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ABSTRACT

The number of biologic drugs that are gaining approval across the globe are rapidly increasing.
Prominent among these modalities include monoclonal antibodies (mAbs) and growth factors as
they constituted 30% and 15% respectively. However, the process to go from the idea to getting
marketing approval for a biotech drug is long, expensive and arduous. A major hurdle in the
entire exercise is high chances of product failure due to compromised safety and efficacy.
Comlicating this further, the number of product attributes that can potentially impact safety and
efficacy of a biotech drug are overwhelmingly large. It is a challenge to assess the impact of each
attribute on the product’s safety and efficacy therefore warranting innovative and novel
preclinical approaches are needed to bridge the gap. In this work, product as well as process
related impurities associated with mAbs and Granulocyte Colony Stimulating Factor (GCSF) has
been investigated with regard to their impact on safety and efficacy. In the first part of the thesis,
a risk analysis was performed for various impurities that could be formed as a result of GCSF
bioprocessing i.e., oxidized, reduced, aggregates, f-Met forms. Based on the severeity and
likelihood of their presence in the drug product, a crtiticality score were assigned to each of these
impurities. Oxidation of all the methionine’s was recognized as a critical quality attribute (CQA)
in GCSF. The mechanism of how methionine oxidation affects the structure and function of
GCSF is proposed. Further, a strategy involving substituting methionine with alanine in GCSF
using site directed mutagenesis to overcome the loss in efficacy due to oxidation is shown. The
second part of thesis investigates whether charge variants in mAbs should be considered as
CQAs. An empirical model incorporating charge variant levels and their corresponding
biological activity is suggested to obtain product pool with maximum activity and yield. Further,
the risks and therapeutic benefits of the most commonly found charge variants in mAbs, i.e,
lysine variants were investigated. It was found that though lysine variants of monoclonal
antibodies have longer half-lives, yet they exhibit high tendency of tumor metastasis. The last
part of the thesis establishes mechanism of co-purification of ten host cell protein (HCP)s
impurities in Chinese Hamster Ovary (CHO) cells. The proposed mechanism can be used to
guide downstream process design or avenues for protein engineering during product discovery

to achieve more effective removal of these persisting HCP impurities.
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