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ABSTRACT

The development and regulatory approval of biosimilars that are highly comparable with an approved reference
drug product has speeded globally in the last few years because of their potential for enhanced patient access and
lower healthcare expenses. But the verification of biosimilarity of such complicated biologics as fusion protein,
monoclonal antibodies and other highly glycosylated/heterogenous molecules, is still technically and regulatorily
challenging. Ther key implications are structural heterogenicity, post translational modification, batch to batch
variation, high order structure variation, orthogonal techniques employed to ensure biosimilarity and comparison of
primary regulatory paradigms of different regulatory bodies. This overview discusses the key technical, scientific,
analytical, regulatory and clinical barriers encountered in the development and approval of development of
complex biologics.

KEYWORDS: biosimilar, complex biologics, monoclonal antibody, analytical comparability, immunogenicity,
regulatory challenges and quality assurance.

INTRODUCTION

Biologics which are manufactured from living cells have
revolutionized treatment paradigms in oncology,
autoimmune diseases as well as rare diseases.
Biosimilars are biological products that are very similar
to an already marketed reference drug product with
regards to its quality and efficacy. Unlike small molecule
generics, biosimilars cannot be identical copies due to
inherent variability of biological production system and
complex post translational modification system (PTM’s).
Hence, the demonstration of biosimilarity requires an
extensive comparability exercise involving combination
of analytical, clinical, non-clinical data. This review
targets the complexities unique to complex biologics and
takes an overview of modern approaches and regulatory
requirements for working with these complexities.

Understanding Complex Biologics

Complex biologics are being essentially defined as
molecular type of high molecular mass, structural
complexities and multiple post translational modification
system (PTM’s). The different prototypical examples are
monoclonal antibodies (mAb’s), antibody drug

conjugates (ADC’s) and highly glycosylated proteins.
Their drug activity is based on the exact tertiary or
quaternary arrangements, glycosylation patterns, receptor
binding characteristics, etc. Small variation in cell line,
upstream/downstream processing may change the critical
quality attributes (CQA’s) and the establishment of
biosimilarity would become more challenging as it may
influence clinical performance.

Structural Heterogenicity and PTM’s

Proteoforms resulting from glycosylation, deamidation,
oxidation, truncation, and other post-translational
modifications generate a profile of molecular species.
Glycan microheterogeneity impacts PK,
immunogenicity, and effector functions. Thus, the
precise mapping and comparison of these variants
between suggested biosimilars and reference products
are critical but technically demanding.

Higher Order Structure (HOS) Analysis

Higher order structure (secondary, tertiary, and
quaternary structures) plays a crucial role in determining
biological activity. The methods like circular dichroism
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(CD), Fourier-transform infrared spectroscopy (FTIR),
hydrogen-deuterium exchange (HDX) MS, and nuclear
magnetic resonance (NMR) give information regarding
HOS, yet all of them have resolution limitations. Hence,
orthogonal combination of strategies is necessary to
develop confidence in similarity evaluations.

Functional And Bioactivity Assay

Functional assays—binding assays (e.g., SPR, ELISA),
cell-based potency assays, and effector function assays
quantify biological activity. Developing robust, sensitive,
and reproducible assays that model clinically relevant
mechanisms of action is still a challenge, particularly for
multifunctional biologics.

Batch to Batch Variability and Reference product
Drift

Reference biologics themselves also evolve through
manufacturing changes with time creating batch-to-batch
differences. Sponsors are required to develop
comparability strategies to meet range of variability seen
for the reference product. Thus, Identification of a
suitable “"similarity range" and proof that the biosimilar
lies within such a range becomes challenging in cases of
drift or wide variability.

Analytical Characterization Approach

The contemporary paradigm of biosimilar development
focuses on sophisticated analytical characterization to
minimize residual clinical data requirements. Among the
main analytical strategies are:

Mass Spectrometry (MS)-Centered Approaches - LC-
MS, top-down and middle-down MS, peptide mapping,
and native MS facilitate comprehensive analysis of
primary sequence, PTMs, disulfide bonds, and certain
aspects of HOS. Evolution of MS sensitivity and data
analysis pipelines has significantly enhanced capabilities
for detection of low-level variants.

Separation Techniques and Charge/Size Variant
Analysis - CE-SDS, SEC, IEX, and iCIEF are the norm
for assessing size and charge heterogeneity.

Tools for Higher-order Structure - HDX-MS, DSC, and
NMR vyield orthogonal HOS data. HDX-MS in specific
has proven to be an extremely useful method for
localizing minor conformational variations.

Orthogonal Functional Assay - Biophysical binding
assays (SPR/BLI), cell-based potency assays, and
effector function assays (ADCC/CDC) together cover
functional similarity. The application of several,
orthogonal bioassays consistent with the mechanism of
action of the molecule provides added assurance in the
comparability package.

Non-Clinical And Clinical Challenges

Animal model Limitation

Nonclinical models frequently poorly forecast human
immunogenicity and even occasionally fail to capture
human PK/PD for sophisticated biologics. Regulation
encourages a stepwise process wherein sensitive, well-
supported nonclinical studies are employed mainly to de-
risk clinical programs and not necessarily to establish
biosimilarity.

Clinical Study Design

Clinical programs in the past used to incorporate
comparative efficacy trials, but regulators now recognize
that with adequate analytical similarity and PK/PD
comparability, the clinical program can be reduced.
Nevertheless, showing equivalence in PK and
immunogenicity in population as well as across
formulations may be difficult and necessitate intensive
statistical planning.

Immunogenicity Assessment

Anti-drug antibodies (ADAs) may neutralize potency or
enhance safety risk. Immunogenicity depends on
sequence-related attributes, impurities, aggregation, and
formulation. Sensitive, validated tests and sufficient
follow-up duration are required to identify clinically
relevant differences.

Regulatory Challenges and Global Harmonization
EMA, FDA and WHO Expectations

Principal regulators (EMA, FDA, WHO) stress a totality-
of-evidence strategy with focus on analytical
comparability underpinned by designed nonclinical and
clinical investigations. Guidance’s describe a stepwise
approach and the use of orthogonal analytics and
sensitive clinical endpoints.

Country Specific Complexities (India)

CDSCO direction for comparable biologics offers India-
specific quality, nonclinical, and clinical data
requirements. Local clinical data or bridging studies
were required in the past in a few instances, which
complicates global development programs.

Interchangeability and substitution

Interchangeability demands further evidence showing
that reference to biosimilar and vice versa does not pose
an increase in risk or decrease efficacy. The FDA
interchangeability guidance outlines trial designs and
immunogenicity issues pertinent to interchangeability
claims. Substitution policy in most areas, such as the EU,
is left to member countries or payers, resulting in a
heterogeneous context.

Perspective on Quality Assurance

A strong Quality Management System (QMS) and Good
Manufacturing Practice (GMP) compliance are essential.
Risk-based approaches and QbD concepts enable CQAs
prioritization ~ and  process  control.  Lifecycle
management, change control and comparability
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procedures are part of both development and post-
approval changes.\

Future Direction and Opportunities

New tools like AI/ML for pattern recognition in high-
dimensional analytical data, advanced MS workflows,
and improved in vitro cell-based systems—hold promise
to decrease clinical burdens while increasing sensitivity
to subtle distinctions. Greater global regulatory
convergence and common reference standards would
further simplify biosimilar development.

CONCLUSION

Establishing biosimilarity for intricate biologics requires
a stepwise, multidisciplinary effort combining leading-
edge analytics, sensitive bioassays, focused nonclinical
and clinical studies, and rigorous QA methodologies.
Scientific and regulatory hurdles exist, but evolution in
analytical  techniques and increasing regulatory
experience are increasingly reducing obstacles to
biosimilar development. Ongoing cooperation among
industry, regulators, and academia is necessary to bring
safe, effective, and accessible biologic therapies to
patients around the world.
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