Fusion QbD®

For getting Analytical Methods as

Solid as a Rock
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* What are the Benefits in Simulating Robustness?
* Robustness Simulation - How it works in short.
 How can one rely on the robustness simulations?
* Are verification runs still needed?

* New in Fusion 9.9.2a SR1

" Fusion QbD®

Fusion QbD’ is a registered trademark of S-Matrix” Corporation. The content of this document has been discussed and
prepared in agreement and collaboration with S-Matrix.
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What are the Benefits in Simulating Robustness? (1)

= Characterizing robustness of your analytical method without further experiments, solely from
the data models obtained for an optimization DOE study
= Accounting for maximum expected variation for each studied method parameter:
» Set the uncertainty specified for the selected instruments (e.g. HPLC, pH-meter)
= Accounting for analytical systems, where experiments haven't been conducted, but are intended

for future transfer:
» Set the maximum expected variations for the LC system with the highest degree of

unce rtainty- ‘ Robustness Simulator x

Maximum Expecled Variation Arcund Setpoint for Each Variable

Maximum Expected Variation (£3a):

The £30 value defines the "total” setpoint error. | Maximum Expected Variation
This is the maximum variation around a given setpoint expected during Setpoint — {Control Limit Deita = $30)
ongoing use over time due to random error,

e IMPORTANT.

Wbe maacturer ® 1pecs or the
ot Comrgl Liset vislor of
extend it based on The keast-
capabie system in use.

Study Variable

Variable Settings

Maximum Expected Variation
Enabled |Experiment Variable Units {£3a Value)
Pump Flow Rate mL fmin 0.020
I Owven Temperature o 3.0
pH = 0.15
Mobile Phase Composition (MPC)* % 2.0 hd
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What are the Benefits in Simulating Robustness? (2)

= Add additional errors in order to compensate for study factors, that haven’t been included
in your study or simply can’t be controlled

K Robustness Simulator *
Cp Cp — Symmefrical Specification Liméts Relative to a Mean Result ~
Cpk Use Cp when both of the conditions below apply to the response. o USL—Lst

1 s B
C

i 1. The response has a defined maximum allowable amount of variation. . Specification Limi Delta

Cplcm - | {2 Relative Distance to Edges of Failure) |

2. The response has symmetrical lower and upper spedification limits. LSL H usL
A ==
S MPORTANT:
The distance from & given mean
performance result to the
relative specification limits.
+3g
Eritical Guality Attributo v
Response Settings "
Indude Additional Error
C.I. for Simulation | 2 Sigma -
Spedification Additional
Robustness Limit Additional |Error
Enabled |Response Index Delta () LSL usL Target Errar Amourt

Rs-Map Response Cpk - 1.500
B - RetentionTime Cpk ) 1,000 |
API - USPTailing Cpk - 1,500 ]

A - Resolution/50 Cpk - 1.500
AP - Resolution/'50 Cpk - 1.500
D-Deg - Resolution\W50 Cpk = 1.500 v

Select Al Select Mone Restore Add Mamed Peak Rs Responses...

Hl The settings are valid.

£ >
Back Finish Cancel
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What are the Benefits in Simulating (3)
Ro b u st n e s s ? — Oven Temperature = 40.0 Oven Temperature = 43.0 Oven Temperature = 46.0
= Substantiate specification of the entire .

16.0

0.350

multivariate operable region of your analytical
method (MODR), where each single method
parameter can be changed while keeping all
other parameters constant.
= No diggingin the dark: With other approaches,
robustness is tested/or simulated, after the
decision has been taken for a method )
setpoint/MODR. BUT, what if robustness tests
fail?
» With Fusion QbD the knowledge for the
entire multivariate experimental space is / / 1

already present also in terms of
3.50 3.80 420 350 3.0 420 360 3.0 420
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Pump Flow Rate = 0.450

D-Deg - ResolutionWS0 &

L P e

I — o — GFE--- i
] R'?bUSt"ess Responses — ool Individual method parameters can be

Trmie x L2230 Fuschia = adjusted independently inside the

Maximize » 1,330 Fuschia =

Maximize 1.330 Orange v specified rectangle.

Maximize * 1,220 Orange «

B - RetentionTime - Cpk

API - USPTailing - Cpk
Rs-Map Response - Cpk

A - ResolutionWs0 - Cpk

API - ResolutionWS0 - Cpk
D-Deg - ResolutionWS0 - Cpk
E - ResolutionW3S0 - Cpk

Maximize 1.330 Crange «

Maximize + 1,330 Orange «

i s s

H H| K| B H]| H]|H

Maximize * 1,330 Crange -

© 2023 Cromingo e.K.




What are the Benefits in Simulating Robustness? (4)

= Precise characterization of interaction effects considered during robustness simulation

Graph Editor

API - USPTailing Effects Plot Fusion QoD Graph
Pump Flow Rate = 0.450; Oven Temperature = 45.0

1447 At different pH values the peak
= / shape develops in a different
£ 1 “« manner depending on the
= A Ceves selected gradient time. These
o133 P= LE =3E0
g UE = 4.0 effects are more the rule, than an
T sl exception in chromatography.

1.32

80 10.0 12.0 14.0 16.0
Gradient Time (min}

Format... ‘ LCopy | Frint... | | B |

= And last, but not least: Saving Time and Costs as with the simulation no further
experiments are required for an experimental robustness study.
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What are the Benefits in Simulating Robustness? (5)

Pump Flow Rate = 0.300 Pump Flow Rate = 0.350 Pump Flow Rate = 0.400
=  Support of Stage 3 in Method Lifecycle Management 8
. . a
(Analytical Control Strategy) 5 &
gg E
» Responses where the shaded region is closeto  |°_ Y ] 5
edges of the MODR should be included in the SST | =
of your Analytical Method . .
E 1 h
2 E
Lowwer Upper = f E
Name Units|  Goal Bound Bound Color g 5
¥ |a - Resolutionws0 * Maximize * 2,000 Red v =] E
B PSSR T R - VP T2 4o e g J /
¥ |D-Deg - ResolutionWs0 * Maximize 2,000 Green :
W |E - Resclutionw50 E3 Maximize 2,000 Orange * 2
¥ |B - RetentionTime Maximize « 1,00 Gray
¥ |apI - USPTailin Minimize 1.50|Burple - o o
- Retention [1me - P dxXimIZe B ray ha -% } ?
M | API - USPTailing - Cpk = Maximize 1.330 Purple 23 2
¥ [A - ResolutionWS0 - Cpk * Maximize 1,230 Red v I S
¥ |apI - Recolutionws0 - cpk |* Maximize * 1,220 Blue § E
¥ |D-Deg - Resolutionws0 - Cpk|* Maximize v 1,320 Green S B
¥ |E - Resolutionws0 - Cpk *  |Maximize » 1.330 Orange v S l
360 3.80 4.00 3.60 3.0 4.00 360 3.80 4.00
pH pH pH

Routine Monitoring — Control
Charts

© 2023 Cromingo e.K.




Robustness Simulation - How it works in short (1)

= Robustness characteristic is obtained for each desired response (i.e. Critical Method
Attribute/CMA such as Resolution, Tailing, Run Time, etc.) from already determined
data models.

= Data models are recalculated a 10.000 times by feeding the models with randomized
values for the expected variation of each method parameter (Critical Method
Parameter, CMP), included in the study.

10.000 single settings 10.000 single settings 10.000 single settings
Gradient Time pH Temp
9.5 2.7 34
Vanation
Around
Setpoint

' ! |
] ! ! |
R, =9.3 +4.2(t;) - 54(t.)2 + 12.7(pH)2 + 1.3(pH*AT) + 1.6(AT)2%* ...
I

Randomized insertion 10.000 points in a

normal distribution bell X
curve =

Calculation of the LsL -
model for 10.000 Robustness Simulator* = Predicted Variation —e0—mo——— ﬁ
times. _

= Thus, the expected variation for each CMA in the entire experimental multivariate
space can be characterized.

into the model,
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Robustness Simulation - How it works in short (2)

C,x — one-sided specification limit

= Acceptable variation can be specified by Process
Capability Metrices, e.g. C,,

Example: APl Resolution
Specification Limit Delta

p— (+ Distance of Mean Response
LsL X to Edge of Failure)
> A &,
= Robustness responses can be added to the list of ' Themmeril o o ba
specified CMAs as additional performance goals.
Co - Goal is 2 1.33
Mﬂ‘thud P‘Ema“ce GM[E 150 3'0 200 *;, Meaning — point of failure is
HAME GOAL % mﬁ COLOR 4o USP Resolution 40 away from X
AP « Resolusion Maximize ¥ 2.00 Puple ¥
S — D Calculation Gy (with LSL)
AF - Tlng Tage L 080’ 110 | Drangs v —
B - Resoiusion - Cpik Maximga ¥ 1,33 Tasl v X - LSL
Impurty A - Repslilion - Cpk [Maxiwoe W 1.33 Pt v 30
Impurty B« Hesalition « Cpk Naxivare L4 1,33 L -
AP - Taling - Cpm Maximize ¥ 1.33 Ty =
= Combination from accepted mean performance and Design Space & PARS - Design Space & PARS -
L. . . Mean Performance Robust Performance
accepted variation is shown in the overlay graph as a . .
. . - By 3
final unshaded region. \ ’ \
= This means for the entire unshaded region 4 18 |
robustness has been demonstrated, even for the J | P
edges of the region. . . V ﬁ
IZE.II s - G-E-UI i '25.0 3.5 38.0‘.
Owven Temperature (°C) Oven Temperature (*C)
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Robustness Simulation - How it works

in short (3) e

Oven Temperature = 40.0

16.0

= Arectangular figure can then be seated
into the unshaded region describing the

140

Gradient Time

edges for the reported part of the
MODR.

16.0 120

IIMPORTANT: The rectangle describes

different method set points and not the

Gradient Time
14.0

expected variation around a single

setpoint! The expected variation is already

Oven Temperature = 43.0

Oven Temperature = 45.0

Pump Flow Rate = 0.350

Pump Flow Rate = 0400

described by the robustness responses in
the graph and because of that robustness

is characterized for the entire experimental
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How can one rely on the robustness simulations? (1)
Make sure

= First, that only models are used, that haven been proven to be correct with a known
and accepted model prediction error.

Analysis Model Summary Report: API - USP Tailing Predicted Results
Response Name | Predicted Result|Observed Result -2 Sigma Conf. Limit|+2 Sigma Conf. Limit|
B - RetentionTime 127 1.26 125 1.29)
Model Sufficiency Chart Lol Lo APl - USPTailing 135 138 132 138
Fanto. 17
Observed Predicted|
095
073 i
. 051 i i
3
029 ﬁ ’} D-Eeg lE
] D-{leg
L - — R N | N N
1.00 200 300 4.00 5.00 6.00 .00 8.00 5.00
* - The model LOF is statistically significant (P-value < 0.0500) Minutes

Regression Statistic Computed Value | Scaled Value
R Square 0.5737 —
Adj. R Square 0.5430 —_
Model Error (+/- 1 Std. Dev.)} 0.0103 —
Error % 0.8473 —
Expt. Error (+/- 1 Std. Dev.) 0.0042 —
MSR 0.0034 0.89737
MSE 0.0001 0.0307
MSR/MSE F-ratio 31.7156 —
MSR Significance Threshold 0.0003 0.0810
*MS-LOF 0.0002 0.0430
MS-PE 0.0000 0.0051
M5-LOF Significance Threshold 0.0001 0.0245
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How can one rely on the robustness simulations? (2)

Make sure

Secondly, that all study factors having a non-negligible effect are included in the models

and during robustness simulation.

Model Term E fliect

Model Term Ranking Parete Chart

T100%

T75%

T20%

T25%

-0%

Cumulative Percentage

Fusion (bD Plof

[  FPositive Effect
I  negative Effect
—#— Percent Effect

Study Variable Code Name Key

Study Variable |Units |Code Name
Pump Flow Rate |[mL/min A
Gradient Time min B
Owven Temperature |*C C
pH * D
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How can one rely on the robustness simulations? (4)
Make sure

= And last, that your assumptions made for the robustness simulation are realistic, as still
the expected variation around setpoint for each method parameter is user-defined.

» If this variation is set too small, i.e. precision is overestimated, robustness
simulation would predict methods, that are not robust.
If this variation is set to high, i.e. precision is underestimated, robustness
simulation would predict robust methods, but one would ignore a space of
suitable method settings and in a worst-case scenario even conclude, that
robustness is not given inside the selected/desired experimental region.

>

UK. Robustness Simulator

x

Maximum Expected Variation (+3a):
The £30 value defines the "total” setpaint error.

ongoing use over time due to random error.

This is the maximum variation around a given setpoint expected during

Maxmum Expected Variation Around Setpoint for Each Variable

| Maximum Expected Vanation

{Control Limit Deita = 230)

e IMPORTANT:

Use mantachirer's sgecs for the
setpoint Contrel Linit vt o
extend 1 based on The least-
capable sysiem in use.

Study Variable

Variable Settings

A
Maximum Expected Variation ,/
Enabled |Experiment Variable Units (%30 Value) /
PUMp Flow Rate L fmin 0.020 /
Oven Temperature =C 30 =
pH = 0.15
|- Mobie Phase Compesition (MPC)* % 2.0 T
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Map your entries against
the specification of your
instruments or the last

instrument qualification.




Are verification runs still needed? (5)

= |f the models are valid, all CMAs having a critical impact are included in the simulation,
metrics acceptance criteria are set to 1.33 and all user-defined assumptions are
realistic, one can rely, actually much more, on the robustness models than on any
experimental verification.

= Still, experimental verification might give additional confidence. Therefore, a subset of
some challenge runs for selected method setpoints inside and at the edges of the
robust region would support the model-based robustness evaluation.

Point Predictions Wizard

Report Mame  |Point Predictions 3 Included Responses
Starting Point 0 ptions I¥ Prediction Confidence Limits + ,m
Include Name
" User Defined
¥ |A- Resolutionw50
Mo of Prediction Paints |2 = API - ResolutionwW50
. o ¥ |D-Deg - Resalutionws0
(+ Acceptable Performance Region Verfication Runs I E- Resolutionws0
I E - RetentienTime
Reports: | Trellis_Graph_pH_GT -
| - arapn_pri_| J = API - USPTailing
Include Verification Run - ¥ |B- RetentionTime - Cpk
I APR A ALl — = API - USPTailing - Cpk
7 ADR 4 A1 2 B = Rs-Map Respense - Cpk
¥ AP 4 AL S = A - ResolutionW50 - Cpk
I APR_4_A1_4 = API - Resolutionw30 - Cpk
I APR_4_A1_5 = D-Deg - ResolutionWs0 - Cpk
I APR & A2 1 - =i E - ResalutionW50 - Cpk
[ Eeiect Al Select None Select &ll Select Mone
# | Run No. Pump Flow Rate ‘Gradient Time ‘Oven Temperature pH =
1 |APR 4 A1 1 0.350 14.8 40.0 379 =
2 |APR_4 Al 2 0.350 14.8 40.0 3.88
3 |APR_4_A1_3 0.350 13.2 40.0 379
4 |APR_4 A1 4 0.250 13.2 40.0 2.88
S |APR_4_Al S 0.250 14.0 40.0 2.84
6 |APR_4_A2 1 0.400 14.8 40.0 379
ADR 4 & n.400 14 40.0 i
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New in Fusion 9.9.2a SR1:

Selection of a representative subset of verification runs (Res IV: 8 Runs + CP)

Automated export to the CDS as ready-to-run sequence and methods.

Automated Importing and Reporting of Verification Run Results and Chromatograms

cromingo’

Reports Graph
Y - Pump Flow Rate = 0.300 Pump Flow Rate = 0.350 Pump Flow Rate = 0.400
[+ Factor MODR =] [fFF4 [ Update Graph .
E
Yiew as Report B
s W ariable Units  Lowier Bound — Upper Bound e <
2 hd
% [HD) = 360 | 400 T n
g2 =
Y |Oven Temperature [C] ~lc 400 | 500 2 =
<
2 5
5] E
Harizantal Trellis Y ariable: Wertical Trellis Wariable o
[Pump Flow Rate (4) | | [Giradient Time (8] | 5 /
o
il min iin 8
Low 0300 Low 140
Middle 0350 Middle 150 g =
5 bt
High 0.400 High 160 E- o
is ® :
2 i
5 H
°© i
o
o
Verffication Run Settings E 4
=
[¥ Include Independently Adustable Ranges Rectangle 2
5 Lower Upper - Pointer
Variable Bound St Center Point & 4‘ ‘
pH 370 3.30 3.80 g o
Oven Temperature 42.0 48.0 45.0 bl M
2g H
g £
Veiiication Runs I™ Include Verfication Runs in Report 5 H
S
Res I¥: 8 Runs + CP ~| |~ Show Verfication Run Labels e 5
i Pump Flow Rate: Gradient Time|  Oven Temperature pH 2
E:
0.300 14.0 48.0 2.30
500 0 = =0 380 3;‘[1 4.00 360 SPHD 4.00 380 3;;[1 4.00
1 APR_4 A3 L 0,300 16.0 48.0 370
= APR_4_A3Z_4 0.300 16.0 az.0 3.0
5 APR_4_B2_5 0.250 15.0 45.0 2.80 Overlay IRS—MapI
1 ABR_4 C1_1 0.400 14.0 48.0 270 a i
= APR_4 C1_a 0.400 14.0 42.0 3.30 Bsponse Setlings
"3 APR_4_C3_2 0,400 16.0 48.0 EET
3 APR_4 C3 3 0.400 16.0 42.0 270 — =
Name Units|  Goal Bound Bound Calar m|
=l |Rs-Map Response * == = = = 7|
¥ | A - ResolutionWS0 = Maximize v 2.000 Red hd
7 [apr1 - Resol 0 = |Maximize v 2.000 [Blue -
¥ |D-Deg - Resolutionw50 *  [Maximize v 2,000 Green -
¥ |E - ResolutionwS0 ] Maximize w 2.000 Oranga -
¥ |B - RetentionTime Maximize v 1.00 Gray -
¥ |API - USPTailing Minimize ¥ 1.50|Purple -
[ ¥ |& - RetentionTime - Cpk = |Maximize v 1.330 Gray - -
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Cromingo e.K. — All Fusion products and services from a single source in close cooperation
with S-Matrix Corporation.

Reach out to us directly for further information info@cromingo.com

cromingox’
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