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Abstract The fastest-growing category of biopharmaceuticals is known as a
“biosimilar,” which refers to a biological medication that is replicated and sold at
a lower price than the original biological product. Treatment with such biologics
has additional benefits over conventional medication due to the involvement of a
specific target, high efficacy, and fewer adverse effects. In addition to preventive
use of biologics being used to avoid the return of the illness condition, diseases like
cancer, autoimmune diseases, and inflammatory ailments can be cured. However,
their exorbitant price places a heavy load on health care. Biosimilars are created as
a result of the biologics’ patents expiring, with the intention of giving more patients
access to cutting-edge treatment at a reasonable price. Biosimilars are not only iden-
tical to the reference standard used by the original creator, but also very identical
in terms of efficacy and safety. The WHO sets internationally recognized norms
and criteria that are widely accepted for the assessment of biotherapeutics as part
of its obligation to confirm the global safety, efficacy and quality of products. The
regulatory agencies have put a high priority on safety, and the development process
follows a step-by-step methodology that is thoroughly explained in this chapter.
Global regulations are contrasted, and suggestions are made for developing at the
lowest possible expense. To accelerate the development process, the key components
to establishing biosimilarity are outlined, including analytical and bioanalytical char-
acterisation, nonclinical testing, clinical pharmacology testing, and clinical efficacy
testing. There is also a summary of FDA-approved products. The goal of the current
chapter is to deliver a brief compilation of biosimilars, their process of manufac-
turing, regulatory requirements, and to discuss both their current and prospective
future roles in the field of medical sciences/biotherapeutics.
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1 Introduction

Biological therapeutic agents, also known as biologics, are a diverse group of
substances that can be produced by cells or other living organisms through a
number of different biological processes. Some examples of these processes include
controlled transcription and translation process of protein synthesis, immunoglobulin
technologies, and genetic engineering technologies (Humphreys 2022). Biologics
have had a significant impact in the treatment of a variety of acute and chronic
illnesses, including hormonal imbalance, a variety of inflammatory diseases, diabetes
(Zhang et al. 2020) and autoimmune conditions, as well as cancer and haematological
malignancies (Schiestl et al. 2020). In addition, the biologics sector of the pharma-
ceutical industry accounts for fifty percent of all products currently on the market for
the administration and treatment of cancers. However, developing biological drugs
requires a significant financial investment and a significant amount of time; as a
result, the entire pharmaceutical industries is changing emphasis to the development
of “Biosimilars.” Biosimilars are a type of biopharmaceutical product comparable
with its purity, efficacy, and safety, is very similar to other reference products that
are already on the market. In spite of the fact that their amino acid sequences are
comparable to those of their reference products, may still biosimilars possesses distin-
guishing characteristics (De Mora 2015). Some of these characteristics include their
three-dimensional structures, protein aggregation isoform profiles and glycosyla-
tion sites. However, various parameters, such as their therapeutic indication, route
of administration, mechanism of action, dosage form, and strength, required to be
comparable with their reference product (Ruppach 2020). In the year 1980 marked the
beginning of the treatment and management of cancer utilizing biological substances
as the primary method. Interferon alfa-2b (INTRONATM, Schering Corporation,
Kenilworth, USA) was the pioneer industry of biopharmaceutical received approval
from the Food and Drug Administration (FDA) in June 1986. It is presently marketed
under seven different brand names. After that, in October of 2005, EMA- European
Medicines Agency initiate the guidelines for biosimilars was the very first regula-
tory authority. In 2015, the US-FDA (United States Food and Drug Administration)
granted approval to Filgrastim under the brand name Zarxio®. In addition, FDA
released the guidelines affiliated with biosimilars in the year 2015. These guide-
lines address the quality and scientific aspects of demonstrating biosimilarity to
the original product. Both acquiring a license to sell on the market and providing
direction regarding how the FDA will determine whether or not two products are
biosimilar were primary goals of this project. In addition, the FDA issued guideline
documents in the years 2016 and 2018 with the aim of addressing challenges such
as evidences of clinical pharmacological to substantiate biosimilarity and labelling
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Fig. 1 Correlation between biologics, originator biologics and biosimilars

guidelines within the confines of Sect. 351(k) of the Public Health Service Act (42
U.S.C. 262(k)) (Lemery et al. 2017).

Till the date, due to the many bottlenecks which not allowing biosimilars fully
accepted in the clinical practice. For instance, the most significant risk associated
with biosimilars is known as immunogenicity. Immune reactions have a propensity
to cause adverse effects, the majority of which have an influence on how effectively
the product works (Joshi et al. 2022). As a result, it is necessary to conduct ongoing
assessments of the product’s efficacy and safety during both the clinical trials and
the post-marketing stages. Lack of knowledge is another challenge that must be
overcome in the case of biosimilars. Research has shown that implementation of
biosimilars into clinical practice, there is a need to raise awareness of the concept of
biosimilars among medical professionals (De Mora 2015) (Fig. 1).

This is necessary so that medical professionals should understand the biosim-
ilar concepts based on trustworthy scientific data, generated from clinical trials.
According to the findings of one research carried out by Cook and colleagues, around
26% of oncologists and approximate 21% of doctors only are aware with the concept
of biosimilars. Although a number of regulatory authorities have established and
published standardized guidelines along with approval procedures for biosimilars,
the primary concern is still the transition from expensive biologics to less expensive
biosimilars, particularly in terms of the safety of the treatment (Wiland et al. 2018).



48 S. Manwatkar and B. Kumar

2 Biosimilar Primer

An identical biological drug developed by the originator is developed as a low-cost
competitor to the first biological product, and this is what is known as a biosimilar.
The biosimilars category is the one within the biopharmaceuticals industry that is
expanding at the fastest rate (Humphreys 2022). The regulatory agencies have placed
an extreme emphasis on safety, and the process of development takes a stepwise
strategy, stated in the chapter. The regulations that are in place all over the world
are analysed, and recommendations are made. In the interest of accelerating the
development process, the essential components necessary to establish biosimilarity,
such as analytical and bioanalytical assessment, nonclinical testing, clinical pharma-
cology testing, and clinical efficacy testing, have been broken down and explained
(Ishii-Watabe and Kuwabara 2019). In addition, a summary of FDA-licensed prod-
ucts along with additional details on the studies that were sent in and an update on
the status of biosimilars provided here (Fig. 2).

Large and complicated pharmaceuticals known as biologic drugs have struc-
tures, physicochemical and biochemical properties, and manufacturing processes
that directly affect their organic action. The development of biologics during the
1980s completely changed. How doctors handled their patients, particularly those
who had diseases for which there was no effective treatment at the time (Iskit 2021).
Ankylosing spondylitis, psoriasis, rheumatoid arthritis (Chadwick et al. 2018), and
psoriatic arthritis are just a few of the chronic inflammatory illnesses that biologic
medications have helped treat better, they also include some cancers (Joshi et al.
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2022). Biologics have a high cost due to their complex manufacturing process, which
places extra strain on the healthcare system. However, after their market-exclusivity
patents have expired, Biosimilars have emerged as an alternative, cost-effective ther-
apeutic option to reference product (the existing innovator biological therapies) and
their active components. This is done to reduce healthcare spending and access to
biological medicines promote greater. Notably, other words have also been used to
refer to biosimilars, including follow-on biologics, similar biotherapeutic products,
and biocomparables. The word “biosimilars” is now widely used in place of the
latter. In comparison to generic versions of synthetic molecules, regulatory agencies
around the globe demand a more and different involved procedure for the approval
of biosimilars (Liu et al. 2022).

This is founded on a sophisticated set of tests for similarity called a biosim-
ilarity exercise. Worldwide, a biosimilar must be comparably potent, pure, safe,
and effective to the reference/ standard molecules based on a thorough process of
comparability, with no clinically significant differences (Mysler et al. 2021). The
regulatory pathway for proving biosimilarity is more stringent but shorter than that
for an originator biologic in the Europe, United States, and globally based on WHO’s
standards. The regulation procedures are designed to determine if the new molecule
is sufficiently comparable to the reference product in relation of purity, molecular
structure, pharmacological characteristics, and clinical efficacy. It is common obser-
vation that slight variations can appear over time, even between batches of the same
standard product (Lyu et al. 2022). Due to the potential for even minute differences
to affect pharmacokinetics (PK), pharmacodynamics (PD), efficacy, and safety, a lot-
to-lot assessment of biosimilars must be performed in comparison to the reference
product as part of the similarity exercise. In most cases, a product can be considered
a biosimilar only if all the criteria in the resemblance exercise are satisfied. Intended
copies may exist when a molecule claims to be highly similar to an existing innovator
molecule but fails to provide proof that it does so in accordance with the biosimi-
lars regulatory pathway in its entirety. In addition to “biomimic” and “nonregulated
biologic,” other words have been used to describe these items (Niazi 2022).

The diagnosis, prevention, treatment, and management of many serious and
chronic illnesses have been revolutionized by the development of biological products.
They vary from more conventional, small-molecule medications like acetaminophen
or acetylsalicylic acid [aspirin] in that biologic agents are substances that are natu-
rally present in your body, such as sugars, proteins, nucleic acids, or particular cells
or tissues. This is what sets them apart from more traditional, small-molecule drugs.
In the process of treating illnesses such as cancer, various concentrations or formu-
lations of these naturally occurring substances can be used, which ultimately results
in the creation of biologic medicines. Since biosimilars are a relatively new entity,
we are having this conversation at a very opportune moment because the very first
biosimilar to be approved for use did so in Europe in 2006 and in the United States
only very recently, in 2015 (Kang et al. 2023). The use of biologics is not something
novel; in fact, decades have passed since the discovery of human growth hormone,
insulin, and agents that stimulate red blood cell production. Patients with diabetes
were required to use insulin that had been extracted and purified from the pancreas of
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cows or swine prior to the year 1982. After that, researchers found a way to modify
cells in the laboratory so that they would express insulin. With this new technique,
insulin could be manufactured and distributed to patients. The disciplines of science
known as genomics and proteomics, in addition to microarray, cell culture, and mono-
clonal antibody technology, are utilized in the process of developing biologics. As
more genetic information and a deeper comprehension of disease processes have
become available, the number of diseases that can be targeted by biologic therapies
has expanded exponentially (Declerck et al. 2017). We are able to investigate the
illness or condition more thoroughly and discover what is going on on the inside
of each of our cells, in addition to the components that are responsible for making
up each cell. Increasing our understanding of genetics and cellular processes has
led to the discovery of potential new biologic (and drug) targets at each stage in the
process of protein synthesis. This paves the way for brand new therapies that are
extremely specific, which in turn leads to a better comprehension of diseases (Bachu
et al. 2022).

The sequence of manufacturing biosimilars begins at the end, using a process that
is referred to as “reverse engineering.” This is done rather than starting from what
could be considered the beginning of a traditional drug development practice (which
would be the beginning of the process) (Wolff-Holz et al. 2019). Before beginning
the manufacturing process, this method ensures that the biosimilar molecule will be
very similar to the reference molecule in relation of safety, quality, and effectiveness.
This method is called step-by-step manufacturing. Once the period of exclusivity for
the innovator product has passed, the biosimilar is then reverse-engineered from the
innovator product. This is done because the manufacturing specifics of the innovator
product are proprietary information and a closely guarded secret. This indicates that
the developer of the biosimilar must first acquire the product that was developed by
the innovator, then work backward from the completed product using sophisticated
analytical tools and previous clinical knowledge in order to design their own proce-
dure/ process that will result in a molecule that is highly similar to the molecule that
was originally developed. In the context of biologics and biosimilars, the product
is extremely dependent on the process. The structure, function, and quality of these
medications are all directly attributable to the manufacturing process that was used to
produce them. Because of these reasons, regulatory agencies like the FDA acknowl-
edge that a biosimilar cannot be structurally identical to the product that it is compared
to (the reference product) because of differences in the manufacturing process that
change the final product (Lemery et al. 2017). The FDA requires that a biosimilar
not be “clinically different” from an originator biologic rather than requiring that a
biosimilar be fundamentally identical to an originator biologic.
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3 Biosimilars Approval and Regulatory Requirements

In general, the regulatory requirements for the approval of biosimilars are the same
across all three of these organizations: the WHO, the EMA, and Health Canada,
as well as the guidelines released by the FDA (Administration 2018). All of these
regulatory bodies demand a methodical, step-by-step process in order to determine
whether or not two products are biologically comparable, despite the fact that these
guidelines might have some inconsequential, sometimes even terminological, differ-
ences. Comparative evaluations incorporating analytical, nonclinical, and clinical
studies are a standard part of these well-established regulatory processes (Barbier
et al. 2022). The European Medicines Agency (EMA) has assumed a leadership
role in the global regulatory community by initiating the first legislation. This move
has allowed the EMA to assume a position of authority within the global regulatory
community. When it comes to requiring identical head-to-head comparison research,
it was the EMA that paved the way for other agencies to follow suit (Jimenez and
Brake 2011). When all of the evidence from each evaluation has been compiled,
biosimilarity can be taken into consideration. However, each stage of this procedure
needs to be supported by the stage that came before it. 1. The first step is ensuring
the biosimilar’s quality is grounded in its structural and functional similarities to
the reference product using analytical analyses that employ numerous orthogonal
approaches. The biosimilar must be compared to the standard product to establish
its resemblance. Next, the biosimilar needs approval from the appropriate regulatory
agency. 2. The second step, the biosimilar agent must be shown to have the same
target or physiologic process as the reference product and to be equally as hazardous
through nonclinical trials. In order for the biosimilar agent to be approved by author-
ities, certain studies are required. 3. The evaluation of a biosimilar product reaches
its climax with the third step, which is also the most crucial stage of the procedure.
It is a specialized clinical study program that evaluates biosimilar regard to phar-
macokinetics, clinical effectiveness and safety, as well as immunogenicity (Anon
2022).

4 Biosimilar Manufacturing Process

The production of biosimilars involves a process that involves sequentially demon-
strating that they are comparable to the Reference Biologic through comprehensive
characterization studies that reveal the molecular and quality characteristics of the
Reference molecule of biologics (Schiestl et al. 2020). In order to protect the general
public’s health and to adhere to the standards set forth by international organiza-
tions, biosimilar medications need to be able to demonstrate that they are secure,
effective, and of high enough quality. The nonclinical and clinical assessment of the
biosimilar is probably little less than that which is required for the reference product;
however, it is absolutely necessary to sufficiently test biosimilars. These requirements
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cannot be fulfilled for quality components because they require a demonstration of
comparability, which is not possible. If the studies reveal that reference product
and biosimilars not identical, they are significantly different in the aspect of efficacy,
safety and purity, then the product will not be regarded as biosimilar. If the Reference
product is used to treat more than one clinical condition, the biosimilar will only be
eligible for all indications if it can be explained and if it satisfies the conditions that
are outlined in the section that is titled “Extrapolation of Efficacy and Safety Data
to other Indications.” In the event that the Reference Biologic is used to treat more
than one clinical condition, the biosimilar will only be eligible for all indications if
it can be explained (McKinnon et al. 2018).

4.1 Choosing a Reference Biological

Reference Biologic is a product created by an innovator that has been authorized
following review of the entire dossier, which is essential for the creation of biosimilar.
Every comparability experiment involving quality, nonclinical, and clinical factors
must use the Reference Biologic (Kang et al. 2023). The following considerations
should be considered while choosing reference biological product:

e The Reference Biologic must be the creator’s creation and must be licensed or
authorized in India or one of the ICH nations. A complete set of safety, efficacy,
and quality statistics should be used to license the Reference Biologic.

e The same Reference Biologic should be used throughout the research and devel-
opment process of biosimilars to support the product’s efficacy, safety, and
quality.

e The Reference Biologic’s dosage form, strength, and method should be used to
administer the biosimilar. It must be demonstrated that the comparable biologic
and the standard biologic’s active medication component are equivalent.

4.2 Process of Manufacturing

The biosimilar producer must create an exact manufacturing process to create a
product that is identical to the reference product in terms of identity, purity, and
potency. The production of biosimilars must be verified in order to show that it is
dependable and incredibly consistent. It is advised to use the same host primary cell
line for the production of the biosimilar if the host primary cell line used to produce the
Reference Biologic is made available. This prevents certain kinds of process-related
impurities from being incorporated that might have a negative effect on clinical
outcomes and immunogenicity, as well as the possibility of major changes in the
product’s quality attributes (QAs) (European Medicines Agency 1995; Galbraith
2017).
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4.2.1 Upstream Process Development

e The upstream process needs to be fully described, till down to the elements of the
media used for cell development.

e Data on reproducible fermentation from at least three batches during the pilot
period. (Sufficient amount of purified product should be generated from the bache
size, to generate nonclinical data).

e Carefully controlling and monitoring the main process is necessary. Information
on pH, temperature, dissolved oxygen, cell growth, product formation, the pattern
of primary nutrient consumption, and agitation rate are just a few examples of
the specific details about upstream process kinetics that can be noticed from
consistency batches.

Volumetric productivity and product per litre yield are the metrics that will be
used to determine concentration. Information to demonstrate the consistency of the
specific protein yield, or the quantity of protein produced for each unit of cell mass,
across all upstream batches. Showcase ways to scale up replication and economic
growth in general (Kesik-Brodacka 2018).

4.2.2 Construction of Downstream Processes

e Complete in-depth breakdown of the steps taken to gather the cells and remove

the unwanted protein.

The amount of protein per lot that needs to be purified.

A precise breakdown of each stage that makes up a unit operation in the purification
and recovery of proteins, as well as a quantitative evaluation of the quantity of
protein recovered at each level (ICH 2010).

e The consistency of the recovery over three separate batches of cell culture or
fermentation that were purified from three separate batches of those processes of
manufacturing.

Describe any variants that emerged following the translation.

Information on how to remove impurities, such as host cells, impurities associ-
ated with the manufacturing process, and variations and impurities related to the
product that are believed to pose an immunogenicity risk. (EMEA 1997), research
to show that the pathogen has been eradicated.

4.3 Quality Control Consideration

4.3.1 Analytical Methods

The appropriate methods of analysis should be selected in accordance with the crucial
product quality attributes in order to show product comparability. Various orthogonal
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methods, like product aggregation, are frequently used to describe specific charac-
teristics. Analytical method should be very sensitive even minor differences should
be able to detect during the quality characterisation studies. If available Indian
Pharmacopoeia should be referred for the quality attributes during the process of
characterisations, properly qualified assays that are capable of reproducibility and
dependability are needed. For batch release stability studies, in-process controls, and
method validation in accordance with ICH standards (ICH Q27, Q5C8, and Q6B9)
are required for quality attributes characteristics. The characterization studies should
involve examples of the derived DNA product, control Reference Biologic, a known
positive and negative control standard. Each quantitative experiment must be carried
out a minimum of three times, and the results must be stated with mean and stan-
dard deviation, in order to give confidence in the statistical analysis’ accuracy. The
proper representation of the statistical significance in the appropriate formats must
be included with all characterization data (Galbraith 2017; ICH 2010).

4.3.2 Characterization of Product

Functional assays, physicochemical properties, biological activity, immunological
properties, purity (including impurities related to the manufacturing process and the
product itself), contamination, strength, and substance are among the studies used to
describe biosimilars. It is crucial to follow the guidelines outlined in the ICH Q6B
rule.

Physicochemical and Structural Properties: The estimation of the structures
of the biosimilar components and the finished product, as well as the measure-
ment of any other important physicochemical properties, should be considered when
analysing physicochemical characteristics (Kirchhoff et al. 2017). Biosimilar amino
acid sequence must be confirmed because it is expected that sequence will be same as
that of the Reference biologics. The analytical methods must be precise and accurate
to a level that is appropriate. Identification and measurement of the post-translational
modifications that have occurred are required to capture in cases if they are occur-
ring. If any significant differences are found, it is essential that they are thoroughly
examined in nonclinical studies as well as clinical experiments and supported by
scientific data.

Biological Activities: Biological products may contain a variety of biological
activities. In such situations, suitable biological assays will be used to illustrate the
activities, ascertain the mechanism of action of the product, and identify the clinical
activity (Kirchhoff et al. 2017). A national or international Reference standard should
be used to validate biological assays when it is suitable and available. An internal
Reference standard must be developed in accordance with ICH suggestions if there
are no such standards. The methods of the bioassay(s) may be used for tests if they
are mentioned in the specification.

Immunological Properties: It is well known that the production process has an
impact on the number of process-related impurities and post-translational modifica-
tions in biosimilars. Such characteristics changes leads to effect of product sensitivity
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or immunogenicity. Sufficient nonclinical studies need to perform to generate the
data for affinity, specificity, binding, antibody products and different immunogenic
parameters etc., and should be used in the evaluation process (Bielsky et al. 2020).

Purity and Impurities: The following must be assessed using a range of
diagnostic methods when describing a biosimilar:

Specific product variants (e.g., isomers etc.)

Impurities related to products (e.g., oxidized, or aggregated)

Contaminants connected to host cells (e.g., host cell protein and DNA etc.)
Contaminants linked to processes (e.g., resin leachates or residual media compo-
nents etc.).

Different nonclinical and clinical studies are chosen to conduct for assessment
based on the existence of impurities in the biosimilar products (Galbraith 2017; ICH
2010; Jimenez and Brake 2011).

5 Specification

To guarantee a constant standard of product quality and that it is comparable to the
Reference Biologic in accordance with the relevant guideline, the Specifications of
Biosimilar (for drug substances and drug products) are organized around QAs (ICH
Q6B). The analytical techniques used to characterize products and establish their
comparability may or may not be the same as those employed to define product
standards (Lemery et al. 2017).

6 Stability

The shelf life of drug substances and drug products, as well as the ideal storage
conditions, should be determined using real-time stability tests, based on the relevant
regulations (such as WHO TRS 822, ICH Q1 A(R2), and ICH Q5C). This is done to
guarantee the validity of the stable study findings. Studies comparing the structure’s
accelerated and strained stability should be conducted side by side. The products
similarity can be proven by showing degradation patterns that are similar to those of
the reference biologic.

7 Comparison and Quality Analysis

It is absolutely necessary to compare the quality of Reference Biologic items to
those of Biosimilar ones. Before beginning clinical trials, the applicant is required
to first submit a complete quality dossier that is in accordance with the Central
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Drug Standard Control Organization (CDSCO) guideline for industry, 2008. This
dossier must include the outcomes of a comparability exercise that compares the
biosimilar to the Reference Biologic. Generating and reporting the comparability
data of biosimilars with reference is required. It is advised to use the first three
standardized quantities that have been used in a row to show consistency in the
process of manufacturing. It is essential to confirm that the active drug substance in
the biosimilar has a chemical makeup identical to that of the active drug substance
in the Reference Biologic. If it is found that the similarities and variations between
the Reference Biologic and the biosimilar may affect the efficacy and safety of the
biosimilar, further studies might be necessary to characterization similarities and
differences.

Critical quality attributes (CQA) and Key quality attributes (KQA) are subcate-
gories of quality attributes of a biosimilar.

(1) Critical quality attributes, or CQAs, are characteristics of a product that directly
affect its therapeutic safety or efficacy. All the characteristics of the substance
that directly affect the known mechanism(s) of action that it holds are included
in this category. It is necessary to control CQAs within the parameters that must
be established as appropriate based on the Reference Biologic.

(2) “Key Quality Attributes,” or KQA for short, are Quality Attributes that are
important from the standpoint of product and process consistency but are not
known to have an impact on clinical safety and effectiveness. This category
contains a molecule’s characteristics that don’t affect any of its known mecha-
nisms of action. KQAs must be kept within allowable bounds, but these bounds
must be carefully abided by the rules.

8 Nonclinical Studies Data Requirements

8.1 Prerequisite Before Conducting Nonclinical Studies

All of the RCGM’s requirements, including proving that the process and product
are consistent with one another, describing the product, and giving product specifi-
cations, must be met by the applicant. To obtain approval, the applicant must send
the generated data to RCGM along with the following fundamental clinical data and
nonclinical study protocols. After receiving approval from the RCGM, the toxicity
research needs to start. The following details about the Reference Biologic and the
Biosimilar may be regarded as some of the essential information:

Information on the fundamentals of Reference Biochemical.

e Information pertaining to the medication, including but not limited to dosage,
delivery mechanism, route of administration, rate of absorption and excretion,
therapeutic index, dose response, and so forth.
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¢ The range of bioequivalence, if appropriate. if such knowledge can be obtained,
tissue-specific localization.

e The latest toxicology information for the Reference Biologic. Details about the
Biosimilars’ core concepts

e The developer must send the application to RCGM with the permission of the
Institutional BioSafety Committee (IBSC) and, if applicable, the Institutional
Animal Ethics Committee (IAEC). Toxicity study detail protocol and the location
of execution of toxicity study along with the detail of personals involved like
principal investigator, study director, histopathologist, quality assurance person
and researchers should be provided by the applicant.

8.2 Early-Stage Research Pharmacodynamic and Toxicology
Studies

Nonclinical studies are required before starting a clinical trial. Non-clinical research
comparing the Reference Biologic and the Biosimilar should identify any discrep-
ancies between the two. Therapeutic index, indication spectrum, and other clinical
factors can all influence the methodology of preclinical studies. The nonclinical
overview needs to be 100% behind the method being used. Unless there is a good
reason not to, nonclinical research should be done with both the Reference Biologic
and the final version of the Biosimilar that will be used in the clinic.

Research that is not done in a clinical setting needs to be done before starting any
kind of clinical investigation. These comparative nonclinical investigations should
have as their primary objective the identification of any differences between the
Reference Biologic and the Biosimilar. The design of the research that is not done
in humans can change depending on the clinical parameters, which can include the
therapeutic index as well as the type and quantity of indications that are applied.
The nonclinical summary needs to provide complete backing for the approach that
was selected. Unless there is a compelling reason not to, nonclinical studies ought
to be carried out utilizing both the Reference Biologic and the final version of the
Biosimilar that is designed for clinical use. The biosimilar medication should have
the same dosage form, dose, strength, and method of administration as the refer-
ence biologic, and any differences between the two should be explained. In order to
conduct a nonclinical evaluation, the following investigations are required:

Studies on Pharmacodynamics

i Studies conducted in vitro: To evaluate the comparability of biosimilar and
reference biologics, cell-based in vitro bioassays (such as cell cytotoxicity, growth
assays, neutralizing, and receptor binding assays) should be used.

ii Studies conducted in vivo: Clinically relevant efficacy and potency activity of
reference biologic, if correctly reflect by invitro assay, in such condition in vivo
evaluation of biological/pharmacodynamic activity may not be required. In cases
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where in-vitro assays are unable to properly represent efficacy and potency, in vivo
studies should be conducted.

9 Toxicological Studies

In vivo toxicity studies must include at least one repeat-dose toxicity trial in a pharma-
cologically relevant species using the intended route of administration. The applicant
must provide a scientific justification for the choice of animal model(s) to be used,
based on data from the scientific papers. Toxicology studies, with RCGM approval,
must be performed using rodents or nonrodents. The only route of administration
would be the one scheduled per schedule Y, regardless of whether the animal model
used is pharmacologically relevant or not. Normally, the study would last at least
28 days, including a recovery period of 14 days. However, the time frame may
change from case to case based on the dose and other factors (Table 1).

The procedures and study reports should include thorough descriptions of the
following toxicity testing phases:

Measures done prior to euthanasia, such as weighing the patient or drawing blood.
The immediate aftermath of euthanasia, the necropsy, a thorough account, the
weights of the organs, and the removal of organ samples for histopathology.
Biochemical components, equipment, and English and metric phrases.

e Haematology test methodology and factors (automated or manual). The use of
statistical methods.

Table 1 Treatment grouping for toxicological study

Group | Treatment Dose
no.

1 Control

2 Control (Recovery Group)

Protein-free dossier (for vaccines) if more than one additive is used,
each one needs to be tested separately

4 Biosimilar (Study duration) 1X of HED
(Low dose)

5 Reference biologics 1X of HED
(Low dose)

6 Biosimilar 2X of HED
(Medium
dose)

7 Biosimilar 5X of HED
(High dose)

HED: Human equivalent dose, *Biosimilar groups and a recovery group continuing for 7-14 days
after the conclusion of the study period
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e Bone marrow was either extracted, subjected to a smear analysis, or subjected to
histopathology examination. Candidates should consider the following things in
instances of histopathological observations:

e [tisnecessary tonote every observation thatis believed to differ from the described
normal histology, as well as how frequently it occurs in each group.

e The protocol should include the recommended course of action in the event of
premature death or morbidity.

e If an animal’s organs were not all examined, such as when only 4 of 5 livers were
examined in 5 animals, the cause for this omission should be noted.

10 Immunogenicity

It is typically required to use a multi-tiered approach that includes immunoassays
for screening and confirmatory purposes that identify binding ADAs (Anti-Drug
Antibodies), followed by assays that estimate ADA magnitude and neutralization
potential. Deviations from this approach must be justified.

The advantages and drawbacks of the assays and formats used today, as well as
how to interpret the findings, have all been thoroughly reviewed. The method for
testing antibodies and the assays chosen must be supported by the vendor. Assay
control, validation and the establishment of cut-off lines for separating samples that
contain antibodies from those that do not should both receive careful consideration.
The pharmacological target and any remaining drug in the sample are two factors
that could potentially interact with the matrix components. Corrective actions should
be taken to lessen this influence. For instance, measures like providing time for the
drug to be cleared from the circulation prior to sampling or incorporating steps for
dissociating immune complexes and/or removing the drug can be used for drug inter-
ference (which frequently happens with samples taken from patients given mAbs). It
is important to take precautions to make sure the application of such strategies does
not jeopardize ADA diagnosis or patient care.

Comparative immunogenicity testing should be carried out when necessary using
the same assay design and sampling frequency. Antibody testing is carried out using
the therapeutic administered to the patient in order to evaluate immunogenicity in
the development of novel drugs. Applying this idea to biosimilars makes it extremely
difficult to create screening assays with comparable sensitivity for the two patient
groups (biosimilar and RP) within the same trial. As a result, in the case of biosim-
ilars, relative immunogenicity is frequently evaluated using a single assay that uses
the biosimilar’s drug component as the antigen for sample testing for both groups. All
antibodies produced against the copycat can be found using this method. The manu-
facturer must show that the method(s) used are appropriate and provide evidence that
they measure ADA to the RP and to the biosimilar to a comparable degree.

The potency assay of the product is typically the foundation for neutralization
assays that represent the mechanism of action. In situations where the therapeutic
binds to a soluble ligand and blocks its biological action, non-cell ligand-based assays
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are pertinent. The use of functional cell-based bioassays is advised for products with
a high risk (for instance, those with non-redundant endogenous homologs and those
for which effector functions are crucial). Regulatory officials may be consulted when
guidance is required regarding the need for a neutralization assay and the best format
to use (cell-based, ligand-based, or based on enzyme activity).

If deemed clinically relevant or in unique circumstances (such as the occurrence
of anaphylaxis or the use of specific assay formats), further characterization of anti-
bodies (for example, isotype) should be carried out while taking into consideration
the immunogenicity profile of the RP. It is doubtful that the biosimilar would elicit
an IgE response, for instance, if the same expression system is used as in the RP. In
instances where technical issues with the initial assay occurred, it will be necessary
to store patient samples for later testing under the proper storage conditions.

11 Application Data Requirements for Clinical Trials

According to the CDSCO industry guidelines from 2008, the applicant must submit
an application for the conduct of clinical trials in addition to the data that was given
in the nonclinical application (Lemery et al. 2017). The provided quality data must
show that all KQAs are tightly controlled and there is no variation in the CQAs in
order to initiate with the clinical evaluation.

Pharmacokinetic (PK) profile studies

The PK findings should be able to support the ensuing Phase III clinical development
since the purported biosimilar would be proven to be similar to the Reference product.
A pharmacokinetic study of the biosimilar may be conducted after the thorough
characterization and comparability checks on quality attributes have been completed
in a suitable number of:

Individuals who are generally recognized as.

a. Healthy (NHV) and Normal/or
b. Unhealthy or Patients.

Priority should be given to the following factors when planning comparative
pharmacokinetic studies: the condition and disease to be treated, the route of admin-
istration, and the indication. Pharmacokinetics primary and secondary parameters
such as clearance, volume of distribution, half-life, and linearity of PK profile.

Design factors that are appropriate include:

I. Comparative, single-dose PK studies
II. Cross over
III. or parallel arm
IV. Multiple dose, Comparative parallel arm steady state.
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The research on Normal Healthy Volunteers (NHV) is conducted before the study
on the safety and effectiveness of Phase III in a sequential development strategy.
A sound rationale should be used when choosing the dosage. On the basis of how
perceptive is to differences, the administration’s course should be selected. It is
crucial to specify and support the comparability limits and have a statistically sound
justification for the sample size before starting the pharmacokinetic study. Mostly
ELISA, HPLC or LC-MS/MS methods employed for the bioanalysis of biologics.
The sensitive bioanalytical method needs to be validated to have acceptable speci-
ficity, sensitivity, limit of detection, limit of quantification in addition to adequate an
accuracy and precision. It should be able to recognize and monitor the evolution of
Biosimilar in a complex biological matrix made up of numerous distinct proteins.

Pharmacodynamics (PD) Study

The pharmacokinetic (PK) studies that were part of the biosimilar demanded that
the PD studies also place a priority on comparative analysis. In order to establish the
differences between biosimilars and the Reference Biologic, comparative, parallel
arm, or cross-over PD studies need to be carried out in the most relevant cohort
possible (De Mora 2015) (patients or healthy volunteers). People who are otherwise
healthy can develop Parkinson’s disease (PD) if a PD marker is present, unless
doing so would be unethical due to the possibility for adverse effects and toxicity,
such as those caused by oncology drugs. Before beginning the demonstration of
similarity in PD parameters, it is essential to establish acceptance ranges and to
explain them in a way that is easy to understand. The clinical significance of the
surrogate markers being used and their clinical validation are prerequisites for the PD
research variables (Barbier et al. 2019). It is possible to combine pharmacodynamic
and pharmacokinetic studies; in this situation, the PK/PD relationship needs to be
described. A phase III clinical study can be combined with a PK study if there are
no PD markers accessible but there is the possibility of conducting PK on patients.

Confirmatory safety and efficacy research

This is necessary in order to eliminate any potential risks that may have been over-
looked. A further comparative safety and effectiveness trial is not required except
in very specific circumstances, such as when comparing a biosimilar to a Reference
Biologic at the analytical, non-clinical, and PK/PD levels and finding no residual
uncertainties in the findings of those comparisons.

Lack of a study on efficacy and safety

If all of the following conditions are met, study can be excluded like, the confirmatory
clinical safety and efficacy study:

i. Physicochemical and in vitro methodologies can be used with high confidence
to characterize the structural and functional comparability of biosimilars and
the Reference Biologic.

ii. The biosimilar is equivalent to the Reference Biologic in all preliminary
evaluations.



62 S. Manwatkar and B. Kumar

iii. The applicant supported the efficacy/PD measurements and safety measure-
ments, including meaningful immunogenicity assessments over an appropriate
time period, in the PK/PD study, which demonstrated that clinically validated
PD markers could be compared (Lemery et al. 2017).

The confirmatory clinical safety and efficacy study cannot be omitted, particularly
for high-molecular-weight biologics such as monoclonal antibodies. If the safety and
efficacy research is waived based on convincing PK/PD data and comparable quality
non-clinical data, all of the approved indications for the reference product may be
used.

Information on Safety and Immunogenicity

It is required that a clone go through both a pre-approval safety evaluation as well as
a post-approval safety assessment. This provides details about the product’s suscep-
tibility to certain conditions. The primary goal of the safety statistics that are required
for pre-approval is to guarantee that there will be no unforeseeable problems with
the product’s safety. In addition to the data that have already been published on the
Reference Biologic, are necessary in order to guarantee that there are no unantici-
pated safety concerns. A comprehensive method must be supplied, in addition to the
suggested non-comparative post-marketing study, in order to evaluate the biosimilar’s
level of safety.

The Extrapolation of Efficacy and Safety Information to Other Indications

The safety and efficacy statistics of a specific clinical indication of a biosimilar may
be extrapolated to other clinical indications if the following criteria are met. This is
due to the fact that clinical research has been done on the specific clinical indication
in issue.

e Validation and demonstration of quality comparability to Reference Biologic.

e Comparability with regard to initial assessment in reference to the Reference
Biologic has been shown.

e One indication has shown that the treatment is clinically safe and efficacious.

e For the treatment of other therapeutic indications, the mechanism of action is
unaltered.

e The involved receptor(s) are identical to those found in other therapeutic
applications.

12 Data Requirements for Market Authorization
Applications

For market authorization the application must adhere to the guidelines outlined in
the CDSCO industry advice document from 2008. Information on comparability of
quality must also be provided with the proper justification in cases where commercial
manufacturing is conducted at a different scale or using a different process than that
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used to produce batches for phase III clinical trials. Each of these instances will be
handled separately (Requirements and Authorization 2016).

13 Pharmacovigilance Strategy

It is unlikely that the rare adverse events will occur because the clinical studies on
Biosimilars that were performed prior to market authorization were so small-scale.
Post- market surveillance with comprehensive pharmacovigilance protocol should
be designed by the applicant or manufacturer, to evaluate the safety of biosimilar
(Baldo et al. 2018). Periodic Safety update report (PSURSs), should include regular
safety update report which is submitted every six months for the initial two years
after the approval of biosimilar. For the later few years the PSURs, annually need to
submitted to DCGI office as per the Schedule Y.

14 Post-marketing Analysis (Phase IV Study)

Data collected through a pre-defined single arm study with typically more than 200
evaluable patients and compared to historical data of the Reference Biologic after
market approval for additional safety information is used to finally further reduce the
residual risk of the biosimilar. If there are no exceptional circumstances, the research
ought to be finished no later than two years after receiving either a manufacturing
license or a marketing authorization, at the very latest. Because ensuring participant
safety is the primary focus of the post-marketing phase IV research, the following
factors need to be taken into account when designing the protocol:

e The top priority is safety.
e Secondary outcomes include immunogenicity and efficacy.

The findings of post-marketing studies should be submitted to DCGI due to the
limited scope of clinical studies on Biosimilars conducted prior to market authoriza-
tion. Post-market study plans should be included in pharmacovigilance plans, and
CDSCO should be updated on the studies.

15 Exceptions

The size of the clinical trial community can be reduced in the case of a biosimilar
that can be assessed for rare diseases depending on the rarity, severity, and limited
availability of therapeutic alternatives (Table 2).
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Table 2 Updated list of Biosimilars release by FDA
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Biosimilar product information | FDA

Biosimilar name

Approval date

Reference product

Idacio (adalimumab-aacf) December 2022 Humira (adalimumab)
Vegzelma (bevacizumab-adcd) September 2022 Avastin (bevacizumab)
Stimufend (pegfilgrastim-fpgk) September 2022 Neulasta (pegfilgrastim)
Cimerli (ranibizumab-eqrn) August 2022 Lucentis (ranibizumab)
Fylnetra (pegfilgrastim-pbbk) May 2022 Neulasta (pegfilgrastim)
Alymsys (bevacizumab-maly) April 2022 Avastin (bevacizumab)
Releuko (filgrastim-ayow) February 2022 Neupogen (filgrastim)
Yusimry (adalimumab-aqvh) December 2021 Humira (adalimumab)
Rezvoglar (insulin glargine-aglr) December 2021 Lantus (insulin glargine)
Byooviz (ranibizumab-nuna) September 2021 Lucentis (ranibizumab)
Semglee (Insulin glargine-yfgn) July 2021 Lantus (Insulin glargine)
Riabni (rituximab-arrx) December 2020 Rituxan (rituximab)
Hulio (adalimumab-fkjp) July 2020 Humira (adalimumab)
Nyvepria (pegfilgrastim-apgf) June 2020 Neulasta (pegfilgrastim)
Avsola (infliximab-axxq) December 2019 Remicade (infliximab)
Abrilada (adalimumab-afzb) November 2019 Humira (adalimumab)
Ziextenzo (pegfilgrastim-bmez) November 2019 Neulasta (pegfilgrastim)
Hadlima (adalimumab-bwwd) July 2019 Humira (adalimumab)
Ruxience (rituximab-pvvr) July 2019 Rituxan (rituximab)
Zirabev (bevacizumab-bvzr) June 2019 Avastin (bevacizumab)
Kanjinti (trastuzumab-anns) June 2019 Herceptin (trastuzumab)
Eticovo (etanercept-ykro) April 2019 Enbrel (etanercept)
Trazimera (trastuzumab-qyyp) March 2019 Herceptin (trastuzumab)
Ontruzant (trastuzumab-dttb) January 2019 Herceptin (trastuzumab)
Herzuma (trastuzumab-pkrb) December 2018 Herceptin (trastuzumab)
Truxima (rituximab-abbs) November 2018 Rituxan (rituximab)
Udenyca (pegfilgrastim-cbqv) November 2018 Neulasta (pegfilgrastim)
Hyrimoz (adalimumab-adaz) October 2018 Humira (adalimumab)
Nivestym (filgrastim-aafi) July 2018 Neupogen (filgrastim)
Fulphila (pegfilgrastim-jmdb) June 2018 Neluasta (pegfilgrastim)
Retacrit (epoetin alfa-epbx) May 2018 Epogen (epoetin-alfa)
Ixifi (infliximab-gbtx) December 2017 Remicade (infliximab)
Ogivri (trastuzumab-dkst) December 2017 Herceptin (trastuzumab)
Mvasi (Bevacizumab-awwb) September 2017 Avastin (bevacizumab)
Cyltezo (Adalimumab-adbm) August 2017 Humira (adalimumab)
Renflexis (Infliximab-abda) May 2017 Remicade (infliximab)

(continued)
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Table 2 (continued)

Biosimilar product information | FDA

Biosimilar name Approval date Reference product
Amjevita (Adalimumab -atto) September 2016 Humira (adalimumab)
Erelzi (Etanercept-szzs) August 2016 Enbrel (etanercept)
Inflectra (Infliximab-dyyb) April 2016 Remicade (infliximab)
Zarxio (Filgrastim-sndz) March 2015 Neupogen (filgrastim)
Conclusion

Despite the many challenges that must be overcome, research and development of
biosimilars persist. Biosimilarity must be established using a personalized strategy
across the whole product development process, beginning with the structural and
functional assessment and progressing through nonclinical and clinical research.
This must be completed before any inferences about biosimilarity may be made. It
has become abundantly evident that a new approach is required for the creation of
biosimilars. This is especially true when deciding upon CQAs and study outcomes for
preclinical and clinical research. The healthcare business faces a difficulty with the
launch of biosimilars because of the need to systematically understand and compre-
hend the scientific basis of resemblance to the reference product. The introduction
of biosimilars raises this difficulty. When it comes to generating biosimilars, clinical
studies are a blunt instrument, while analytical evaluation is a tool that is substan-
tially more sensitive in determining similarity. This is something that should be made
known to the widest possible audience.
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