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1. Rapid Chemistry System Screening
a. Automation Makes it Simple

b. Automation Maintains Data Integrity

2. Robust Method Optimization
a. UV & MS Spectra Based Peak Tracking
b. Robustness Modeling Throughout MODR

3. New Degradants Discovered
a. Automated Forced Degradation Study

b. Method Re-optimization
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Initial Chemistry Screening — Gradient Time / pH / Column Type

T" 4
—¢ 9S-Matrix.

Gradient Time — 5 Levels: 10.0, 13.8, 17.5, 21.3, 25.0

pH -5 levels: 2.7, 3.2, 3.7, 4.3, 5.0

Column Type — 4 Levels: BEH C18, BEH Shield RP18
HSS T3, CSH Phenyl Hexyl

All Possible Combinations = 5 x5 x 4 = 100 methods
Fusion QbD Screening Design = 30 methods (plus 6 repeats)

> 3x efficiency.

Copyright © 2019 S-Matrix Corporation. All Rights Reserved.
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Rapid Chemistry System Screening

Fusion QbD

Organizes the experiment for fully
automated efficient execution:

e Ramps on Temperature

» Blocks on Mobile Phase
Chemistries

 Conditions Columns between
Chemistry Changes

T" T
—¢ 9S-Matrix.

Run No. Gradient Time pH Column Type
1__|Condition Column - 1 2 273 BEH C18|
2_|Condition Column - 2 2| 273 BEH Shield RP18]
3_|Condition Colurmn - 3 2l 273 HSS T3]
4 |Condition Column - 4 2 2.73| CSH Phenyl Hesyl|
5 |1 25 273 BEH C18
6 |2 10 273 BEHC18
7 13 25 2.73 BEH Shield RP18
2 |4 10 2.73 BEH Shield RP18
9 |5 25 273 HSS T3
10 |6 10 273 HSS T3
11 |7 17.5 2.73 CSH Phenyl Hexyl
12 |8 17.5 2.73 CSH Phenyl Hexyl
13 |Condition Colurmn - 5 2 32 BEH C18
14 |Condition Column - 6 2 3.2| BEH Shield RP18]
15 |Condition Column - 7 2 3.2 HSS TEII
16 | Condition Column - 8 2 3.2|CSH Phenyl Hesyl|
17 |9 21.3 3.2 BEH C18
18 |10 138 32 HSS T3
19 |11 175 3.2 BEH Shield RP18

20 |12 17.5 3.2 C5H Phenyl Hexyl
21 _|Condition Colurn - 9 2 369 BEH C18|
22 |Condition Column - 10 2 3.69| BEH Shield RP1B|
23 |Condition Column - 11 2 369 HSS TC-II
24 |Condition Column - 12 2 3.69| CSH Phenyl Hexyl|
25 |13 17.5 3.69 BEH C18
26 |14 17.5 369 BEH Shield RP18
27 115 17.5 363 HSS T3
28 |16 175 3.69 CSH Phenyl Hexyl
29 |17 25 3,69 CSH Phenyl Hexyl
30 |18 10 3.69 C5H Phenyl Hexyl
31 |19 17.5 369 BEHC18

an

ACa DOU Cliald DD10O

Auto-built for walk-away execution in the CDS.

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



Initial Chemistry Screening — Built In pH Automation
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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

= S—Matr‘ix.,, Copyright © 2019 S-Matrix Corporation. All Rights Reserved. 7



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

T" T
—¢ 9S-Matrix.
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_‘,& CHHDMELE(\W gg L :. .
& ChemStation
OpenLab
Agilent 1260 Agilent 1260

Infinity Series
AR
‘:._—-1'

i L
B
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Infinity Il Series

‘/ Solvent Selection Valves

v Column Switching Valves

Agilent 1290
Infinity Series

Agilent 1290
Infinity Il Series

Copyright © 2019 S-Matrix Corporation. All Rights Reserved. 9



Fusion QbD Automation — Supports Thermo LC Systems

@ ‘/ Solvent Selection Valves
T

— A ;
—
*‘_ CHROMELEON 72
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‘/ Column Switching Valves

UltiMate LCs Vanquish Horizon
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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)

Copyright © 2019 S-Matrix Corporation. All Rights Reserved. 11



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. 12



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. 13



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. 14



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. 16



Chemistry Screening Study — Data Analysis with Trend Responses™

Fusion QbD Trend Responses —

Automatically Derived from Integrated Chromatograms:
» No. of Separated Peaks
» No. of Baseline Resolved Peaks
» No. of Peaks with Good Tailing

» Resolution of the Main Peak
— from the immediately earlier eluting peak

— from the immediately |later eluting peak

' A
| |
S—I\/Iatr‘ix*; Copyright © 2019 S-Matrix Corporation. All Rights Reserved. 17



Chemistry Screening Study — Acceptable Performance Region

@ LC Method Development - LC Method Development Tutorial - Saeening.smag

- a X
File Edll Qctmly Tools W'mdcw I_-lelp
n . E = - ... Q IE E Create Report ﬁ Update Report = Delete Report ) Restore Report IIRnbu:tness Simulator I“ Show Prediction Chromatogram &
Design of Experiments Reports Graph 1
. Fusion Qb0 Gragh|
Croote a Design !Be-;t Overall Answet ;] J - =
— = Design Reporis
Data Entry / Analysis iew as Report |
+ Data Entry
+ Data Analysis Graph Settings
BestAnswer Searches Lowier Upper Poister
+ Best Overall Answer |Name  [Units| Bound | Bound | Coordinate
IS ] Cr»¢» e~ o o]  gao] a0
+  Point Predictions yipH bd b 273 4.93 4.00
Visualization Graphics Calumn Type CSH Phenyl Hexyl ~1 _ PR e e PR Y
+ Sngle Response Series BEH C18 =7
+ Mukiple Response Series Verfication Run Settings BEH Shield RP18 i 373
HSS T3
Reporting Toolkit I Include P A ble R PARs
* Fusion Reporter { ; 353
+  Audit Log Reporter ™ Include Verfication Runs
333
[No. of Peaks <= 1.50 - USPTaiing 7]
313
Each response is assigned a color 5
.
273
10.0 125 15.0 175 200 2s 25.0

Gradient Time (min)

Shaded Region for the color I
iIdentifies methods which fail to PesponseSer

Lower Uppar Crosshair | Contour
f . t Name Goal Bound Bound | Prediction Lolor
. T - X X - -
meet performance requirements. R I e
E— No. of Peaks >= 2.00 - USPResclution| Targe: v 6.0 2.0 s i~
3 =1.50- g T . X E
¥ ::s: :'::;k-‘a:u:::n'r:nsuﬂ‘“m T oTsﬁ : oﬂ :& i Ig:m -

[A]aidation Status: You seltings are vaid.

Ready

W > T
‘-- < S-Matrix.

Copyright © 2019 S-Matrix Corporation. All Rights Reserved. 18



Chemistry Screening Study — Acceptable Performance Region

CSH Phenyl Hexyl

BEH C18

pH (%)

MNo. of Peaks: 7|

First Peak - RetentionTim:

10.0 125 15.0 175 20.0 225 25.0

Gradient Time (min})

Fusion QbD Graph|
T - - -
S a7 First Peak - RetentionTime: 0.9|
3.53
3.33
|ND. of Peaks <= 1.50 - USPTailing: 7| i
3.13 :
283 :
273 *
10.0 125 15.0 175 20.0 225 25.0
Gradient Time (min})
Fusion QbD Graph|

Fusion QbD Graph|
T
o
10.0 125 15.0 175 20.0 225 25.0
Gradient Time (min})
Fusion QbD Graph|
T
o

10.0 125 15.0 17.5 200 225 250
Gradient Time (min})

S-Matrix.

Copyright © 2019 S-Matrix Corporation. All Rights Reserved.
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mS—Matrix@

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

20



Robust Method Optimization — Gradient Time / pH / Column Type

Pump Flow Rate — 3 Levels: 0.35, 0.45, 0.55
Gradient Time* — 3 Levels: 8.0, 12.0, 16.0
Oven Temp — 3 levels: 40.0, 45.0, 50.0
pH — 3 levels: 3.6, 3.9, 4.2
Column Type — Constant: CSH Phenyl Hexyl

All Possible Combinations = 3 x 3 x 3 x 3 = 81 methods
Fusion QbD Optimization Design = 25 methods (plus 5 repeats)
> 3x efficiency.

* — levels adjusted for new endpoint of 50% organic

et
| |
S-Matrix, Copyright © 2019 S-Matrix Corporation. All Rights Reserved. 21



Fusion QbD —

Select a Project and Result Set
~ Select Project ~ Select Result Set(s)
| Find | Fiter | Reset | Result Set Name [ID__|Date [ Sample Set
RD2 Optimization 9001 6/4/2019 8:48:34 AM EDT RAD2 Optimization
[%] Projects
% (&) Customers
- [&] Distributors
B El S-Matrix
: % J:?r L Select Processed Channel
: Fetch Selected Result Set > .
L £ FMD Tutorial-9_9_0 | |PDA Ch1 225nm(@4.8nm, Time offset by 0.020 mins. =l
[5] RD1-Screen-9_9_0
{5) RD2-9_9_0 - Named Peaks ~Romats) for impot
L {¥) RD2 - Optimization - 3_9_0 Sample [ID | Date | Type | ChannelID | Result® A
B FMV-A_L R 1 9155 6/4/2019 8:50:34 AM LC 6737 9001
. 10 9048  6/4/2019 8:48:51 AM LC 6812 9001
¢——{3) Intemal Development 11 9191 6/4/2019857.34AM  LC 6820 3001
{3) RD1 - Demo Screening Expt 12 9058  6/4/2019 B:48:54 AM LC 6828 9001
| &) RD2 - Demo Optimization Expt 13 9063 6/4/2019 8:48:56 AM LC 6836 [001
4+ [F) Test 14 9201  B/4/2019 85848 AM LC 6844 9001
15 9073 6/4/2019 8:48:59 AM LC 6852 9001
186 9078 6/4/2019 8:49.00 &M LC 6880 001 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 : Threshold Setting 1
Leading (%) | 3000 Traiing (%) | 30,00 MS Intensity 100000 ‘
~ User Types (logged in as 'Owner’) :
|0 _I Select Processed MS Channel: ¥ Track Non-absorbing Peaks
bl IDDa Positive Scan MS TIC, Smoothed by 53 point Savitzky-Golay Filter, (QDa Positive(+) Scan (100.00-1 2!3
‘. Ready ‘ Next >> I Cancel | il

S"Matr'i)(@ Copyright © 2019 S-Matrix Corporation. All Rights Reserved. 22



Robust Method Optimization — PeakTracker

PeakTracker
F“"1”°- uv Chromatogram HID:1241;Charr-a|; PDA Ch1 225nm@4.8nm: Channel Type: 20|
: SO SUUUONN. SOOI RIS RN 15433 IR S0/ TSNS NSO SRS RIS SOOI SO S S
B 2 : ; ; : : : : : : : : :
? 030 .................. .......... A s a . k- - X .
8 0.08 ]'_hjﬂ bt o) Global Trackmg Method (GTM)
9 3 H : ; : . H . F
10 0.00 1.00 200 300 400 500 6.00 7.00 800
C3 | PeakTracker automatically builds
13 - -
a customizable GTM by scanning
14 hahnet ME_TIC: Channel Type: 2D
* Total lon Chromatogram all UV and TIC chromatograms to
v ot bl mems e | identify all integrated peaks.
19 gsms- zsﬂz ........ SR 1.;..1_.. aad awe i { P T — R O — S o
;i 0.00 100 200 300 400 5.00 6.00 7.00 200 300 10.00 11.00 1200 13.00
2 ] 5
% Peak Table - PDA Chl 225nm(@4.8nm - Aun No. 15 Global Tracking Method -
27
8 ﬂ"“’" (rmin) hﬂtm (il (evese) "'r‘:_\hri Mass | uv | options |
o . e mar e B A L
2 a.656 3351.; 335:; ;;51;31 Teo.e22 Component Expected| Expacted| Expected| Expected| Expected| 4
4 4926 27432 2742 397.548] 230388 Hame Hass 1] Mowed) Mosed| Hosed] Hows)

279.1 264.2

PeakTracker can automatically address these complex separation |5 —ixs
and tracking challenges: T

126.1 279000 ¥

s ® Auto-deconvolution of partially and completely co-eluted peaks. |
Cosefieie @ Tkl @ TWO OF more peaks with identical mass data. : | _Cose ||
® Non-ionizing and non-absorbing compounds.

> &
| |
S—I\/Iatr‘ix*; Copyright © 2019 S-Matrix Corporation. All Rights Reserved. 23



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. 24



Robust Method Optimization — Rs-Map Response

@Lc Method Development - Zolmitriptan Screen 1A - Analysis - 981_5R1 - TEST.smae = o =
Eile fdit Activity Took Window Help
DRSS E@E N & ™ [ cresteRepont & Update Report = Delete Repart ) Restore Repart RS Robustness Simulator &' Export | 7] Show Prediction Cheomatograms 4@
R Graph
|I"--"1!w Graph 1 ;] a0
Views a3 Repot 4
= = ad Legend
346
¥4 1m
Mame Units, ETE 310
e -t = 2
|Ovan Tamparature > [sc s f 573
Gradiant Tims I r 15.0 sl sg
ot i
e 2z 182
£33 164
[ticceptable Performance Region Prediction] Fusion QD Predict=d Chromatagran| b4 0 :g
| 1.8
29 I
:
07e ; ax
0o
B £ 4
0.58 30 32 34 36 38 a0 42 44 46 48f 50
H* oH
2
038 o
1
e [ooes 0 A | v et
Fiesokition Map Seting:
018
G
Pointer| = | | Update Ae-Rap
] e ] S . T
Eclmitripean SO I~ View a5 30|
UNK 1 4.373)
1.00 200 200 400 500 5_00/00 200 I S Graph Rssckiba
Minutes 4 IO ‘-:WEI-' o ™ Low Dendly (Fast)
_ = S 7 Mncks ow N1 vt Bk and
[Fs] v aiction Stehas: ous setings are vakd. )
/ 3
Ready modted [T
o G50 Seuiion o G50 Seuiion
am am am
I I I
050 050 050
14 14 14
? . 7 ¥y
a L] @
uan) : a0 3 3 ) <
010 010 i a0
oot 00o; 00o;
110 120 130 140 1% 60 10 10 190 200 210 230 2 240 2% 20 20 20 110 120 130 140 1% 60 10 10 190 200 210 230 2 240 2% 20 20 20 110 130 130 148 1% 60 10 10 190 200 210 230 2 240 2% 260 2P0 20
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Presentation Outline

1. Rapid Chemistry System Screening
a. Automation Makes it Simple

b. Automation Maintains Data Integrity

-

2. Robust Method Optimization A

a. UV & MS Spectra Based Peak Tracking

b. Robustness Modeling Throughout I\/IODR/

- \
lKS—I\Aa‘crix@

3. New Degradants Identified
a. Automated Forced Degradation Study

b. Method Re-optimization

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

Copyright © 2019 S-Matrix Corporation. All Rights Reserved.
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Robust Method Optimization — Robustness Modeling 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 @

Reports
| Overay Gaagh 2 ~l

Wiew at Report

Graph

1.00 2.00 300

Evmﬂm:\m selting: are vabd.

Feady
Co-elution Robust Separation Co-elution
} \ Fison 50 i l P-.-"IihD!-MMl"w“\'q \ i 500 St Cromtgan]

amy

.
L
i
i
a an
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l i S-Matrix,
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AON W

Monte Carlo Robustness Simulation

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

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

Statistical Robustness Metrics

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

US FDA, Quality by Design: Objectives, Benefits, and Challenges,
Lawrence X. Yu, Ph.D., 2012 Annual Meeting, AAPS.

¥ &
| \
‘A S-Matrix.,
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2013-15

Characterizing Robustness Throughout the Design Space

“Statistical Confidence [Shown Throughout the MODR.

QbD Considerations for Analytical Methods — FDA Perspective,
Sharmista Chatterjee, Ph.D., 2013 Annual Meeting, IFPAC.

www. fda.gov

m U.S. Food and Drug Administration
Pratecting and Fromoting Public Health

ethod Operable Design Region

+ Analytical method design space
— Typically Design of Experiments is used to find ranges for
instrument operating parameters and understand sources of
variation.
— Method performance criteria are response factors.
— Can be conducted together with method validation.

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

T" !
S-Matrix.

John F. Kauffman, Ph.D.
and Daniel J. Mans,
Ph.D., “Experimental
Design and Modeling to
Improve HPLC Method
Performance for Small
Molecules”, FDA
Division of
Pharmaceutical
Analysis, CASSSCMC
Strategy Forum Europe
2015
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3. Process Capability
Process capability refers to the performance of the process when it is operating under statistical control. Two
capability indices are usually computed: Cp and Cyiin a similar way as was described with P, and P, . However, (9
measures the potential capability in the process, if the process was centred, while Cpr measures the actual
capability in a process which is off-centre or biased. If a process is centred, then Cp = Cpr.

(1.5)

o NIED )
pk

C , =min "
3S, 35,

The critical thing to note is that whilst the formulae for Py« and Cy« look very similar, the standard deviation used to
calculate the reference interval for Cy is not S; but S,.

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

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

@ S T
|
S-Matrix, Copyright © 2019 S-Matrix Corporation. All Rights Reserved.

AONRS

Analytical Procedure Lifecycle Management
European Compliance Agency, Analytical Quality Control Group, July 2018, Final _rl
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Robust Method Optimization — Optimized Method Predictions

Predicted Point - 19

Variabl in
Variable Level Setting
ProrewRes | 00 _ Internal Verification — Predicted vs. Observed
Gradient Time 12.0
Oven Temperature 450
pH 3.90
Predicted Results
Response Name Predicted [Observed| -2 Sigma| +2 Sigma
Result| Result|Conf. Limit|Conf. Limit I .I: . _ C S
T s e BT External Verification — Export to CD
B - Rs-Map USP Resolution 0.000 0.000
G - Rs-Map USP Resolution 37.981 37.521
H* - Rs-Map USP Resolution 13.532| 13.541
F - Rs-Map USP Resolution 11.242 11.781
A - Rs-Map USP Resolution 7.539 7.649
API - Rs-Map USP Resolution 3.760 3.920
D-Deg - Rs-Map USP Resolution 37% 3.945
E - Rs-Map USP Resolution 6485  68%0 2l 5
D - Rs-Map USP Resolution 29.898| 30575 o8] =
B - RetentionTime 127 127 125 129 1
040+
‘7 AunNe.19 MJ [Fuson 0ED Chvomatogramd] )2
Observed [l 020
T “"'—V‘M a0
0.80 1
ll T T T T ¥ ¥ ¥ T T T ¥ T
0.00 1.00 200 300 400 500 6.00 T.00 800 ]
058 Minutes
2 Kl 0
0.36 e E Name mq[:_&n:m ey | usPResonton | useTaing
014 ﬁ 2 3378 107350 3404 099
* L“L 3 4852 310884 22,05 181
4 5135 433661 585 117
1.00 200 300 400 500 6.00 7.00 8.00
41 » A3D Channels 20 Channels A Peaks £ Fractions | K
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Presentation Outline

1. Rapid Chemistry System Screening

m 4 \_
—¢ S-Matrix.

a. Automation Makes it Simple

b. Automation Maintains Data Integrity

2. Robust Method Optimization

a. UV & MS Spectra Based Peak Tracking

b. Robustness Modeling Throughout MODR

3. New Degradants Discovered
a. Automated Forced Degradation Study

b. Method Re-optimization

~

J
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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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New Degradants Identified — Forced Degradation Study

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

[

Copyright © 2019 S-Matrix Corporation. All Rights Reserved.
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Forced Degradation Study (FDS) — 2 New Degradants Identified

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
| |
S-Matrix, Copyright © 2019 S-Matrix Corporation. All Rights Reserved. 36



New Degradants Identified — Forced Degradation Study (FDS)

Fusion QbD automatically creates a data set of composite chromatograms

for peak tracking, modeling, and simulation.

oG - | Graph- 1
Fusion CbD Graph|
|Elve||a5l Graph1 ;] Update Rs-MapI 50.0 - =
View as Report | \ _. E /
rGraph Settings " 480
Lower Upper Pointer o
|_{Name Units Bound Bound Coordinate L
%|pH - |* 3.600 4.200 4.000 5
¥ |Oven Temperature v |5C 40.0 50.0 48.0 |
Pump Flow Rate | O | 0.400 £
Gradient Time | Lt | 18.0 :
1 Prediction Chromatogram — o
[Dverlay_Giaph_1_Crosshai] [Fusion GbD Predicted Chiomatogram|
S - useTaing. 19
3700 3800 38900 4000 4100 4200
157 API oH ()
H
117 Overlay RsMap
3 ~ Resolution Map Settings
077 = =
Pointer| «| [~ Viewas 3D Re
i S mdkuo-s] L —
A DDeg 2 |s 2.376 - Graph Resolution —————
037 0XDeg_ 2G5 E 3 |F 3.400 & Low Density (Fast)
OxDeal 1 4 H 4.381 i .
i l r”q A s |a 6.572 ? M, Doy (M
+ 6 |API 3478 — High Density (Slow)
5.00 6.00 7 |oDeg 3.275 [
Minutes 8 E 4.803
s |o 26.915
o I T 10 |OxDeg 1 42357

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

= S"Matr'ix.,, Copyright © 2019 S-Matrix Corporation. All Rights Reserved. 38



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
AP
117 H*
2
077
A DDeg £
037 0¥Deg G k
OxDegl1 }\
500 §.00 )
Mirutes
[+[ | ]

- \
mS—Matrix@

[ Giaph-
Fusion QbD Graph
<
E
o
E
e
Q
0350 0383 0417 0450 0483 0517 0550
Pump Flow Rate (mL/min)
Overlay | RsMapl
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 =
‘ | »
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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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Multi-Response Overlay with Design Space

[T’oﬁomm
Ry (Goal (Color
API — USP Resolution =200 Red
4P| — USP Tailing > 2.00 [Blue
Impurlty A — USP >2.00 Blue
Impurity § — USP > 2.00 Grean
API - USP - Cpk =133
Impurlty A — USP “Cpk |» 1.33
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END
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