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Overview



Advanced Kinetic Modelling (AKM): Introduction

A methodology which provides accurate description & prediction of
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Recommended good modeling practices

_ _ Illustration
1. Appropriate study design
Ensure sufficient data: Minimum 3 batches, 3 different temperatures & J— Tare
cumulatively 20-30 data points. e e
Significant change visible at least at accelerated temperatures J 4 ”’ .
2. Screening of models R ey e

Fitting a library of possible models to the data of varying complexity starting with
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3. Model identification

Identify the best model based on statistical scores (AIC, BIC etc), goodness of fit
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Comparison with Linear regression models

International Conference on Harmonisation (ICH) guidelines proposes using regression (primarily linear) models bulit on real-time
stability data with statistical tests for Batch “poolability” tests for the purpose of shelf-life determination

Despite their wide usage, these models very often fail to adequately describe the complex stability behaviour of bioproducts,
which frequently involve more complex and multi-step reactions.

This has implications for key applications like shelf-life estimation which the AKM successfully address.
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Response (%)

Advanced Kinetic Modelling (AKM) Advantage

By applying advanced kinetic modeling (AKM) to multiple observations obtained over a relatively short period of time at

multiple temperatures.

Models are found to make accurate predictions over long time periods for a range of temperatures

This approach has already been used to simulate the stability of several attributes of a wide range of products (biotherapeutics,
classical and mRNA-based vaccines) exhibiting from simple to very complex degradatlon pathways
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Regulatory landscape

= With EMA for a commercialized multi-valent vaccine
+ Use of a kinetic model and associated predictive bands to predict and claim acceptable impact of several temporary high temperature excursions on
a key stability indicating attribute changes
*  Whenever the temperature excursion occurs, prediction remains conform to the estimated acceptance criterion at 48 months
« For the first time, acceptance criteria was claimed based on kinetic model

= With Health Authorities in Thailand for an inactivated virus-based vaccine
+ Use of a kinetic model and associated predictive bands to extend shelf-life for a clinical batch to secure the Phase lll clinical development plan

———

= With Health Authorities in USA for a live attenuated virus-based vaccine
» Use of a kinetic model in an IND Phl submitted to the CBER justifying the selection of Phl Formulation to ensure Drug Product quality and stability

= With Health Authorities in Brazil for a commercialized live attenuated virus-based vaccine
+ Stability Modeling Supporting Stability for Management of Adverse Temperature Excursions during Transport and Distribution of Drug Products
+ Kinetic model used to argue absence of impact of short excursion of temperature

= Cross- company proven experience (e.g., Vaccines Europe task force) on reliability of stability modeling when
following some key modeling best practices. AKM discussed in several external Stability Working Groups for
COVAX/SWAT, EFPIA and BIO.

= A Vaccine Europe stability taskforce comprised of modeling, stability, and CMC experts from across industry
promoted the use of such modeling to determine the proposed vaccine shelf life in the absence of real time
stability data on the commercial batches.
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Advanced Kinetic Modelling (AKM)

Stability prediction of critical quality
attributes of biotherapeutics and
vaccines in liquid and freeze-dried
pharmaceutical forms



Acidic isoforms (%)

Predicting stability of CQA of biotherapeutics and vaccines in liquid
and freeze-dried formulations

Chemical or physical stability of bioproducts were accurately described applying AKM
Long-term stability (up to 3 years) were accurately predicted by the models
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Stability prediction of aggregation in biotherapeutics

3-years stability at 5°C accurately predicted for high molecular weight species using 3 to 6 months experimental data from
5°C to 45°C
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03 Advanced Kinetic Modelling (AKM)

Comparison of stability profiles



Comparison of stability profiles

Comparison of Batch stability profiles are used to support product development (e.g. between clinical batches, technical
batches, pilot batches etc.) and various post approval changes

The comparability of Free Polysaccharide stability profiles was demonstrated for a conjugate vaccine between two different
production scales through modelling of accelerated stability data (6M at 25 °C,45 °C and 56 °C))

Further, the models also provided accurate long term predictions
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04 Advanced Kinetic Modelling (AKM)

Predictions for cold chain disruptions



Real-time Stability Monitoring of Vaccines

Electronic time-temperature devices integrating kinetic models of vaccine would be able to inform, in real time, the level of
vaccine degradation*

Beyond conventional data loggers, such “smart trackers” enable a continuous monitoring of
* Geolocation of products

» Temperature and level of degradation of products
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Real-time Stability Monitoring ..contd

» Geo-localize products during shipment, monitoring if they are still good or not (level of degradation)

. Monltorlng product quallty for all time/temperature/humidty conditions (including excursions)

Geo-localize products during shipment
and monitor level of degradation
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AKM: Summary of Applications

Shelf-life estimation
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Temperature (*C)

Stabllity predictions using isoconversional method

e For single step reactions, the Arrhenius equation and isoconversional method can be applied to extrapolate time to reach a
specification limit based on short-term data obtained at elevated temperature*

e This approach assumes a specific mechanistic model will fit the data - Applicable for single-step reactions

e Simple Arrhenius equation can be used to predict stability of synthetics. However, simplified application of the Arrhenius
relationship may be imprecise as this does not properly describe the often complex and multi-step degradation process of

biological materials**

Single-step kinetics to reach a specification limit
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AKM as a valuable solution for updated guidelines

* The rigid application of ICH Q5C indications, like the core stability data package exemplification and
requirements for real time data, is not compatible with the accelerated vaccine development and
industrial plan needed for urgent global supply of COVID vaccines.*

* This is especially true in pandemic situation where stability data will be limited at filling from the
commercial scale batches. Yet expiry date for commercial batches will have to be defined as
packaging/labeling operations are to be anticipated to maintain the pace with vaccine market
availability timelines.*

* In these circumstances, it is more logical that benefit vs scientific risk-based thinking is applied. In
cases of reduced data sets, making use of prior knowledge and accelerated stability studies to base
their claims on shelf life, exploiting modeling approaches, will be critical for Applicants.*

* In addition, a Drug Product will experience many planned and unplanned conditions before reaching
the vaccinee: temperature, freezing, agitation, light, contact materials, administration. **

* Therefore, in the context of global supply, it is important to understand the degradation routes of
the product and its sensitivity to various stresses and develop strong post-approval stability
program.**

q a n o f i from Best practices for determining and updating storage temperature and shelf-life COVAX Workshop (Industry (VE) *& CEPI presentations**)
° https://media.tghn.org/medialibrary/2020/12/20201209 COVAX Storage temperature and shelf life workshop presentation.pdf
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