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Abstract

Stability of biotherapeutic products has an impact on their safety and efficacy and continues to be a major
challenge for the biopharmaceutical industry. This is particularly true for monoclonal antibodies (mAbs), which
account for most commercial biopharmaceuticals today. Both physical effects such as aggregation and chemical
modifications (e.g., fragmentation) are the two leading paths for mAb degradation. Kinetic modeling and addition
of novel excipients such as lysine based dendrons can be an effective tool for establishing and maintaining product
stability, offering a deeper understanding of these processes and allowing developers to mitigate the risk of
product degradation during the early stages of process and product development.

Introduction

Monoclonal antibodies (mAbs) - leading class of protein therapeutics —>ability to treat a wide range of lethal
and life threatening diseases = cancer, Ebola, multiple sclerosis, rheumatoid arthritis, psoriasis, and asthma.

Instability associated with various critical quality attributes (e.g., aggregation, fragmentation, charge variants,
and glycosylation) continues to be a major concern for the biopharmaceutical industry affecting mAbs’
biological activity and toxicity.

Instabilities have resulted in the practice of storing these products at low temperatures (-80°C to -20°C)
Aggregation and fragmentation are the two most significant degradation pathways for mADs.

Factors affecting stability of a mAb therapeutic can relate either to its structure (primary, secondary, or tertiary),
or to its environment (buffer, temperature, ionic strength, pH).

Most therapeutic formulations contain excipients like salts, sugars, amino acids, surfactants, and polymers to
provide stability to the biotherapeutic but their efficacy at high temperatures is limited.

Modelling the Kinetics of protein degradation and mitigating it by the use of novel excipients can prove
valuable in understanding its mechanism and preventing it at earlier stages.

Materials and Methods

Sample Preparation

 Gel Filtration
chromatography

* Incubate at T=30° C,
50°C & 55° C

Sample Analysis

 Analytical
Characterization by
SEC, CD, DLS,
SDS-PAGE, MS

Kinetic modelling of
Protein Degradation

Novel Excipients

« Use of Dendrimers to prevent
degradation of mAbs at high
temperature

Biological activity

* In vitro method
like Haemolysis,
SPR
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= Conclusions

mADs are highly sensitive labile molecules and degrade easily via aggregation and fragmentation.

Kinetic modelling can be used as a tool for the early assessment of protein therapeutics’ stability.

Such studies open the door for better understanding of the degradation pathways.
Peptide dendrons provided colloidal as well as conformational stability to mAb formulation at 55°C.

It is proven by a host of analytical techniques such as Size Exclusion Chromatography (SEC), Dynamic
Light Scattering (DLS), and Circular Dichroism (CD).

The bio-compatibility of these dendrons was confirmed by haemolytic activity tests.

Non-interference of the dendrons with the activity of the mAb was confirmed using SPR based activity
assay.

This study will stimulate utilization of such higher generation dendrons for enhancing thermal stability of
mADs.
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Industrial Significance

The insights provided here can assist with adequate planning for examining and controlling product

degradation during production and storage so as to increase the shelf life of the drug products in industry.

Biotherapeutics have various instabilities such as aggregation, fragmentation, oxidation, reduction and
truncation associated with them which have resulted In the practice of storing these products at low
temperatures (-80°C to -20°C).

However, reliable storage at these temperatures can be a challenge, particularly in developing and
underdeveloped countries and hence lately there has been a renewed interest in creating formulations that
would offer stability at higher temperatures (25°C - 55°C).

This study will stimulate utilization of such novel excipients for enhancing thermal stability of
Biotherapeutics.

Technology Readiness Level

* Novel Excipients have been tested for their safety and efficacy for Therapeutics.
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Figure 1 — Characterization and Kinetic analysis of mAb aggregation
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Figure 2 — Characterization and Kinetic analysis of mAb Fragmentation
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Bioconjugate chemistry, 28(10), 2549-2559.
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Figure 3 — Analytical and Biological Characterization of mAb degradation prevention by peptide dendrons
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