Biosimilarity: The FDA Perspective

with sales into $100 billion plus, the monoclonal antibodies (mAbs)
accounting for almost half of the sales volume.

Based on their pharmacological activity, therapeutic proteins can be
divided into five groups: (a) replacing a protein that is deficient or abnor-
mal; (b) augmenting an existing pathway; (c) providing a novel function
or activity; (d) interfering with a molecule or organism; and (e) deliv-
ering other compounds or proteins, such as a radionuclide, a cytotoxic
drug, or effector proteins. Therapeutic proteins can also be grouped
based on their molecular types that include antibody-based drugs, Fc
fusion proteins, anticoagulants, blood factors, bone morphogenetic pro-
teins, engineered protein scaffolds, enzymes, growth factors, hormones,
interferons, interleukins, and thrombolytics. They can also be classified
based on their molecular mechanism of activity as (a) binding noncova-
lently to target, e.g., mAbs; (b) affecting covalent bonds, e.g., enzymes;
and (c) exerting activity without specific interactions, e.g., serum albu-
min. Most protein therapeutics currently on the market are recombinant,
and hundreds of them are in clinical trials for the therapy of cancers,
immune disorders, infections, and other diseases. New engineered
proteins, including bispecific mAbs and multispecific fusion proteins,
mAbs conjugated with small molecule drugs, and proteins with opti-
mized pharmacokinetics, are currently under development. Despite the
remarkable growth in this category of drugs, the technology for their
production remains genetic engineering—based recombinant production.
Perhaps novel techniques of the future may make it possible to synthe-
size these drugs, which may reduce some complexity, but that seems
far; the next generation of biosimilars, as reported in Chapter 2, will
likely be recombinant proteins expressed in prokaryotic and eukaryotic
systems, the living systems that inevitably and invariably introduce sig-
nificant variability in the primary, secondary, tertiary, and quaternary
structures of these proteins. A keen understanding of the possible dif-
ferences and their source is essential to develop biosimilars; this chapter
provides this discussion.

1.2 Protein structure

1.2.1 Building elements

The 20 different naturally occurring amino acids give a staggering num-
ber of different possible proteins, 20" to be exact, where n is the number
of amino acid units or residues (Figures 1.2 and 1.3).

Each amino acid has a carboxylic group and an amine group, and amino

acids link to one another to form a chain by a dehydration reaction by

joining the carboxyl group of one amino acid with the amino group

of the next. Thus, polypeptide chains have an end with an unbound

carboxyl group, the C-terminus, and begin with an amine group, the
4 N-terminus.





