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ABSTRACT

Present article signifies the exigency for robust regulation involved in the development of biosimilars. The
principle for the development of biosimilars included opting adequate reference product, manufacturing process
optimisation, quality control procedure, preclinical and clinical studies. India’s first guidelines were enforced in
2012, with amendments in 2016. Thus, we elaborated the amended guidelines for the development of

biosimilars.

Keywords: Biosimilars; Manufacturing; Stability; Efficacy; India Guideline

INTRODUCTION

Biologicals are pharmaceutical products prepared
by recombinant technology via living cells (animal,
bacteria, and yeast) to produce three-dimensional
protein structure, very high molecular weight.
Sometimes, they are also classified as speciality
drugs. Biosimilars are copied version of
biopharmaceutical drugs with similar quality,
safety, and efficacy. These are approved after or
near-by patent expiration of the original biologic
products®. A biosimilar is a copy of a
biopharmaceutical/ biologic product, which is
similar, however, not identical to the products
derived from recombinant DNA technology. These
are approved after or near-by patent expiration of
the original biologic products.

Various biosimilars available in India are
Adalimumab, Rituxumab, Darbepoetin alfa,
Infliximab, Follitropin alfa, Abciximab,
Trastuzumab, Teriparatide, Pegfilgrastim,
Erythropoietin and Human Insulin®€l, In 2015,
various pharmaceutical companies such as Dr.
Reddy’s Laboratories and Biocon Limited have
spread the biosimilars market in Indial"€l, The
international key players in the biosimilars market
are Sandoz International GmbH, Hospira Inc., and
Teva Pharmaceutical Industries Ltd., Mylan Inc.,
Amgen, Celltrion Inc., Roche Diagnostics, and
Merck KGaAlfl, Even minor changes in the

manufacturing process can alter the biosimilars
affecting its comparable efficacy, safety, and
quality to the reference biological. Therefore,
highly consistent and robust regulations are
required to control its physicochemical properties,
evaluate biosimilars in terms of safety, purity, and
potency. Ultimately, approving and making them
available for public use.

HISTORICAL PERSPECTIVE

The first generation of biological products
manufactured utilising recombinant technologies
was established in the 1980s, and they are now
either expired or near-by patent expiration®. This
has lead to the production of their non-innovator,
called ‘biosimilars’ in the European Union. In the
United States, biosimilars are known as ‘follow-on
protein products’. Europe has been following a
legal and regulatory pathways for approving
biosimilars to be in the market since 20050 3],
while the United States approved only an
overarching guidelines for scientific and quality
considerations[*4*51,

The first-generation  biopharmaceuticals are
duplicate of endogenous human proteins, such as
erythropoietin, insulin, growth hormones and
cytokines. These were developed utilising
recombinant DNA (rDNA) technology or
hybridoma techniquest®l. Recombinant technology
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has furnished a means of manufacturing a variety
of therapeutic proteins. Thus, biopharmaceuticals
to become major therapeutic options for a variety
of indicationst®. These substances have improved
treatment of many diseases, including cancer,

anaemia related chronic kidney failure and
diabetes. The biopharmaceuticals such as
granulocyte colony stimulating factors,

erythropoietin, interferons and human growth
hormone patent expiry has paced the study and
development of biosimilar.

As a result of patent expiration, research-based and
pharmaceutical companies are focussing on the
opportunity to develop “generic” substitutes for
original biologics, referred to as biosimilars.
Biosimilars are “similar but not the same” or
biosimilars are basically the twin. These are not the
clone” to the innovator productl®l, Over 50
biopharmaceutical products have their marketing
authorisation in India in recent years. About 50%
of these biopharmaceuticals were biosimilars. Its
biosimilars regulatory pathway was enforced in
2012, however, a proposed guideline is also
released by the Central Drugs Standard Control
Organization (CDSCO) in 2016. India had already
approved more than 25 products “similar
biologics”. In India, there is a need to offer and
initiate adequate protections for patentable drugs,
particularly biologics that inherently involve huge
investments in their research and development,
manufacture and clinical development as there is
no market exclusivity period®l,

ECONOMICAL STATUS IN INDIA

In India, development of biosimilars cost around
10-20 million USD due to regulatory procedures
for their approval. Phase I/1l are not conducted for
their development, hence, it reduces the cost of
biosimilar by 25-40% than the reference product.
Compound Annual Growth Rate (CAGR) of +30%
is observed in India. Sales are increased from 200
million USD to 580 million USD from 2008-
20120171,

The global biosimilars market is expected to rise
from $2.29 Billion in 2015 to $6.22 Billion by
2020, growing at a CAGR of 22.1%!8l. The growth
of the global biosimilars market is driven by factors
such as growing pressure to diminish healthcare
expenditure, growing demand for biosimilar drugs
due to their cost effectiveness, augmenting
incidences of various diseases, augmenting number
of off-patented drugs, positive outcome in the
ongoing clinical trials, and rising exaction for
biosimilars in different therapeutic applications
such as rheumatoid arthritis and blood disorders.
However, factors such as eminent manufacturing
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complexities and costs, stringent regulatory
requirements in developed and developing
countries, and innovative strategies by biologic
drug manufacturers to hinder the entry of new
players are restraining the growth of this market(€l,
Europe is the largest market for biosimilars,
followed by Asia Pacific. China and India are
objected to grow at the fastest ratel®l.

CHALLENGES IN DEVELOPMENT

Biosimilar are different from the generic drugs in
terms of size and complexity of the active
substances. They have an internal structure
heterogeneity that in combination with complex
manufacturing process may affect safety and
efficacyl®l. These are produced in living cells, thus,
makes the final product very sensitive to major and
minor changes in  production conditions.
Immunogenicity is another challenge faced in the
development of the biosimilars. These proteins are
formulated to imitate human proteins. However,
multiple doses are administered for protracted time
may lead to an immune responsel®l. Moreover,
protein molecules could be degraded during
processing steps and impurities created in these

steps may produce an immune reaction.
Degradation can occur by one of three
mechanisms: glycosylation, contamination, and

changes to the 3D structure.
DEVELOPMENT OF BIOSIMILARS

The development of biosimilars is a vast and
complex process. These require a high research for
the development of biosimilars. The biologic
whose patent is near expiry is the mostly opted by
various pharmaceutical companies. The company
has to develop a consistent and robust
manufacturing process so that it can produce batch-
wise products with equal physiochemical and
biological characteristics. The product is compared
to the reference product via preclinical and clinical
trials. The similar efficacy, quality and safety of the
biosimilars to the reference product is the required
output.

NEED FOR REGULATIONS

Guaranteeing consistency in the production of
these agents is a difficult task. Augmented befall
of pure red cell aplasia (PRCA) in 1998
demonstrated that even one small change in the
manufacturing process can alter the product’s
characteristics™™. Such intricacy demonstrates that
requirements for marketing authorization for these
biosimilar products cannot be the same as for low
molecular weight generic drugs®. Assays for
analysis of physicochemical properties and
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biological properties of biosimilars are necessary to
test the resemblance and comparability of a
biosimilar ~ against the innovator  drugt.
Physicochemical properties are molecular weight,
density, and stability. Biological Properties are
receptor-related activity and immunogenicity.
Careful recognition of the limitation of available
assays is necessary to ensure continued safety and
efficacy in the target populations. Analytical assays
qualities play a central role in the judgement
making for marketing authorization of biosimilar
products. There are various detrimental in using
biosimilars. The Cost of development of high
molecular weight biosimilar is higher than low
molecular weight generic drug. To maintain their
stability, specific handling procedures must be
followed. Immunogenicity is also affected by
process related impurities. Even with these
circumstances, biosimilars have gained an immense
market growth globally over a decade.

REGULATORY CONSTRAINTS
MARKETING AUTHORISATION
BIOSIMILARS IN INDIA

FOR
OF

The Indian guidelines define a “similar biologic” as
a “biological product/drug generated by genetic
engineering techniques and claimed to be ‘similar’
in terms of safety, efficacy, and quality to a
reference biologic, which has been offered
marketing authorization in India by DCGI on the
basis of a complete dossier, and with a history of
safe use in India”Y. CDSCO and the Department
of Biotechnology (DBT) formulated the
“Guidelines on Similar Biologics”. These
guidelines emphasize on the regulatory pathway for
marketing authorisation of a biosimilar in India. It
covers the manufacturing aspects and comparing
quality, pre-clinical and clinical studies and the
post-market regulatory requirement for them.
Though these guidelines are prepared by the
CDSCO and DBT, yet, the approval process of a
proposed biosimilar include following authorities.
These authorities are depicted in Figure 1.

Apart from Guidelines on similar biologics -
regulatory requirements for marketing
authorization in India, various other regulations and
guidelines are applicable for the approval process.
Other Indian guidelines and regulations are
depicted in Figure 2.These guidelines focus on the
marketing authorisation of product manufactured in
India as well as imported for marketing in India. It
deals with the principle for the development of
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similar biologics. The Development comprises
physicochemical and biological characterisation of
the product along with comparability exercises
confirming quality, safety and efficacy of proposed
biosimilar to the reference product. These key
specifications for characterisation are mentioned in
Figure 3.

Various products are approved according to these
guidelines. A biosimilar by  Torrent
Pharmaceuticals of Adalimumab was approved in
2016 for Ankylosing spondylitis, Ulcerative colitis,
Plaque psoriasis, Psoriatic arthritis and Rheumatoid
arthritis. A biosimilar of Rituxumab (Hetero group)
sanctioned in 2015 for Lymphoma and Non-
Hodgkin’s  Lymphomal®l. A biosimilar  of
Trastuzumab (Biocon) in 2013 for Breast Cancer.

EXTRAPOLATION OF EFFICACY AND
SAFETY DATA TO OTHER INDICATIONS
When biopharmaceutical (prescribed for more than
one indication) is used as the reference product for
the development of biosimilar. The extrapolation of
the safety and efficacy data of the peculiar clinical
manifestation (for which clinical studies has been
done) of a Similar Biologic to other clinical
manifestation may be possible. It is possible under
certain circumstances. When it is established that
biosimilar is similar to reference biologic in terms
of quality, preclinical assessment. The biosimilar
has been proved similar in clinical safety and
efficacy for one indication (for which clinical
studies has been done). Mechanism of action
should be identical for various other clinical
indications of similar biologics. Same receptor(s)
are linked with other clinical indications. However,
new indications not mentioned by innovator will
need to be covered by a separate application.

CONCLUSION

Guidelines are obligatory for comparison of
provisions determining the reference product, non —
clinical testing strategies, clinical testing strategies,
clinical safety, pharmacovigilance requirements
and immunogenicity assessments. Development of
biosimilar is a sequential process and thus, a firm
and congruous regulations are needed for their
ratification. Authority must ensure that these
regulations are strictly followed so that time and
cost involved in the development of biosimilars
could be minimised.



Surbhi and Gupta, World J Pharm Sci 2016; 4(11): 207-213

* To ensure biosafety on-site, along with initial
- : : review of applications to be recommended to
Institutional BioSafety Committee [I:Yglel V.8

(IBSC)

* To review and authorize firm for exchange of
aforesaid organisms for the purpose of research

s To authorize the conduct of research and

. . . development, exchange of genetically

Review _Comn;nttet_a on Genetic engineered cell banks for the purpose of
Manipulation (RCGM) research and development and review of data up

to preclinical evaluation

e For clinical trial approval (including import and
Central Drugs Standard Control export of the biosimilar permit for its marketing
Organization (CDSCO) and manufacturing

* To review applications and approval of activities
Genetic Engineering Appraisal where final drug product contains genetically
Committee (GEAC) modified organisms/ living modified organisms.

Figure 1: Authorities involved in approval process of biosimilars with their functions
Adapted from: Guidelines on similar biologics-regulatory requirements for marketing authorization in India

Drugs and
Cosmetics Act,

1940

Guidelines and Handbook for
Institutional Biosafety Committees
(IBSCs), 2011

Drugs and Cosmetics Rules, 1945
(as amended from time to time)

Rules for the manufacture,
CDSCO guidance for use, import, export and
industry, 2008 storage of hazardous
o microorganisms/
genetically engineered
organisms or cells, 1989
(Rules, 1989)

Recombinant DNA Safety
Guidelines, 1990

Figure 2: Additional Indian guidelines followed for approval.
Adapted from: Guidelines on similar biologics-regulatory requirements for marketing authorization in India
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Reference

Biologic

* Licensed / approved in India or ICH countries
» Licensed based on a full safety, efficacy and quality data
* Innovator product

e/

Manufactur
ing Process

Cell line well characterized and appropriate for intended use

Preclinical submission is possible only with the full description of the
manufacturing process.

—0

* Details of host cell culture, gene sequence, vectors, promoters
* Details of post-translational modifications

* Details of batches indicating cell growth, product formation, pH, temperature
* The specific protein yield remains constant for all upstream batches

* Details of methods for cell harvesting and extraction of proteins
* Procedure for purification of protein
* Describe post-translational variation, if any occured

N—, SN N

€ {idig

Analytical
Methods

* Quality attributes in characterization requires the use of appropriately qualified
assays

* These methods should be validated in accordance with ICH guidelines

» Each quantitative experiment should be done at least 3 times and data should
represented in terms of mean and standard deviation

be

Y

\

Product
Characteriz
ation

* Include Physicochemical properties, Biological activity, Immunological
properties, functional assays, purity (process and product-related impurities etc.),
contamination, strength, and content of Biosimilars

* ICH Q6B guideline should be followed

— =

Stability

* The shelf-life and storage condition should be assigned based on real-time
stability data

 Actual storage containers and conditions, according to relevant guidelines (e.g.
ICH Q1 A(R2), ICH Q5C) should be used for stability studies

—

211



Surbhi and Gupta, World J Pharm Sci 2016; 4(11): 207-213

)

Quality
Comparability

* Head-to-head characterization studies are required to assure active
ingredients are comparable
* The quality comparison is governed by Quality Attributes. These are divided
into Critical Quality Attributes and Key Quality Attributes

N

Preclinical
Studies

* The dosage form, dose, strength and route of administration should be same

* Pharmacodynamic Studies - Comparability is assured by In vitro studies. If
they show difference then In vitro studies are peformed

» Toxicology Studies - In vivo studies, one repeat dose toxicity study in
relevant model. Immune responses are checked by local tolerance test

Clinical
Studies

» Pharmacokinetic Studies - Half life, elimination kinetics, absorption /
bioavailability comparability is assessed

* Pharmacodynamic Studies - relationship between dose / exposure and
response / efficacy is confirmed

— /N

<

Market
Authorisation

» Application for market authorization as per CDSCO guidance document for
industry, 2008

* Quality comparability is required if there are differences in the manufacturing
process of commercial product and that of phase III clinical trial batches

—

NS

Post
Marketing
Survelliance

* Pharmacovigilance - PSURs submitted every 6 months for the first 2 years
after approval. After 2 years, PSURs submitted annually

» Adverse Drug Reaction Reporting - all SUSAR are reported withiin 15 days
to authority.

» Post Marketing studies- Safety, Efficacy and Immunogenicity are established
in > 200 patients

—__

Archiving of
Data

* Quality, preclinical and clinical data is preserved for a period of at least five
years after marketing approval by competent authority in India

+ Test substance, vehicle, plasma / serum, tissues, paraffin blocks, microscope
slides, electronic material, etc., should be retained till the period of expiry.

—

Figure 3: Principles for development of Biosimilars
Adapted from: Guidelines on similar biologics-regulatory requirements for marketing authorization in India
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