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Fusion QbD” — Modular Software Platform

LC Method
Development

Analytical Method
Validation

Product Development

— /,

Fusion QbD

\ J

i

Full QbD Experiment Automation

* Formulation & Process
Development

* Non-LC Method
Development
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ChemSltatinn

OpenLAB

Respiratory Drug |
QC Testing
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Fusion QbD” — Modular Software Platform

LC & LC-MS Method
Development

— #

Fusion QbD

|

£ ™
{ |

i

Full QbD Experiment Automation

TRl ;:_ (Empower”

ChemStation
OpenLAB
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Fusion QbD Automation — Supports All Waters LC Systems

)\.
(Ernpower‘"

‘/ Solvent Selection Valves

‘/ Column Switching Valves

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

=
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Fusion QbD Automation — Supports All Agilent LC Systems

)\.
(Ernpower‘"

Agilent 1100s
And 1200s
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—¢ 9S-Matrix.
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Infinity Il Series

‘/ Solvent Selection Valves

v Column Switching Valves

Agilent 1290
Infinity Series

Agilent 1290
Infinity Il Series
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Fusion QbD Automation — Supports Thermo LC Systems

@ ‘/ Solvent Selection Valves
T

— A ;
—
*‘_ CHROMELEON 72

Qo

‘/ Column Switching Valves

UltiMate LCs Vanquish Horizon
And Flex LCs
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Fusion QbD — Supports all Install Environments

Supports all Install Environments Fusion ObD
Standalone (Workstation) v
Network ‘/
Citrix Ready Certified "egg}( v
Fully Qualifiable for GxP* v

* - Fusion QbD is operating in the GxP environments of

International pharmaceutical companies worldwide.

TA
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Fusion QbD — Supports all Install Environments

Empower
Enterprise
DB Server

\ &
(Ernpower"

Network PC Network PC

\ & EC \ & EC

(Ernpower“ (Ernpower“

A 4
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Fusion QbD Network Fusion QbD Network

e e
Fusion QbD / Fusion QbD /

?

f
A

Fusion QbD ; & T Network
ppe———— Fusion QbD &4 oC
- % = Fusmn QbD
= Fusion Administrator”
Lab Deskto " )
P Home Laptop y

R Office Desktop
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Fusion QbD — Supports a wide Variety of Separation Modes

Supports All These Separation Modes

Reversed Phase

Normal Phase f\
Chiral | |

‘: Chromatography [N
H I LI C ‘LFUSi?i‘YQbD ‘.
lon Exchange u

Size Exclusion
SFC
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Fusion QbD — Supports Flexible Experimenting

Enables you to study any combination of LC parameters

which can interactively effect method performance!

* |socratic Methods ® Strong Solvent Type
* Gradient Methods * Mobile Phase Solvent Blend
* Any pump program steps — e.g. * Column Temperature

o Equilibration Time & % * pH

o Isocratic Hold Time & % * Column Type

o Gradient Time & Slope * Flow Rate

o Final Hold Time & % * Injection Volume

0 Re-equilibration Time & % * |onic Strength

' A
| |
S—I\/Iatr‘ix*; Copyright © 2019 S-Matrix Corporation. All Rights Reserved. 12



Initial Chemistry Screening — Built In pH Automation

[ Buftes §sbschu oM Do Blerraderg Made: |ﬂr\el-:ldﬂape-|“al I ok of Provasy Comgsourd
|
| e Buliee Setirgs
Mo ol Lvek: [€ =] M@
=™ [ — [ L Ackd = [Fr—r—
Lheid Farmiz e id (20 i .73 16886 [ X
(Basn A Formate (20 At .16 [T 20.0]
378 .8 50
4 34 208 B0.0)
543 3.6 53.0
&2 [--] 1000
l
Buffer Selector
Sedect Buller Syshem
[ 275 - 6.24 [Formate System (20 mi] =l &0
il 50
Formic Acid { 30 mi}
E
| Amemonium Formats | 20 m# ) a0
301
0 10 20 3 40 5 B0 7 80 W
Ammonesn Foemats [45]
D ludee-d pH Formic Acid {%) Ammmoneum Foamate [%]
B 2.78 100.00 0.00
= .78 F3.00 .00
i | 2489 $0.00 10,00
o 3.16 80.00 20.00
- 338 70,00 000
- | 1.54 50.00 000
B FEL 20.00 5000
= 3.88 £0.00 0,00
= | 4,06 30.00 7 DUl
o .34 20,00 0,00
] 4,91 10.00 S0.00
- 542 5,00 ¥53.00
L T T T A

T" T
—¢ 9S-Matrix.

@il_

Built in Buffer System
Titration Curves

Extremely Precise!
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Initial Chemistry Screening — Built In Column Switching Automation

t—_f\ Clear all column selections Waters F u S i O n Q b D Au to m ati O n

@ ACQUITY UPLC BEH C18 (i)
. EEme o Supports Column
L ACQUITY UPLC BEH Phenyl Q@ .
- ¢ W ACQUITY UPLC BEH Shield RP18 (1 ] Compartments Wlth
3'5 ACQUITY UPLC GSH G18 i ) . -
05 ° ° . ACQUITY UPLC CSH Fluoro-Phenyl (5 ) Mun:l-posrtlon ValVES!
254 @ & ACQUITY UPLC CSH Phenyl-Hexyl 0
£ ., @ S AGQUITY UPLG HSS G18 (i )
: - ACQUITY UPLC HSS C18 SB 5]
._ 1.5 . . = ACQUITY UPLG HSS Cyano i)
::“ 1.0 T ACQUITY UPLG HSS PFP (i ]
z Sl o L. 0% e @ ACQUITY UPLC HSS T3 (i ]
d * :o Fo%8 Atlantis dC18 o
ek o®sse é ¢ Atiantis T3 (i )
7] 0.5 = Nova-Pak C18 (5 )
-1.0 T T T 7 T T T T T *
-1.5 -1.0 0.5 0.0 0.5 1.0 15 20 2.5 a0 a5 4.0
) Hydrophobicity (In [k}

Waters
Reversed-Phase Column Selectivity Chart vats e & THE SCIENCE OF WHAT'S POSSIBLE”

— Column Settings
Valve Condition pH Upper
Name Position Column Time |Bound
1 |BEHC18 Position 1 « 2.0| 14.00
2 |BEH Shield RP18 Paogition 2 « 2.[I| 14.00
3 |HSS T3 Pogition 3 « 2.D| 14.00
4 |CSH Pherwl Hexyl Position 4 + 2.0| 14.00
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Presentation Outline
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\_ P grity )
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Data Integrity

FDA Statement —

As long as the data

Integrity associated with the

method development work matches what would be

done in a formal Va

Idation Robustness effort, then

the results are acce

ntable.

USP Workshop — Enhanced Approaches for Analytical Procedure Lifecycle:

An Alternative to Traditional Validation

T‘ 5
S-Matrix.

(Sept. 24-25, 2018)
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Fusion QbD Automation — Maintains Data Integrity

Chromatography Data Software (CDS)

File Edb Yiew Help

Ei| w|m| 22| falfE| (5[] | AsiTable Preterences  [Gample st isthod -l ‘

Fu Si 0 n Gb D b Vial \If".:\ fn;' Label Sampletame | Level Function R':i"ﬂ;f; ’ RE';::'DE Processing 'ﬁ:lnne ‘ ls]‘aa(ft ‘ N;S;;‘: E:;‘:U’g: A:;‘;:ng Sampletieight | Dilution
(L) (Minutes) | (Minutes) | (Minutes)
1 Condtion Column 870 000 0.00 | No Change
2 Condtion Column | Text Hix pH 001_017 010 000 0.00 | No Change
| | 3 Equilbrate Text hix oH 001_017 200 0.00 7.95 | Ho Change:
/[ N a1 | 20| 1 |unkooo-000 |Bank-1 Inject Samples Text Mix pH 001_017 Nermal 10.50 0.00 150 1.00000 | 1.00000
k / 5 Condtion Column | Text Hx pH 001_001 010 000 0.00 | No Change
B Equibrats Text Mo pH 001_001 200 0.00 0.00 | Ho Change:
70z | zo| 1 |unko01-001 |1adta Inject Samples Text hix oH 001_001 Normal 10.50 0.00 1.50 1.00000 | 1.00000
8 Condtion Column | Text Hix oK 001_002 010 000 0.00 | No Change
9 Equilbrate Text Mix pH 001_002 200 000 0.00 | No Change
10z | 20| 1 |unkooi-0z [zata Inject Samples Text hix oH 001_002 Normal 10.50 0.00 1.50 1.00000 | 1.00000
1 Condtion Column &70 0.00 0.00 | Ne Changs
Generates bD_ali ned 12 Condition Column Text Mix pH 001_003 010 0.00 0.00 | Mo Change
Q g 13 Equibrats Text ik pH 001_003 200 0.00 0.00 | Ho Change:
DO E E H t 122 | 20| 1 |unk001-003 | 2ata Inject Samples Text hix oH 001_003 Normal 10.50 0.00 1.50 1.00000 | 1.00000
Xperlmen 15 Condtion Column 870 000 0.00 | No Change
— 16 Condtion Column | Text Hix pH 001_004 010 000 0.00 | No Change
17 Equilbrate Text hix oH 001_004 200 0.00 0.00 | Ho Change
18]z | 20| 1 |unkooi-00s [sata Inject Samples Text Hix pH 001_004 Nermal 10.50 0.00 150 1.00000 | 1.00000
19 Condtion Column | Text Hix pH 001_00S 010 000 0.00 | No Change
20 Equibrats Text Mo pH 001_005 200 0.00 0.00 | Ho Change:
21(2 | 20| 1 |uUnk001-005 |Sata Inject Samples Text hix oH 001_005 Normal 10.50 0.00 1.50 1.00000 | 1.00000
22 Condtion Column 870 000 0.00 | No Change
. . 2 Condtion Column | Text Hix pH 001_008 010 000 0.00 | No Change
Automatlca”y BulldS 2 Equilbrate Text i pH 001_006 2.00 0.00 0.00 | Ne Change

Sequence and All
Instrument Methods

Eliminate Transcription Errors.
Maintain Data in Audited Environment.

S"Matr'ix.,, Copyright © 2019 S-Matrix Corporation. All Rights Reserved. 17



Data Integrity

Fusion QbD Automation Supports
Full Data Integrity

Full integration of all e-record and all e-signature
features and functions required to support full 21 CFR 11
compliance.

Secure Workflow and Project Management systems.

Full audit trail, including bi-directional auditing of all
data exchanges with the CDS.

Tq 21
| |
S—I\/Iatr‘ix*; Copyright © 2019 S-Matrix Corporation. All Rights Reserved. 18



Fusion QbD Automation — Maintains Data Integrity

(51 5-Matrix\Test as System/Administrator - Project - a X

File Edit View Tools Database Help Method Properties X

] e T e e e L v

Name: AAA Demo

nlnl Type: Sample Set
! Last Modiied By:  System
l‘! !I Locked By:

thleef&lt LI EditView | Update Clear | Being Edted By:

QB Sample Sels I Injections |Channels| Methods |RESU|[ Sets IRESUHS ~ Method History

-E Method Name Method Type W El MethodNams |  Method Type =

v AAA_Deme Sample Set o 1| Aaa_Demo Sample Set Crested by Fusion QbD: C:\Program Fileq

2 | Aaa_pDemo001_001 Method Set 7201

3 | aaa_pemo001_001 nstrument 7201

4 | Aaa_pemoo001_o02 Method Set 7201

5 | Aaa_Demo001_002 nstrument oY | =

6 AAA_Demo 001_003 Method Set THTR0Y Dilferences I p,ﬂﬂdf-,ods‘ Print Histary | Save As Curent I Audit Trai |

7 | Aaa_Demo001_003 nstrument 7201

oK | Concel | Hep |

8 | AAA_Demo001_004 Method Set TR0 rr e

9 | Aaa_pemoo001_004 nstrument THT/2016 8:28:16 AN POT

10 | aaa_Demo001_00S Method Set THT/2016 8:28:20 AN POT

1 | Aaa_pemo001_00S nstrument THT/2016 8:28:19 AN POT y
166 total 4

Audited Data Exchange — Assures Data Integrity

= S—Matr‘ix.,\, Copyright © 2019 S-Matrix Corporation. All Rights Reserved. 19



Fusion QbD Automation — Maintains Data Integrity

Fusion QbD
1

N

/

T

Automatically Retrieves

All Chromatogram
Results Data

Automated analysis,
graphing, and reporting.

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

m ~¢  S-Matrix,

Chromatography Data Software (CDS)

]

) i i all Lzle

Eliminate Transcription Errors.

Maintain Data in Audited Environment.

Copyright © 2019 S-Matrix Corporation. All Rights Reserved.
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I8 LC Method Development - LC Method Devel

Tutorial - i

Eile Edit Activity Jools Window Help

DR EE R & ® 6 ceneervdtiog @

Fusion QbD Automation — Maintains Data Integrity

Resdy

Design of Experiments.
» Create a Design
» Design Reports
Data Entry / Analysis
+ Data Entry
+ DstaAnalyss
BestAnswer Searches Name: Administrator
* [Best Overal Answer Ci S-Matrix Cs
* Acceptable Performance Region Project: Project 1 .
+ Point Predictions . -04: ’
e o Date: 17 NOV 2019 14:04:21 PST [UTC-08:00] S-Matmxu
+ Single Response Series
* Muliple Response Series
Reporting Toolkit Audit Log
+ Fusion Reporter
14 NOV 2019 10:21:21 PST [UTC-08:00] - Administrator
Event Type: import Responses.
Impeort Response Settings
Setting
Target COS EMPOWER
Empower Version Empower 3 Software Buid 3471 SPs Installed Feature Release 4 D8
[Empower Database (local)
[Emgower User sysiem
Project Name: RO - Screen-9_8 0
Result Set(D) FMD_RD1_Screen (1485)
Processed Channel PDA& Ch1 225nmi4 8nm, Time offset by 0.020 mins.
Activate PeakTracker Unchecked
Auto-imported Responseds) Heght, , USPTaiing, 9 . Area
Trend Response(s) USPResckition
Import Chromatogram Trace Data Checked
Impart Prediction Chromatogram Data Checked
Total import Time 00:00:18
Locale Engish (United States)
Response Data
No. of Peaks >= 1.50 - Mo. of Peaks >= .00 -| No. of Peaks <= 1.50
Run No. Result ID No. of Peaks - USPTailing,
1 1748 [] 2 2| [
2 1750 6 3 3 0|
3 1826 8 5 5| El
4 1824 L ] 4 4 2|
& 1756 T 2 2 0|
1 of6

Audited Data Exchange — Assures Data Integrity

Copyright © 2019 S-Matrix Corporation. All Rights Reserved. 21
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\
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Fusion QbD —

Acquity H-Class Acquity QDa
With PDA Mass Detector

T &

Fusion QbD

|

Fi kY
{ ]

6 Column
Capacity

\ @
(Ernpovver““ E—
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Fusion QbD — Auto-imports UV and MS Spectra Data for Tracking

Select a Project and Result Set

~ Select Project ~ Select Result Set(s)
| Find | Fiter | Reset | Result Set Name [ID | Date [ Sample Set
(5 Projects RD2 Optimization 9001 6/4/20196:48:34 AM EDT RD2 Optimization
j

% (&) Customers
- [&] Distributors

=—[&) S-Matrix
T % ‘:Er L Select Processed Channet
T (5] FMD Tutorial -9_9_0 “eicnteecled ead Sete |l {PDA Chl 225nm(@4.8nm, Time offset by 0,020 mins. =l
{51 RD1-Screen-9_9 0
| [5) RD2-9_9_0-Named Peaks —Rewds) for mport
L&) RD2 - Optimization - 9_9_0 Sample [ID | Date | Type | ChannellD | Result! A
B FMV-A_L R 1 9155  6/4/2019 8:50:34 AM LC 6737 3001
10 9048 6/4/2018 8:48:51 AM LC 6812 9001
#—[&] Internal Development
i 1 9191 6/4/2019 8:57.34 AM L5 6820 9001
{5) RD1 - Demo Screening Expt 12 9058  6/4/2019 8:48:54 AM LC 6828 9001
t m RD2 - Demo Optimization Expt 13 9063 6/4/2019 8:48:56 AM LC 6836 00
& El Test 14 9201 6/4/2019 8:58:48 &AM LC 6844 9001
15 9073 6/4/2019 §:48:59 AM LC 6852 3001
16 9078 6/4/2019 8:49.00 &AM LC 860 9001 v
< >
¥ PeakTracker Data Import
Select Raw PDA Channel Select Raw MS Channel: MS Time Offset (min)
[None Selected ~| |aDaPositive Scan ~| | 0.02
-~ Spectra Extraction Points < 1 Thieshold Selting 1
Leading (%) | 3000 Trailing (%) I 30.00 MS Intensity 100000 ‘
~ User Types (logged in as 'Owner’) :
|0 _] Select Processed MS Channel: ¥ Track Non-absorbing Peaks
Hnet IDDa Positive Scan MS TIC, Smoothed by 53 point Savitzky-Golay Filter, (QDa Positive(+) Scan (100.00-1 Z'EI

‘:Head” ] Nest >> I Cancel |l|

\
m S-Matrix, Copyright © 2019 S-Matrix Corporation. All Rights Reserved. 24



Fusion QbD — Auto-imports UV and MS Spectra Data for Tracking

Select a Project and Result Set
- Select Project - Select Result Setfs]
| Find Filter Reset Result Set Name [ID | Date | Sample Set
PriucEs RD2 Dptimization 1114 2/19/2019 7:23:52 PM EST RD2 Optimization
3] Proj
% [&] Customers
% [&] Distributors
=[] S-Matrix
+ % ::::_L Select Processed Channel
*—El FV-A_LR Felch Selected Besdl St | IPDA Chi 225nmi@4.8nm, Time offset by 0.020 mins. |
= {[&] Internal Development
L FMD i~ Result{s] for Import -
& Sample | ID | Date | Type | ChannellD | Result! A
| & 1 1443 2/19/2019 7:56:43 PM LC 1mz2 1114
_EE] 10 1405  2/19/2019 7:43:08 PM IS 1196 1114
1 1407 2119/2019 7:4413 PM LC 1205 1114
{5] RD2 - 02202019 12 1403 2/19/20197:4453PM  LC 1214 1114
—fﬂ - 1411 2/19/2019 7:45:20 PM LC 1223 1114
B Ro1-Demoscreenid  USed for samples with peaks | 1413 2nsenszdsarem L0 1z s
RD2 -Demo Optimi hich Do Not loni 195 onamiaroemeeM L6 180 114~
B3] Test wnic O NOt Ionize 24 .
]
v Activate PeakTr;r
Select Raw PDA Channel: Select Raw MS Channel MS Time Offset {min]
| PDA Spectrum _~|| |00 Positive Scan =~ | 002
£ 2 — CpECia EATaction Points 1+ Threshold Setting
Leading (%) I 3000  Trailing (%) | 30.00 ‘ MS Intensity I 50000
~User Types : A
Select Processed MS Channel: > [ Track Non-absorbing Peaks
II]wnEI Z] I
|
Ready Used for samples with peaks | Cancel | 2|
which Do Not Absorb

TA
= S—I\/Iatr‘ix.,, Copyright © 2019 S-Matrix Corporation. All Rights Reserved. 25



Fusion QbD — Auto-imports all Results for Modeling, & Simulation

Select Responses
|PDA Spectrum PDA 225.0 nm (PDA Spectrum [190-400)nm), Time offset by 0.020 mins. ;I
- Trend Responses 1 Named nds in CDS 1
Add Delete | Undo Changes | Restore De{aullsl £uto:mported Hesponses. .
Vakse Re 7S Available Included
Operator sponse
1 | @ No-ofPe - -
: — = — Auto-imported Responses
2 |= = X -
3 " e ™ i = ~Auto-imported Responses
- - -
A = = Fesponse | A
4 |= Jor Bl BasePeak
Ma R AssignedMass
5 | L. L AssignedMassYalue
Respi RetentionTime
MigrationTime
IMP( Pectimount
Dor Pctirea
Lo Height
Avail Amount
E Area
ﬁnd[ EndPY
29 EndTime
3Sig EPPlateCount
45ig USPSignall oNoise
33‘9 EPSignalT oNoise
- ;ﬁ\bg‘ JPSignalT oNoise
Aboy || | RErme v
Selectll | Select None | =Incomplete | |}
D = Duplicate Aisyn)
<< Back Next >> Cancel | QI

= S"Matr'ix.,, Copyright © 2019 S-Matrix Corporation. All Rights Reserved. 26



Presentation Outline
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\
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PeakTracker — Displays UV & MS Chromatograms / Auto-builds GTM

1,

PeakTracker
Run No.
D: 1241: Channel: PDA Chi 225nm@4.8nm: Channel Type: 2D [Fusion GbD Plo]
4 | UV Chromatogram : B el -
3 U.ﬁ ..._......:...........:....... ..._............:...........:......_....:...........:..........................................................._.............
R R R e e e o e e e S e s e s
E 3 : : : : - : : : : : 5 :
? 030 .................. - ......... fear i rmanad ..... 1 - - - ORI ........... ......... - ......... Frrumnrenad Mesawerasas - .......
1? 0.00 1..:10 2.50 3.'00 4.50 s.ﬁo s.'uu ?.60 s.‘m s..un 1 cim 1 1‘.05 1 2..00 1 3Tm
12 [+ | 4
13 =
14 annel Type: 20 1
: I| Total lon Chromatogram (TIC) oot lize oL Global Tracking Method (GTM)
17 [ : : : H : :
L. 1407 : i : . .
5 foael o S . i | PeakTracker automatically builds
g? gg*i SRR | R SR SRR | AR i <2 | a customizable GTM by scanning
§§ 0.00 1.00 200 300 4.00 5.00 6.00 7.00 2.0 _a” U\_/ and_TIC chromatograms to
2 A identify all integrated peaks.
2 Peak Table - PDA Chi 225nm@4.8nm - Run No. 15 Global Tracking Method
27 i
-2 ﬂ"m G o 1 I I | I ROR
—23 1 1.037 262.2 262.2 973,202 523,791 r Displaylriensi-y Columns
30 2 3.061 193.1 193.1 110,123 37,394
3 4.656 336.8 336.8 296,881 160,622 Cﬂ:ﬂw'ﬂt f—!l:::: Ew"e::: Exv:::g Exp"zc:: Exp;c:g =
3 e e s | ze22]  2eaal zeaz] waal  zesz) —
21]1193.1 193.1 215.1 132.1 407.3 1594.1

Select Mode
" Data Revied

-

PeakTracker can automatically address these complex separation | s zeo s

and tracking challenges:

® Auto-deconvolution of partially and completely co-eluted peaks,
® Two or more peaks with identical mass data.

® Non-ionizing and non-absorbing compounds.

673.4 278.9 160.2

310.1 279.2 126.1
33341 126.1 275.0 x>

— | Peak Tracking
e | Fingerprint
Data

S-Matrix.

Copyright © 2019 S-Matrix Corporation. All Rights Reserved.
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PeakTracker — Displays Tracking Results and Peak Spectra Data

PeakTracker Extracted Spectra: Row 6 (APY)
F'_““1N° [Run No_ 15 Result ID 1415: Channel ID: 1241 Channek PDA Ch1 225nm@4.8nm: Channel Ty Eestenomenied Eeprmenied [
2 B+05 Bl L] B+05°
3 096 _ ; - v - 606
4 0744 cvveeeeneen e s 405 06,
: . : : .
3 Q e L1818 m 126 AR 2 1]
7 030f oo W0 142 84 2E 28 N0 W M 00 142 184 2% XS N0 W W W0 142 184 2% ® M W I
3 B e
¢ ' + + ¢ ' 04 049
10 0.00 1.00 200 300 4.00 5.00 6.00 o il S oo
1" P gﬁ : 0245
12 J o1t - P LA 0122
13 ] S — ] Mass and
14 [Run No.: 15: Result 1D: 1503; Channel ID: 1245: Channgl: MS_TJC: Channel Type: 20] 0224 aznl. o2
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;; g T ™ Analysis
0406 . .
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24 : & ShowAl © Above Theeshokd T Mast Pracision [ 02 Insomsity Procision [0 = _Refsah E
25 J_l 11
% Peak Table - PDA Chi 225nmi@4.8nm - Run No. 15 T Global Tracking Method
27
RT| Base Peak AMV Area Height | :
2 — min)] _ (m/n)|  (m/z)|  (uvesec) (v Mass | v | opions |
g: 1]e 1.037 262.2 262.2 9732.202 523.791 J Component Expected Expected| Expected Expected| Expe 4|
2|6 " Name | Massi| Intensityl] Mass2| Intensity2| Mz
3 |H* ShOW SpECtI’B fDI’ Peak... 1|B 262.2 6,850,432 263.2 1,137,543 2l
4 |F = 2 |G 193.1 1,667,393 215.1 876,505 1.
5 |A Clear Component A55|gnment 3 |F 336.8 1,502,819 672.4 650,817 6
& |API 4 |A 274.1 3460414 275.2 460,235 3.
7 |D-Deg Assign Missing Component-MS... 5 |API 288.1| 8,044,328 289.1 1,295,965 3
s |E ) o 6 |D-Deg 332.1| 1,393,173] 3445 310523 =
s o ssign Missing Component-UV... -,-I EI 2041l s3e37eel 3051l 157767t &Y
4 13
Insert Co-eluted Component(s)-MS...
 Select Mode ~ Commands
€ " ()-1IV
( DataReview (= TrackingMethod Insert Co-eluted Component(s)-UV... Create TrackingMethod... | Track Peaks.. | | cose |
Add Peak to Global Tracking Method
Remove Peak

Flexible Tracking Editor

Copy
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PeakTracker — Instant Preview of Tracking Results

PeakTracker
Run No.
m1 ° |Run No.: 15: Result ID: 9073: Channel ID: £852: Channel: PDA Ch1 225nm(@4.8nm: Channel Type: 20| Fusion QbD Plot
2
3 033
4 0.77
5 0.55
6 2 H* d d
; 033 Easy edit mode.
8 011 - f1R%e
3 an —{ « Blue Background for data auto-updated by
10 0.00 1.00 200 3.00 4.00 5.00 6.00 7.00
1 o PeakTracker.
12 4
I I * Yellow Background for missing data which
14 |Run No.: 15: Result 1D: 9262: Channel ID: 9075 Channel MS_TIC: Channel Type: 20| ) g g
’ can be edited by user.
17 1407 360.2
18 £ 906
13 E 6+06
20 E
21 3+06 S N
22 D400 +———————————
27 0.00 1.00 200 3.00 4.00 5.00 6.00 il 8.00 3.00 10,00 11.00 12,00 13.00 14.00
24
o [«] | i
26 A 4
27
28 Run No. No. o B G H* F A API D-Deg E D ;
Pn_!k_s_ RetentionTime | RetentionTime | RetentionTime | RetentionTime | RetentionTime | RetentionTime | RetentionTime | RetentionTime | RetentionTime |
23 11 8 0.913 1.949 3.561 4.688 5.008 5.261 5.820 5.998 7.908 |
30 2|2 8 0.872 1.893 3.349 3.929 4.226 4.369 4.621 4.756 35.760
3|3 8 1.375 3.058 4.914 5.755 6.259 6.496 6.947 7.208 9,122
4 |4 8 1.361 3.044 4.571 4,865 5.297 5.432 5.626 5.808 6.776
5 |5 8 1.357 3.020 4,559 4,856 5.287 5.423 5.616 5.798 6.783
6|6 8 0.848 1.863 3.297 3.868 4,162 4,307 4,562 4,695 5715
7 1|7 8 1.338 2,984 4,843 5717 6.223 6470 6,943 7.202 9,136
8 |8 8 1.307 3.661 4.489 5.118 5481 3.673 5.867 6.199 7.691
9 |9 8 1.906 4,846 5.053 3.235 3.654 5.786 5.745 6.101 7.119
10|10 7 1.205 2,623 3.904 4,316 4,583 4721 4721 5.045 £.085|
~ Select Mode ) - Commands
@ DataReview ( Pesk Tracking Create TrackingMethod... | Track Pesks... | | Update | Close | @|
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Fusion QbD —

Fusion QbD now uses its hyper-accurate modeling technologies
to predict USP or EP Resolutions for all peaks for any method conditions
using standard Resolution equations. Graphical and numerical displays

update in real time as you change method conditions.

Contour Graph Overlay Graph Response Surface Graph
\ 1\ 39.00
| 3?.00*
w ~ 35.00
. '
.g 34 5
833 § 33.00
. 5
g 3 § 3100 ‘r
: 29.00
27.00
2530 32 34 36 3B 40 42 4.4 : .e 4.3 s.o RS V-W 4000 433 46T S000
PH (")

pH
YA R, =2.00
= S—I\/Iatr‘ix.,, Copyright © 2019 S-Matrix Corporation. All Rights Reserved. 31



Rs-Map Response
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S-Matrix.
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Robust Method Optimization — Robustness Modeling Throughout MODR

.‘. Robustness Simulator

A Robustness Simulator - Select Rs Responses for Individual Compounds

c Indude Response
P
Co Use C;, when one of the two cases below applies to the response. ].:I G - Rs-Map USP Resolution
Cp,_,, 1, The response goal is Maximize, there is an absolute |I:] H* -Rs-Map USP Resolution
C MWMﬂmmmM ] F - Rs-Map USP Resolution
== A - Rs-Map USP Resolution
2, The response goal is Minimize, there is an absolute 2
Upper spedification lmit, and at least some predicted response ] N1~ Sa p P Reackion
values are near the absolute upper limit. V] D-Deg - Rs-Map USP Resolution
Note: E - Rs-Map USP Resolution
® C,is computed when only a lower specification is entered. m | D - Rs-Map USP Resolution
*ﬁ‘m&t&\gs
Select Al Select None :-E:] Cancel
Specification Additional Error
Robustness Limit Additional Amount
Enabled Response Index Delta (£) Target Error (%10 Value)
[ B - RetentionTime Cpk o ]
[ A -Rs-Map USP Resolution Cpk » (]
[ API -Rs-Map USP Resolution | Cpk v (]
4 D-Deg -Rs-Map USP Resolution | Cpk - [ ]
| E - Rs-Map USP Resolution Cpk 7 L
Select Al Select None Restore || Add Individual Rs Responses... i
|-ﬁThe settings are valid,
Back | | Finish Cancel

T" T
—¢ 9S-Matrix.

Robustness is calculated for each key performance metric.
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Robust Method Optimization — Robustness Modeled Throughout MODR

 Mean Performance and Robustness Throughout MODR.

» Include Performance Requirements for Critical Peaks and Peak Pairs.

15 1C Method Develapment - FMD Brochure - 2019 smae

Ede Edit Activity Tools Window Help

DRSS RE N & @ [ cestefeport & UpdsteReport = Delete Report 7 Festore feport RS Robustness Simulstor &' Export | ¥ Show Prediction Chromatograms @
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Presentation Outline

1. Introduction to the Fusion QbD® Software Platform
a. QbD Method Development Experiment Automation

b. Cross-platform Data Integrity

1. PeakTracker — UV & MS Spectra Based Peak Tracking
a. Data Integration for Automated Modeling

b. Tracking Automation

-
2. Forced Degradation Study Automation

. a Peak Tracking in Forced Degradation Studies

J

b. Composite Chromatogram Modeling & Visualization

\
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Fusion QbD —

Fusion QbD enables users to set up an experiment

execution protocol in which each experiment run will

— Replication Strateqy

Experiment Setup ~ Replication Settings |

be repeated according to user-specified Replication

v Forced Degradation Study

Strategy which can be any combination of Sample

Preparation and/or Injection replicates — with the

replicates taken from the same vial or assigned P Obtain all injection repeats from the same

MNo. of preparation replicates per sample |m v I

No. of injections per preparation replicate | 1 » I

different vials.

S-Matrix has now created a new|‘Forced Degradation Study”

mode to support experiments in

which the different Sample Preparation replicates represent different degradation paths such

as photo degradation, acid degradation, and peroxide degradation. This activates an entirely

new technology which aggregates peak data from the replicates for each run into a “Composite

Chromatogram” data set for the run to be used in robust method optimization and prediction

chromatogram visualization.

T" 4
S-Matrix.
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Fusion QbD — Forced Degradation Study (FDS) Automation

Forced Degradation Studies —
Full Automation Support

Experiment Design Matrix

Photo Degraded Sample (Vial a)

__—

Full Automation Support

v’ Each experiment run is replicated for each
degradation path sample.

v' Each peak is tracked in each degradation
path sample chromatogram.

VoAl peaks from all degradation path sample
chromatograms are aggregated into one
chromatogram for the run.

T" T
—¢ 9S-Matrix.

Pump Flow Rate Wa—-ﬂﬁ— emperature
Run No. (mLimin) (min) rc)
Condition Column - 14— 0.400 2.0 35.0(3.20
ig/ 0.300 5.0 35.0{3.20
(i}—0{ 0.300 5.0 35.0(3.20
O oS — 50 35.0[3.20
28 N 0.500 so| ——ssalao)|
2b T 0.500 5.0 35.0{3.20
2¢c 0500 5.0 35.0[3.20
la 03@*\ 15.0 35.0{3.20
3b 0.300 TN50 35.0[3.20
3¢ 0.300 150> 35.0/3.20

"

Foon G0 Evpaersss Creomatigor]

e ,J L WKK
10 pd S00

Meutes

Acid Degraded Sample (Vlal b)

w

Peroxide Degraded Sample (Vlal c)

e 10 Rt 01557 Gl 61123 Grwmal PR S, el g P05
b
e RS
3 o

L
.m
i

——

Composite Chromatogram — Run 1

[
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Forced Degradation Study (FDS) — 2 New Degradants Discovered

Black Trace — Undegraded Sample (Note — APl material contained Related Compound “E”)
Red Trace — Peroxide Degraded API (generated 2 new degradants)

Chromatogram formatting — zoom, stack, offset, and annotate to get best presentation view.

Fun Mo |Fu&ion QbD Experiment Chiomatagrarn
20.a 20b

053

200 2.00 4.00

inutes

et
| |
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PeakTracker — Instant Preview of Tracking Results

PeakTracker

Bb A
Ta
b
Ba
8b
9a
9b
10.a 3
105 TbaDes
1.a
b

12a
12b 5.00 E.00 7.00 8.00

133

13b [« | i
143
14b [Hm No: 24 b: Result 1D: 2557: Channel ID: 2354: Channel: MS TIC: Channel Type: 20] Fusion QbD Plot

15.a
15.b |' '||

16.a B+06 g -
1oe M Tracks peaks in all Deg Path replicates
e of each experiment run injection.

17.a
18a
18b 5.00 600 7.00 800
192

19b 4

208 _1
20b
21.a
21b
22a 43|22.a
2h 44]22.b
23a 45|23.a

23b =
24.a 47 [24.a

N 48|24.b

5.3 4 - . . . 3 v . o o 1
s0[25.b | 3| | | | | | | | 6.419] | 4.264| 4,334
25b v

[RunNo.: 24b: Resul ID: 2555. Channel ID- 2350 Channel: UV 225nm: Channel Type: 20 Fusion QbD Plot

Intensity

L

B G F H* A API E D OxDeg_1 OXDeg_2 ;]
RetentionTime | RetentionTime | RetentionTime | RetentionTime | Retenti ime | RetentionTime RetentionTime | RetentionTime | RetentionTime | RetentionTime
2.023 5.168 5.259 5.349 614 5.712 5.712 5.957 6.848
6.781 5.748 5.790
1.230 3,799 4.075 3.999 ‘;09 4.404 4.404 4.633 5.541

T = oo = ceo

Run No.

wuwuw'ﬁ

2.046 6.206 7.064 6.691 7.429 7.646 7.712 8.243 10.410

Select Mode 1 ~ Commands |
 DataReview ( Peak Tracking Create Tracking Methed... Track Peaks... pdate Data I Cloze I @l
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Presentation Outline

1. Introduction to the Fusion QbD® Software Platform
a. QbD Method Development Experiment Automation

b. Cross-platform Data Integrity

1. PeakTracker — UV & MS Spectra Based Peak Tracking
a. Data Integration for Automated Modeling

b. Tracking Automation

/2. Forced Degradation Study Automation

a. Peak Tracking in Forced Degradation Studies

b. Composite Chromatogram Modeling & Visualization P

\
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FDS — New Degradants Discovered

Fusion QbD automatically creates a data set of composite chromatograms

for peak tracking, modeling, and simulation.

oG - | Graph- 1
[Fusion QbD Graph|
|Elve||a5l Graph1 ;] Update Rs-MapI 50.0 - =
View as Report | \ _. E #
rGraph Settings " 480 = §
Lower Upper Pointer s’_;' 470 E
|_{Name Units Bound Bound Coordinate < £
x|pH - |* 3.600 4.200 4.000 g 46.0 :
¥ |Oven Temperature v |5C 40.0 50.0 48.0 :
= & 450 :
Pump Flow Rate | O | 0.400 E . ! 1
Gradient Time | O | 18.0 = a0 B ! T
o LN
~ Prediction Chromatogram — O 430 \: ; A N !
[Dverlay_Giaph_1_Crosshai] [Fusion GbD Predicted Chiomatogram| [
S - useTaing. 19
3.800 38900 4000 4100 4200
157 "
AP PH ()
H
117 Ovellay RsMap
3 ~ Resolution Map Settings
077 = =
Pointer| «| [~ Viewas 3D Re
i S mdkuo-s] . —
A DDeg 2 |s 2.376 - Graph Resolution —————
037 OxDeg_2G F i : 3;2(; @ Low Density (Fast)
CI;DE 1 l i " ;
A 5 |a 6.572 ? M, Doy (M
+ + + 6 |API 3478 — High Density (Slow)
500 6.00 7 |DDeg 3.275
Minutes 8 E 4.803
s |o 26,915
o I T 10 |OxDeg 1 42357

\
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New Degradants Identified — Forced Degradation Study (FDS)

Overlay lets you include mean performance and robustness for any

critical performance characteristic across the MODR.

"“Reports 1 Graph-
|Dvalay Graph 1 :I IUpl:Ia!e Rs-Map’
Wiew as Report |
- Graph Settings -
Lower Upper Pointer
Name Units Bound Bound Coordinate
X|pH il s 3.600 4.200 4,000
¥ |Oven Temperature v |°C 40.0 50.0 48.0
Pump Flow Rate | Cr | 0.400
Gradient Time | O | 18.0
— Prediction Chromatogram
|Overlay_Graph_1_Crosshai| |Fusion GbO Predicted Chromatogram|
1.57
AP
H*
1 [Gexim] oo
3 r Response Settings
0.77 Lower Upper Crosshair Co 4 |
Name Goal Bound Bound | Prediction | L
A DDeg 3 Rs-Map Response imize v 1.000 ~ 1.2s3 ==
037 0XDeg_X3 F G - Rs-Map USP Resolution Maximize v 2.000 2.376
OxDeal 1 E - Rs-Map USP Resolution Maximize v 2.000 3.400
H* - Rs-Map USP Resclution imize ¥ 2.000 4.381
A - Rs-Map USP Resolution > 2.000 6572
500 6.00 API - Rs-Map USP Resolution |Maximize » 2.000 3478
Minutes D - Rs-Map USP Resolution|Maximize v 2.000 3.275
E - Rs-Map USP Resolution imize v 2.000 4.8031 =
of [ o[ ||| L | ,
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New Degradants Identified — Forced Degradation Study (FDS)

Switch graphed and non-graphed variables — find most robust method overall.

"~ Reports
Overlay Graph 2
Wiew as Report |
- Graph Settings -
Lower Upper Pointer
Name Units Bound Bound Coordinate
X|Pump Flow Rate * |mL/min 0.350 0.550 0.400
¥|Gradient Time v |min | 8.0 20.0 18.0
Oven Temperature | ) | 48,0
pH | O | 4,00
— Prediction Chromatogram
[Acceptable Perfoimance Region Prediction] [Fusion QbD Predicted Chiomatogram|
1.57
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117 H*
2
077
A DDeg £
037 0¥Deg G k
OxDegl1 }\
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[+[ | ]

- \
mS—Matrix@

[ Giaph-
Fusion QbD Graph
<
E
o
E
e
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r~ Response Settings -
Lower Upper Crosshair | Co |
Name Goal Bound Prediction L
Rs-Map Response imize » 1.000 =
G - Rs-Map USP Resolution > 2.000 2376
|F - Rs-Map USP Resolution Maximize ¥ 2,000 3.400
H* - Rs-Map USP Resolution Aaximize ¥ 2.000 4.381
A - Rs-Map USP Resolution ize v 2.000 6.572
API - Rs-Map USP Resolution ize ¥ 2.000 3478
DDeg - Rs-Map USP Resolution|Maximize » 2.000 3.275
E - Rs-Map USP Resolution Maximize » 2.000 4.803 =
‘ | »

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

43



Fusion QbD — Completely Aligned with ICH Q8(R2)

ICH Q8(R2) — Page 22

Fusion QbD

C. Prezentations of Design Space

Figure la: Response swface plot of

of a granulation operation. Dissolition
above 80% 15 desired.

Figure lo: Design space for granulation
parameters, defimed by a nonlinear
combination of their ranges, that delivers
satisfactory dissolution (1.e., =80%).

S-Matrix.

Example 1: Fesponse graphs for dissolution are depicted as a surface plot (Figure 1a) and a
contour plot (Figure 1b). Parameters 1 and 2 are factors of a ramulation operation that affect the
dissolution rate of a tablet (e z., exciprent attnbute, water amount, granule s1ze )

dissolotion as a function of two parameters

Fizure 1b: Contour plot of dissolution
from example la.

Fizure 1d: Design space for granulation
parameters, defined by a linear combination
of thewr ranges, that delivers satisfactory
dissolufion (1e., =30%).

Mame: Administrator
Company: 5-Matrlx
Project: Project 1

Date: 08 APR 2018 18:38:09 PDT [UTC-07:00]

t K *
: S-Matrix,

Final Design Space + PARs

Rs-Map Response Surface Grapl

Rs-Map Response Contour Graph
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