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Focus on three main therapy areas and across key platforms

Oncology Cardiovascular, Renal & Respiratory &
Metabolism Immunology

Combination of capabilities
P ' her E [ : : :
Small molecules Biologics 'rotelr? Other Emerging Diagnostics Devices
Engineering Drug Platforms
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AstraZeneca spans the entire life-cycle of a
medicine from research and development to
manufacturing and supply, and the global
commercialisation of primary care and
speciality care medicines.

PT&D develops technologies to support
products from Phll clinical studies through
to post product launch

Chemical Development Design, develop
and optimise synthetic routes, processes
and analytical methods for the Active
Pharmaceutical.



Lab Experimentation & DoE’s Analysing Profiles

Early 2000s — 1or2 samples/Expt 2020s — 12 Samples/Expt
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* Analysing DoEs with reaction profiles from sampling experiments’ over time

e Strategies aim to reduce multiple response results into a single value
* A common approach is to select a slice in time to analyse.
* What process insight is lost from analysing a response in slices?

 What analysis approach can make use of all the time course reaction profile data?



What analysis approach can make use of all the time
course reaction profile data?

Can we refine the analysis to consider subject matter
knowledge?

Grand Presentation Title:

Combining DOE and First-Principles Science to Maximize Yield and Minimize Impurity with
Fit Curve CDOE

What we do in JMP:
Analyse DoE Reaction Profiles with Fit Curve and CDOE



DoE Case Study Background

* 4 factor Definitive Screening Design (Conference Matrix Derived)

e Solvent Volume 6.0 - 10.0 rel vols, Catalyst Charge 0.70 -1.30 mol%,
Base Charge 4.50 -7.50 eq, Amine Starting Material 1.00 - 1.10 eq

* Sampling: 12 samples per experiment.

* Time points selected to coincide every time 10% conversion expected to happen.
* Each experiments samples time points can differ

* Process Response Target Criteria

Responses Target Criteria
SM — Starting Material Minimise
SM Imp — Starting Material Imp Minimise
Prod — Product >95 %
Prod Imp — Product Impurity 2%
Reaction Time 120 — 240 Mins

* Prod Imp priority to control



JMP Functional Data Explorer in combination with DoE to
Chemical Reactions

* FDE flexible Spline fitting approach can be a strength and a weakness ~ cze e o o o o o 0

for fitting smooth continuous time course data o/ ( - [\ [r
[ -

* Countless shapes can be approximated,, ,, ., m fﬁ v | e / F

* Unrealistic shapes are approximated [\ [\ !— - F [\ F

N4 N E M15

* when domain specific knowledge infers what shapés of profiles to expect
 Combining FDE and DoE has strengths and weakness

* FDoE converts output to relate profiles to factors studied in the DoE

* Unrealistic predictions estimated — negative values, values greater than theoretlcal

12'[]

maximum. Eg Prod Max 100%, prediction 119%. gries g
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Chemical Reaction profile shape properties

e Natural Minimum and Maximum bound

e Starting Materials and Products bounds: Minimum 0%, Maximum 100%.

0100 300 07100 300 07100 300 0100 300 0100 300

Profile Gradient w] .| Prod

 Montonic —increasing or decreasing 403/ . . .r

L]
* Plateau — travels to an optima and remains at optima over time

Single Profile Peak/Trough

* Product — Peak (maxima) reached, reaction held longer, decay occurs for some reason

* End of Reaction (EOR) can occur over different time scales (SM or Prod plateaus)

0100 300 07100 300 07100 300 0100 300 0100 300

* 50mins, 300 mins or 1200mins. - § 5 o
* Sum of Response Area % results add up to 100%. s Prod Imp '
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e SM+SM Imp + Prod + Prod Imp = 100%
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Functional DoE with Fit Curve

* Pre-loaded equations represent profiles more likely observed in Chemical Reactions

* Some flexibility lost on fitting profile shapes

* The profiles shapes fitted assumed to resemble more closely the underlying physical
equations controlling chemical reaction profiles

* Fitted curves compared to determine best fitted to use in DoE Modelling

* Fit curve formula parameters used as responses in DoE Modelling



Fit Curve Pre-loaded Formulas

Model Logistic 4P Hill Weibull Growth Mechanistic Growth

Polynomials — f
UL =

Logistic SP

Two Compartment IV Bolus Dose

-

Cell Growth 4P

Logistic 2P

Exponential 2P

%

Michaelis-Menten

Logistic 3P Brobit 2B Exponential 3P Gaussian Peak
Biexponential 4P Lorentzian Peak
Logistic 4P
Probit 4P
L = 1\ h

Select formulas to try that match the subject
iy matter domain profile characteristics.

pill —p» b_p elimination

Logistic 4P Rodbard Biexponential 5P kidneys

Gompertz 3P

7



Analysis Steps
Analyse — Specialised Modelling — Fit Curve
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e Define the Data Structure for analysis

* Fit Multiple Curves to chemical reaction Response

 Compare Curve fits and select preferred one

* Select Curve DoE on formula parameter Coefficients

Decide the DoE Analysis approach

e Default is Forward Selection
Decide which Parameter Coefficients Distribution
e Default is Gaussian

DoE Profiler for each chemical response

* Compare multiple response profiles to understand reaction behaviour



Chris Gotwalt Fit Curve — CDoE Demonstration



Curve DOE Analysis Demo

Sample Solvent Amine
Expt Time/ Volume Catalyst Base/ 5SM/ Product SM
Mame | min /RV /mol % Equiv | Equiv Product Imp SM Imp

1M1 3 8 1.3 4.5 1 28375 08351 69.623 01674
2 |M1 T 8 1.3 4.5 1 3585 0.8283 63.027 02945
3N 1" 8 1.3 4.5 1 359816  0.8423 58.857 04844
4 M1 15 8 1.3 4.5 1 43433 08693 55102 05912
5N 20 8 1.3 4.5 1 47531 0.9252 50.879 0.6609
6 |M1 30 8 1.3 4.5 1 53989  0.0054 44227 0.809
7M1 30 8 1.3 4.5 1| 61919 1.0611 36.006 09243
8 M1 100 8 1.3 4.5 1 66736 1.282 31.091  0.8%16
g M1 150 8 1.3 4.5 1 704972 1.3323 26,764 09308
10 | M1 200 8 1.3 4.5 1 74555 14787 22,934 1.0305
11 [M1 250 8 1.3 4.5 1| 76.611 1.56 20.675 1.1537
12 [M1 300 8 1.3 4.5 1 77024 16041 20252 11202
13 |N2 3 8 0.7 7.5 1.1 11.069 048395 88197 0.2446
14 M2 T 8 0.7 7.5 1.1 34793 0.6968 63.886 0.619
15 |M2 1" 8 0.7 7.5 1.1 534866 09749 43476 06434
16 | N2 15 8 0.7 7.5 11 70737 13847 27302 0.57539
17 |M2 20 8 0.7 1.5 1.1 83222 1.8063 14,562 0.4093
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How Curve DOE Works

Copyright © 2018, SAS Institute, Inc. All rights reserve

d.

Responses

sy

o M OB oo B -

jfnp Statistical Discovery:™ From SAS.



How Curve DOE Works
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jfnp Statistical Discovery:™ From SAS.

Responses
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How Curve DOE Works
Y (t) = -

Responses

DOE Factors

]mp Statistical Discovery: From SAS.
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Fit Curve Workflow

Data Cleanup
and
Augmentation

Data
—

Visualization

—

Nonlinear
Modeling of
Curves

-

/

Curve DoE
Modeling
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Fit Curve Workflow

Data Cleanup and
Augmentation

—

Data Visualization

—

Nonlinear Modeling of
Curves

p—,

Spline Modeling of
Curves

Curve DoE Modeling

L

—

Functional DoE Modeling




Fit Curve or Functional Data Explorer?

e |s there scientific basis for a particular
nonlinear function?

e Do the trajectories fall into one (and only
one) of the supported shapes?

e Does there seem to be a time-translation
effect that would be nicely modelled with
a location parameter?

YES = Fit Curve

21

e |s there little first principles theory to work
from?

e Are the trajectories highly non-homogenous?

e Do the curves have three or more “features”?

YES = Functional Data Explorer
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The Four Response Curves
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Launching Fit Curve

Rows

E'%l Fit Curve Example - IMP Pro
File Edit Tables
B E | o G

w | Fit Curve Example

Cols

|
D] <

DOE

TVVVYVTYVYVYY

Soure

model

DOE Dialog

Crazy Curve DOE
Produwct COOE LogisticaP

Design  Definitive Screening Design

Product Imp COOE LogisticsP .

SMCDHOE ExpordP
SM Imip Fit Curve Onerfit
S Imip FOOE P Spline

= | Columns (11,0

a,

i), ExptMame

4l Sample Poirt

4l Sample Time / min
4l Solvent Volume / RV
4 Catalyst/mol %

— O 4
Analyze | Graph Tools Add-Ins  View Window Help
- E= Distribution
¥ FitV byX
17| Tabulate
Fa)  Text Explorer
mol% | Base/Equiv | Amine5M f Equiv Product Product Imp SM
> Fit Model 13 45 1 2837459756 0.835080239 £9.62295792
13 4.5 1 3585010208 08283439 63.02706263
Predictive Modeling 13 45 1| 3931607367 084278963 5885672043
Specialized Modeling L~ | Fit Curve {}J'I Fits a variety of built-in nonlinear [10169182
Screening ‘. | Monlinear 1| models. 37914065
o 1 5356907749 0.99537500d 44.22658335
Multivariate Methods )
, l# | Functional Data Explorer 1 6191892842  1.061143748  36.09565259
Clustering 1 BA73I583593  1.282049257  31.09050868
Quality and Process #» | Gaussian Process 1 709724499 1332256616 2676448047
_— . , 1 745553563 1479735172 22.93441832
Reliability and Survival 4 | Time Series
1 7661089620 1559971515 2067547397
e e /| Time Series Forecast 1 7702376098  1.504085012 20.25198143
T3 — | Matched Pa 1 1106909695 0489543727 83.19679978
14 == | Matched Fairs 1 3479812820 0.696797357 63.88609216
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Launching Fit Curve

L~ Fit Curve - IMP Pro — O by
Fits a variety of built-in nonlinear modets.
- 3elect Columns ~Cast Selected Columns into Roles ~Action
> |18 Columns ¥, Response || il Produd OK
Expt Mame ~ X :
: Added Row Indictor ¥, Regressor 4l 5ample Time / min Cancel
4l 5ample Poirt Group il Expt Mame
-‘ sample Time / min Z, Supplementary ‘ Solvent Volume / BV Femove
4l Base /Equiv 4l Amine SM/Equiv Ll
4l Amine SM /Equiv : ——
d Produd Weight optional numeric
4l Product Imp Freq optional numeric
a M N By optional
e 2 [




Launching Fit Curve

L~ Fit Curve - IMP Pro — O by
Fits a variety of built-in nonlinear modets.
- Select Columns =LAzt selactad Columnpsinto Bolas o Action
[w] 18 Columns ¥, Response || 4l Produd oK
Expt Ma .
Mo Eptbiame X Regressor |l SAMpTE TITETIANT T | Cancel
4l Added Row Indictor
4l 5ample Poirt Group il Expt Mame
4l 5ample Time / min Z Supplementary| | 4 SolventVolume /RV Remove
4l Base /Equiv 4l Amine SM/Equiv Ll
4l Amine SM/Equiv = :
d Produd Weight optional numeric
4l Product Imp Freq optional numeric
a M N By optional
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Launching Fit Curve

L~ Fit Curve - IMP Pro
Fits a variety of built-in nonlinear modets.

~Select Calumns
|w|18 Columrs

il ExptMame -
4l Added Row Indictor

4 Sample Poirt

4l Sample Time / min

4l SolventVolume / RV

4l Catalyst / mol %

4l Base /Equiv

4l Amine SM/Equiv

4l Produd

4l Product Imp

il 5™ e

Weight optional numeric
Freq optional numeric
By optional

— ] pd
~Cast Selected Columns into Roles ~Action
¥ Bechonca ‘_Emu oK
¥ Regressor 4l Sample Time / min Cancel
T il P T
Z, Supplementary| | 4l SolventVolume /RV Remove
4l Catalyst/mol % Recall
4l Base /Equiv
Al AminesM/Equiv e




27

Launching Fit Curve

L~ Fit Curve - IMP Pro — O by
Fits a variety of built-in nonlinear modets.
- 3elect Columns ~Cast Selected Columns into Roles ~Action
> |18 Columns ¥, Response || il Produd OK
Expt Mame ~
. Exp . e T TR Tl e ey CaANCE|
4l Added Row Indictor
4l 5ample Poirt Group il Expt Mame
A s3mple Time /min T Sonnemenay | A SR Velome TRV T Remove
4l Base /Equiv 4l Amine SM/Equiv Ll
4l Amine SM /Equiv : ST —
‘ Produd Weight O TDOFTL FRLTRENIC
4l Product Imp Freq optional numeric
a M N By optional
e 2 [
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Launching Fit Curve

L~ Fit Curve - IMP Pro — O by
Fits a variety of built-in nonlinear modets.
- 3elect Columns ~Cast Selected Columns into Roles ~Action
> |18 Columns ¥, Response || il Produd OK
il ExptMame - : :
SampleT Cancel
4l Added Row Indictor ¥, Regressor || 4 SampleTime /min Aee
4l sample Point W CXPT ame
-‘ sample Time / min Z, Supplementary ‘ Solvent Volume / BV Femove
4l Base /Equiv 4l Amine SM/Equiv Ll
4l Amine SM /Equiv ——
4l Produc | gotional numerd
4l Product Imp Freq optional numeric
a M N By optional
e 2 [




Data Visualization and the Nonlinear Model Key
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Fitting Nonlinear Models To the Data

4 = |Fit Curve

Polynomials r i
Sigmoid Curves ] | Logistic Curves ] Fit Logistic 2P
Exponential Growth and Decay ] Fit Probit 2P Fit Logistic 3P I Fits a three-parameter logistic curve
|| reronia e
Pharmacokinetic Models r Fit Gompertz 3P Fit Logistic 4P Rodbard estimated asymptote,
Fit Michaelis Menten Fit Gompertz 4P Fit Logistic 4P Hill

i  Local Data Filter Fit Weibull Growth Fit Logistic 5P
Redo ] )
Save Script k

- i :.. . - . L] .
0 ;-'. .'I T : | : |
0 100 200 300

Sample Time / min
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ol T s e
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Fitting Multiple Nonlinear Models To the Data
ﬂEI::tCurve

&% Select Options and click OK

Folynomials Exponential Growthand Decy
[] Fit Linear [ ] Fit Exponential 2P

[ ] Fit Quadratic [ | Fit Exponential 3P

[ ] Fit Cubic [ ] Fit Biexponential 4P

[] Fit Quartic [ | Fit Biexponential 5P

[ ] Fit Quintic [ ] Fit Mechanistic Growth

Sigmond Curves
Logistic Curses

Fit Logistic 3P [ ] Fit Gaussian Peak

Fit Logistic 4P [ ] Fit Lorentzian Peak

[ ] Fit Logistic 4P RodbardPharmacokinetic Models

[ ] Fit Logistic 4P Hill [ ] Fit One Compartment Oral Dose

Fit Logistic 5P [ ] Fit Two Compartment IV Bolus Dose
Fit Probit 4P [ | Fit Biexponential 4P

[ ] Fit Gompertz 3P [ ] Fit Michaelis Menten

[] Fit Gompertz 4P [ ] Local Data Filter

Fit Weibull Growth

|:| Fit Cell Growth 4P
ak Madels

X

Redo

[] Column Switcher
[ ] Redo Analysis

[ | Relaunch Analysis

[ ] Automatic Recalc
Save Script

[ ] To Data Table

[ ] To Journal

[] To Script Window
[ ]ToLog

[ ] To Report

[ ] To Clipboard

#% 8 5 2 & is [ | 2
I B
80— . * l 8 - ]
| ., * "
4 ] . »
o el #an ® .
-§ 4 * . . & L] L
o 40— -' ™ .
- L] ™ *
204
| Ell*- . . » - “ .
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0 100 200 300
Sample Time / min
7 : ottt
0
r" - . 8 ¥ F W - . [ L L
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L
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0 S seees
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0
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ok || Cancel

Alt+Right Click on red triangle to select multiple options




Fitting Multiple Nonlinear Models To the Data
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A = Fit Curve

< Model Comparison

AlCC ~ AlICcWeight
774.21661
92540129

1132.045
1358.7337
1463.7303

Modd
Logistic 4P
Logistic 3P

Weibull Growth

Logistic 5P
Probit 4P

|
1487e-33
1.58%9e-73
1.1%9e-127
1.88e-150

2 .4 .6 .8

BIC

| 901.26526

1037.7242
12443679
14814682
1590.7739

S5E
28754791
S70,09161
3138.5071
50006892
14459122

MSE
24788613
74052794
23.953065
48.511775
12464761

RMSE

1.57444
27212643
4.5946931
70364604
11.164569

R-Square
0.9530418
0.9933937
0.9736263
0.9655454
0.9015335



Fitting Multiple Nonlinear Models To the Data
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£ = |Fit Curve
< Model Comparison
Modd
Logistic 4P 77421661
Logistic 3P 92540129
Weibull Growtly 1132.045
Logistic 5P 1358.7337

Probit 4P 1463.7303

AlCC ~ AlCcWeight

|
1487e-33

1.58%9e-73
1.1%9e-127
1.88e-150

2 .4 .6 .8

BIC

| 901.26526

1037.7242
12443679
14814682
1590.7739

S5E
28754791
S70,09161
3138.5071
50006892
14459122

MSE
24788613
74052794
23.953065
48.511775
12464761

RMSE

1.57444
27212643
4.5946931
70364604
11.164569

R-Square
0.9530418
0.9933937
0.9736263
0.9655454
0.9015335



Fitting Multiple Nonlinear Models To the Data

£ = |Fit Curve
< Model Comparison
Modd AlCc ~ AlCcWeight 2 .4 .6 .8 BIC SSE MSE RMSE | R-Square
Logistic 4P 77421661 1 | 90126526 28754791 24788613 1.57444 § 0.9930418
Logistic 3P 92540129 1481e-33 1037.7242 97009161 74052794 27212645 § 0995353957
Weibull Growth 1132.045 198%e-78| @ : 1 12443679 31385071 23.9530658 4.5946931 | 09736263
Logistic 5P 13587337 11%e-127| ¢ ¢ ¢ 0 | 14814682 50006892 49511775 7.0364604 | 09659454

Probit 4P 1463.7303 1.88e-150 15907789 14459122 12464761 11.164569 § 09015335
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Logistic 4P Model

A = Logistic4P
[ Prediction Model
[* Summary of Fit
[* Parameter Estimates
A Plot

Legend
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Logistic 4P Model

4 = Logistic4P
> Prediction Model
g ' ——— > Summary of Fily
40 —— 4 Parameter Estimates
"/ N1 N2 |~ N3
E'D:: Parameter Group Estimate  5td Error
4'0:: Growth Rate N1 ErErEStimy 0.0080311
0 S Inflection Point N1 1141239
807 Lower Asymptote N1 -2751990 | 7.992e+10
407 Upper Asymptote N1 S Tl 0.9425258
'D_: A Growth Rate N2 0.1636571 0.0169077
807 Inflection Point N2 54759384 1.9387716
40 - 'l" Lower Asymptote N2 -44.86278  21.420603
'EI_: Upper Asymptote N2 05.642648 0.6257901
80~ Growth Rate N3 . 0.0071275
407 Inflection Point N3 -1159.956 | 33420084
e S : | | | S Lower Asymptote N3 -16149627 | 6.069e+12
= 8 &8 8 ° 8 g8 8 ° &8 8 8 Upper Asymptote N3 ; 2.8297727
Growth Rate M4 0.3668455 0.0869127
Inflection Point N4 3.87721%6 2.1243712
Lower Asymptote N4 -2.131121  35.994322

Upper Asymptote N4 0E.311589 0.7976433



Logistic 4P Model

£ = Curve DOE Analysis

I Generalized Regression
for Model Parameters

> Diagnostic Plots
A = | CDOE Profiler

F'rld uct

.

L

—

Pl

=]

=]
-E—E
L L

15300 — T
© 2 2 2 wraoao
==
— ™
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Time / min Volume / RV
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Checking the Nonlinear Model

4 ~|Gaussian Peak 4[=lBicxponcntinEE
b Prediction Model I Prediction Model
P Summary of Fit [> Summary of Fit
 Parameter Estimates [> Parameter Estimates
4 Plot 4Plot [
J Legend 1 Legend
a —Nl — N2 10- —MN1  —N13
i — N2  —N4 —N2 —NI4
o 6 —MN3  —NI5 a —MN3 —NI5
S — N4 E — N4
Z 4] — N3 = 5 NS
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Checking the Nonlinear Model

4 = |Gaussian Peak

[* Parameter Estimates
4 Plot

100+
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Checking the Nonlinear Model

4 ~/Gaussian Peak
Area Under Curve
Compare Parameter Estimates
Equivalence Test
] Legend
Curve DOE Analysis —N1  —Ni2
Make Parameter Table — N2  —DN14
Ao —N15
Plot Actual by Predicted M | N Actual response value on Y axis, by
. . 13 L Predicted value on the X axis. In good
R I TR fits, points are near the diagonal. You
Profiler can see which points do not fit, look
| for patterns, visualize the test.
Save Formulas » T
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Three Parameter Logistic Fit

4 = Logistic 3P
A Prediction Model

Product

C

(1 +Exp (—a i(SampleTime;’min -b )))

a = Growth Rate
b = Inflection Point
¢ = Asymptote
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Three Parameter Logistic Fit

C

(1 +Exp (—a -(SampleTime;’min -b )))

& = Growth Rate
b = Inflection Point
c = Asymptote
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Regression Plot
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Three Parameter Logistic Fit

4 = Fit Curve
4 = Loagistic 3P

Test Parallelisrm

Compare Parameter Estimates

Equivalence Test

Curve DOE Analysis [

[,
3 Lo
Make Parameter Table N1
Plot Actual by Predicted — N2
— N3
Plot Residual by Predicted N4
Profiler — N5
— NG
Save Formulas k — N
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Three Parameter Logistic Fit

A = Curve DOE Analysis

[ Generalized Regression
for Model Parameters

[* Diagnostic Plots
[ CDOE Fit
4 |~ CDOE Profiler
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™l kLl
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< Diagnostic Plots
4 Actual by Predicted Plot

Three Parameter Logistic Fit
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Three Parameter Logistic Fit

< Diagnostic Plots

4 Actual by Predicted Plot
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Three Parameter Logistic Fit

4 Diagnostic Plots
4 Actual by Predicted Plot
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Three Parameter Logistic Fit

4 =|Curve DOE Analysis

A Generalized Regression for Model Parameters
D = Generalized Regression
for Growth Rate

[~ Generalized Regression
for Inflection Point

I i=/Generalized Regression for Asymptote
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Three Parameter Logistic Fit

4 =|Curve DOE Analysis
4 Generalized Regression for Model Parameters

D = Generalized Regression
for Growth Rate

D = Generalized Regression
for Inflection Point

''~/Generalized Regression for Asymptote
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Three Parameter Logistic Fit

4 =|Curve DOE Analysis
4 Generalized Regression for Model Parameters

b = Generalized Regression
for Growth Rate

P = Generalized Regression
for Inflection Point

F ~ Generalized Regression for Asymptote




51

Three Parameter Logistic Fit

4 =|Curve DOE Analysis

A Generalized Regression for Model Parameters
D = Generalized Regression
for Growth Rate

[~ Generalized Regression
for Inflection Point

I i=/Generalized Regression for Asymptote
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Three Parameter Logistic Fit

4 =|Curve DOE Analysis
4 Generalized Regression for Model Parameters
4 ~|Generalized Regression for Growth Rate

4 Model Comparison

Response Estimation Validation Monzero Generalized
Show Distribution Method Method Parameters AlCc BIC RSquare
Mormal Forward Selection AlCc & -39.33529 -45,58/09 09426054

4 Model Launch
I Singularity Details

Response Distribution

Maormal ~

MNormal
Cauchy ]
(3] M
Exponential -
Gamma

Weibull

LogMormal

Beta

Quantile Regression

.

Cox Proportional Hazards
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Three Parameter Logistic Fit

4 =|Curve DOE Analysis
4 Generalized Regression for Model Parameters
4 = Generalized Regression for Growth Rate

" Model Comparison
4 Model Launch
I Singularity Details

Response Distribution

Mormal ~

Estimation Method

Forward Selection ~

Best Fit =

> Force Terms

Validation Method
AlCc M
[] Early Stopping



Three Parameter Logistic Fit
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4 =|Curve DOE Analysis
AG lized Regression for Model P t

4 =|Generalized Regression for Growth Rate

» Model Comparison
 Model Launch

I =/ Normal Forward Selection
with AICc Validation

4~ LogNormal Forward Selection with AlCc Validation
4 Solution Path

w

AlCc
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Parameter Estimates
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Step Number

I =/Generalized Regression
for Inflection Point
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4 Diagnostic Plots
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4 [=|Curve DOE Analysis
< Generalized Regression for Model Parameters
4 ~/Generalized Regression for Growth Rate
' Model Comparison
" Model Launch

I»/~/Normal Forward Selection
with AICc Validation

4 »|LogNormal Forward Selection with AlCc Validation
4 Solution Path
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4 =|Curve DOE Analysis
AG lized Regression for Model P t

4 =|Generalized Regression for Growth Rate

» Model Comparison
 Model Launch

I =/ Normal Forward Selection
with AICc Validation

4~ LogNormal Forward Selection with AlCc Validation
4 Solution Path
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AlCc

[ —
0
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Three Parameter Logistic Fit

4 =|Curve DOE Analysis
4 Generalized Regression for Model Parameters
4 = Generalized Regression for Growth Rate
" Model Comparison
" Model Launch

I/~ Normal Forward Selection
with AlCc Validation

A= - : PRy
Regression Reports Model Summary
Show Prediction Expression Solution Path
Select Nonzero Terms Parameter Estimates for Centered and Scaled Predictors Y /
Select Zeroed Terms || Parameter Estimates for Original Predictors || [ isptays o hides the table of
Hide Inactive Paths [ ———— parameter estimates for the original
predictors.
Covariance of Estimates Show Solution Path Summary
Correlation of Estimates Effect Tests
Profilers > j—
Diagnostic Plots v
Remove Fit
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I =/Generalized Regression
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I = Generalized Regression for Asymptote
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4~ Curve DOE Analysis
4 Generalized Regression for Model Parameters
4 ~|Generalized Regression for Growth Rate
> Model Comparison
I Model Launch

» =INormal Forward Selection
with AlCc Validation

4 =ILogNormal Forward Selection with AlCc Validation
4 Solution Path

S 2 ¥
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uE JE R S E s 0
0 —_
g
e
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o 2 4 6 8 10 o 4 6 8 10
Step Mumber Step Number
4 Parameter Estimates for Original Predictors
Wald Prob >
Term Estimate Std Error ChiSquare ChiSquare Lower95% Upper 95% Singularity Detail:
Base / Equiv*Base / Equiv 01866392 0.0224568  £9.07348% <.0001= 0.1426248 0.2306537 =17.111%Intercept-:
Solvent Volume / RV -0.168488 0.0291016  33.524041 -0.225536 -0.11148
Base / Equiv -1.564481 0.2715392 33.195207 -2.096688 -1.032274
Catalyst / mol %Catalyst / mol % 0.4771401 0.1410395 11.444346 0.2007076 0.7535725
Intercept 15977317 0.7678052 43301771 0.0928613 3.1026022
Amine SM / Equiv -0.58341 03938215 2.2602895 0.1320 -1.365481 0.1786622 =0.67%6%Intercept+
Solvent Volume / RV=Catalyst / mol % -0.033073 0.0329338 1.0072704 0.3158 -0.087661 00315147
Solvent Volume / RV=5olvent Volume / RV 0 0 1] 1.0000
Solvent Volume / RV*Base / Equiv o 0 ] 1.0000 ] ]
Solvent Volume / RV*Amine SM / Equiv 0 0 Qo 1.0000 o o
Catalyst / mol % o 0 o 1.0000 o o
Catalyst / mol %*Base / Equiv 0 0 ] 1.0000 ] ]
Catalyst / mol %*Amine SM / Equiv o 0 a 1.0000 ] ]
Base / Equiv*Amine SM / Equiv o 0 o 1.0000 o 0 =-1.3037%Intercept
Amine SM / Equiv*Amine SM / Equiv o 0 o 1.0000 o 0 =0.3742%Intercept+
LogNormal Wald Prob >
Distribution P; Esti Std Error  ChiSq Chisq Lower 95% Upper 95%
Scale 0.072038 0.0100397 57.434879 0.0523605 0.0917154
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Generalized Regression for Model Parameters

Diagnostic Plots
CDOE Profiler

iers

b = LogNormal Forward Selection
with AlCc Validation

NET< lized Reg :

for Inflection Point

IEal lized Regression for Asymptote

4 Diagnostic Plots
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Product Impurity Model

~Select Columns

L Fit Curve - IMP Pro

Fits & variety of built-in nonlinear models,

=117 Columns

ik Expt Name

4 Added Row Indicator
4 sample Point

4 Sample Time / min
4 Solvent Volume / RV
4l Catalyst / mol %

4l Base / Equiv

4 Amine SM / Equiv
4 Product

4 Product Imp

a sm

4 SM Imp

- Cast Selected Columns into Roles

|
ot

- Action

Y, Response |J Product Imp

X, Regressor || 4 Sample Time / min

Group || ik Expt Name

Z Supplementarﬂ 4l solvent Volume / RV

Jl Catalyst / mol %
4l Base / Equiv
4 Amine SM / Equiv

Remaove

0l

| Weight | | optional numeric |
| Freq | | optional numeric |
| By | optional

i IR




Product Impurity Model

4 = |Fit Curve - Product Imp
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Product Impurity Model
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4 = Fit Curve - Product Imp
[ Model Comparison
I Plot
4 = Logistic 3P
I Prediction Model
l» Summary of Fit
I Parameter Estimates
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Product Impurity Model

4 =|Curve DOE Analysis
4 Generalized Regression for Model Parameters
4 ~|Generalized Regression for Growth Rate
' Model Comparison
' Model Launch

I/~ LogNormal Forward Selection
with AlCc Validation

P ~/Generalized Regression
for Inflection Point

P|/~|Generalized Regression for Asymptote
4 Diagnostic Plots

4 Actual by Predicted Plot 4 Residual by Predicted Plot
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4 =|Curve DOE Analysis
4 Generalized Regression for Model Parameter:

4 ~|Generalized Regression fo| Growth Rate

' Model Comparison
 Model Launch

I/~ LogNormal Forward Selection
with AlCc Validation

I~ Generalized Regression
for Inflection Point
P|/~|Generalized Regression for Asymptote
4 Diagnostic Plots
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Starting Material (SM) Model

L~ Fit Curve - IMP Pro

Fits a variety of built-in nonlinear models,

-Select Columns

=117 Columns

itk Expt Name

4 Added Row Indicator
4l 5ample Point

A sample Time / min
4l Solvent Volume / RV
4l Catalyst / mol %

4l Base / Equiv

4 Amine SM / Equiv
4 Product

4 Product Imp

4l s

A sM Imp

-Cast Selected Col

mns intn Baoles

|
x

- Action

Y, Response || 4l 5M |

K

X, Regressor 1 A sample Time / min |

Group || ik Expt Name |

ncel

Z Supplementarﬂ

4l solvent Volume / RV
4l Catalyst / mol %

4 Base / Equiv

4 Amine SM / Equiv

Remove

0l e

| Weight | optional numeric |
| Freq | optional numeric |
| By | optional
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Starting Material (SM) Model

A = Fit Curve - SM

4 Plot
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Starting Material (SM) Model

A = |Fit Curve - SM

4 Model Comparison
Model AlCc ~ AlCc Weight .2.4.6.8 BIC S5E MSE RMSE R-5quare
Exponential 3F 781.18844 1 893.51132 427.51924 3.2635056 1.80653175  0.9971092
Logistic 4P 098.38685 6.854e-48 11254355 1027.7056 8.8595311 2.9764965 0.9930508
Exponential 2P 10712.3501 6.366e-31 1096.8573 21091502 14446235 3.8003203 0.9857333
Logistic 3P 15324875 7.2e-164| | | | | | 1644.8104 30538513 233.11842 15268216 0.7935038
4 ~|Logistic 3P 4~ Logistic 4P 4 »|Exponential 2P 4 ~|Exponential 3P
I Prediction Model P Prediction Model I Prediction Model I’ Prediction Model
'Summary of Fit P Summary of Fit ' Summary of Fit ' Summary of Fit
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4Plot 4Plot 4Plot 4 Plot
30 30 30 30
60 50 o0 o]
M 40- M 40 M 40 M 40
20 20 20 20
100 200 300
Sample Time / min Sample Time / min
0 _\m‘“‘——:“ﬁm 40 \. S———] 40 40
wll NI\, w0 \ \ 40- 40+
L R 0- el WS o o
0N, _\__._,_._,_._\"‘-v--k 40 RS N — 40+ 40
40 \‘-".‘-‘. _ ‘u\"".‘-‘T | I\hl_ - 404 \._ \_ 40 40

[=p
8
[=p
8



68

Starting Material (

SM) Model

4 = Fit Curve - SM
" Model Comparison
' Plot
4 ~ Exponential 3P

Equivalence Test

Compare Parameter Estimates

| Curve DOE Analysis

Make Parameter Table
Plot Actual by Predicted
Plot Residual by Predicted
Profiler

Save Formulas
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Starting Material (SM) Model

4= Curve DOE Analysis

I’/ Generalized Regression
for Model Parameters

< Diagnostic Plots

4 Actual by Predicted Plot 4 Residual by Predicted Plot
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Starting Material (SM) Model

4= Curve DOE Analysis

I’/ Generalized Regression
for Model Parameters

< Diagnostic Plots
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Starting Material (SM) Model

A = CDOE Profiler
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Starting Material (SM) Model

A = CDOE Profiler
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Starting Material (SM) Model

Group
N1
N2
N3
N4
NS
NG
NT
N§
9 N9
a = Asympiote 10 \N10

b = Scale 11 |N11

c = Growth Rate 12 |N12

13 |MN13
14 | N14
15 |MN15

4 ~|Exponential 3P
A Prediction Model

[ R L R

Lo TS IR o L

a +b «Exp [ Sample Time / min )
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Asymptote
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Starting Material (SM) Model

4 =|Curve DOE Analysis
4 Generalized Regression for Model Parameters
P =/Generalized Regression for Asymptote
P ~/Generalized Regression for Scale
4 = Generalized Regression for Growth Rate

4 Model Comparison

Response Estimation Validation Monzero Generalized
Show Distribution Method Method Parameters AlCc BIC RSquare
Mormal Forward Selection AICc 6 -49.06564 -3531734 0.2285941

4 Model Launch
P Singularity Details

Response Distribution

Mormal b

Mormal
Cauchy [}

t(5) A continucus, symmetric, bell-shaped distribution. Equivalent to least
sguUares regression.

Exponential
Gamma

y Weibull
LogMormal
Beta




Starting Material (SM) Model

4 = Curve DOE Analvsis

Generalized Regression for Model Parameters

Diagnestic Plots

E| CDOE Profiler

Save Prediction Formula

[

for Growth Rate

4 Diagnostic Plots

4 Actual by Predicted Plot

100

75

_'FH_FW

I ! I
40 i
SM Predicted

100

4 Residual by Predicted Plot

100+
80

S Residual

'EFD—:
-0
-100 T T T T T T T
0 20 40 a0 20 100
SM Predicted



Starting Material (SM) Model

4.8054227983
+ Solvent Volume /RV ( Solvent Volume /RV « 1.5113228449 )
+ Solvent Volume /RV ( Base / Equiv « -3.380524086 )

+ -22.51564084 . Catalyst /mol %

+ 15.580413139 . Base / Equiv

34165675219

+ Solvent Volume /RV -( Solvent Volume /RV « -0.437773887 )

+ Base /Equiv s ( Base / Equiv + 1.9283370001 )

( [ 0.3868444112 \

+ -0.067025251 « Solvent Volume /RV
e ||+ Solvent Volume /RV «( Base / Equiv « 0.0143427946 ) Sample Time / min

+ -0.099281912 . Catalyst / mol %

+ Base /Equiv « ( Base / Equiv « -0.013697589 ) }

76
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Starting Material (SM) Model

A Fit Model - IMP Pro

4~/ Model Specification

-Select Columns - Pick Rolepramses
[*|7 Columns ¥ :I 4 -Growth Rate
ik Expt Mame optional
4l Solvent Volume / RV

4 Catalyst / mol % |

4 Base / Equiv H : .
4 Amine SM / Equiv |‘u'alidatinn|| optional numeric |

4l Growth Rate optional

4l -Growth Rate

optional numeric |

| By | | optional |

Personality:

| Generalized Regression

Distributio | LogNormal =
Censor Code: ol
| Help | | Run

[ ] Keep dialog open

- Construct Model Effects

Solvent Volume / RV & RS
Catalyst / mol % & RS
-
Base / Equiv & RS

MNe Amine SM / Equiv BLRS

[] No Intercept | Base / EquivBase / Equiv

Solvent Volume / Bv*=Solvent Volume / BV
Solvent Volume / Rv*Catalyst / mol %
Degree / yst/

Catalyst / mol %*Catalyst / mol %
Aftributes (=) | ggivent Volume / RV*Base / Equiv
Transform (=] |Catalyst / mol %*Base / Equiv
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Starting Material (SM) Model

4 ~/Generalized Regression for -Growth Rate

4 Model Comparison

Response
Show Distribution
LogNormal
Mormal

[ Model Launch

4= LogNormal Forward Selection with AlCc Validation

' Model Summary

A Solution Path

Estimation Validation
Method Method

Forward Selection AlCc
Forward Selection AlCc

MNonzero
Parameters

=

Parameter Estimates

2 4 ]
Step Mumber

10

AlCc

AlCe
-105.8128
-63.39106

-100

Generalized
RSquare
0.9941246
0.9914435

4 &
Step Mumber

10
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Starting Material (SM) Model

4 ~/Generalized Regression for -Growth Rate

4 Model Comparison

Estimation Validation Meonzero
Method Method Parameters
Forward Selection AlCc &

Response
Show Distribution
LogNormal

[ Model Launch
4~ LoaNormal Forward Selection with AlCc Validation

Regression Reports L

Show Prediction Expression

Select Monzero Terms

Select Zeroed Terms

Relaunch Active Set k
Hide Inactive Paths

Covariance of Estimates

Correlation of Estimates

Inverse Prediction...

Multiple Cemparisons

Profilers k

Customn Test...

Diagnestic Plots L

AlCc

AlCc BIC
-105.8128

Generalized

-112.0645

-100

RSquare
09941246

Save Columns k Save Prediction Formula

Remowe Fit Mean Confidence Interval

colurnn in the data table.

Saves the prediction formula to a new

TR TR T

ber

10
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A Parameter Estimates

Parameter
Acymptote
Scale
Growth Rate
Acymptote
Scale
Growth Rate
Acymptote
Scale
Growth Rate
Asymptote
Scale
Growth Rate
Asymptote
Scale
Growth Rate
Asymptote
Scale
Growth Rate

Group
M1
M1
N1
M2
M2
M2
M3
M3
M3
M4

Estimate
22.867858
48146326
-0.02523
1.44831425
120.96879
0101923
41986218
39131357
-0.010873
1.73142176
119.17315
-0.236677
4,5055741
79418733
-0.036396
61012035
67.319873
-0.031639

Std Error ChiSquare ChiSquare Lower95% Upper 95%
09429534 58812622 <0001  21.019703 24.716012
1.6 Table Style 4,966198 :1.325&::'4
0.0 0.029876 -0.020584
0.7 =2lrs 0204338 2.8668512
3.2 Sort by Column... 14,67599 127.26158
0.0 Make into Data Table 0 Creates a new data table that contains
1.8 Make Combined Data Table 0 the values in the [[TableBox]].
1.7 _ 5737057  42.523656
0.0 Male Into Matrix 0014141  -0.007604
0.0 Format Column... 0.033233 3.5360763
8.0 Show Properties 03.43358 134,89272
0.0 0.273948 -0.199405
0.8 Copy Column 2453776 61657706
1.8 Copy Table 5.741327 83.09614
0.0 _ 0.040312 -0.03248
0.8 SRR 3845257 78178814
1. Bootstrap 63.84546  70.793286
0.0020688 23387727 T ~0.035693 -0.027584

Starting Material (SM) Model

Wald Prob =
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Starting Material (SM) Model

L N R

0o =] Cho LN

10
1
12
13
14

Expt
Name
M1
M2
N3
M4
M3
N
MNT
N3
MG
N1
N11
MN12
MN13
M14
MN15

Solvent
Volume / RV
8
a2
10
o
&
10
&
10
10
&
10

[ B s R s ]

Catalyst / mol
%

1.3

0.7

]

;

0.7

1.3

1.3

0.7

0.7

1.3

1.3

0.7

]

;

]

Base /

Equiv

A e N
tn tnooh oo bnoLn Lm i

Ln

B | e e
in bn

o oh o Ln

Amine SM /
Equiv

1.1
1.1

1.1

1.05
1.05

1.1
1.1

1.05
1.05
1.05

Growth Rate
-0.025230049
-0.101923433
-0.010872558
-0.236676633
-0.036396107
-0.031638593

-0.28774875
-0.007720537
-0.062308523
-0.036963998
-0,135956892
-0.021342044
-0.028967266

-0.04095745

-0,03296852

-Growth Rate
0.0252300488
0.1019234335

0.010872558
0.2366766320
0.0363961067
0,0316385934
0.2977487404
0.0077205372
0.06230095232
0.0369639976
0, 1359568915
0.0213429442
0.0289672656
0.0409574504
0.0329695797



82

Starting Material (SM) Model

2 Fit Model - JMP Pro

4=/ Model Specification

-Select Columns

[*|7 Columns

ik Expt Name

4 Solvent Volume / RV
4l Catalyst / mol %

4l Base / Equiv

4 Amine SM / Equiv
4 Growth Rate

4 -Growth Rate

- Pick Rolepdarstes

v :I 4 -Growth Rate

optional

| Freq | | optional numeric |
|‘u'alidatinn|| optional numeric |

Censor || optional

| By | | optional |

Personalify:

| Generalized Regression

Distributio | LogNormal -
Censor Code: [=|
| Help | | Run

[ | Keep dialog open

-Construct Model Effects

Catalyst / mol % & RS
Base / Equiv & RS
Mest Amine SM / Equiv B RS

Solvent Volume / RV & RS

Solvent Volume / RV*Solvent Volume / RV

[] No Intercept | Base / Equiv*Base / Equiv

Solvent Volume / Rv*Catalyst / mol %
Degree / yst/
Catalyst / mol %*Catalyst / mol %
Aftributes =) | ggivent Volume / RV*Base / Equiv
Transform (=] |Catalyst / mol %*Base / Equiv
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Starting Material (SM) Model

4~ Generalized Regression for -Growth Rate

4 Model Comparison

Response Estimation Validation MNonzero Generalized
Show Distribution Method Method Parameters AlCc BIC RSquare
LogMormal Forward Selection AICc 6 -105.8128 -112.0845 09941246
Mormal Forward Selection AlCc 8 -63.39106 -81.72666 09914435
' Model Launch
4 = LogNormal Forward Selection with AlCc Validation
* Model Summary
4 Solution Path
3 S0
g 2
m
E o
B
. g
g r <
o
E o ——— | -50
=
oo
-1
-100
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Starting Material (SM) Model

4~/ Generalized Regression for -Growth Rate

4 Model Comparison

Response Estimation Validation Monzero
Show Distribution Method Method Parameters
LogMormal Forward Selection AlCc )
[ Model Launch
~ LoaNormal Forward Selection with AlCc Validation

A

Regression Reports

Show Prediction Expression
Select Monzero Terms
Select Zeroed Terms

Relaunch Active Set
Hide Inactive Paths

Covariance of Estimates
Correlation of Estimates
Inverse Prediction...
Multiple Comparisons

Profilers

Custormn Test...

Diagnostic Plots

4

AlCc

Generalized
AlCe BIC RSquare
-105.8128  -112.0645 0.9941246

-100

Save Columns

Remowve Fit

Save Prediction Formula

Saves the prediction formula to a new

MMean Confidence Interval

column in the data table.

T T

ber

10
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Starting Material (SM) Model

o N R

Lo B B i L R

1
12
13
14

Expt
Name
N1
M2
M3
M4

ME
M7
Ma
Mg
M10
M11
M12
M13
M4
M15

Solvent
Volume
f RV

8

10

10

10
10

10

[ B s R s ]

Catalyst
S mol %
1.3

0.7
1
1
0.7
1.3
1.3
0.7
0.7
1.3
1.3
0.7
1
1
1

Base / |Amine SM

Equiv
4.5
7.5
4.5
7.5

Lnoon oy o

Ln

R s R R
in Ln

[ R VR = VR )

/ Equiv
1
11
11
1
11
1
1.05
1.05
1
11
11
1
1.05
1.05
1.05

Growth -Growth

Rate

-0.025..
-0.101..
-0.010..
-0.236..
-0.036...
-0.031..
-0.287...
-0.007...
-0.062...
-0.036...
-0.135..
-0.021..
-0.028...
-0.040...
-0.032..

Rate

0.0252...
0.1019..
0.0108...
0.2366..
0.0383..
0.0316...
0.2977...
0.0077...
0.0623..
0.03849..
0.1355..
0.0213..
0.02849...
0.0409...
0.0324..

-Growth Rate

Prediction

Column Info...
Standardize Attributes...

Column Properties

Formula...

Recode...

Mew Formula Column

Insert Columns

Delete Columns
Label/Unlabel
Link D

Sort

Copy Column Properties

Copy Columns
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Starting Material (SM) Model

SR W R L B -

e R I L R ¥ )

1
12

Sample

Solvent

Expt Time/ Volume/ Catalyst/ Base/

Name
N1
M
M1
M
M1
M1
M1
M1
N1
M
M1
M

min

1"
15
20
30
50
100
150
200
250
300

RV

[ I s A s R s S o R e I I o BN o s B s R o O s

mol %
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3

Equiv
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5

Amine
SM /
Equiv

e R e e e e e A R

Product

2937458,
35.85010...
39.81607...
43.43785..
47.533072..
53.96907..
61.91892...
B6.73583..
7097244,
74,55535..
78.61089...
77.02376...

Product
Imp

0.835080...
0.828343...
0.842789...
0.869276...
0.929187...
0.995378...
1.061143...
1.282048...
1.332256..
1.479735..
1.5359971...
1.604085...

5M
89.6229..
63.0270...
538.8567...
35.1016...
30.8791...
44,2265.
36.0956...
31.0905...
26.7644...
22,9344,
20.6754...
20.2519...

Product
Predictor
28,5252...
32.5001...
35.5291...
38.5707...
42.3264...
49,3969...
60.4207...
71.0601...
T2.6443...
72.8455...
72.8704...
72.8735..

Product
Imp
Predictor
0.78054...
0.80048...
0.82043...
0.84035...
0.86518...
0,97445,..
1.01012...
1.21940...
1.37215..
1.47125...
1.53063...
1.56456...

SM Predictor
50.823894854
54.9671328808
48.954770017
45679231092
A41.201713038

34,508231382
26.956999306
21.546516392
20.794234497
20.68%636071
20675092546
20673070392

-Growth Rate

Prediction
Formula
0.0248591549
(0.02485915449
(0.0248591549
(0.0248591549
(0.02485915449
0,0248591549
(0.0248591549
(0.02485915449
0.0248591549
(0.02485915449
(0.0248591549
(0.0248591549
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Starting Material (SM) Model

SR W R L B -

e R I L R ¥ )

1
12

Sample

Solvent

Expt Time/ Volume/ Catalyst/ Base/

Name
N1
M
M1
M
M1
M1
M1
M1
N1
M
M1
M

min

1"
15
20
30
50
100
150
200
250
300

RV

[ I s A s R s S o R e I I o BN o s B s R o O s

mol %
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3

Equiv
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5

Amine
SM /
Equiv

e R e e e e e A R

Product

2937458,
35.85010...
39.81607...
43.43785..
47.533072..
53.96907..
61.91892...
B6.73583..
7097244,
74,55535..
78.61089...
77.02376...

Product
Imp

0.835080...
0.828343...
0.842789...
0.869276...
0.929187...
0.995378...
1.061143...
1.282048...
1.332256..
1.479735..
1.5359971...
1.604085...

5M
89.6229..
63.0270...
538.8567...
35.1016...
30.8791...
44,2265.
36.0956...
31.0905...
26.7644...
22,9344,
20.6754...
20.2519...

Product
Predictor
28,5252...
32.5001...
35.5291...
38.5707...
42.3264...
49,3969...
60.4207...
71.0601...
T2.6443...
72.8455...
72.8704...
72.8735..

Product
Imp
Predictor
0.78054...
0.80048...
0.82043...
0.84035...
0.86518...
0,97445,..
1.01012...
1.21940...
1.37215..
1.47125...
1.53063...
1.56456...

SM Predictor
50.823894854
54.9671328808
48.954770017
45679231092
A41.201713038

34,508231382
26.956999306
21.546516392
20.794234497
20.68%636071
20675092546
20673070392

-Growth Rate

Prediction
Formula
0.0248591549
(0.02485915449
(0.0248591549
(0.0248591549
(0.02485915449
0,0248591549
(0.0248591549
(0.02485915449
0.0248591549
(0.02485915449
(0.0248591549
(0.0248591549



Starting Material (SM) Model

88

4.8054227983
+ Solvent Volume /RV ( Solvent Volume /RV « 1.5113228449 )
+ Solvent Volume /RV ( Base / Equiv « -3.380524086 )

+ -22.51564084 . Catalyst /mol %

+ 15.580413139 . Base / Equiv

34165675219

+ Solvent Volume /RV -( Solvent Volume /RV « -0.437773887 )

+ Base /Equiv s ( Base / Equiv + 1.9283370001 )

( [ 0.3868444112

+ -0.067025251 « Solvent Volume /RV

. Exp + Solvent Volume /RV «( Base / Equiv « 0.0143427%46 )

+ -0.099281912 . Catalyst / mol %

\[\

+ Base /Equiv « ( Base / Equiv « -0.013697589 ) )

Sample Time /min

4,.8054227983
+ Solvent Volume / RV -( Solvent Volume /RV « 1.5113228449 )
+ Solvent Volume /RV -( Base / Equiv - -3.380524086 )

+ -22.51564084 . Catalyst / mol %

+ 15.580413139 « Base / Equiv

(34.165675219 \

+ Solvent Volume /RV « ( Solvent Volume /RV « -0.437773887 )

+ . .
\+ Base / Equiv « ( Base / Equiv « 1.9283370001 ) )

\

« Exp (| - -Growth Rate Prediction Formula « Sample Time /min )




Starting Material (SM) Model

A = | Profiler

A = Prediction Profiler

SM Predictor

=

Sample
Time / min

89

200

300-
1.3

TTTT
=
=
—

Volume / RV

Amine
SM / Equiv

5M

4 ~|Actual By Predicted SM and SM Predictor

100

80

40

20

T ! |
40 a0
SM Predictor

a0

100
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Starting Material Impurity (SM Imp) Model

=

Sample Time / min

Lo 1w by by by by by by by 1yl

[ L R SR = R L I L
| I I T T A I |

¥ i [ P rot
s ro:. Y Sl TR

........ !: | Poooo..
IR — e ro
f’ ---- Foeuns £

L L L L L L L L
O 100 200300 O 100 200300 O 100 200 300



Starting Material Impurity (SM Imp) Model

Sample Time / min

’-nn-'l"

LT

"..Ill

F ol L

"-""‘ .

r-'.ii L]

!l YT

0 100 200 300

|
0 100 200 300

T
0 100 200 300

Model

Polynomials

Logistic 2P

e

Logistic 3P

Logistic 4P

Logistic 4P Rodbard

N

Logistic 4P Hill

Probit 2P

Probit 4P

Gomperiz 3P

Weibull Growth

Mechanistic Growth

Cell Growth 4P

Gaussian Peak

Lorentzian Peak

One Compartment Oral Dose

process in

b
Kidneys |—pp elimination

pill —p

Two Compartment |V Bolus Dose
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Starting Material Impurity (SM Imp) Model

4 =/ Fit Curve - SM Imp

4 Model Comparison
Model AlCc ~ AlCc Weight .2.4.6.8 BIC SSE MSE RMSE

Biexponential 5P -248.5568 1 | -122.6224 0.5726787  0.00556 0.0745653
Biexponential 4P -211.1367 7.4874e-3| i ¢ | -B2.2548 1.1118453 0.0094224 0.09706%1

R-5quare
0.9980244
0.9967644



Starting Material Impurity (SM Imp) Model

93

4 ~|Biexponential 5P
P Prediction Model
P/ Summary of Fit

[ Parameter Estimates

4 Plot
8_
a 6
E ]
= 44
vl 4
2_
D,_
. T . T . T i
=} =3 = =
(=) (=] (=)
— (2] (3]
Sample Time / min
4 - ’._._¢+4-0—
e
4
o —— -
4 ’p—"‘"’,-_
4
| gmetteee—— gu -~
4
i e e —-ee—
DD D
=eoe o 9 o o o 9O =2 o 2
[ - o o O [
- oM - N om - N om

4 =~/Curve DOE Analysis

I» Generalized Regression
for Model Parameters

I Diagnostic Plots

4= CDOEP,
3000 : :
a -145140 i i
E 1000 § :
= : :
v H H
-1000 r g |

L T
E=R e - T AU o ST =T
== - =

82.8 8 1 6
Sample Solvent Catalyst / Base /
Time / min Volume f RV mal % Equiv

1_
02+
04

T
=N}
e
-

1
1

1.05
Amine
SM J Equiv

T
—
-
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Starting Material Impurity (SM Imp) Model

|~ Fit Curve Example - Fit Curve of SM Imp by Sample Time / min - JMP Pro

Analyze | Graph Toels Add-lns  View Window Help
e PA+ OSSO0 O

File Edit Tables

B E |

Rows Cols DOE

e

4 = Fit Curve - SM Imp
4 ~|Biexponential 5P
4 Plot

f= T

W Bl Eh

Distribution
Fit ¥ by X

Tabulate

Text Explorer
Fit Model

Predictive Modeling

Specialized Medeling

100

Sample

Screening
Multivariate Methods
Clustering

Quality and Process
Reliability and Survival

Consumer Research

nd

M1 —MN13

|~ | Fit Curve

Y. | Monlinear

[#+ | Functional Data Explorer [ Explores and processes functional

Loy’ data, cbserved across a set of equally

» aussian Process or unequally spaced points.

i | G ian P qually spaced poi

b | Time Series

Y| Time Series Forecast

= | Matched Pairs
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Starting Material Impurity (SM Imp) Model

A rdded Row Indicator
4l sample Point

[ Functional Data Explorer - JMP Pro — O *

Stacked Data Format | Rows as Functions = Columns as Functions

Stacked data format,

-Select Columns -Cast Selected Columns into Roles - Action
(=117 Columns v, Output | 4 SM Imp K
ik Expt Name G optional numeric Cancel

4 sample Time / min | ¥, Input ||j Sample Time / min

| Remove

4 Solvent Volume / RV

4l Catalyst / mol % | ID, Function ||I. Expt Mame

fi0d ik

d Base / Equiv [z, Supplementary| 4 Solvent Volume / RV

4 Amine SM / Equiv 4 Catalyst / mol %

4 Product 4l Base / Equiv

4 Product Imp A Amine SM / Equiv

A sm — :

Fre aptional numeric

A sMimp | a_ | _ | |
| Validation || optional numeric |
| By | optional

5[s O~
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Starting Material Impurity (SM Imp) Model

4= i rer - 5M Imp
Surmmaries 4

Remove Last Step

| Models k B-Splines ASteps
Save Data P-5plines | Fits a penalized B-spline model to the |4
- : data.
Fourier Basis -
) Local Data Filter
Redo b Madel Controls J
Save Script L Direct Functional PCA
E =
- ]
2 4 :
4 . -
. . * *
2 . .
L] L] L ]
i ™ & -
L | i
0- z 8 E . ‘o H 3 |
L T T I T I T I
100 200 300
Sample Time / min
Training * || 1-13 *~ IEHE'
0100 300 000 300 000 300 0100 300 O 100 300
1 I 1 I 1 I 1 I 1 1 I 1 I 1 I 1 I 1 1 I 1 I 1 I 1 I 1 1 I 1 I 1 I 1 I 1 1 I 1 I 1 I 1 I 1
8- N N2 N3 N4
44 .
'I:I'_- LA n ® = f‘- LS .



Starting Material Impurity (SM Imp) Model

4 [~|Functional Data Explorer - SM Imp
4 =|P-Spline on Initial data
P Model Contraols
4 Model Selection

10
B ]
L
o & .
£ .
a 4 .
. ' : :
2 .. @ *
L . —_
MY H [] '
) ﬁ‘ H H . :o : ]
o 100 200 300

Sample Time / min

Training ~ | 1-15 ~ IEHE‘

0 100 300 000 300 000 300 0700 300 O 100 300
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Starting Material Impurity (SM Imp) Mo

4/~ Functional Data Explorer - SM Imp

A

[<]&ll< (][]

Maodel Selection

Plot Basis

Diagnostic Plots

Functicn Summaries

Basis Function Ceefficients
Random Coefficients

Functional PCA

Functional DOE Analysis

Analyze functional response DOE data
by modeling FPC scores using

Save Data experimental factors,
—
Remawve Fit : HH H 3 s
T
T T T T T T T T T
0 100 200 300

Sample Time / min

Training * || 1-15 ~ IEE

0100 300 0100 300 0100 300 0100 300 O 100 300

_|||||||||||||||||||||||||||||||||||||||||||||
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ol | — /f‘—)— —_— | r—
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4]
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Starting Material Impurity (SM Imp) Model

4 ~|Functional DOE Analysis
I Generalized Regression for FPC Scores
4 Diagnostic Plots

4 Actual by Predicted Plot 4 Residual by Predicted Plot
10

= . -
6 EIRER L
[
= 0 géqu"".-.é_, —
=8 -
z 4 E 5 X
= - ®e
wy
2 -2
0 -3
-4
1] 2 4 3] 8 10 o 2 4 <] 8 10
SM Imp Predicted SM Imp Predicted
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Starting Material Impurity (SM Imp) Model

A = FDOE Profiler

o 0.94964 8
E
= 4
¥
0
o o 9D QO 9 WMo o W o — ] oSt o W M~ o0 o Do e
a0 8 1 6 1.05
Sample Solvent Catalyst / Base / Amine

Time / min Volume / RV mal 96 Equiv SM J Equiv
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Starting Material Impurity (SM Imp) Model

A = FDOE Profiler

2462659 8

SM Imp

= 2 o 2 o = 20 T D L Y B e ¥ o i " Il Y B L = = o O
S S — : — coco o
wil 6 0.7 4.5 1.05
Sample Solvent Catalyst / Base / Amine
Time / min Volume / RV maol % Equiv SM J Equiv
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F_"-;pr,l Fit Curve Example - JMP Pro

File Edit Tables Rows Ceols DOE  Analyze

= | Fit Curve Example

D

Design Definitive Screening Design
Source

Model

DOE Dialog

Product COOE LogisticaP
Product Imp CDOE Logistic3P
5M CDOE Expon3P

SM Imp Fit Curve Cverfit

SM Imp FDOE P Spline
Profiler - All 4 Responses
Profiler with Target Ranges

[ ORI ] [N 1 PN PO, [ [ SN . BN

T Y VYVVVYYYYY

3

= | Columns (17/0)

Q

ik Expt Name

4l Added Row Indicator
4 sample Point

A sample Time / min
4l solvent Volume / RV
Jl Catalyst / mol %

= N
q

Profiler For All Four Responses

Graph | Tocls Add-Ins  View Window Help
Graph Builder
#% Bubble Plot
4. Scatterplot Matrix
5 Parallel Plot
5 Cell Plot
) Solvent
= Scatterplot 3D Sample Sample | Velume /
%% Contour Plot Point Time / min RV
& Ternary Plot 1 3 ‘
) 2 7 ¢
4% Surface Plot 3 - ;
1 Profiler M Produces an interactive graph that i
“*  Contour Profil s enables you to explore how a
e predicted response changes as you
,Q.\ Mixture Profiler change factor settings. i
Custormn Profiler 7 a0 :
#* Excel Profiler 8 100 E
g 150 {
Legacy 10 200 i

maa

a LTl v
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Profiler For All Four Responses

*¥ Profiler - JMP Pro

Explores how the factors affect the response formulas,

~Select Columns
[*17 Columns

ik Expt Name A
4 Added Row Indicator

4 sample Point

4l Sample Time / min

4 solvent Volume / RV

4 Catalyst / mol %

4l Base / Equiv

A pmine SM J Equiv

4 Product

4 Product Imp

4l s i

Expand Intermediate Formulas

~Cast Selected Columns into Roles

', Prediction Fnrmulal

|
*

- Action

4l Product Predictor
4l Product Imp Predictor
4l SM Predictor

4 SM Imp Function...rediction Formula

Moise Factors |

All'Y Columns must have formulas. Specify Moise Factors only if

optional numeric

K
Cancel

Remove

ol ik

you want to study robustness (flatness) with respect to
transmitted variation from these factors.

4
[l
¥




Profiler For All Four Responses

“* Fit Curve Example - Profiler - JIMP Pro — O >
File Edit Tables Rows Ceols DOE  Analyze Graph Tocls Add-lns View  Window Help

HPEd AR . BRaR.iIE2Re NS PrAt+ OSSO O,

4~ |Profiler

4 |~ Prediction Profiler

91.17444

Product
Predictor

2.804864

Product Imp
Predictor

10.68974

SM Predictor

0.84864 4 7

SM Imp
Functional
Prediction

Farmula

0-

| L
o oD

8 ]

sample Solvent Base / Catalyst / Amine
Time / min Yolume / RV Equiv mol % SM / Equiv

626 O~
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Fit Multiple Curves to Chemical Reaction Response
Compare Model

* Fit Curve — Choose multiple curves to fit.

e Review Model Comparison and Model Diagnostics to select a Model.

4 = Fit Curve
< Model Comparison
Modd AlCc ~ AlCcWeight 2 .4 .6 .8 BIC SS5E MSE RMSE  R-Sgquare
Logistic4P 774.21661 1 | 901.26526 287.5479 24788613 157444 0.9930418
Lagistic 3P 92540129 1481e-33 1037.7242 97009161 74052794 27212643  0.9933937
Weibull Growth 1132.045 198%e-78| @ : : 12443679 31385071 23958069 4.8946931 05736263
Lagistic 5P 1358.7337 11%e127 @+ 14814682 50006892 49511775 70364604 0.9659454
Probit 4P 1463.7303 1.83e-150| 5 1580.7789 14459122 12464761 11164569 09015335

* What diagnostic to assess to determine one model better than another?
* Response Fit Curve selections

* Prod, Prod Imp — Logistic 3P, SM — Exponential 3P, SM Imp — FDE P Spline
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Subject Matter Expert Guided Selection - Product

* May not always choose pre-loaded formula with best “Statistical” diagnostic results

Model Comparison

Model AICc~ AICc Weight .2.4.6.8 BIC SSE MSE  RMSE R-Square
Exponential 3P 766.00441 10| 87832729 39218215 29937568 1.7302476 0.9973292
Logistic 3P 925.40129 2.44e-35 1037.7242 970.09161 74052794 27212643 09933937

* For Product, Exponential 3P diagnostics better so why choose Logistic 3P
* In this instance both very good. Subject matter proposal:

* The Exponential 3p is the same curve as kinetic reaction first order with fitted limits
Kinetic: A = Af + (AO — Af)e_kt Exponential a+b-Exp |c-Sample Timefmin)

* Looking at the curves, the shape is more sigmoidal, suggesting more complex kinetics than
first order so Exponential 3P lacks shape flexibility.

* Logistic 3P, lacks similarity to kinetic equations, more effective at describing sigmoidal curves.

* Taking more samples near time point O may have helped discriminate between formulas.
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Subject Matter Expert Guided Selection — SM Imp

 SM imp can be formed and consumed (to form Product Imp). The pathways could occur
at different rates to the extreme where one pathways is switched off.

0 200
* N3, N8, N12 —SM Imp increases.
e Pathways: Formation On, Consumption Off. —

200 0 200

* Other Expts —SM Imp rate plateaus or peaks and reduces. d

N1 N5
4

* Pathways: Formation On, Consumption On. o — | | ——

* None of the pre-loaded formulas could adequately fit the variety of profiles shapes
created by the combined pathway effect.

* FDE P spline fitted making use of greater curve shape fitting flexibility.

 Ambitions is for First principle fitting approximation but in case ambition scaled back to
empirical fitting approximation.
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Select Curve DoE on formula parameter coefficients

Compare Response Distributions

~ Curve DOE Analysis

4 Generalized Regression for Model Parameters
4'~/Generalized Regression for Growth Rate

4Model Comparison

Response Estimation Validation
Show Distribution Method Method
Normal Forward Selection AICc
Normal Forward Selection AlICc
Gamma Forward Selection AICc
Weibull Forward Selection AlCc
Beta Forward Selection AICc
»'Model Launch

Nonzero
Parameters

6
8
6
7
6

AlCc
-39.33529
-38.70316
-91.45945
-80.04912
-88.25012

BIC
-45.58699
-57.03876
-97.71115
-91.09276
-94.50182

Generalized
RSquare
0.9426054
0.9813578
0.9956105
0.9944178
0.9948198

* What diagnostic to assess to determine one model better than another?



DoE Profiler for each reaction response

'~'Curve DOE Analysis */Curve DOE Analysis
> Generalized Regression > Generalized Regression
for Model Parameters for Model Parameters
" Diagnostic Plots " Diagnostic Plots
4~ CDOE Profiler 4~ CDOE Profiler
: e ~ 4 :
1§ 85.4407 gp g _ 2167131
< E 8 E 2 ;
o 40 i e = :
oo : o ;
0 i 0 i
— oM a0 e —
a2.87 g 1 6 1.05 82.87 8 1 4] 1.05
Sample  Solvent Catalyst/ Base/ Amine Sample  Solvent Catalyst/ Base/ Amine
Time / minVolume / RV mol % Equiv SM / Equiv Time / min Volume / RV mol % Equiv SM / Equiv

* Review profiles to understand factor influence on reaction response behaviour.

* Assess which factor settings have potential to comply with all response target criteria.
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Group Profilers to facilitate Multi Target Criteria Evaluation

=

*g el Prod Target / *g S Prod Target
3 § 98.88173 85 3 é 95.43972 85
o i 75 o g 75
o v o v
E £ ERlE Target Prod Imp { E £ HEaTY Target Prod Imp |
o 5 o 5
. 100 . 100
£ 60 £ 60
B ey = 2 -10.0188
v 3 20 v 3 20
° -20 & -20
o ©o = a8 o 9o = 8
E 2 © 3 £ O it S
= T — 35 c E-006376 4 = T — 35 c© E -0.04555 4
S 8 5 S2 8 5
(%] u:_ o (e 0 (%] u:_ o (e 0
co? cw ® © LMW~ ~NOA=—mMm— % © cof cw ® © MW~ ~NO—mMm— % ©
SE o - So~~ 9 9 SE S - So«~« 90O
= ™M - = ™M - -
] @
2 2
e =
120 6 7.34 1.2 1.05 120 10 7.5 13 1.05
Sample  Solvent Base/ Catalyst/ Amine Sample  Solvent Base/ Catalyst/ Amine
Time / min Volume /RV  Equiv mol % SM / Equiv Time / minVolume / RV  Equiv mol % SM / Equiv

Response Target Criteria

Product, 95.0% or more (horizontal green)
Product Imp, 2.0% or less (horizontal green/blue)
Reaction Time, 120 — 240 mins (vertical green)

Interested in the Group Profiler top 2 rows
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Relating Group Profiler to Process Insight

* Key Responses: Prod and Prod Imp - Group Profiler top 2 rows
 Visualises impact over timeline of changing factor levels on key responses
* Factor combinations exist predicting Responses achieving target criteria

 SM Amine not influential (Flat line), High Base minimise solvent influence (Flatter line)
* Factor combinations limited due to sensitivity in Base and Catalyst acceptable levels
e 12-240 mins, 6—10 vols, Base 7.34-7.5 eq, Catalyst 1.2-1.3 mol%, SM Amine 1.0-1.10 eq

o I Prod Target g IS Prod Target
3 § 98.88173 a5 3 § 95.82493 85
o g 75 o g 75
o § 3 ko] =) 3
= - V] S oG
E E g 189749 Target Prod Imp { E £ 1997489 Target Prod Imp /
o & Q. o
o 100 . 100
8 60 £ 60
= 2232377 =%
a3 o 53 4.85029 20
z -20 & -20
o 8 o e 2
£S & _3 3 22 2 = 8
=% — 5 c E-006376 4 — § — 5 © E 0143059 4
Zc £ & =< 2 &
w3 a i 0 “©n 7 o w 0
L]
oglggmmgm@h;g:r-—gg og-ggmmgmmmgg:rng
= - - —i= M - -
ke ks
120 6 7.34 1.2 1.05 120 10 7.34 1.2 1.05
Sample  Solvent Base/  Catalyst/ Amine Sample  Solvent Base/  Catalyst/ Amine

111 Time /minVolume /RV Equiv.  mol%  SM/Equiv Time /minVolume /RV Equiv  mol%  SM/Equiv



Summary: Fit Curve Pre-loaded formula Improvements

Fit Curve Pre-loaded formulas
* User Specify lower and upper bounds to theoretical values

* User Specify lower and upper asymptotes to meet defined lower and Upper theoretical
values

* Help with alerts to over-fitted pre-loaded equations
* Improved AlCs performance to detect over fitting

e Until then check Model Diagnostics - observed vs predicted results

 How good should formula fit be on each experiment?

* Majority of formulae parameter coefficients, for every experiment, statistically significant?
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Summary: Curve DoE Improvements

Curve DoE

e For DSDs, default to 2-stage analysis approach.

* Bound original Y response to theoretical possible results eg 0 — 100% product.
» Select appropriate distribution to apply to fit curve parameter coefficients.

e Gradient lies within 0 -1, therefore Beta distribution a better descriptor than a
Gaussian(Normal) distribution?

* Expand possible distribution options to cover distribution which reflect better
features and number ranges observed in parameter coefficients estimates eg values
always negative.

* What Design choices are most suited for reaction profile experimentation modelling —
Factorials, Definitive Screening Designs, Response Surface Modelling, space filling?
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Summary

e 2-step Analysis approach.

i) Fit Curve on each experiments Chemical responses.

ii) Curve DoE analysis on Fit Curve coefficients, converted back into Chemical responses
and visualised in CDOE profiler.

Tries to introduces subject matter knowledge into Analysis approach.
Curve DoE gives insight into which factors influential on each response.

* Solvent, Base, Catalyst factors at least influential on one response. Some factors
interact, some are non-linear. The detail is available if needed.

e SM Amine non-influential on responses.
 The Group Profiler shows the factors combined net influence on responses.

Unfinished approach, shows potential, we will continue to develop and refine approach.
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Confidentiality Notice

This file is private and may contain confidential and proprietary information. If you have received this file in error, please notify us and remove
it from your system and note that you must not copy, distribute or take any action in reliance on it. Any unauthorized use or disclosure of the

contents of this file is not permitted and may be unlawful. AstraZeneca PLC, 1 Francis Crick Avenue, Cambridge Biomedical Campus,
Cambridge, CB2 0AA, UK, T: +44(0)203 749 5000, www.astrazeneca.com
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