peaks have acceptable Tailing
 How well resolved is the API
# o, Ih“m{t.s B:m “Edkﬁsu..';l Laﬁh;l. Gr::rhv —I
ﬁ Mo. of Peaks »= 1.50 - USPResclution 3.5 3.74 ﬁ Red =~
M | No. of Peaks >= 2.00 - USPResolution 2.5
¥ |Ma. of Peaks <= 1.25 - USPTailing 3.5 . 3.80| [ |Gre=n ¥ -

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.




S-Matrix. Screening Study — Simple Analysis

— Report — Graph

Fusion QbD Graph|

I Best Overall Answer LI

iew az Feport |

rGraph Settings

lonsenTimerlan | sosol 0ol —saso C18 Column Does Not Support Goals!
Column Type BEH C18 LI
P No Unshaded Region for any

™ Include Independently Adjustable Ranges Rectangle

™ Include Verfication Runs

Combination of pH and t.

pH (%)

Switch Columns to See Which One

Should be Used in an Optimization Study

No. of Peaks == 2.00 —USPResqutiun: 2.5

20.00 2833 36.67 45.00 53.33 61.67 T0.00

Gradient Time (min}

Overlay | Fiz-tdap |

r Response Setting
Lower Upper Crosshair Contour
Name Units Goal Bound Bound Prediction Label Color
¥ | Mo, of Peaks 2 Maximize * 4.5 S5.11 =i Gray -
¥ |No. of Peaks == 1,50 - USPResclution Maximize * 3.5 374 I Red v
M | No. of Peaks >= 2.00 - USPResolution Maximize v 2.5 2.86 I Blus |~
¥ |Mo. of Peaks == 1.25 - USPTailing Maximize » 3.5 3.80 I Green *
¥ |Mo. of Peaks == 1.50 - USPTailing Maximize » 3.5 3.9 I Orang *

Copyright © 2024 S-Matrix Corporation. All Rights Reserved. 38



S-Matrix,

Screening Study — Simple Analysis

— Report — Graph
IBest Overall Answer LI 585 ; Fusion G40 Gragh
iew az Feport | i
K e A
Name Units m g:m cﬂ'::i;'i:be ' No. of Peaks == 1.50USPR ion: 3.5]
x| Gradient Time » [ min 20.00 70.00 45.00
vipH x|* 2.25 5.22 4.30
Column Type P18
 Verffication Run Settings E
™ Include Independently Adjustable Ranges Rectangle
[ Include Verfication funs S B e
Optimization — BEH Shield RP18 Column ,
ND. of Peaks == 1.50 - USPResolution: 3.5
Rectangle Identifies the pH and t; Study / o orFesis =200 scsouion 25
Ranges to use in an Optimization Experiment o ofpeas 45
with the Shield RP18 Column
20.00 2833 3667 45.00 53.33 61.67 T0.00
Gradient Time (min}
Overlay | Hs-Mapl
Fiesponze Setting:
Lower Upper Crosshair Contour o
Name Units Goal Bound Bound Prediction Label Color _I
4 |No. of Peaks = Maximize » 4.5 5.11 I Gray -
M | No. of Peaks >= 1.50 - USPResolution Maximize v 3.5 3.74 I Red -
¥ [No. of Peaks >= 2.00 - USPResolution Maximize ¥ 25
¥ | No. of Peaks <= 1,25 - USPTailing Maximize ¥ 2.5 . 280 ¥ |Green~ -

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.
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~ S-Matrix, LC and LC-MS Method Optimization

Analytical Procedure

Analytical
Method Validation

Replication Strategy
Optimization

Copyright © 2024 S-Matrix Corporation. All Rights Reserved. 40



@ Key Differentiators — Method Optimization ‘

Fusion

QbD® I

-

AN N N N NN

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

Ease of Experiment Setup

Simple Chromatogram Integration
Powerful UV & MS Based Peak Tracking
Instant One-click Modeling — Any Results
Complete Analysis Results Reporting
Integrated Robustness Simulation
Complete Multi-response Optimization

Multi-dimensional Visualization Graphics

41



- S-Matrix,

Issues with Multi-segment Gradient Optimization

Most LC Method Development software relies primarily on localized gradient slope-

based optimization. This drives the user to a multi-segment gradient method.
Multi-segment Gradients = Multiple Regions of POOR Robustness!

~ Pump Program Chart

100.0%; L

50.0%;

% Strong

2 3 - 2 £ z 8 3 Solvent Types
Strong [l
weak [l

75 a0 85 95

0.0%

N 20 40 55 65
Program Duration (min)

Localized Slope-Based Optimization is Now Recognized as High Risk.

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

Fusion QbD Does Not Rely on This Approach!

(See the Next Slide 2)
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*S-Matrix. Modern Thinking by Recognized Experts

Issues with a Multi-step Gradient Approach to Method Optimization
“Increasing resolution by adjusting selectivity for different parts of the
chromatogram can sometimes be achieved with a segmented

gradient; ... Segmented gradients are not often used for improving
resolution ... because their ability to enhance resolution without
Increasing run time is usually limited... However, there are other —
generally more useful — means of optimizing resolution by changing
selectivity and relative retention. Also, separations that use
segmented gradients to improve resolution are likely to be less

reproducible when transferred to another piece of equipment.”

Third Edition

Introduction to
Modern Liquid
Chromatography

Lloyd R. Snyder
Joseph J. Kirkland

John W. Dolan

#WILEY

Snyder, Kirkland, and Dolan. (2010). Introduction to Modern Liquid Chromatography, 3'd Edition; John Wiley & Sons, Inc., Hoboken, New Jersey (p. 427-28)

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.
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*S-Matrix. Parameter Selection — Optimization Study

Method Parameter Study Range
Pump Flow Rate (mL/min) 0.30 - 0.45
Column Oven Temperature (°C) 30.0 - 50.0
Gradient Time (min)* 25.0 -40.0
pH 4.70 - 5.30
Column Type BEH Shield RP18

Light green background color indicates result obtained from screening study.

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.
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S-Matrix,

PeakTracker™ — UV & MS Data Based Tracking

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

—
Extracted Spectra: Row 7 (7)
PeakTracker
=== UV and MS Spectr
Run Mo L 2407 2407 a eC a
N S0nmeE4.8nm: Channel Type: 20 661
2 UV h t 1407 1407
3 Chroma ogram s Anal Dial
: nalysis Dialog
7 8406 546
5 T
E
7 0.29 6408 6408 6405
a BE1 oo
El 3405 3406 3406
10 g
019 § -
i ] o B L 00 2305 68 paopl71 285
12 10 Me 5®  7m4 97z 1190 100 g 3 754 %72 1190 100 38 5% 784 g7z 1190
13
14 0.03
I s RJ
4 1924 P R REERTE T
15 2 i 1.864
- L ﬁ\ A ! 1262 139312158 - EEREEEREREER 1.345
18 900 1000 11.00 1200 1300 1400 1500 1600 1700 18.00 13.00 2000 21.00 2200 2300 2400 2500 2600 2700 23.00 2300 3000 31 y Y 300 3400 35 0B40 iy 0932 33312 U C
19 oo D4yt 2T e ok /
j 0644 e nom i 1 ar
;D 1286 0,456 20200
2 ! hannel Type: 2D 1928 0932 2693
23 M S Ch ro m ato ram 2407 2917 M27 387 2407 2917 27 37 2407 2817 M27 3937
24 g Detectad Mass Leading Apex Trailing - Detectad Leading Apex Trailing
2 BE0.G (Da) {Intensity) [Intensity) {Intensity) I (Au) (AU) (Au)
o5 LAkl 1 |s6t 4,201,244 13,400,470 598,693 —_+_J|z158 0.000 1.233 0.000
2407 2 [ess 2,442,044 10676512 493,867 2 [2513 0.038 0322 0.000
27 & 3 ez 1,339,995 3,645,166 o s [2531 0.000 0.000 0.002
2 . 4493 —_ e
- £ 6755 I s : i
- 2+06 : : [ 684 289,782 365,052 3,800 [ 282.6 0.000 0.140 0.000
a0 7 460 55431 176,563 11,209 7 282.0 0.016 0.000 0.000
-1+0B s _|se5 56,250 170,395 31,053 -
1407 Intensity Threshold Options
0.001.00 2.00 2.00 4.00 5.00 £.00 7.00 8.00 9.0070.0011.001 2.001 3.001 4.0015.001 6.001 7. 001 2,001 9.0020. 00210022, 0023, 004025, 0026, 002 7. 0023, 03,0020, 0037, 0082, 0023, 0024 0025 0036, 00670032, 0029.0 © ShowAll © Above Thieshold 0SS RISeiE ’T':I (izlyy P’EG‘S‘D"’—Ui‘ M
[« 2|
Peak Table - PDA Chl 250nmE4.8nm - Run Mo, 1 Global Tracking Method [GTH]: Generated from mn
- Auto-narne Pasks in GTM
RT| Base Peak AMv Area Height M. -
Hame {min) [m/z) (m/z) {uv*cec) (uv) s | 07| Pt |
1t 9.830 448.3 448.3 677,862.4 137,118 [ Display Intensity Columns
2 |z 22.815 108.2 108.2 7,239.8 1,295
3 [z 24.054 676.5 676.5 156,751.3 33,167 Run # |RT G 4 d d 4 i
4|4 30.097 546.6 646.6 87,7344 12,988 —3 —731 Ta"‘e "“;5:; :’55‘;2 ':a::: ':a;f; :’55:; . .
5 |6 21.850 690.6 630.6 216,408.1 26,976 - - - - -
% I M ETE 7 el el e ses || AUtOMatic Deconvolution of Peak
7 Iz 22,219 560.5 660.6| 2,768,651.5 354,216 2 - - - - - -
s v % ot e BT 4 |s 27 6814 3153 648.5 646.5 647.6 280.1
FE 282485 3152 2802 3162 2412 281.0 . .
s |= 28.890/6 - NS o0, Era xRS 5 — h h ‘ I t th P k 7
7_Is 291737 660.5 662.5 3152 661.6 663.6 W I C 0 e u eS W I ea
A EEEEEE!
Select Mode Commands T
(" DataFeview & Peak Tracking Create Tracking Method Track Peaks Apply Tracking Changes ‘ Close | 7]




Flexible Data Modeling ‘

Flexible Modeling of ALL important chromatographic performance properties

for each peak in the chromatogram: Examples include, but not limited to:

e Retention Time

« K Prime

* Resolution

« Taliling

 Area, Area %, % RSD, etc.
 S/N Ratio

 Large Molecule Metrics — e.g., Retention Time Difference, P/V Ratio, ...

Copyright © 2024 S-Matrix Corporation. All Rights Reserved. 46



Analysis Summary Report - Rs-Map Response

Model Sufficiency Plot - Rs-Map Response Fusion QbD Piot
{Observed versus Predicted Retention Times)
50.00
E
E
7 40.00
E
=
5 20.00
=
B
r 20.00
=
-
E 10.00
g1 -
(=]
0.00
0.00 10.00 20.00 40.00 50.00
Predicted Retention Time (min. )
Prediction Equation
Observed Retention Time = -0.00063 + 1.00008 * Predicted Retention Time
General Regression Statistics
Error Statistic Computed Value
R Sguare 0.9999
Adj. R Sguare 0.9999
Residual MSE 0.0033
Standard Error (+/-) 0.0572
Qutlier Analysis Results
Run No. Compound Name R.T. Observed (min} R.T. Predicted (min}) Residual
17 5 32.907 32642 0.264

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

Model Sufficiency Chart
R exx] [l o] e R ]
== ML SFE

Fusion QbD Plof

L8988 (- M

* - The model LOF is statistically significant (P-value < 0.0500)

Regression Statistic Computed Value | Scaled Value
R Square 1.0000 —
Adj. R Sguare 1.0000 -
Model Error (+/- 1 Std. Dev.} 0.0000 —
Error % 0.0000 -
Untransformed Model Error (+/- 1 Std. Dev.} 0.0208 —
Expt. Error (+/- 1 Std. Dev.) 0.0000 —
Untransformed Expt. Error (+/- 1 Std. Dev.) 0.0026 —
MSR 0.0001 1.0000
MSE 0.0000 0.0000
MSR/MSE F-ratio 140 913.8455 -
MSR Significance Threshold 0.0000 0.0000
*MS-LOF 0.0000 0.0000
MS-PE 0.0000 0.0000
MS-LOF Significance Threshold 0.0000 0.0000
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* S-Matrix, Model Validation — Predicted Best Conditions

Name: Administrator

Company: S-Matrix Corporati

Project: Project 1

Date: 26 MAR 2024 07:43:20 PDT [UTC-07:00]

Point Predictions: Point Predictions 1

Predicted Point - 17

Name Level Setting| Units)
Pumg Flow Rate 0.450 | mL/min
adie

6.0 min

‘S-I\/Iatr‘ixh

Name Result|
26
36

‘— Obs

RunMo. 17
erved —

Predich

G

1

e
el —

A
DDeg
mﬁm

-

083 154 213 284 343 414 473 544
Minutes

603 674 733 804 889 934

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

Observed and Predicted
Results and Chromatogram
for Run #17 — the experiment
run with level settings closest
to the predicted optimum

conditions.
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Risk
Assessment —)

Design of Robustness
Experiments — Optimization

ICH Q14
Data gained during the development studies
(e.g., robustness data from a design of
experiments (DoE) study) could be used as
part of the validation data for the related
analytical procedure performance

characteristics and studies do not necessarily

need to be repeated.

USP <1220>

In some cases, it is helpful to demonstrate robustness
of the procedure by developing models that describe
the effect of parameters on the performance of the
procedure, ... This knowledge also enables the
determination of robust operation regions for procedure
parameters and, if desired, a method operable design

region (MODR).

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.
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S-Matrix, Monte Carlo Robustness Simulation

Example Study Parameters —
Expected Variation on Transfer

Gradient Variation

L . A
H Variation Method Execution RESULT (;S?)/
Temp Variation ’
X X
Reject Accept

USL

: | >

-30 Assay +30 -30 Assay +30

Copyright © 2024 S-Matrix Corporation. All Rights Reserved. 50



S-Matrix. 2D Resolution Map View

& Method D - 1C Methad D
File | Edit Actnity Jooks Window Help
0 (=4 =] ﬂ Ramp Create Report ‘” Update Report ™= Delete Repart ) Restore Repont RS Robustness Simulator | F| Show Prediction Chromatogram (%]

P Tutorial - Optimization - Part 2 - 992 - 653.smae - [m] »

Design of Experiments Feports Gragh
+ Creste 8 Design = : [Foton 050 Geagn
ey | Robust Design Space 1 =] [APRZ [Update As-Map | . _
Data Management | Analysis View &t Repod | il
+ Data
+ DataAnalyss Gragh Settings
BestAnswer Searches ey | Uppar Polater
+  Best Gveral Answer Wame Units|  Bound Bound
L Accopu urorarceSagen ‘l‘ = e T
+ Point Pradictions: v|Oven Temperature w Joc | 40.0] 50.0 435.0 |
Visualization Graphics Pump Flow Rate I < I 200
* Single Response Seres Gradeant Time T T I e
* Muttiple Response Series
Reporting Tooliat
+ Fusion Reporter
+ Audt Log Reporter

Simulation Chromatogram

=] [
097 é 2
£
£
o
077 AR
it
2
i
037
400 410 420
pH(Y
D-feg
017
Overlay | B
Resalulion Mg Saiting:
Noms pointer [ 2| [ Viewas 3 |
R s - Gragh Dentiy- Calot Mods
i Low [Fast] & Col
T
000 087 134 20 269 £k [T 459 5% 603 870 13 804 8n 9% 1005 © Medin Medum] Greysoal
Mi  High (Slow] CERW
irtes J
30 ReMop Commands
| | ¥ B Pint. | Com |
W8]\ abdation Staiue: Yous settings are vaid.
| z
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S-Matrix. 3D Resolution Map View

T Method Development - LC Method Development Tutorial - Optimization - Pact 2 - 992 - 653 smae O X
File | Edit Actnaty Jooks Window Help
DS RE N & m B CesteReport & UpdateReport = Delete Report <) Restore Repert RS Robustness Simulator | 2| Show Prediction Chromatogram 6
Design of Experiments Fiaparts Gragh
+ Create a Design t D 5, 1 - Update Az-M
: a tﬁnbw esign Space ,_j W P £ el\-l
Data Management | Analysis View at Report
+ Osta
+ DataAnalyss Gragh Settrgs
BestAnswer Searches e | Uppar e
+ Best Overal Answer 4"_!— Units|  Bouwnd Bound
B XjpH od b 2 420 280
+ Point Pradictions: v|Oven Temperature = Joc | 40,0/ 50.0 45.0 |
Visualization Graphics Pump Flow Rare | < [ 0.400
+ Sigie Azsponss Sares Gradeant Time I ' [ 15.0
* Mutiple Response Seres
Reporting Tooliat
+ Fusion Reporter
+  Audt Log Reporer
097
i AP
057
2
o
a3
D-feg
017 Oveday Rsheo |
Resalulion Mg Salting:
= Pointer| |  Viewa: 0 Feset |
R B 1 Graph Dentiy- Colot Mods
2 _JAPI & Low [Fast] & Cobor
= r
000 067 14 2m 269 15 a0 469 5% 602 670 ) 204 &n 938 1008 = e © Medhm Medurn] & g':"\:f"’
Mirutes s |a  High {Slow] |
= I:. i 30 ReMap Commands
of | f el ——— B Pt | Copw |
8] shcdation Stae: Your sektings ave vaid.
| 3
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S-M

atrix,

Multi-Response Overlay View

& Method D

LC Method Dy

File | Edit Actnaty Jooks Window Help
DS RE N & m B CesteReport & UpdateReport = Delete Report <) Restore Repert RS Robustness Simulator | 2| Show Prediction Chromatogram 6

Tutorial - Optimi

- Pact 2 - 992 - 653.5mae

Copyright © 2024 S-Ni

Design of Expenments Feports Gragh
+ Creste 8 Design o = Update e M [Fetion GoD Geagn|
s i haie | Frobusst Design Space 1 =] [APRZ [Update RzMap | 5 :
Diata Managermant | Analysis View az Aepot E
;e - ;
+ DataAnalyss Graoh Settings :
BestAnswer Searches ey | Uppar Folater 1 A :
+ Best Overal Answer 4_'__ Units]  Bound Bound
w[pH | ;.ﬂr 430 3.80 :
+ Point Pradictions: v|Oven Temperature = |oc 40.0] 50.0 45.0
| Visualization Graphics Pump Flow Rate I < [ 0.400
* Single Responss Sanes Gradiant Time I [ 150 4800
* Muttiple Response Series :
| Reporting Toolit
+ Fusion Reporter
+ Audt Leg Raporer P :
600
5 ;
g i
(T
| o é S R
kS :
g : .
& : [0-0eg - Resoutonivso 2]
44004
[T R
aonf
057 20 . -
Acceptable Performance Region - Select Rs Responses for Individual Compounds
2
o 100 Include Response
= 1 - Rs-Map USP Resolution
a3 L oo -
E - Reaoltonivs0 - Co 133 1 2 - Rs-Map USFE Resolution
a0.00= = 3 - Rs-Map USFE Resolution
0 +0 I 4 - Rs-Map USP Resolution
I 5 - Rs-Map USP Resolution
gt Deg I & - Rs-Map USP Resclution
Overly | Raap | v 7 - Rs-Map USE Resaclution
Rletpones Selings _ 8 - Rs-Map USP Resolution
n Add Named Peak R Responses.
Ra-Map Rasponin s
0w 087 13 20 269 15 e 459 5% 603 870 13 a0 an 939 1008 e . :ﬁ‘j
Miruites D-Dag- 50 * [owamal | , I I »
E - Aesolutian w30 . Mazamiz|
8- M pximis{
:J—[ ¥ APT - USPTailing I Minemiz(
T —— Select &l Select Mane | QK. Cancel
hd |
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S-Matrix,

Final Design Space — Mean Performance + Robustness

— Feport:

I Robust Design Space 1

~| ‘ZPH 2 |Uupdate Hs-MapI

iew as Fepart |

— Graph

—Graph Settings

Lower Upper Pointer
Name Units Bound Bound Coordinate
*[pH > |* 3.60 4.20 .80
| Oven Temperature w [oC 40.0 50.0 45.0

S0.0

Fusion QbD Graph|

o

ionTime - Cpk: 1.33]

49.0

Pump Flow Ratz

Gradient Time

| 0.400

I, | 15.0

470

45.0

Cven Temperature ("C)

430

420

r Prediction Chromatogram— Include in Report

Fugion QbD Predicted Chromatogram|

41.0

- Cpk: 1.33]

|IZ;-Deg— R

D-Deg - Resolution\Ws0: 2|

e

4Pl - ResolutionWs0 - Cpk: 1.33

| - USPTailing - Cpk: 1.33|

|E— ResolutionW50 - Cpk: 1.33|
1]

[«

E\p"ahdation Statug: Your settings are valid
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Activate the Robustness Responses:

Check the checkboxes in the grid.

‘ILI

3.60 370 3.80 3.90 4.00 410 420
AP pH (%}
nrz
Overlay | Hg-MapI
053 B I3  Responze Setting:
Add Mamed Peak Rz Responzes...
- .
S Lower Upper Crosshair | Contour -
Name Units Goal Bound Bound Color Pradiction Label
0.34 ¥ | A - ResolutionWS0 * Maximize v 2.000 Red - 7784 I
¥ |API - ResolutionWS0 * Maximize 2.000 Blus - 4118 I
¥ |D-Deg - ResolutionWS0 * Maximize v 2.000 Green - 5.670 I
D-feg ¥ |E - Resolutionws0 * Maximize = 2.000 Orange - 6218 I
015 ¥ |8 - RetentionTime Maximize v 1.00 Gray - 1,341 I
— = aa
R ¥ |B - RetentionTime - Cpk B Maximize v 1,330 Gray - 2.2410 I
¥ | AP - USPTailing - Cpk B Maximize v 1.330 Purple - 4.8516 I
— = - P Ll |Rs-Map Response - Cpk * — === — — — ==
0ed 157 23 303 37 443 522 B95  GED Pl 7~ - recolutionwso- cple | [mamimize - L.230 Red | izaszo| &
bl ¥ | API - Resolutionws0 - Cpk |[*  |Maximize v 1.230 Blus | =zoesa| ¥
¥ |D-Deg - Resolutionws0 - Cpk[*  |Maximize v 1.330 Green - 2.4687 = ]
1 |E - ResolutionWS0 - Cpk *  [Maximize = 1.330 Orange v 3.3400 [ -
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4-Factor Robustness Trellis Graph View

@ Method Development - LC Method Development Tutorial - Optimization - Part 2

File | Edit Activity Tools Window Help

O me

Design of Experiments

+ Create a Design

+ Design Reports
Data Management/Analysis

= Data Management

= DataAnalysis
BestAnswer Searches

= Best Overall Answer

= Point Predictions
isualization Graphics

= Single Response Series

= Muttiple Response Series
Reporting Toolkit

+ Fusion Reporter

+ Audit Log Reporter

.. == ECreateRepor‘t &UpdateReport = Delete Report

Restore Report RS Robustness Simulator

Show Prediction Chromatogram (7]

Reports Graph
K Pump Flow Rate = 0.300 Pump Flow Rate = 0.350 Pump Flow Rate = 0.400
|4 Factor MODR j APF 4 Update Graph -
o
“iew az Report o
Axiz Variable Units  Lower Bound  Upper Bound o =
= =t
% |pH D] =] ECT| 400 2 =
:
Y |Owven Temperature [C] -|C 400 RD.O 5 i—
| S | | § :
2 S
Horizantal Trellis Yariable ertical Trellis Yariable ° g
|Pump Flows Fiate [&) j |Grad\enl Time [E] j o
g
L /min min =
o
Lows 0.300 Low 140 e
Middle 0.350 Middle 15.0
=1
High 0.400 High 16.0 g 2
g (=1 . n
. o
2. E
5 £
© £
[¥]
Verffication Run Settings /
o
¥ Include Independently Adjustable Ranges Rectangle S 4
(=1
. Lower Upper - Pointer =
Variable Boand e Center Point = =]
pH 3.70 3.30 3.80 .
Oven Temperature 42.0 48.0 43.0
g :
g (=1 n
“eification Runs [~ Include Verfication Runs in Report suo E
Resz IV: 8 Runs + CP j [~ Show Verfication Run Labels = = "E
c
MNone 5 £
Pump Flow Rate Gradient Time Oven Temperature pH 3 o
9]
AL 0.200 14.0 48.0 3.50
APR_4_A1 3 0.200 14.0 42.0 370 2
APR_4 AZ 1 0.200 16.0 48.0 3.70 = h + h + h +
APR_4 A3 4 0.200 16.0 420 3.90 3.60 3.60 4.00 360 3.80 4.00 3.60 3.60 4.00
APR_4_B2_5 0.350 15.0 45.0 3.80 pH PH PH
APR_4 C1_1 0.400 14.0 48.0 3.70
APR_4 C1 4 0.400 14.0 42.0 3.50 Overlay ] Rs-May I
APR_4 C3 2 0.400 16.0 48.0 3.50 2
APR_4 C3_3 0.400 16.0 42.0 3.70 Fesponze Seltings
Lower Upper
Name Units Goal Bound Bound Color
1 |Rs-Map Response & — --- --- —
¥ | A - ResolutionW50 * Maximize v 2,000 Red -
¥ |Ap1 - ResolutionwS0 = [Maximize v 2.000 Blue -
¥ |D-Deg - Resolutionws0 *  [Maximize = 2.000 Green -
¥ |E - Resolutionws0 = Maximize * 2.000 Orange -
¥iln - BarantionT Maximize » 1nn Gra -
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e ——

* S-Matrix. MODR Validation

Fusion QbD can generate Trellis I '. B 1. T
graphs which display the mean :
performance and robustness MODR g E
for 4 Factors Simultaneously. ? i / | T
All Fusion QbD Reports, which can i .
Include 2D, 3D, and 4D Trellis g E
graphics and prediction and ) / |
verification chromatograms can be ) . ®
output in a variety of file formats, ‘E
Including MS Word and Acrobat PDF. g ! & e
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~ S-Matrix, Replication Strategy Optimization

Analytical Procedure

Analytical
Method Validation

Replication Strategy

Optimization
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— P = S—

Replication Strategy Optimization

Robust Final
LC Method

Replication
Strategy
Optimization

=) APLM Stage 2

ICH Q14

Reportable Result: the result as generated by
the analytical procedure after calculation or
processing and applying the described sample

replication. (ICH Q2)

ICH Q2(R2)
The experimental design of the validation study

should reflect the number of replicates used in

routine analysis to generate a reportable result.

USP <1220>

Stage 1:

Optimization of performance characteristics
of the analytical procedure such as
accuracy, precision, ...; this includes a
preliminary replication strategy for samples

and standards.

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.
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Y Key Differentiator —
= Replication Strategy Optimization

@ 1 vV Quantifies Method Precision

- Defines the relative contribution of sample

Fusion QbD® preparation error and sample injection error to

overall method precision
. P
——

L— 4 Optimizes Your Reportable Value

- Defines the Preparation x Injection combination
which most efficiently and cost effectively meets

the precision requirements of your method

Copyright © 2024 S-Matrix Corporation. All Rights Reserved. 59



Negotiated with Production: Amount of Precision-to-Tolerance Ratio Available for the Analytical Method

 API method has a tolerance range of 4.0% (i.e., 98.0% to 102.0%)

« Analytical method may take up to 30% of the precision-to-tolerance ratio using a 95%
confidence interval.

Lower Upper
.. . .. Acceptance Acceptance
Determining Required Precision (0,,,,) Limit Limit

Tolerance Width = 4.00 (98.0 — 102.0)
Precision Width = 0.30*4.00 = 1.20
Split between LAL and UAL = 0.60

Acceptance Zone

(Meets Specification) Rejection Zone

Rejection Zone

0.60 = 20 width for 95% Confidence

O — 0.60/2 = +0.30 Safe and Efficacious Range

Reportable Value

Copyright © 2024 S-Matrix Corporation. All Rights Reserved. 60



s-Matrix,  Replication Strategy for the Reportable Value

@ Method Development - Untitled1
File Edit Activity Tools Window Help
O = =] l_ | - ||é| ﬁ Select Autosampler Tray E Update Setup Data ‘gl Generate Design @
Des/ign of Experiments Froject Mame Experiment Mame Ingtrurment Mame Experiment Phase Experiment Type Separation Maode
|: ? M IF'ru:niect 1 IEHperiment 1 Maotes, . I IFusiu:nn GbD H_Clazz  |Method Development  |Replication Strateqy |Reversed Phaze [RPC)
Data Entry / Analysis
I: * Data Entry Experiment Setup
+ Data Analysis ’
Reporting Toolkit — Global Sample Settings
|: + Fusion Reporter
o Audit Log Reporter ¥ Obtain all injection repeats from the same vial
I ame
Preparation replicates per sample Mo, of Lewels |5 LI Level setting
Level 1 P-1
Level 2 P-2
Level 3 P-3
Level 4 P-4
Level & P&
M ame
Injections per preparation replicate Mo, of Levels |5 ;I Level setting
Level1 I-1
Level 2 |-2
Level 3 |-3
Level 4 I-4
Level 5 15

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.
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Fusion QbD reports the Components
of Variation and the Corresponding %
Contributions to method precision.

ANOVA

Sum of |Degrees of
Variable Name Squares |Freedom |Mean Square (F-ratio | P-value
Sample Preparation 0.93 4 0.23] 1.6566( 0.1995
Injection 2.81 20 014
Ovwerall 374 24
Between Variables Components of Variation

(+-) 95%
Standard |Degrees of Confidencel Error

Variable Name Variance | Deviation (Freedom |t-table Value |Limits Contribution (%)
Sample Preparation 0.02 014 4 27764 0.34 11.81
Injection 014 0.37 20 2.0850 0.74 &5.39

Overall Error in a Single Determination

Statistic Value

49 88

IMean

Standard Deviation

% RSD

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

Fusion QbD also reports the TOST (xo) and T.I
Results for Replication Strategies from 1x1 to 10x10

Replication Strategy Predicted TOST and Interval Results

in _i'::;igﬂ s MNo. of Preparations
5 6 10
2 0.8426] 05958 04855 04213 037658 03440 03185 0.257% 02809 0.266Y
1 Tl 1.2286] 07524 05752 0.485F7 0.4255 03841 0.3510( 0.3258( 03053 0.2331
2 g 0.525 04451 1 03634 03147 02815 02570 02379 02225 02088 0.1591
TL 0.7 0.5131 ) 04047 03442 03044| 02758 02539 02385| 02223 02103
3 g 0.5400( 038159 03118 02700 02415 02205 02041 0.1909 01800 01708
T 05425 04252 03388 02857 02572 02335 02154 02008 01880 01750
4 g 04852 03455 02824 0.2445| 02183 015597 01845 01730 01631 01547
T 05639 03733 0303 02599 02311 02102 0.1840( 01811 01704 01815
5 20 04560 03224| 02633 02280 02039 01862 01724 01612 015200 01442
T 0.5150( 03487 02803 02405 0.2144( 015851 01802 01683 01584 01502
i3 o 0.4325| 03058 02457 02162 01534 017685 01635 0.152% 01442 01358
T 0.4816| 03281 02545 02275 02027 01845 01705 01553 01500 01422
T g 04148 02533 02385 0.2074| 0.1855( 0.1694( 01388 0.1457 01383 0132
T 04572 03130 02527 02176 0.1540( 0417687 01633 01526 01437 01362
8 g 04011 02836 02316 02005 01784 01637 015316 01418 01337 01268
T 04385 03014 02437 02100 01872 01708 01577 0.1473 0.1388( 01316
9 g 0.3501 02758 02252 01550 01744( 01552 01474 01375 01300 01234
T 04235 02522 02354 0.203%| 01818 01657 015332 0.1432 0.1345| 01275
10 g 0.3310| 0.2694| 02200 01905| 0.1704| 01555 0.1440| 01347 04270 0.1205
Tl 04120 02845 02306| 0.158%| 041774 01617 0.1455| 0.1358 01317 01248
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Tolerance Interval Analysis Results

Number of [Number of

Interval Setting Value | Preparations |Injections per Preparation
Target 100.00 2 2
Acceptance Limits *2.00

Dezired Probability % 90.00

Tolerance Alpha % 5.00

Grand Mean 959 88

Computed Tolerance Interval| z0.51|Pass

Required Guard Band Width | +0.60

The computed Tolerance Interval falls within the defined Acceptance Limits.

The Final Replication Strategy is
Transferred to APLM Stage 2

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

TOST - Total Analytical Error

Fusion QbD Plot]

Lower TAE Target

Upper TAE

Limit

100.00 101.00
API1 % L.C. (%)
#of Prep. = 2, # of Inj. Per Prep. =2 = Error Distribution
Upper Tolerance Interval Fusion QbD Plot]
Upper Restricted
Target Limit AL
uard
nd
- —
100 1M 102 103
API1-% L.C. (%)

#of Prep. =2, # of Inj. Per Prep. =2

T.l. - Probability Distribution
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Between Variables Components of Variation

TOST Analysis Results Summary

Tolerance Interval Analysis Results

Statistic Value |Pass/Fail
Number of Number of
s - — | TAE Width (20) - Target +0.600 Interval Setting Value |Preparations |Injections per Preparation
Variable Name |Variance |Deviation |Freedom |t-table Value Contribution (%) Computed TAE Width (20)| +0.434|Pass Target 100.000 3 !
- EPT <0.0001 Acceptance Limits +2.000
Sample Preparation 0.065 0.256 4 2.7764 95.27 Co 2.4075 Desired Probability % 95.00
Injection 0.003 0.057 20 2.0860 473 Variance 0.023 Tolerance Alpha % 5.00
Standard Deviation 0.151
rand hiean (1) 14
rall Error in a Single Determination % RSD Fomputoa Torance merva|_0mzlra ]
%CV 015 eqwre uard Band Wd .ell
Statistic Value
Mean 100.142
Variance 0.069
Standard Deviation| 0.262 No. of _
% RSD 0262 Inieciions No. of Preparations Upper Tolerance Interval Fusion GbD Plot
1 2 5 6 o 10 )
e 07517 05314 0.4340 0.3362] 03068 02841 0.2658) _0.2506] 0.2377 Upper Resiricted
u . 1.7228] 1.0 0.8121] 0.5968' 0.5372] 0.4922] 0.4568] 0.4280 0.4040) Target WAL
2 120 0.7428| 05252 0.4288] 0.3714| 03322 0.3032] 0.2807| 0.2626| 0.2476| 0.2349 ard
T 14742| 0.9516] 0.7506] 0.6383| 0.5646] 05115 04709 04387 04122 0.3900 B
3 20 0.7308] 05231] 04271] 0.3699] 0.3308] 0.3020] 0.2796] 0.2615 0.2466] 0.2339 | N
TI. 1.3843| 09156 0.7296| 06239 05537 05028 04638 04326 04069 0.3854
4 20 0.7383| 05220 04262 03691 03302 03014 02790 0.2610] 0.2461| 0.2335
T 1.3376| 0.8973| 0.7189| 06166 0.5482| 04985 04602 04295 04043 0.3830
5 120 0.7374| 05214 04257 03887 03208 03010 02787 o0.2607] 0.2458] 0.2332 1000 1002 100.4 1006 1008 1010 1012 1014 1016 1018 1020 1022 1024 1026
TIL 1.3088| 0.8862| 0.7125 0.6122| 0.5450] 0.4959| 0.4580| 0.4277| 0.4027| 0.3816 API- Amount (mg}
6 120 0.7368| 0.5210| 0.4254| 0.3684| 0.3295| 0.3008| 0.2785| 0.2605| 0.2456| 0.2330
T 1.2896| 0.8787| 0.7082| 0.6093| 0.5428| 0.4941| 04566 04265 04016 0.3807 #of Prep. = 3, # of Inj. Per Prep. =1 T.l. - Probability Distribution
7 20 0.7363| 0.5207| 04251 03682 03293 03006 02783 0.2603) 0.2454| 0.2328)
TI. 1.2756| 0.8733| 0.7051| 06072 0.5412| 04929 04556 04256 04009 0.3800
8 20 0.7360| 05204 04249 03680 03291 03005 02782 0.2602]| 0.2453] 0.2327
T 1.2650| 0.8693 0.?028' 0.6056| 0.5400| 04920 04548 04250 04003 0.3795
9 $20 0.7357| 0.5202| 0.4248| 0.3679 0.3200] 0.3004| 0.2781| 0.2601| 0.2452| 0.2327
TIL 1.2568| 0.8662| 0.7010| 0.6044| 05391 04912| 04542| 04244| 0.3999) 0.3791
10 420 0.7355| 0.5201| 04247| 0.3678) 0.3289) 0.3003] 0.2780] 0.2601| 0.2452| 0.2326|
T 1.2501| 0.8636 0.6995 0.6034| 0.5384| 0.4906| 0.4537| 0.4240| 0.3995| 0.3788

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.




Sample Prep Method Optimization

Robust Final Replication
LC Method — Strategy

Optimization

\ 4

Robust Sample
Prep Method
Optimization

=) APLM Stage 2

USP <1220>

Stage 1: Procedure design

ICH Q14

A sample and/or sample preparation is

considered suitable if the encompasses procedure
measurement response of the sample development, which consists of the
satisfies pre-defined acceptance analytical technology and sample
criteria for the analytical procedure preparation.

attributes that have been developed

for the validated analytical procedure.

65
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~ S-Matrix, Sample Preparation Method Optimization

Analytical Procedure

Analytical
Method Validation

Replication Strategy
Optimization
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Y Key Differentiator —
... Sample Preparation Optimization

4 Support for Sample Preparation Studies
@ v" Full CDS Testing Automation
Fusion QbD"®

v Same Powerful Modeling, Optimization,

— and Visualization Tool Suite:
- Instant One-click Modeling — Any Results
- Complete Analysis Results Reporting
- Integrated Robustness Simulation
- Complete Multi-response Optimization
- Multi-dimensional Visualization Graphics

Copyright © 2024 S-Matrix Corporation. All Rights Reserved. 67



S-Matrix, Flexible Experiment Setup

Experiment Tupe I Optimization l

— Mixture Variable S ettings

Mo. of Mixture Variables ID vI

 Process Yariable Settings

Mo, of Process Variables I 5 - l

I~ Split-plot Design [restriction o randomization)

MName Units Type Level Settings

|Buffer pH . o To'gl IDiscrete Hurneric | Lewel 1 I oo
State——— Mo, of Levels|3 VI Level 2 I 350

* Yariable Level 3
" Cohstant e I 00

Mame Units Type Lower Bound Upper Bound
Orgaric Level % 208 [ Continuous || 20 50

 State
@ Varable
~ Constant

Mame Units Type Lower Bound Upper Bound
Sonication Time min i ‘_‘0-8| IContinuous ;I I a a0
~ State

& Variable
" Constant

Mame Lnitg Type Lower Bound Upper Bound
Shaker Speed TpMm b Tg'8| IContinuous LI I a0 250

~ State
* “ariable
" Constant

MName Units Type Lawwer Bound Upper Bound
Shaker Time it b T0-8| IEontinuous LI I 20 120

 State
* ‘ariable
" Constant
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2) Testing Design

Fusion QbD creates a
companion LC Testing
Design and exports it to
Empower as a ready-to-
run Sample Set.

3) Sample Preparation
Study Execution

Experiment run samples
transferred to LC for
testing using the Fusion
QbD Sample Set.

1) Experiment Design

Fusion QbD generates
the Sample Prep. Study
based on the user’s
variable settings.

4) Results Data Import

Fusion QbD
automatically imports all
LC results for all
compounds and maps
the data to the Sample
Prep. Study design for
automated modeling.

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.
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- S-Matrix,

Multivariate DOE Study — goal is characterizing all significant effects of the study
parameters on all Critical Quality Attributes (CQAS)

&l

Automated Import and Data Modeling

L~ T S Y N R L H e oe=r =Ty — =

AP 2 - %L.C.A1_2) Response Surface

Sonication Time = 13; Shaker Speed = 130: Shaker Time = 0

h el I R

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

Linear Effect ' Curvature

Buffer pH (+)

o o o

o a Q

Interaction Effects

[+
] o (o] [
o

CQA=9.3 +4.2(pH) — 5.4(Add.)2 + 12.7(Add*SolvAmt) + 1.3(SolvAmt*SonicAt) + 1.6[(ApH)?(Add.)] + ...

Complex Effect

==} §
Say

BEEERRRSEEE
LESNENEE

@
Ba5EET




~ S-Matrix, Multi-response Overlay Graph

Below is the Final Robust MODR in which methods meet or exceed all critical

mean performance and robustness goals simultaneously.

40.0

35.0

Organic Level (%)
[
[=]
[=]

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

Fusion QbD Graph|

[aP12 - %LC-(1_2): 99.5|

[4P11 - %L.c-(1_1): 98.5]

[AP11-%LC-(1_1)- Cpm: 1.33]

.80 8.88

/

J——_
~JaPrr-wmlc_1:ees

< -

APIZ - %L.C.(1_2) 97.5

8.97 89.05 913 822 9.30

Buffer pH (*}

UNshaded Region
In the graph is the
Method Operable
Design Region
(MODR)
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40

Organic Level

Organic Lewvel

Organic Lewel

20

20

40 20

30

40 20

20

Shaker Speed = 245

Shaker Speed = 250

Shaker Speed = 255

=

\..___/ —F

Fait
T

)
I

Fan)

Shaker Time = 50

=

L
T
ﬁ

Shaker Time = 55

|/

A
==
A
=
=
Jau

Shaker Time = 60

& & 4
8.30 9.05 530 3.80 9.05 9.30 280 9.05 930
Buffer pH Buffer pH Buffer pH
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¢ S-Matrix, Complete QbD Reporting
-

Name: Administrator ?— T

Company: 5-Matrix

Project: APl Assay Method | .

Date: 24 JUL 2021 14:27:07 POT [UTC-07:00] gy ¥ S_M atrix
o

Multi-factor MODR

Shaker Speed » 248 Shaker Speed = 240 Shaker Speed = 258

i i i Report Output in Multiple Formats

Eﬁ £ « MS Excel

EEE * MS Word o

Response Variable Goals .

Hame Units [Goal Color | Lower Bound| Upper Bound LA
(AP T - 3L CA1_1) © |Tamget  |Blue 650 86.50

AP2 - %L CA{1_2) T |Tamget  |Red 57 50 EET

(AP 1 - 3LCA1_1) - Cpm Maimize 1.33

AP Z-%LCA1 2)-Com 1,33

Independently Adjustable Ranges Rectangle Settings

(&xlz |Name Units | Lowsr Bound| Upper Bound
[ [Euterpn |7 895 075 a1
v |Onganic Level % F] 3] 0|
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* S-Matrix, Method Validation & Transfer

Analytical Procedure

Analytical
Method Validation

Replication Strategy
Optimization
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S-Matrix,

————— o

b ) Analytical Method Validation Suite ‘

Complete Method Validation Experiment Suite

* Replication Strategy » Accuracy / Linearity / Repeatability
o Specificity [Combined as per ICH Q2(R1)]
LOQ, LOD

Intermediate Precision and Reproducibility

e Filter Validation

o Sample Solution Stability
Validation Robustness — LC

e Accuracy
Validation Robustness — Non-LC

e Linearity & Range
e Repeatability [e.g., Sample Preparation, GC, CE, Dissolution]
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Accuracy, Linearity, and Repeatability
with USP <1210> Metrics

Define your Acceptance Limits and Associated Estimation Precision Requirements for the Determination.

- S-Matrix,

1 Method Validation - Small Meolecule Data Analysis

Select Response for Analysis

Amount e
APT
USP <1210>
Perform Data Analysis
Response Treatment
’VO % Recovered (Relative) (@) Difference from Mean (Absolute)

Interval Metrics
- o Compound-based Acceptance Criteria
I nteg rated Wlth I n - [#] Tolerance ( Prediction Interval
Interval Type
the Accuracy and [@J“'ﬂa"* Ofredcton | 2 89
Mame Value Unit
ih |Acceptance Limit] <= 0.10|mg "
Repeatablllty Desired Probability 95.00( %
Tolerance Alpha 5.00| % b
Analysis and
. tL;\nel-based Acceptance Criteria -~
R e p O rtl n g Computed Results Source Data
-0 a0
W00 G0
Accuracy Individual Results Individual Results
Level |% Bias| <= Level Spec. Lower Limit Spec. Upper Limit
1.000 15.00 1.000 0.200 1,100
2 00n 100N 200 1 AN 7onall| ¥
B8 The settings are valid.
Badk Finish Cancel
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sMatrix, — Accuracy Report — Tolerance Interval Results

Report Includes
Results of Required
Verification Test for

Validity of Data

Compilation for

Tolerance Interval

Analysis.

Copyright © 2024 S-Matrix Corporation. All Rights Reserved.

Interval Test (USP < 1210 =)

Tolerance Interval

Hame alue
[Dessired Probabiley % [95.00
Tolerance Alpha % 5.00
Tamget 0.00
B ean | Pogled] 0.058

[Specification Limits (ma)

020 == Targe! == 0.20

Cornpuaied Imerval {ma)

0004 == hlean <= 016

[Re=sult

Pz

Both Computed Interval bounds are within the Spacification Limite.

Replicate Group Error Statistics

[Replicats Group [Group Run No. [Difference from Mean  |Group Std. Dev. |F-Ratio|P-values
1a D.018|
1 1k 0072 0027 07366 05068
1e 0081
2. o
2 2.1 10| 0.038] 1.7550 0.2334
2.0 D044
EEY 0.120|
El 3. .0&T| 0012 01267 ARZT
3.0 D0z
4. 010z
< 4 b D02 n.024| 05603 0.6520
4. 056
5. D074
5 5.1 ~0.047] 0043 25443 D.id22
5. D.010|
Probability Density: API - Amount
Tolerance Interval
t
LSL usL
-0.20 0.10 0.00 0.10 0.20
Weight Amound (mgl
Fadures per Thousand = 2.52
[Edit Graph]
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Analytical Method Transfer

Transferring Lab Fusion QbD Fusion QbD Receiving Lab

Sequence Sequence
Execution Execution

Chromatography
Data Software

Chromatogram
Results Data

Accuracy
= Linearity
1. Fusion QbD — Exports Experiment to the CDS . e Repeatability
as Ready-to Run methods and sequence. — ‘- ol Tolerance or
2. Sequence is Run at Both Labs. — "“' Prediction Interval

3. Fusion QbD — Imports Results for Instant and Complete h m Pass/Fail Criteria
Analysis and Reporting.

Results
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R Analytical Method Transfer

Automation Makes it Easy to Extend the Analysis to Address Bias Concerns:
* Analyst
 Equipment
 Day

 Etc.

For example, each analyst could run the sequence
on each LC on each Day.
Each results set could then be imported into

Fusion QbD for direct analysis and comparison.
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1. Snyder, Kirkland, and Dolan. (2010). Introduction to Modern Liquid Chromatography, 3" Edition;
John Wiley & Sons, Inc., Hoboken, New Jersey

2. Lifecycle Management of Analytical Procedures: Method Development, Procedure Performance
Qualification, and Procedure Performance Verification; Pharmacopeial Forum 39(5) 2013

3. USP <1210> Statistical Tools for Procedure Validation, The United States Pharmacopeial
Convention, May 2018

4. USP <1220> Analytical Procedure Lifecycle Management, The United States Pharmacopeial
Convention, May 2022

5. ICH Q14, Analytical Procedure Development (Draft Version), March 2022

6. ICH Q2(R2), Validation of Analytical Procedures (Draft Veersion), March 2022
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e End of Presentation

Analytical Procedure

Analytical
Method Validation

Replication Strategy
Optimization

WWww.smatrix.com
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