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Focus on three main therapy areas and across key platforms

Oncology Cardiovascular, Renal & 
Metabolism

Respiratory & 
Immunology

BiologicsSmall molecules
Protein 

Engineering
Devices

Other Emerging 
Drug Platforms

Diagnostics

Combination of capabilities
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PT&D in AstraZeneca
Chief Executive officer

Oncology R&D Operations

Pharmaceutical Technology & 

Development

Drug Product 

Development
Chemical Development

BioPharmaceuticals R&D

People~1,000Hubs
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People~250

Process chemists, Analytical chemists, 

Computational chemists, Chemical engineers, 

Physical Organic chemists, Crystallisation scientists
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Lifecycle of  Medicine 

PT&D develops technologies to support 

products from PhII clinical studies through 

to post product launch

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. 

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

• 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?

More experiments are routinely 
sampled to produce a reaction 
profile or distribution



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
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DoE Case Study Background

• 4 factor Definitive Screening Design (Conference Matrix Derived)

• 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

• Prod Imp priority to control
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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



JMP Functional Data Explorer in combination with DoE to 

Chemical Reactions

• FDE flexible Spline fitting approach can be a strength and a weakness 
for fitting smooth continuous time course data

• Countless shapes can be approximated

• Unrealistic shapes are approximated

• when domain specific knowledge infers what shapes of profiles to expect
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• 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 theoretical 
maximum.  Eg Prod Max 100%, prediction 119%.



Chemical Reaction profile shape properties
• Natural Minimum and Maximum bound

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

• Profile Gradient

• Montonic – increasing or decreasing

• 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)

• 50mins, 300 mins or 1200mins.

• Sum of Response Area % results add up to 100%.

• SM + SM Imp + Prod + Prod Imp = 100%
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Prod

Prod Imp



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
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Fit Curve Pre-loaded Formulas
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Select formulas to try that match the subject 
matter domain profile characteristics.



Analysis Steps

Analyse – Specialised Modelling – Fit Curve

• 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

• Default is Forward Selection

• Decide which Parameter Coefficients Distribution

• Default is Gaussian

• DoE Profiler for each chemical response

• Compare multiple response profiles to understand reaction behaviour
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Chris Gotwalt Fit Curve – CDoE Demonstration
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Curve DOE Analysis Demo
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Fit Curve Workflow

Data 
Visualization

Nonlinear 

Modeling of  

Curves

Curve DoE 
Modeling

Data Cleanup 

and 

Augmentation
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Fit Curve Workflow

Data Visualization
Nonlinear Modeling of  

Curves
Curve DoE ModelingData Cleanup and 

Augmentation

Spline Modeling of  
Curves

Functional DoE Modeling
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Fit Curve or Functional Data Explorer?

• Is there scientific basis for a particular 
nonlinear function?

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

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

• Is there little first principles theory to work 
from?

• Are the trajectories highly non-homogenous?

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

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



29

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

Alt+Right Click on red triangle to select multiple options 
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Fitting Multiple Nonlinear Models To the Data
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Fitting Multiple Nonlinear Models To the Data
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Fitting Multiple Nonlinear Models To the Data
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Logistic 4P Model
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Logistic 4P Model

N1 N2 N3
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Logistic 4P Model
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Checking the Nonlinear Model
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Checking the Nonlinear Model
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Checking the Nonlinear Model
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Three Parameter Logistic Fit
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Three Parameter Logistic Fit

Regression Plot Actual By Predicted Plot

(Before CDOE)
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Three Parameter Logistic Fit
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Three Parameter Logistic Fit
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Three Parameter Logistic Fit
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Three Parameter Logistic Fit
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Three Parameter Logistic Fit
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Three Parameter Logistic Fit
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Three Parameter Logistic Fit
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Three Parameter Logistic Fit
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Three Parameter Logistic Fit
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Three Parameter Logistic Fit
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Three Parameter Logistic Fit
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Three Parameter Logistic Fit
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Three Parameter Logistic Fit
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Three Parameter Logistic Fit
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Three Parameter Logistic Fit
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Three Parameter Logistic Fit



59

Three Parameter Logistic Fit
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Product Impurity Model
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Product Impurity Model



62

Product Impurity Model



63

Product Impurity Model
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Product Impurity Model



65

Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material (SM) Model
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Starting Material Impurity (SM Imp) Model
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Starting Material Impurity (SM Imp) Model
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Starting Material Impurity (SM Imp) Model
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Starting Material Impurity (SM Imp) Model
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Starting Material Impurity (SM Imp) Model
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Starting Material Impurity (SM Imp) Model
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Starting Material Impurity (SM Imp) Model
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Starting Material Impurity (SM Imp) Model
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Starting Material Impurity (SM Imp) Model
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Starting Material Impurity (SM Imp) Model
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Starting Material Impurity (SM Imp) Model
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Starting Material Impurity (SM Imp) Model
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Profiler For All Four Responses
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Profiler For All Four Responses
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Profiler For All Four Responses



Fit Multiple Curves to Chemical Reaction Response

Compare Model
• Fit Curve – Choose multiple curves to fit.

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

• 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
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• 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 + 𝐴0 − 𝐴𝑓 𝑒−𝑘𝑡 Exponential

• 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 0 may have helped discriminate between formulas.



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.

• N3, N8, N12 – SM Imp increases.

• Pathways: Formation On, Consumption Off.

• Other Expts – SM Imp rate plateaus or peaks and reduces.

• Pathways: Formation On, Consumption On.

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



DoE Profiler for each reaction response

• 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

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

• 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
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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 AICs performance to detect over fitting

• 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

• 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.

• 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

• 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.

• 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. 

114



Acknowledgements

AstraZeneca

• Rob Cox, Brendan Nixon

115



Confidentiality Notice
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contents of this file is not permitted and may be unlawful. AstraZeneca PLC, 1 Francis Crick Avenue, Cambridge Biomedical Campus,  
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