FusioN QBD®
INTRODUCTION

Application of QbD Principals
For the Efficient Development and Optimization of

Analytical Methods

cromingo e.K.
Fusion QbD° is a registered trade mark of S-Matrix Corporation ©cromingo e.K. 2023 WWWw.cromingo.com




cromingo b

Cromingo e.K:

» Represents the S-Matrix Corporation in the DACH Region and
neighboring Countries

» Training, Support, Qualification, Consulting, Distribution for
Fusion Pro and Fusion QbD (Remote & Onsite)

» Training, Consulting, Validation for Waters Empower CDS

\ @
(Ernpovver‘” 3

cromingo e.K.

Ingo Green, Owner and Managing Consultant
Altes Kreishaus, Klosterufer 2

24582 Bordesholm

Www.cromingo.com

info@cromingo.com

© Cromingo e.K. 2023 p




TOPICS

S 0k oba~

Fusion QbD Software

Design of Experiments (DOE)

The QbD in Fusion

Practical Operation

Assessing Robustness

Special Features since Version 9.9.x

© Cromingo e.K. 2023




Fusion QbD Software )
cromlngO\’

FusioN QBD® SOFTWARE:

DOE + CHROMATOGRAPHIC MODELLING - &
Difference to other DoE/Statistical Tools Difference to traditional Chromatographic
Modelling
» Option for fully automated design selection » Statistical equations and models based on the
» Option for fully automated data analysis current experimental data set

» Robustness simulation for the entire experi- o Gl B G

mental region » Unlimited selection of study factors and target

» Interface to CDS systems for fully automated (R0

bidirectional data exchange » Independancy on chemistry/separation technique

» Specific chromatography features of an analytical method

» Precise modelling of prediction chromatograms
also considering peak shape

Software framework designed in allignment with regulatory requirements of customers in pharmaceutical industries:

user management, e-signature workflows, data security, audit trail, software qualification (IQ/OQ)
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Fusion QbD Software

cromingo*

ExXPECTED IN ICH Q14

An MODR consists of combined ranges for two or more variables within which the analytical procedure is
shown to be fit for the intended use. In an enhanced approach, the ranges for the relevant parameters and
their interactions can be investigated in multi-variate experiments (DoE).

Parameter ranges (e.qg., PAR or MODR) can be proposed by the applicant based on development data and
are subject to regulatory approval. Moving within an established parameter range does not require requlatory

notification.
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Fusion QbD Software )
cromlngO\’

ExXPECTED IN ICH Q14
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Within the MODR parameters can be modified independently from each other, without leaving the
robust design region of the method.

© Cromingo e.K. 2023 6




DESIGN OF EXPERIMENTS
(DOE)




cromingo*

LC SYSTEM As ,,PROCESS IN A Box*“

Study Factors Method Goals

(Critical Process Parameter, (Critical Quality Attribute,
CPP) + Independent from Method Chemistry CQA)
»  Empirical Approach and therefore universally applicable

¢ Number of Peaks

Numerical g ey AR L - Number Peaks with Rs >/=
+  Gradient Time —— U 8 1.5

«  Temperature prans [ 5 «  Resolution

+ pH — - u * Retention Time

+ %B_,, | ' W + Tailing

« %B,_, ! "\ «  Area%

«  Konz,,,.. : ' +  Plate Count

*  Konz, . i\ ) + Robustness

«  Flow ..

. Wavelength R, =9.3 +4.2(rFr) -}5.4(.:&,,)7 + :12.7(3t_,'p4-|) + 1.3 (pHat) + :1.6[(:r)2'a|,,] Fives l = Method SpeCificationS
.« ! Linear Effect | C‘g;:‘c‘:"’ Interaction Effects | Complex Effect

Categorical * hyper-accurate mathematic models, quantitativ characterization

of all effects for a single CQA
* Prediction inside an outside the modelled region.

* The mathematical average of the Rs result corresponds to the
expected average result at setpoint condition

* mobile Phase

» stationary Phase
+ Additive Type

+  Buffer Type
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Design of Experiments .
cromlngO\’

ONE FACTOR AT A TIME (OFAT)

OFAT (Trial and Error):

» Qualitative, visual inspection of experiment results , no understanding of overall
methods effects

No investigation of interactive effects:
» E.g. combined effect of gradient time and pH value on the resolution of an API peak

» Interactive effect, as the
distance between the two
curves changes and for pH

7 4 even decreases after 6.5

' minutes.

p— » With an OFAT approach
(change of the pH value at
6 minutes gradient time) the
00— A ! : wrong conclusion could be

e T feich drawn that the pH value has
no impact.
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INTERACTION EFFECTS — PRACTICAL SIGNIFICANCE
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RS Map Response >/= 1.8
Flow | Flow | Flow
GT |Temp [0.47 |050 |0.53
11 48.0 1.54 1.87 1.89
11 48.5 1.79 1.89 1.90
11 49.0 1.81 191 1.75
6 48.0 1.81 1.93 1.97
6 48.5 1.84 1.97 2.00
6 49.0 1.86 2.00 2.03

crominQO\’
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Design of Experiments .
cromlngO\’

STUDY OF THE ENTIRE MULTIVARIATE EXPERIMENTAL REGION

Consider two variables (pH and Gradient Time [min]) — five study levels each

Brute Force Approach Design of Experiments
(All Possible Combinations) (,Statistical Sampling®)
5x5=25 Methods 15 Methods
250 | @ O ® @ ® 250| @ ® ®
‘E 210| @ [ ) () [ [ E 21.0 ® o Center
E = Point
% 175| @ (] o  J ® % 175| @ @— Repeats
o 140| @ [ °® ° o 5 140 Y S
10.0 ® ® ® ® ® 10.0 Py Py ®
2.0 3.0 4.0 5.0 60 2.0 3.0 4.0 5.0 60
pH pH
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Design of Experiments .
cromlngO\’

STUDY OF THE ENTIRE MULTIVARIATE EXPERIMENTAL REGION

3Variable — 3 Levels, e.g. Temperature

Mgl ®

1 1
4" Variable — 3 Levels, e.g. Column Type Oven Temp

F i
- -

[ ]

. ————————»
. [ ] . ]
] ] [ ] L L [ ]
e L ® L
[ ] ® L ] L ]
—e —e
g 4 ] g
1 1 1 | 1
L] L] L]
Oven Temp QOven Temp Oven Temp

Theoretically: 5x5x3x3 = 225 Methods
» With DoE: Reduction of study methods by a factor of 3 to 5
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Quality by Design ]
cromlngO\’

DOE As PART OF QUALITY BY DESIGN (QBD)

Quality by Design:
» Model-based statistical design of experiments

» Multi-parameter study, simultaneous change of several influencing effects

» Quantitative analysis of both independant and interactive effects

» Calculation of statistical data models (mathematic equations), that describe the
influence of the CCPs on the single CQAs in the experimental, multi-dimensional region

» But: Study includes multiple instrument parameters resulting in extensive designed

experiments, numerical data analysis and modeling techniques

QbD no pragmatic approach for the analytical lab???

© Cromingo e.K. 2023




Quality by Design

FusioN QBD - INTEGRATED QBD TooLs

Fully automated application of accepted QbD tools

Design of Experiment

(DoE)

» Statistical Design
of Expermients, to
determine independent
and interactive effects of
instrument parameters
affecting the performance
of a process (method).

» Determination of the Mean
Performance (average
expected performance),
but does not predict the
variation of a particular
characteristic that will be
observed over multiple
uses of the process.

Monte Carlo
Simulation
(Robustness)

» Well understood and

accepted mathema-

tical methodology for
predicting variation in a
CQA given joint variation in
the CPPs expected during
normal operation.

Process Capability

(Cp, Cpk, Cpm, Cpkm)

where robustness for
a process (method) is
reached.

» Determination of the multi-
dimensional design space

© Cromingo e.K. 2023




FusioN QBD
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Practical Operation

cromingO\’

FusioN QBD - METHOD DEVELOPMENT PHASES

» Starting point method (flow rate, concentration, wavelength,
...), it is solely important that all components clearly elute ]
General
Screening
Design . A

» Most important effectors (pH, gradient time, column, organic solvent, ...)
» Determination of a ,region with stable chromatography*

Column/Solvent » Defining materials for your methods, e.g. column type, strong solvent type
Screening

» Refinement of gradient time, pH value, column temperature in the determined
experimental region, identification of a robust method

Method » 1. Best ,Mean Performance”

Optimization
P » 2. Robustness

» Determination of the MODR

© Cromingo e.K. 2023




Practical Operation )
cromlngO\’

FusioN QBD - CREATE A DESIGN

Flexible Experiment Setup

» Selection Gradient or Isocratic
« Selection of factors (CPP‘s — included variables) including ranges and levels for
each instrument parameter

» Online Preparation mode for study factors such as pH or Buffer Concentration

Experiment Setup | Sampling Plan

Method Type IGradienl vl

Available ' anables Inchuded VY anables v Activate Online Preparation
 Pusc Program it IF'Lgml?,FlﬂS' IF‘ate @& Buffer Concentration
niection Yeolurme . .
Ho. al Gradient Steps: |1 - Tune: Puecesion EE 4 | PI Oven Tgn-pe[a[um " Additive Concentration
e Detectar Wavelength " pH
Lower Uppes % Stromng pH
Yo.| __ Step Name Time State | gognd | L Column Type
1_|Equilibratian Canstant = 5.0 = 5.0
2 |Initisl Hold Constant = 2.0 5.0
3 |Gradi arisble ¥ 5.0 45.0
& Fi:;l::ld Constane » 1J.D er 5.0
5 |Ramg Up p2 Wash Constang 2.0 === - - - -
R T » Automated selection of the most efficient experiment
I 8 |Re-equilibratios Constant - =.0 - 5.0/ - -
S —— design at the click of a button

© Cromingo e.K. 2023 18



Practical Operation

cromingo*

FusioN QBD - ExPORT TO CDS

Automated reconstruction as ready-to-run methods and sequences within the CDS

e, Ackninhedimio - - "

Compary: S Maris Conposation A.

Preoe Pregact 1 .
Bt Gctobe 70, 247 1:H:3) PU PO [GUT 87:20] + S-Matrix

E 1t Cheaigr - E it 1

]F‘ Bawgis Gt |Gracken Tass
e s Kkl

L

&

&

L]

L

[ratsmn Tyms

2I=R
=

Feandioa Catma.. 8 |4

Cpadine Coyem . J | ¥

Cordiua Cotmm .. 3 |8

Conled Coue -d |1

Canates Coten - % [
|[Cordine Coirer - 8
Coediws Cousn -T | f

Locotes Couse A 12

TR E R slE s e (3 5 ]
HHEBEHEEB

ARG
=

SHHBRERRLEEEEHHE

» Automatically builds sequence and ALL instrument methods, no further user inter-
action is required to start the analysis.

» Eliminate Transcription Errors & Maintain Data in Audited Environment.

© Cromingo e.K. 2023
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Practical Operation

cromingo*

FusioN QBD - NO PEAK TRACKING DURING SCREENING*

Selectivity in many runs often unfavorable:
Co-elution or Change of elution order

Dbl & min , - g, = W Crama/ide Reponie Dot 4 Sxpen & vrpent rgeen Sent Gl . W thow Ohiormutogenm: @ > Clear |dent|f|'
e e e v e . 2
Geaign & Expidmints Wo. of Poaks 1~ 1,50 Mo, of Posks - 200 Weo. of Foska <~ 1.20 ;
S Flan Ha. Sheng Sovent Type | Cradbent Time ] o [E.I_T,.. M. ol Paaks [ Lo Lo Lo cation between
s Rapmin 1 Jlala U0 o 1y i SLHLa il 1. 1, 4
3k £ riy d Ao mis .
" e 1 [iaLs | §0 ) (Nl Sheld FFIE B 11 18 i expe”ment runs
Ofn Ly un (W NN PO ki 13 2 CRIBE Sk PR 2| e H | [ .
Bacl viewer Soarchen 5 Bala TS domiorerie Y] BEHCE L il il !
Bead Cvp g B Mals PN s kol 1 2] [T [T in ab E Often dIﬂ:ICUIt Or
ATEATEARS CATESTAS B8 Lafet Lllala ) L L) L34 £ LY ! . .
: Naimane - impossible
vsnsl ow e Graphes - .
B e Fug by j B ce i | vt wﬂﬂl wr' )
+ Wbl Bripcees Sew tale Mat e Hals i) Toral 1
Mepamng Tosea “'“"““']
+ Fonen Emoorter BCD . K. . %
FAFTIRTETRTY ™)
Powit
oy )
T A 0 5
s
&0
2 1 . [a B c D
I B_.° i I . — . . .
i i 1
- Yy J[_ 1 | ‘
= , l’. \ ‘
at | N W Y | W ‘I.l . |
— - S I'_ aalin L
[T 1M m 1 T I — SORAniet S
Mentes f= — — o
L

*PeakTracking from Vers 9.9 with Waters PDA/QDa possible (MS/UV
Spectra, in Chromeleon and ChemStation currently only traditional » Patented Trend Res ponses ™ in Screening

PeakTracking) Experiments
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Practical Operation

cromingo*

FusioN QBD - TREND RESPONSES™

Import Wizard:
» Peak count based responses (e.g. Number of Peaks with an USP Resolution >/= 1.50)

» Peak property based responses (e.g. USP Resolution of the largest peak)

Select Responses

D4 Chl 228nmi@d. Snm, Time offset by 0.020 ming.

Trend Responses rend Respon: —MNamed Compounds in COS Named Compound

Add Delez_| Undo Changes | Restore Defauts | | | Avaloble Included Responses
Easily obtain critical se- [ oo _ A— T E
paration metrics without |EwPEIEES -
the need for manual
peak tracking.

5

Easily obtain any critical
separation metrics com-
puted by the CDS for any
named peak in the experi-

2 | @ Mo.of Peaks >= 1.50| USPResolution

<

B

3 | g Mo of Peaks »= 2.00| U5PResolution

4 | g Mo.of Peaks <= 1.20/ USPTailing

[HERERERE

1/ USPResolution

5 [ Aesponse Uata
Automated peak track- N o e e ment chromatogram
ing gets all desired data Dot et ory Behaon poresi
for critical peaks: Bualable Inciuded Use in Optimzation experi_
ZndDerivatived pex ~
B ments
- Max Peak #1 $diana »]
_ POSt P ea k # 1 AbE:gldg:i:j;iﬁranlimg?l?hdd
. hd ggovegualificat;[o:Th:qas‘ﬁold il
- F| rSt Pea k [ _I 3 QE%VTEHepnmngThreshmld
= Incomplete !
- Last Pea k Select Al | Select Mone | ::)‘:I Dup\iSLlle ::E::LS "
Use in screening exper- éutorimperted Responses. . << Back Newt >> credl | @

ments
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Practical Operation )
crommgo*

FusioN QBD - AUTOMATED IMPORT OF DEFINED
CHARACTERISTICS

| A

Ees==S
|

Fusion GbD I
- B
=
A
=

Chromatography Data Software (CDS)

e

Automatically Retrieve .
All Chromatogram
Results Data l

!

| |
Automated analysis, * | : —E
graphing, and reporiing. n }
=P Report formats: ol 'I'-'r--- =i !
RTF. DOG, HTML, POF,
XLSX, XML F SRS S USRS —

Import of the desired experimental results for automated data modeling in Fusion QbD,

no ,pick-the-winner” strategy.
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Practical Operation

cromingo*

FusioN QBD - AUTOMATED DATA MODELING

Turning Chromatograms into Knowledge

R, = 9.3 + 4.2(pR) - 5.4(at)2 + 12.7(sp) + 1.3(prrar) + 1.8[(s7)201) + ... I

1 I 1
Linear Effect | Cl;;z:;m : Interaction Effects . Complex Effect

» Generation of models by a click on a button.
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Practical Operation

cromingo*

FusioN QBD - VISUALIZING METHOD PERFORMANCE
CHARACTERISTICS

ot Required Region of Acceptable » Note: The threshold is
Quantitative _
Knowledge Performance Performance — one CQA considered as mean value
Threshold
(Mean Performance).
Single values can be lower

than 2.0.

dav

Shaded region indicates pH and
Gradient Time combinations that do
NOT meet performance requirements.

» lllustrating regions of acceptable and not acceptable method performance (here for a
single CQA)

© Cromingo e.K. 2023




Practical Operation

cromingO\’

FusioN QBD - DESIGN SPACE — FOR ALL CQA‘s

Repaorts Graph

Fusion QbD Graph
|Dver|ay Graph 1 ﬂ Update Rs-Map 16.0 . usion Grap!
Vo o oo : » Plot of the Thresholds
e 33 Repor H
150 I ira-
T E derived from the desira
Lower U Painter HR H
— wnts | owns | bowm | coompnate 10 : bility function
¥[Pump Flow Rate + |mL/min 0.350 0.550 0.450 ;
v [Gradient Time + |min 8.0 16.0 12.0
Owen Temperature [———C————]| 45.0 T 130 :
U | — — =2 ann “uE—,' H
Verfication Run Settings E
(SR -XIE EEEEE R EEEEEEEEPTREE PR @ ----------------------------
[ Include Independently Adjustable Ranges Rectangle E '
k=] H
i [ Include Verification Runs in Report g 1.0
W Show Verfication Run Labels I™ Include Prediction Chromatograms in Report :
_ Pump Flow Gradient ‘Oven
et — Rate, Time | Temperatur pH 10.0 :
| Crosshair_|Overlay_Grd] 0.450 12.0 45,0 3.900 H
L B - RetentionTime: 1.1
-roem
9.0 -
8.0
0.350 0.383 0.417 0.450 0.483 0.517 0.550

Pump Flow Rate {mL/min}

Overlay l Hs-MaDl
Fiesponse Settings

Add Mamed Peak Fis Responses...

Lower Upper |Crosshair| € 4|

Name Goal Bound Bound _|Predictio]
I Rs-Map Response Maximize v 2.000 3.760 |
¥ |B - RetentionTime Maximize ¥ 1.10 1268
| v[]

IE‘VaIidation Status: Your gettings are valid

» lllustrating regions of acceptable and not acceptable method performance (here for
all CQA's) -> Mean Performance
» Robustness ?77?7?
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Assessing Robustness .
crom mgO\’

ROBUSTNESS

Goal for the average result: All single results = 1.50

» Average result (Mean Performance) OK in both cases, Robustness only in one case.
» CPP‘s needs to be set in a way that the outcome of the performance never falls below the failure threshold

X X

2.00 Rg

Failure Threshold
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Assessing Robustness

cromingO\’

ROBUSTNESS

Monte Carlo Robustness Simulation - in silico assessment, no further measurements

. Robustness Simulator @

Maximum Expecled Vanation Around Setpoint for Each Variable
Maximum Expected Variation (£3a):

Expected

The +30 value defines the “total” setpoint error, 1 H
This is the maximum variation around a given setpoint expected during | Maximum Expected Variation Va rlatlon
ongoing use over time due to random errar, Setpon —; [Coniml Link Delie = $30]
. Around Set
: points for
+——— IMPORTANT eaCh CPP
U marwtnc turer s specs for the
wetpont Comrol Lisat viskor o
I T (e.g. manu-
a ‘
pa . facturer’s
Study Variable
specs)
Variable Settings
Enabled Experiment Variable Units E‘If;;mvuarrugpeched EEED  / ‘i‘
Gradient Time min 0.500
Oven Temperature oz 2,000
pH * 0,100
[ Select Al ] [ Select None ] [ Restore

Hl The settings are valid.
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Assessing Robustness .
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ROBUSTNESS

Variation of a Method— Simulation of multiple Injections

10.000 single settings
Gradient Time pH
9.9 2.7
Variation
Around ﬂ;‘ |
Setpoint JAL
? ?

P oo b

R, = 9.3 +4.2(ty) - 5.4(ts)2 + 12.7(pH)2 + 1.3(pH*AT) + 1.6(AT)2%+ ...

10.000 single settings

10.000 single settings

Temp
34

‘
Randomized insertion into X
the model, LsL 4
Calculation of the model ' . . : .
for 10.000 times. Robustness Simulator* = Predicted Variation
Rs

S-Matr‘ix__ *-U.S. Patent No. ?‘605'685 B2 Copyright 2018 5-Mafrix Corporation. All Rights Reserved.
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Assessing Robustness .
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ROBUSTNESS

Robustness Simulation — Statistical Robustness Metrics, Formulas

. . Example: APl Resolution
Cpk - one-sided specifica- P

. _ Specification Limit Delta
tion limit (£ Distance of Mean Response
LsL to Edge of Failure)

><|

Calculation Cpk with LSL

-— A k-

* Performance Variation Bell Curve:
The numerical distance from the mean
performance result to the specification limit.

Cox— Goal is 21.33

1.50 -3¢ 200 +s'..;, ] Meaning — point of failure is

USP Resolution 40 away from X

© Cromingo e.K. 2023
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Assessing Robustness

ROBUSTNESS

cromingo*

Robustness Simulation — Statistical Robustness Metrics

Cpk below 1,00: Non-robust Method Cpk above 1,33: Robust Method

Critical Method Parameters (CMPs)

Robustness Metric:

: Cp < 1.00
Gradient Time Temp X
[ani [32] [ 30,0 |
Multiple Injections F; l I [!
N
S | R
'Non-robust Method | : ““ M

| Failure Thrashcld

Critical Method Parameters (CMPs)

Robustness Metric:
Cp 2 1.33

Gradlent Time pH Temp
| 55 )] (27 ] [ 340

mmm

| umume Injections _______. S

| Robust Method ]

Failure Threshold

© Cromingo e.K. 2023
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Assessing Robustness

cromingo*

ROBUSTNESS

Design Space (= UNshaded Region) and selection of the Final Robust MODR (Method Operable
Design Region)

Fus]

16.0 ;
H B - RetentionTime: 1.1

15.0

» Unshaded region indicates an
space where target values for all
CQA's are met.

14.0

ey
13.0 {B) - @

12.0

» In the right diagramm robustness is
included

=
Gradient Time (min)
Gradient Time (min)

11.0

10.0 Farnt it
T o
Rs-Map Response: 2| \

5.0

\\

8.0

- 0383 0417 0450 0483 0517
0350 0383 0417 0450 0483 0517 0550

e Flow Rate (mL/min}
Pump Flow Rate (mL/min}

Owerlay | Rs-Map l

Responze Settings

Add Mamed Peak Rs Responses... TO ensure I’ObUStneSS the reCtang|e

Lower uy Crosshair| Cos

— Gosl | Bownd | Bousd |Ppredictio| La needs to be moved, else acceptance
¥ |Rs-Map Response Maximize * 2.000 4,149 - 0 . 0
APy — —— - BT for D-Deg resolution will sometimes
I B - RetentionTime - Cpk Maximize - 1.33 2.260 M fail
¥ |& - Rs-Map USE Resolution - Cpk Maximize 1,33 7.989 e :
¥ |ap1 - Rs-Map USP Resolution - Cpk  [Maximize 133 10,1189 M
I O-Deg - Rs-Map USP Reselution - Cpk|Maximize = 1.33 2,791 I
¥ |e- Rs-Map USP Resslution - Cpk Maximize » 1.23 3,792 IC:
| ’
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Assessing Robustness

cromingo*

ROBUSTNESS

Graphical and Numeric Predictions in the Robust Design Space

Visualization of the final method and robust
operable region for all CQA’s

Visualization of prediction chromatograms for

each method in the design space

Reportz Graph
[Fuffon 2bD Graph
|Dverlay Graph 1 j Update Rs-Map
- B - RetentionTime: 1.1
Wiew az Heport
Graph Settings ‘
Lowwer Upper Pointer | |/} | 0B O N
Name Units Bound Bound Coordinate =
¥|Pump Flow Rate + |mL/mi 0.350 0.550 0.425 E 13.0
| Gradient Time ¥ |min 8.0 16.0 13.5 2
——— —_— 45.0 = 120 .
ven Temperature [ | = A —\C B - Retentionjlbe - Cpkc 1.33
pH |_D_ | 3.900 = H
E o410 . ;
= [D-Dea - Rs-Map USP Resolution - Cpk: 1.33]
10.0 5
— "
Prediction Chromatogram [v IncfMde in Report 9.0 Rs-Map Response: 2
|Fu5iun 0bD Predicted Chromatogram| 2.0 L
0.350 0.383 0.417 0.450 0.483 0.517 0.550
Pump Flow Rate (mL{min}
P
0.78 AF1
Overlay le-Mapl
058 £ Fesponze Settings
g M Add Mamed Peak Rs Responses..
0.38 Lower Upper Crosshair| Con
Name Goal Bound Bound Pradictio Lal
M |Rs-Map Response Maximize v 2.000 4.149 IC
018 ] ¥ |B - RetentionTime Maximize v 110 1324 ¥
¥ |B - RetentionTime - Cpk Maximize v 1.33 2.260 ¥
ﬁ M (A - Rs-Map USP Resolution - Cpk Maximize + 1.22 7.989 C
M |apr - Rs-Map USP Resolution - Cpk |Maximize v 1.33 10.119 I
1.00 200 300 400 500 600 700 800 9.00 10.0011.00 ¥ |D-Deg - Rs-Map USP Resolution - Cpk|Maximize v 1.23 2,791 L
Minutes ¥ |E- Rs-Map USP Resalution - Cpk Maximize + 1.33 3.792 M
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PEAKTRACKER™

Global Tracking Method (GTM)

c . [Fun Now: 15: Result ID: 3073 Channel ID: G852 Channel PDA Chi 225nmi@d Brme Channel Type: 20] uv Chromatog ram
PeakTracker automatically builds
. y . 0.93 (
a customizable GTM by scanning 07 |
all UV and TIC chromatograms to 2. [ b
identify all integrated peaks. oty 32 i
’ ﬂU.DD 1.00 200 3.00 4.00 5.00 E.00 F.a0n .00 9.00 10.00 11.00 12.00 13.00 14.00
| ]
‘F!un Ma.: 15: Result ID: 9203 Channel ID: 9075 Channel: M5_TIC: Channel Type: 2D| romatog ram
1407 26p.2 3041 J6p2
E 2+Eg 2.2 1442 33(8
E B 274. 1 e
D+Dg.DD 1.00 200 3.00 4.00 5.00 E.00 7.00 8.00 5.00 10.00 11.00 12.00 13.00 14.00
<] [ E
Peak Table - PDA Chl 225nm@4.Bnm - Run Mo. 15 Global Tracking Method [GTM]. Generated fro Peak Tracklng
o e | L | opons | Fingerprint Daten
262.2 973,202.2 55 ™ Display Intensity Columris
. : 2] ssas TrAmmre] runs [wr[Component | Expected| Expected| Expected| Expecti <]
Sepal’athn and traCk|ng Cha”enges . 232.2 ;2:,:3:.2 ;E P R P :"""E ";:‘;; ";:‘;: ";‘:;:—L“?U_
; . 288:2 1_,247:1.03:7 s: = 15* 3.061 G$ 193.1 215.1 1321 273
» Auto-deconvolution of partially and completely il ssal _zmssisl 1 || ST Teeselr Sses] erae] eas] o5
: 350:2 332:?29:9 1' s LT 4,926 |a 274.2 275.2 273.0 296 Y
co-eluted peaks. o ([ >
. . . Commands
> TWO or more peaks Wlth Identlcal mass data' Create Tracking Method | Track Peaks.. | UpdaleHesponseData‘ Cloze |E

» Non-ionizing and non-absorbing compounds.
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RS-MAP RESPONSE

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

39.00

37.00

35.00

33.00

31.00

Oven Temperature ("C)

27.00

25.00
3.000 3333 3.667 4.000 4333 4667 5.000

PH (%)

T T T T T T T T T T T T J T v
30 32 34 36 3B 40 42 44 46 48 50
pH
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FORCED DEGRADATION STUDIES

Forced Degradation Studies — Photo Degraded Sample (1.a)
: 1.a —
Full Automation Support |
@, 1 1
~ ¥ Forced Degradation Study rim ign ix /. ’ ! , |
Ma. of Unique Degradation Path Samples IE vl Pump Flow Rate WWMI‘O pH = = A e
Fun M. ImLimuod- {min} € i =
Mo. of Injection Repeats Per Sample I‘I Condion Cﬂl_.lf_l".\ﬂ__:.l-""'r._ 0.400 20 35.0(3.20
e e s 14 0.300 50 :50[220 Acid Degraded Sample (1.b)
'3 ion Pa iption - TR —
Sample Compound Mix ) h}"'---___ ________1:::' 50 3: o b 1.b
1 Phote Degradation _.E —_ 30 301320
Acid Degradation B \\_ 0.500 50 2
3 Peroxide Degradation FL 1‘"'-._‘_‘__ 0.500 20 3501220
e 500 50 350320
1a 0 :311-&.__‘__ 150 3s.0[120
b 0.300 50 35.0[3.20

3c 0.300 1850~ 35.0]3.20

» Each experiment run is replicated for each degradation path
sample
» Each peak is tracked in each degradation path sample
chromatogram Composite Chromatogram — Run 1
» All peaks from all degradation path sample chromatograms o T 2l
are aggregated into a single composite chromatogram for
the run Lo wloe omsemem e Tor
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