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@Sw Key Differentiators — Method Optimization ‘

@ Ease of Experiment Setup
Fusion QbD" I

Simple Chromatogram Integration
Powerful UV & MS Based Peak Tracking

L ——

Instant One-click Modeling — Any Results
Complete Analysis Results Reporting
Integrated Robustness Simulation

Complete Multi-response Optimization

AN N N N NN

Multi-dimensional Visualization Graphics
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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, ...
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s Matrix Model Validation — Model Fit Metrics

Analysis Summary Report - Rs-Map Response
. Fusion QbD Plot
Medel Sufficiency Chart
Model Sufficiency Plot - Rs-Map Response Fusion QbD Plo
(Observed versus Predicted Retention Times)
50.00
z
£
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E
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B
% 20.00 Q0000 Qo000 Q0000 R 1T - HET L
g MSE "ME-LOF MSFE S
E 10.00 —
o 0.00 * - The model LOF is statistically significant (P-value < 0.0500)
o000 10.00 20.00 30.00 40.00 50.00
Predicted Retention Time (min. )
Regression Statistic Computed Value | Scaled Value
R Square 1.0000 —
Prediction Equation Adj. R Sguare 1.0000 -
Observed Retention Time = -0.00068 + 1.00008 * Predicted Retention Time Model Error (+/- 1 5td. Dev.) 0.0000 —
Error % 0.0000 -
General Reqression Statistics Untransformed Model Error (+/- 1 Std. Dev.) 0.0208 —
Expt. Error (+/- 1 Std. Dev.} 0.0000 —
AT ST | EETE S L Untransformed Expt. Error (+/- 1 Std. Dev.) 0.0026 —
R Sguare 0.9999
Adj. R Square 0.8388 MSR 0.0001 1.0000
Residual MSE 0.0033 MSE 0.0000 0.0000
Standard Error (+/-) 0.0572 MSR/MSE F-ratio 140,013.8456 —
Outlier Analysis Results M5R Significance Threshold 0.0000 0.0000
Vutlier Analysis hesults
Run No. Compound Name R.T. Observed (min) R.T. Predicted (min) Residual MS-LOF 0.0000 0.0000
17 5 32.907 32642 0.264 MS-PE 0.0000 0.0000
M5-LOF Significance Threshold 0.0000 0.0000
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A5 Matrn Model Validation — Predicted Best Conditions
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g ~ Results and Chromatogram

Point Predictions: Point Predictions 1

Predited Point 17 for Run #17 — the experiment

— run with level settings closest
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Rs:-Map Predicted Results
E——— conditions.
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m S-Matrix.
L¥

Full Support for Forced Degradation Studies

Acid Degradation Path
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m S-Matrix.

2D Resolution Map — Flow Rate and tg

— Reports Graph 1
|PFF| and tG - Mean Perfarmance ;I |APF|_E Update Rs-M apl
Yiew as Report I
L 19.0
rGraph Settings
Lower Upper Pointer 180
Name Units Bound Bound Coordinate ’
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! ! T 160
E
@
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T X
-
g
Q Q O 140
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0851 //m -
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0637
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Pointer [~ Miew as 3D
F Name predicti A g
0194 G 1 |a e r~ Graph Density Color Mode
B c © £ H 2 |G 59.357 & Low (Fast) & Color
A 3 |apl 10.782 s Medium " Greyscale
A l l I l J l l 4 _|p 12.066 . M, e -~ Y
5 |H 18.416 " High (Slow) S
250 392 534 B76 818 960 1102 1244 1386 1528 1670 1812 1954 209 s |E 23.120 '
Minutes 7 _|F 37.067
8 c 37.826
ﬂ | j 9 B 38.384
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m S-Matrix.

Traditional 2D Resolution Map — pH and Temp

Repoits

IpH and Temp - Mean Peiformance

View as Report |

~| [aPR_5 | Update Rs-M apl

rGraph Settings

Lower Upper Pointer
Name Units Bound Bound Coordinate
X|pH hdl b 3.53 4.53 4.00
V| Oven Temperature w |oC 30.0 50.0 35.0
Pump Flow Rate | O | 0.450
Gradiant Time | O | 12,5
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m S-Matrix.

Reports

Rotatable 3D Resolution Surface — pH and Temp

[pH and Temp - Mean Performance

View as Report I

v| [4PR_5 | Update Rs Mapl

Graph Settings
Lower Upper Pointer
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Y |Oven Temperature v |°C 30.0 50.0 35.0
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Graph

3D Surface Graph
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m S-Matrix.

Mean Performance Overlay — pH and Temp

-y Granh Multi-response Overlay Graph
|pH and Temp - Mean Performance j |APH_5 Update Rs-Map l cnn .
D - ResolutionWs0: 5| '
iew as Report '
480 : C - ResolutionWs0: 5
—Graph Settings : j :
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|_|Mame Units Bound Bound Coordinate '
X|pH e 3.53 4.93 4.00 '
Y [Oven Temperature + |*C 30.0 50.0 35.0 H
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B C D E ".l &l |Rs-Map Response - === === === —— o
A ¥ |C - ResolutionwS0 * |Maximize v 5.000 Red ~| 37826
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m S-Matrix.

Mean Performance Overlay — Flow Rate and tg

Reports L Multi-response Overlay Graph
~| |aPR_1 |Update Rs-MapI

Fusion QbD Graph|

Mean Performance - PFR and IG 20.01 T
View as Report | ' C - USP Resolution: 5
19.0 1
Graph Settings .
Lower Upper Pointer E
Name Units Bound Bound Coordinate 18.0 H
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< 160 :
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[&] .
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zil?"‘“” ~ Method O

Risk
Assessment

ICH Q14

For most procedures, robustness evaluation is
conducted during development. If the
evaluation of robustness was already
conducted during development, it does not
need to be repeated during validation as
discussed in ICH Q2. (Pg. 5)

2rable Design Rec

Design of
Experiments
(DOE, DOE)

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). (Pg. 8)



« Traditional Range is Within Setpoint Error Range (Driven by Traditional Data Analytics™).

Small Range = Poor Effects Estimation
* The most likely result is that the study factor effects will be UNDERESTIMATED.

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

Response

v

L1 L2 L3

Study Factor

Copyright © 2025 S-Matrix Corporation. All Rights Reserved.

* — Effects Estimation by Method of Averaging.
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s Mmarix Large Range = Good Effects Estimation

= ey

Minimum Effective Range Between Study Levels is 40

(60 Recommended).

+40

A
v

Response

L1 L2 L3

Study Factor
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Comparative Study Ranges

Factor Method Traditional QbD-aligned
Setpoint Range Range

Pump Flow Rate (mL/min) 1.00 +0.05 +0.20

Gradient Time (min) * 15.00 +0.70 +5.00

Temperature (°C) 37.00 +2.00 +5.00

pH (*) 6.80 +0.15 +0.50

Traditional Approach *

MPC Variation (x2.0%)

Time Variation (£0.70 min)

90.0%/15.0 min = 6.0%/min.

94.0%/(15.0%/min) = 6.3%/min.

86.0%/(15.0%/min) = 5.7%/min.

90.0%/(6.3%/min) = 14.3 min.

90.0%/(5.7%/min) = 15.8%/min

Copyright © 2025 S-Matrix Corporation. All Rights Reserved.
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“- Hidden Flaw #2 in Traditional Robustness

True for ALL Software' Method A — Good Robustness
Method B — Poor Robustness

Software models can only directly
Compound J§- USPResolution RespnTse Surface

predict Mean Performance — they

Final % (dqanic A (wen Temnperpiure { C)

cannot predict the robustness of a

given method.

$

Methods A and B:

 |dentical Mean Performance.

Good mean performance #
good robustness.

Copyright © 2025 S-Matrix Corporation. All Rights Reserved. 18



System Suitability has two requirements:

1. Mean (Average) Performance (X )

2. Precision — % RSD = (o/ X )*100%

Precision is a Robustness Specification

But Models ONLY Predict the Mean Result

NOTE: % RSD is a 10 value.

The 10 value is defined by the requirement

that edges of failure be a minimum distance of

+30 from the X value.

Copyright © 2025 S-Matrix Corporation. All Rights Reserved.

Average (Mean)

| Performance
X

Failure Threshold

+«— *+30 width of bell curve —

Precision

19



s Matrix Monte Carlo Robustness Simulation
-

Wizard Page 1 — Define Maximum Expected Variation in Study Parameters

~Variable Settings
Maximum Expected Variation
|Enabled |Experiment Variable Units (%30 Value)
[©]  |Pump Flow Rate mL/min 0.025
| ¥ Oven Temperature b 3.0
| ¥ pH - 0.20
@ Mobile Phase Composition (MPC)* % 2.0

Go beyond development LC system

expected variation in QC lab across LC systems during routine use.

Copyright © 2025 S-Matrix Corporation. All Rights Reserved. 20



@S-Matrix,

Monte CarIoBo_bustness Siml_xlation

Wizard Page 2 — Define Failure Mode and Spec Limits

K Robustness Simulator X

C,u = Lower of Upper Specification Limd

Cou = min(CuG)  wharr G =T

| Back | | Fnish | Cancel

Copyright © 2025 S-Matrix Corporation. All Rights Reserved. 21



@ S-Matrix.

Process Capability: C,, — Single-sided Failure

C . 1 33 Edge of Failure is 40 from Predicted Mean Result.
pk —

+30 Variation = 75% of Maximum Allowable Variation Limit.

2.00

B
»

Mean Value

(_X ) at Target

Probability

v

1.50 AP| Resolution

Copyright © 2025 S-Matrix Corporation. All Rights Reserved. 22



Mean Performance and Robustness for any Combination of Responses:

 Resolution

o K-Prime
 Tailing
 Area %RSD
» Etc.

Copyright © 2025 S-Matrix Corporation. All Rights Reserved.

Acceptable Mean Performance

=]
|0 - Resolutionws0: 5|

43.07,

45.071

42071

40071

3207

30.0

\ Ic _ ResolutionWs0: 5
[0 - Resolutionws0: 5] L

3.53

423 470

PH ()

3.76 4.00 453

COwen Temperature ("C)

30.0

Acceptable Robustness

4201

40071

3207

30.0

[ - ResolutionWs0: 2

D - ResolutionWWs0 - Cpk: 1.33

!
C - ResolutionWs0: 2

C - ResolutionWs0 - Cpk: 1.33

3.53

4.46

423
pH (%)

3.76 4.00

470

453
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A s Robust MODR - 4-factor Trellis
-

Reports Graph
[4-Parameter Telis <] [aPRs [ Update Graph I . Pump Flow Rate = 0.400 Pump Flow Rate = 0.450 Pump Flow Rate = 0.500
H Vi Report g
Red Dots Designate | Cfen s Feocn | . o — \L
Asis Variable Urits Lower Bound Upper Bound Ea =
; a 4 o
o HE X [pH (D) == 353 | 450 £8 £
Minimally Sufficient [ =— | < e
¥ |0 T ture [C) ‘C 300 40.0 -
ven Temperature - g g 'T //" | T E
f I I Honzontal Trelis Vanable Vertical Trellis Vanable a
Verl IC atl on R un [Purp Flow Rate (4) =| | |Gradient Time (B) -] g N
. . =4 <
. ml/min min il
Samp“ng Of MODR - Low | 0.400 Low 100 §§ 4 ® 4 é
Middle [ 0.450 Middle 120 -; o
o
. High [ 0.500 High 140 5 — 2
o G
« Final method fll
g T
(Cen ter PO i n t) r Verfication Run Settings g 1 s
B "
V¥ Include Independently Adjustable Ranges Rectangle é; 4 & " E
Variable — Upper Center Point :p““""r L '; %
H 3.60 4.20 .50 e x
 Extreme Level e 3./ — Al ;|
L]
353 4_22 450 353 4.6H2 450 3.53 4522 450
S 1 Verfication Runs [ Include Verfication Runs in Report ¢ F
ettlng [Res v: 8 Runs + CP | I Show Verfication Run Labels
Oveday | Fs-Map |
. . Run ID Pump Flow Rate Gradient Time| Owen Temperature | pH Rlesponse Selfings
C b APR_9_A1_2 0,400 10.0 38.0 4.20 ' .
ompin at 1ons APR_9_A1_3 0.400 10.0 32.0 3.60 Add Named Peak Rs Responses..
APR_9_A3_1 0.400 14.0 38.0 3.60 T —
APR_9 _A3 4 0.400 14.0 32.0 4.20 Name Units Goal Bound Bound Color
APR_3_B2_5 0.450 12.0 35.0 3.90 LI |Rs-Map Response s —
APR_9_C1_1 0.500 10.0 38.0 3.60 M |C - ResolutionwS0 B Maximize » 2.000 Red -
APR_9_C1_4 0.500 10.0 32.0 4.20 # |D - ResolutionwS0 = |Maximize v 2.000 |l|_u -
APR 9 C3 2 0.500 14.0 38.0 4,20 ¥ |A - RetentionTime Target v 2.50 5.00|Green b
APR 9 C3 3 0.500 14.0 32.0 3.60 ¥ |A - RetentionTime - Cpk [* Maximize = 1.330 |Grnn b
¥ |C - ResolutionwS0 - Cpk|™ Maximize v 1.330 |Red -
b - Resolutionwso - cpk|*  [Maximize v 1.330 |Blue >

24
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As Matrix Overcoming the Most Common Objection
—— to the Value of the MODR

Currently Represented Value Proposition:
Minimal or no post-approval changes needed.

Standard Objection to the Value Proposition:

“Once | have a final method, | will never need to change it.”

But: How many times has a method’s performance changed (degraded) due to:

New column lot? New Peak? Transfer to a new site?
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As Matrix Overcoming the Most Common Objection

- e to the Value of the MODR

“Once | have a final method, | will never need to change it” ?

Drivers for Analytical Method Changes

Technology and Product Knowledge
Advancements

New Manufacturing Sites
Backup Testing Sites
In-country Testing Requirements

* Monitoring new CQAs

» Regulatory expectations
» New assay platforms

+ Obsolete equipment

Assay Optimization Opportunities Business / Financial Decisions

« Improve precision and accuracy
* Increase throughput
« Reduce invalid assay rate

+ Acquisitions / Divesting Programs
« Insourcing / Outsourcing Testing

* Reducing Testing Costs and Required
Resources

Changes to analytical procedures can occur throughout the product life cycle and could
ICH Q14: Analytical Procedure Development: involve modification of existing procedures or a complete replacement including introduction
of a new teclmology. Major changes in the performance characteristics or additional
: - ] 8 information on quality attributes could lead to reevaluation of the ATP and/or a new
Section VII: Life Cycle Mana_g ement and Post procedure, Tvpically. process knowledge, analytical procedure knowledge, and continnal
Approval Changes of Analytical Procedures improvement are drivers for change. If possible, changes should lead to improved analytical
procedures in line with best practices and instnunentation.

N o
NVir BIOte(hnOIOgY'M Confidential © 2025 Vir Biotechnology, Inc.™

Dan Willingmyre, Associate Director, Stability & Data Analytics
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Robust MODR — The True Benefits

Most Important Benefits of Establishing a Robust MODR:

Correct, Efficient, Pro-active Analytical Control Strategy (ACS):

1. Identifies absolute setpoint control limits for critical instrument parameters — pre-qualifies QC
instruments for the method.

2. Establishes the edges of failure for all CQAs.

IMPORTANT: CQAs can be a chromatographic performance metrics and/or quantitation
performance requirements for both components of System Suitability — X and % RSD.

3. Defines the appropriate corrective actions for all critical chromatographic performance metrics
and CQAs expressing performance problems before the method generates OOS results.

And of Course:
4. Minimal or no post-approval changes needed when a method requires modification.

27
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@S-Matr'ix,

ICH Q14
The outcome of development studies should provide an understanding of the relationships between

analytical procedure parameters (inputs) and the responses of the analytical procedure (outputs). Based

on the results, fixed set-points may be defined for some parameters. For others, PARs could be

defined while still others could be included into an MODR. ... (Pg. 5)




———————

@S-Matrix,

Robust Final
LC Method

ICH Q14

The analytical procedure control strategy includes
analytical procedure parameters needing control
and the system suitability test (SST) which is part of
the analytical procedure...

This can include (but is not limited to) ..., the
number of replicates, use of the formulae for the
calculation of the reportable results and other

necessary steps. (Pg. 6)

USP <1220>

The ACS is a set of controls needed to
ensure the procedure performs as
expected and plays a key role in ensuring
that the ATP is realized throughout the life
cycle. The preliminary ACS is identified
during the procedure development

process in Stage 1, ... (Pg. 9)
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m S-Matrix.

Analytical Control

Strategy (ACS)
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_ms'“”at”’" End of Presentation

Fusion QbD is the Only LC Method Development Software Which Completely
Supports the AQbD / APLM Workflow in the Regulatory Guidances

0 o e o o o Optimized LC Optimized Sample Optimized Replication

ICH Q14 - Analytical Procedure Lifecycle i
= vt Y Key Elements in Stage 1 of the Analytical Procedure Lifecycle Workflow ““"’""“?“ el J
L —¥—¥, 3 o Ranges
I of

— Method Prep Method
Robust Sample i i
oomemien | | MDD iR
E D E’ Eale e
awm e e
CIEIE] e

Robust
—) LC Method —

Optimization

Analytical Analytical Risk Chemistry
Target — Procedure w—) Assessment — System —

Praofile Selection (DoE Staging) Screening

ICH Q2(R2) / ICH Q14 / USP <1210> / USP <1220> / EP 11.60

www.smatrix.com
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