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ties with their counterparts. The manufacturing process of biosimilar drugs, starting from
the complex process of manufacturing until the challenging one of duplicating large
molecules using living cell is mentioned in the review article. In order to establish the
similarity of the biosimilars, the significant step of assessing the quality of biosimilars
has been elaborated in this article, especially complex analysis and structural charac-
terization. Apart from that, the changing regulatory challenges in terms of producing
biosimilars have been raised by the researchers along with the process of approval of
biosimilars based on the totality of evidence approach.

INTRODUCTION

Biosimilars are similar but different versions of bio-
logic medications that have already received approval.
They were developed to maintain clinical efficacy
while lowering cost and increasing patient access to
cutting-edge treatments. Biosimilars are produced in
living systems such as bacteria, yeast, or mammalian
cells and have intrinsic lot-to-lot variability in structure
and function, in contrast to small molecule generics,
which are chemically synthesized exact copies of ref-
erence drugs. Because of this fundamental similarity,
biosimilarity cannot be proven by straightforward

chemical equivalency but depends on methodical, sci-
ence-driven “totality of evidence” that combines stud-
ies to show that there are no clinically significant
differences in safety, purity, and potency when com-
pared to the reference innovator product. ¢3¢

2. What are Biosimilars and Why Are They Im-
portant?

Biologics have revolutionized the treatment of au-
toimmune diseases, diabetes, inflammatory disorders,
and cancer; however, their high development and
manufacturing costs frequently restrict their availabil-
ity, particularly in health systems with limited
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resources. ****! Biosimilars provide a route to more
sustainable access without losing therapeutic efficacy,
as many originator biologic patents expire. In
rheumatology, gastroenterology, dermatology, and

oncology,  well-developed  biosimilars  have

demonstrated comparable safety and efficacy to their
reference products, reducing healthcare costs and en-
couraging wider adoption. ">

3. Biosimilars vs Generic

Table 1: Difference Between Generics and Biosimilars

Characteristic Generics Biosimilars
Chemically synthesized small mole- Large, complex biological mole-
Molecular type y }(I:ulesm“] & gules[“'”'”]g
Molecular weight <300 Da 73 Up to ~ 270 kDa 14-3037]

Structural similarity

Exactly same structure as reference
medication!

Highly similar attributes like primary /
27,36] higher order structure, glycosylation,
and charge variants vary™****"

Manufacturing sensitivity

Stable and straightforward

Highly sensitive attributes depend heav-
ily on cell line, culture conditions, pu-

rification, formulation, and storage.
[4,30,37]

Regulatory approval

Approved by straightforward bioequiv-
alence studies and identity checks.!

Strict comparability exercises are re-
quired, including extensive analytical
similarity, functional assays, and com-
parative clinical pharmacology.®®'*4"

27,36]

Development time

Short”*

25,36]

Long (often 5 — 9 years)!

Development cost

Low!253¢!

More expensive>~®

4. The Totality of Evidence Framework

The WHO, EMA, and USFDA regulatory frameworks
all adopt a risk proportionate, totality of evidence
methodology. ' ' -2l The basis is analytical similar-
ity, which is reinforced by non-clinical data and sim-
plified clinical studies (comparative PK, PD, and
immunogenicity, with efficacy studies). "* ' 2 I
Modern orthogonal methods can resolve differences in
primary sequence, post translational modifications,
higher order structure and biological activity.*****' This
allows regulators to accept minor, clinically inactive
variations while ensuring no major differences in clin-
ical performance. *'®*% This paradigm shifts the evi-
dentiary burden from replicating chemical identity to
demonstrating functional equivalence within prede-

fined, clinically relevant margins. [''*%%

5. Ongoing Obstacles and Forward Path

Despite growing acceptance, different national regula-
tory pathways, interchangeability policies, and expec-
tations for clinical evidence shape global biosimilar
uptake.”'" These factors can delay market entry, par-
ticularly in developing nations where affordability
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needs are high but manufacturing and regulatory ca-
pacities vary.®™ To preserve confidence in the use of
biosimilars, clinicians and regulators continue to mon-
itor immunogenicity risks, product switching, indica-
tion extrapolation, and long-term pharmacovigilance.
(61327351 A1l things considered, biosimilars are a signifi-
cant development in the provision of healthcare, how-
ever, achieving their full potential will require solid
science, unified regulation and ongoing post-marketing
surveillance to maintain confidence and maximize
patient benefit. "2

6. Manufacturing Process for Biosimilars

The strictly regulated multistage process of biosimilar
manufacturing aims to replicate the critical quality
attributes (CQAs) of a reference biologic within the
clinically acceptable range. ['***3*

Steps of manufacturing process of biosimilar: %"

e molecular characterization of the reference prod-
uct,

e engineering and selection of a producing cell line,

e upstream cultivation in bioreactors,
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e downstream purification and viral clearance,
o formulation development and aseptic fill-finish.

Since biologics are produced in living systems, even
small modifications to the cell line, culture conditions,

purification or formulation can change their structure,
function, and immunogenicity. As a result, every stage
is optimized and controlled to ensure that they are
similar to the innovator. ['**"]

6.1. Cell Line Development and Cell Banking

—[ 1. Host cell selection

sCHO-K1 ar CHO-S Cells
=hammalian expression system

—[ 2. Gene transfection

sintroduction of target gene
sExpression wector integration

3. Stable cell pool development

sSalaction of transfected cells
#5table pratein sapréession soreenng

4. Clone Bolation and expansion

sSingle-cell cloning

shilancclonal popilation genaration

5. Chone screening

sfssess productivity and grawth
=\erify genetic stability and pratein guality

A0 A A

6. Product guality assessment

HEEEH

o step 5

sTest identity, purity, potency, safety and stability
sDecizion loop: if not suitable high-preducing clone, return

L

7. Master cell bank [WCB)

|

sFully characterized reference praduction saurce
sLong term storage (cGMP compliant)

—[ 8. Working cell bank [WCB)

|

sDerfved from MCE for routine manufacturing
sComsEtent production material for commearcial scale-up

A stable, high-producing cell line, typically a CHO-K1
clone for monoclonal antibodies, created by gene
transfection, clonal selection, and stringent product
quality testing, is the cornerstone of biosimilar pro-
duction."*"! Following the identification of a suitable
clone, cGMP-compliant master and working cell banks
are created and thoroughly characterized to function as
the standard starting material for every manufacturing
campaign. These banks facilitate comparability across
scales and throughout the product lifecycle and serve

as anchors for process consistency.!**"!
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6.2. Upstream Processing
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Upzstream Proceszing: Cell Colrure Technolegy and Biereacror Syzoems
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Upstream processing encompasses everything from the
working cell bank to large-scale cell cultivation to
produce the desired protein .!*”! Modern processes
utilize suspension-adapted cultures, which are initially
small inoculum and then scaled up to large bioreactors.
This expansion occurs under carefully controlled con-
ditions, including temperature, pH, dissolved oxygen,
and nutrients, with the aid of Process Analytical Tech-
nology (PAT) to detect deviations in real time. 43"
Depending on productivity and quality requirements,
bioreactors can run in batch, fed-batch, or perfusion
modes, their scale varies from liters in development to
thousand of liters in commercial manufacturing.!*
The control strategy maintaining specified range for
critical process parameters (CPPs) to keep critical
quality attributes (CQAs) within the similarity enve-

lope is more important than the particular hardware.
[14,37]

,

i‘t?’z} INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

S

=

Nutrizet Lovch, Mriaboksa
ol bk Skaor flank | Adbcrent Cell ™
o Cubmre Cukimx
Froce ¥l
Secd . .
B
icroactar i A=
Srabemy Seale
Eaich Culieec
Pilat Szale (5-500 L)
Fod-Eaich Culbarc Labeoaricey Sealc
Harvcatat -t Ly

Sirele meds Frocc cnd

Perfoien Cromnrmaraal Scale

Culizx 1000200+ Ly

Cantizacus waic
semeval
Creatinuawm freak
mediz
macd mywiem
Prriadic feding,
High ocil dezait neirxat fceding

6.3. Downstream Processing
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Downstresm AMannfacturing Process
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Approximately 60% of the total manufacturing cost is
usually attributed to downstream processing (DSP),
which separates, purifies, and concentrates the product
from harvested cell culture fluid.””>*® Harvest, multi-
step chromatography (such as affinity, ion-exchange
and size-exclusion for polishing) and sequential filtra-
tion (depth, ultrafiltration/TFF, and sterile filtration) to
modify concentration, eliminate contaminants/aggre-
gates, and guaranty sterility are all essential DSP steps.
As required by regulations (such as ICH Q5A), viral
clearance is accomplished by orthogonal, validated
processes such as low pH / solvent detergent inactiva-
tion, nanofiltration and virus-removing chromatogra-
phy, which together produce high log reduction values
while maintaining protein integrity. '233%

6.4. Development of Formulation and Fill-Finish

The formulation is designed to maintain stability,
safety and efficacy while matching the pharmaceutical
form of the reference product (vial, pre-filled syringe
and auto-injector). ! Excipients (buffer, surfactant,
stabilizers and tonicity agents) are selected to minimize
aggregation, adsorption, degradation and immunogenic
risk in compliance with quality by design (QbD) prin-
ciples. The shelf life and distribution conditions were
ascertained through real-time and accelerated stability
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studies.”**" Fill-finish converts the purified drug sub-
stance into the final sterile product through filtration,
aseptic filling, closure and lyophilization under strict
environmental controls, automation and modular lines
improve traceability and speed to market.

6.5. Control Strategies

Owing to the inherent unpredictability of biological
manufacturing, variables such as temperature, pH,
media composition and purification conditions can
influence CQAs, including glycosylation, charge vari-
ants and aggregation. Originator products exhibit
batch-to-batch  variability =~ within  predetermined
bounds, and biosimilars must exhibit similar variability
and sustain similarity over their lifetime.

Thus, the control strategies depend on the following:

e PAT and real-time monitoring to detect excursion
early.

e Robust cell lines and processes to reduce sensitiv-
ity to parameter drift.

e Design of experiments (DoE) and QbD to define
acceptable CPP ranges

e Formal comparability protocols are established
when meaningful process changes are made. These
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actions collectively guarantee that the biosimilar
closely resembles the original product in terms of
scale, location and over time. [14!1637]

7. Analysis and Quality Evaluation of Biosimilars

The development of biosimilar medication relies
heavily on the analysis and characterization process,
which compares the structural and functional charac-
teristics of the reference drug and biosimilar. This aids
in ensuring that the biosimilar medication’s character-
istics, including protein sequence, protein modifica-
tions, charge changes and aggregation, fall within the
acceptable range of the reference medications. ']
The “totality of evidence” concept is applied, whereby
the data obtained from the analysis provide much of the
information required without the need for clinical trials
because of the high degree of similarity of the mole-
cules. The methods that can be applied include mass
spectroscopy, chromatography, electrophoresis, spec-
troscopy and biophysics ***"

7.1. Characterization of Physicochemicals

Physicochemical characterization focuses on the
physicochemical characteristics of the protein, such as
size, charge, hydrophobicity and conformation, to ver-
ify that the biosimilar is structurally similar to the ref-
erence  product. Functional and therapeutic
comparability, as well as any possible differences be-
tween the reference and biosimilar drugs that could
impact safety and efficacy, were determined using
these details.

The physicochemical characteristics must fall within
the range of variation for numerous lots of reference
proteins to demonstrate comparability. 6%

7.1.1. Primary Structure

The amino acid sequence of the biosimilar matched that
of the reference product according to primary structure
analysis. To separate the peptides and amino acid se-
quences, a peptide map was generated in conjunction
with LC-MS/MS and MALDI-TOF analyses.

Any modifications to the amino acid structure must be
examined because even a small alteration in an amino
acid could lead to instability and decreased drug prod-
uct efficacy. 4%

)
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7.1.2. Higher Order Structure

Secondary, tertiary and quaternary folding make up
higher-order structure (HOS). Biological activity, sta-
bility, aggregation and immunogenicity are all influ-
enced by the existence of higher-order structures.
Several methods, including dichroism,
Fourier-transform infrared (FTIR) spectroscopy, and
differential scanning calorimetry (DSC), may be used
to analyze the structure and stability (CD).

circular

Chromatographic methods, such as size exclusion
chromatography and ion exchange, can be used to an-
alyze higher-order structures. Charge heterogeneity
and aggregation are two important quality attributes
that can be evaluated using chromatography. The sim-
ilar higher-order structures of biosimilar and reference

proteins attest to the preservation of proper structure.
[4,29]

7.2. Assay

One method for demonstrating biosimilarity is the
assay for biological activity and functionality through
potency measurement, which shows that the biosimilar
acts biologically similarly to the reference product.
Depending on the mode of action, ligand-binding tests,
such as ELISA and SPR, cell-based tests, such as pro-
liferation inhibition, and receptor-binding tests are

examples of critical quality attributes (CQA). [##4*

Cell-based inhibition of proliferation and HER2 re-
ceptor binding flow cytometry are two examples of
biological activity and functional assays for
trastuzumab biosimilar, where the relative potency was
verified to be comparable to that of the original prod-

uct. 524
7.3. Immunochemical Characteristics

The capacity of a molecule to bind to antigens, bind to
Fc receptors and initiate complement activation are few
examples of immunochemical properties. Surface
plasmon resonance (SPR), enzyme-linked im-
munosorbent assays (ELISA), and cellular assays are
the techniques used to compare target antigen and im-
mune receptor binding between biosimilars and refer-

ence products. #**

It is anticipated that the two substances will have a
similar profile in terms of glycosylation, aggregation
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and impurities, as the structure of the molecule deter-
mines its antigenicity. !°*’

7.4. Impurity Profiles

Impurity and purity profiling includes the identification
and measurement of host cell proteins, DNA, residuals
from the process, and product-related impurities such
as aggregates, fragments, misfolded proteins and low-
level contaminants. High-resolution analytical meth-
ods, such as mass spectrometry, LC-MS and HPLC are
necessary for the detection of impurities at low con-

centrations.?%3%

The type and quantity of impurities in the biosimilar
and its reference medication must be similar, which
means that the biosimilar cannot produce any new
contaminants. !

7.5. Stability Studies

The impact of time on the physical, chemical and bio-
logical characteristics of biosimilars under specific
storage conditions was assessed in a stability study.
Real-time stability tests, accelerated stability tests and
degradation test are examples of stability test that can
be conducted. These tests employ techniques such as
exposure to high temperatures, freeze-thaw cycles,
irradiation and mechanical agitation. ****"!

Research comparing physicochemical and functional
stability should be carried out using standards estab-
lished by regulatory bodies (such as the FDA) to guar-
antee that the biosimilar has the same degradation

characteristics and shelf life as the original product.
[3,9,25]

7.6. Comparability Studies

Analytical, non-clinical and clinical data from biosim-
ilar comparability studies contrast the biosimilar med-
ications and their matching references are referred to as
the totality of evidence of biosimilarity. The goal of
biosimilar comparability studies is to demonstrate the
high degree of similarity between the reference medi-
cation and the biosimilar medication, which exhibits no
appreciable variations in terms of efficacy, safety or
quality despite biological variability.!"*!¢2]

This is accomplished through an iterative process in
which prior data on comparability will show how much

)
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more work needs to be done in both clinical and non-
clinical studies. Scaling up and switching locations are
two more modifications that can be made to the pro-
duction of these goods. Certain authorities, such as the
FDA, WHO and EMA, have mandated that certain
doses of the reference medication be taken to ensure
comparability. 729

7.7. Advance Analytical Techniques

Analytical tools play a major role in the current
biosimilar development process because they can
identify structural differences that were previously
invisible. Post translational modifications and higher-
order structure determination are made easier by high-
resolution chromatography, spectroscopy and mass
spectrometry techniques (intact mass analysis, peptide
mapping, subunit analysis and glycan analysis). !

Analytical techniques are currently used in the process
of developing biosimilars because they enable the
identification of differences that were previously im-
possible to detect. The work is made convenient by
high-resolution methods, such as spectroscopy, high-
resolution chromatography and mass spectrometry
methods, such as intact mass analysis, peptide map-
ping, subunit analysis and glycan analysis. **"

8. Clinical and Non-Clinical Assessment
8.1 Non-Clinical Studies

Before first in human trials, non-clinical evaluation for
biosimilars is a focused and methodical process that
builds on physicochemical and analytical similarity to
address any remaining doubts regarding safety and
mechanism. EMA, FDA, WHO and CDSCO guide-
lines stress that in vitro functional and binding assays
should be the main tools, with in vivo studies reserved

for particular, unresolved issues. %

8.1.1. In Vitro Studies

In vitro comparability compares biosimilar and refer-
ence products for binding, potency and mechanism of
action-related functions using identical analytical sys-
tems. Depending on the drug’s mode of action, com-
mon assays include cell-based proliferation inhibition,
cytotoxicity, cytokine release, ligand binding (e.g.
ELISA, surface plasmon resonance), and functional
readouts, such as ADCC, CDC or apoptosis. “**! The
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goal is to demonstrate that any variations between
biosimilars and reference products are within the in-

novator’s inherent batch-to-batch variability. >

8.1.2. In Vivo Studies

When analytical and in vitro data are strong, standard
repeat-dose animal toxicity studies are often minimized
or excluded because they are unable to resolve small
structural or functional differences between biosimilars
and their reference. **) When in vivo research is war-
ranted (for example, to answer a particular safety or
mechanistic question), it is planned as a comparative,
minimal study utilizing several batches of both prod-
ucts with the fewest possible animal numbers and du-
ration. 1!

8.2 Clinical Studies

Using the established safety and efficacy of the refer-
ence biologic under the “totality of evidence” frame-
work, regulators support a staged, risk-based clinical
program that gives sensitive PK/PD studies priority
over large phase III trials. %202

8.2.1 Pharmacokinetics

PK studies use pre-specified bioequivalence criteria
(usually 80-125 % for the ratio of means, 90% CI) to
analyze key parameters (Cmax, AUC, half-life, and
clearance) and compare absorption, distribution, me-
tabolism and elimination following one or more doses.
H0.5IPK is frequently assessed in healthy volunteers or
well-defined patient populations to minimize con-
founding. It is also performed in conjugation with im-
munogenicity sampling (anti-drug antibodies, ADAs)
to ensure that exposure variations are not caused by
immune responses. The expectation of similar thera-
peutic exposure and effect is supported by PK similar-
ity. [

8.2.1 Pharmacodynamics

PD studies use mechanism-linked biomarkers or func-
tional endpoints (e.g., receptor occupancy, target/cy-
tokine levels, enzyme activity and signaling assays) to
evaluate biological effects in comparison to the refer-
ence. Robust PD similarity, along with PK and analyt-
ical data, can frequently replace a specific comparative
efficacy trial when a validated, sensitive PD biomarker

P -
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is available, allowing approval without a special phase
I11 study. 1%

8.2 Efficacy Studies

A comparative clinical efficacy study is conducted in a
sensitive, homogeneous population to rule out clini-
cally significant differences if residual uncertainty
persists following analytical, non-clinical and PK/PD
work. Usually randomized, multi-center and powered,
these pivotal trials use validated clinical endpoints
pertinent to the disease and Moa to show non-inferior-
ity within predetermined margins. ?"*) The majority of
biosimilars meet non-inferiority criteria with no sig-
nificant efficacy differences compared to the origina-
tors, according to a meta-analysis across oncology and
inflammatory diseases. This supports the viability of
shorter, smaller trials when the overall body of evi-
dence is strong. !'**!!

8.3 Immunogenicity and Safety Assessment

With a growing focus on real-world and switching
cohorts, safety evaluations incorporate adverse events
(AEs), serious AEs and treatment emergent AEs across
PK/PD and efficacy studies. Validated assays for total
ADAs and neutralizing antibodies (NABs) are used to
characterize immunogenicity and identify variations
in immune response that may impact exposure, efficacy
or safety. ["”*”) To monitor immunogenicity and safety
in larger populations and with longer use, post-mar-
keting pharmacovigilance is advised: to date, meta-
analyses have shown similar safety outcomes for
switched and non-switched patients. !

8.4 Extrapolation of Indications

As long as the mechanism of action is consistent across
diseases and the entire body of evidence supports sim-
ilarity, indications without conducting individual effi-
cacy trials for each. ** before allowing extrapolation,
regulators must have sufficient knowledge of the
safety, PK and immunogenicity of each indication, as
well as a positive benefit risk profile. This prevents
unnecessary clinical duplication while preserving pa-
tient safety. 12203
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8 Regulatory Concerns

A single scientific principle underpins biosimilar reg-
ulation worldwide: a biosimilar must be ‘“highly
similar” to an authorized reference biologic with no
clinically significant variations in quality, safety or
efficacy. "*'®' Major agencies (such as the FDA, EMA,
PMDA, Health Canada and TGA) employ a risk-based,
stepwise “totality of evidence” approach that prioritizes
analytical similarity, followed by targeted non-clinical
and clinical studies only when necessary to resolve
residual uncertainty, although procedural details vary
by region. "*'”! To promote global development and
access, the ICH and the [PRP biosimilar working group
are working to harmonize expectations on

comparability, extrapolation and pharmacovigilance.
[7,14]

9.1. Core Guidelines from FDA, EMA and WHO

Although they reflect the legal framework and termi-
nology of each agency, the regulatory standards are
consistent with science.

9.1.1. US FDA (BPCIA Pathway)

Under the biologics price competition and innovation
act (BPCIA), biosimilars are granted licences through
a streamlined 351 (k) process. In addition to a compa-
rability package, sponsors must demonstrate high sim-
ilarity through target PK/PD, immunogenicity and if
necessary, clinical efficacy studies. When granted, a
unique “interchangeable” designation allows phar-
macy-level substitution in accordance with state law
but requires additional proof (such as switching studies
demonstrating no increased risk of diminished efficacy
upon alteration). 73

9.1.2. EMA (EU Framework)

To evaluate biosimilars as biological, the EMA devel-
oped the current biosimilar framework in 2005. It re-
quires thorough quality characterization, justification
of the mechanism of action (MoA) and PK/PD with
efficacy studies specific to the product and reference.
2171 The EMA continues to streamline requirements
(e.g., reducing comparative efficacy trials when ana-
lytical/PK/PD similarity is robust) and supports indi-
cation extrapolation when MoA and target populations
are consistent.*"!
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9.1.3. WHO (SBP Guidelines)

For nations developing or improving national path-
ways, WHO’s “similar bio therapeutic products”
(SBPs) guidance offers a risk-based, progressive model
that emphasizes analytical similarity, appropriate non-
clinical/clinical data, and reliance on the reference
product’s proven safety/efficacy. 7" To facilitate
consistent, science-driven approvals in settings with
limited resources, WHO also encourages regulatory
convergence and capacity building.*"!

9.2. Approval Process

An effective iterative procedure based on the estab-
lished benefit-risk profile of the reference product is
necessary for approval. !'**"! Early regulatory engage-
ment is usually followed by the submission of a com-
parability package (analytical similarity) and targeted
non-clinical and clinical studies (PK/PD, immuno-
genicity and if necessary, a sensitive population effi-
cacy trial). ¥ The final marketing application is
submitted as a central/national MAA in the EU or BLA
351 (k) in the US, and decisions are based on the en-
tirety of the evidence rather than on de novo efficacy
replication. ['*!7

9.3. Interchangeability, Substitution and Extrapo-
lation

Interchangeability and substitution: For multi-dose
products, interchangeability means that switching does
not raise risk or decrease efficacy and that a biosimilar
can be anticipated to yield the same clinical outcome as
the reference in any given patient. """ In the EU, na-
tional policies control substitution at the pharmacy
level, but once a biosimilar is approved, it is typically
regarded as interchangeable at the prescriber level.
Subject to state laws, only products that the FDA has
officially designated as “interchangeable” may be sub-
stituted at the pharmacy without the involvement of
prescriber. 17!

Indication extrapolation: When all available data points
to similarities, the mechanism of action is consistent
and safety, PK and immunogenicity are sufficiently
understood for each indication, extrapolation permits
approval across all reference indications without the
need for separate efficacy trials. This preserves patient
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safety while preventing unnecessary clinical duplica-
tion. [13]

9.4. Pharmacovigilance and Traceability

Strong post marketing surveillance is necessary to
identify uncommon or delayed adverse events because
biosimilar are complex and may show minute product
specific difference (e.g., immunogenicity and hyper-
sensitivity) [“*” When necessary, sponsors must carry
out post approval studies, submit periodic safety re-
ports (PSURs) and maintain Risk Management Plans
(RMPs). To link signals to a particular product and to
facilitate prompt risk-minimization measures, accurate
traceability in spontaneous reporting using brand name,
INN, marketing authorization holder and batch number
is essential. ")

9.5. Labelling and Nomenclature

Biosimilar labels clearly identify the biosimilar, its
reference and any special status (such as “interchange-
able” in the US) while mirroring the safety and efficacy
information of the reference product. Different non-
proprietary naming — a four letter suffix in the US and
product specific identifiers in the EU, is used to support
pharmacovigilance and prevent confusion among sev-
eral biosimilars of the same reference. Traceability and
communication between physicians, patients and reg-
ulators are improved by consistent nomenclature and
labelling. (61727

9 Market Access and Intellectual Property

As the main gatekeeper of biosimilar are market entry,
patent portfolios and statutory exclusivity periods for

originator biologics are crucial factors in QA-linked
planning. **! In the past, the BPCIA in the US offered
up to 12 years of data exclusivity in addition to layered
blocking patents (molecule, formulation, use, process),
which were frequently settled through licensing and
patent dance negotiations. **° The 12-years of exclu-
sivity requirements for new biologics are anticipated to
change starting in 2025 due to recent legislative
changes, which could affect the timing of entry. Be-
yond intellectual property, high development cost,
strict and varied regulatory frameworks (particularly in
developing nations), and payer/PBM dynamics (such
as rebate walls) that can impede uptake ever after ap-
proval all influence market access. ***** Clinically,
complex contracting and switching inertia further re-
strict the quick displacement of originators, therefore,
many biosimilars expand mainly through patient ac-
quisition rather than widespread switching. """

The practical implication is that to support multi-prod-
uct, multi-tender environments, product release, sta-
bility and comparability commitments must be upheld
over longer, less predictable commercial ramps with
strong pharmacovigilance traceability (brand/INN/
MAH/batch). “*” For volume forecasting and supply
continuity, pricing and global market trends (typical
launch discounts of 15-40 %, deeper cuts under com-
petition and rapid expansion in oncology/autoimmune
biosimilars like adalimumab, infliximab, trastuzumab
and bevacizumab) are important; however, they do not
change the fundamental QA requirements for consis-

tency, control and lifecycle comparability. !'>!>*!

10 Clinical Uses of Biosimilar

Areas where biosimilars used

Therapeutic area

Example of biosimilar

Indication

Oncology !

12241 Rituximab, trastuzumab, bevacizumab,
filgrastim

Standard treatment of primary cancer
and supportive care

Autoimmune disorders 321331

Infliximab, adalimumab (TNF-alpha
inhibitors), interleukin-6 inhibitors.

Rheumatoid arthritis, psoriatic arthritis,
ankylosing spondylitis and inflamma-
tory bowel disease.

Endocrinology "

25.32] Basal insulin glargine (e.g., semglee
and abasaglar).

Type | and 2 diabetes mellitus

Haematology '

Filgrastim (growth factor therapy)

Promoting recovery following chemo-
therapy or hematopoietic stem cell

transplantation
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11 Challenges and Future Perspectives
11.2 Regulatory Challenges

The fragmented global requirements that biosimilar
developers must deal with costs and lengthen the ap-
proval process. '*'7*¥ divergent expectations for refer-
ence product selection, the requirement for in vivo or
efficacy studies specific to a given region and incon-
sistent policies regarding interchangeability and
indication extrapolation are some of the main
problems. [ Despite the WHO and other
harmonization initiatives, some nations continue to
struggle with weak regulatory capacity, restricted
access to reference products and ambiguities in
quality expectations or nomenclature, all of which
impede market entry. ['®2%%

11.3 Scientific Challenges

Because biologics are inherently complex and sensi-
tive, scientific evidence of similarity is difficult to
obtain. *'*!I Minor variation in glycosylation, charge
variants, aggregation or higher-order structure can
result from modifications in cell line, media or pro-
cessing, even in case where a biosimilar is analytically
“highly similar”. However, these variations must be
demonstrated to have no clinical significance. *'**!
Complex modalities (such as fusion proteins, bispecific
and antibody-drug conjugates) and products aimed at
rare disease, where reference materials and clinical data
may be scarce, present even greater challenges. '

11.4 Production Challenges

The production of biosimilars requires stringent
process control, strong validation and extensive use of
process analytical technology (PAT) to monitor and
correct deviations in real time because small process
perturbations can change critical quality attributes
(CQAs). 3% Increased variability and logistical
challenges, such as cold chain management, raw ma-
terial consistency and the requirement for large-scale,
GMP-compliant capacity, are brought about by scaling
up from laboratory to commercial bioreactors. !>
When combined, these elements make the production
of biosimilars more technically challenging than that of
small molecule generics. !4
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11.5 Future Innovation in Biosimilars

Next generation biosimilars (such as bispecific and
ADCs) and advanced manufacturing (such as
bioprocessing, improved cell line
engineering and enhanced PAT) are anticipated to
lower costs and variability while tightening control
over CQAs. %1l Regulatory science is developing to
support Dbiosimilars for rare disease and more
individualized biologic therapies by further utilizing
analytical similarity, which may eliminate needless
clinical trials when data are strong enough. [&!%2%

continuous

Updated interchangeability standards and more robust
international pharmacovigilance network will be
necessary to realize these benefits to guarantee safety,
traceability and long term confidence. >'"*"
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