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Biological drugs, derived from living organisms, have immensely helped

millions of patients across the globe. Biosimilars, although are the copies of

the existing innovator biological products, cannot be substituted like the

generic drugs owing to several differences. The final products in case of bio-

similars are not identical as they are prepared from different cell lines by using

different production methodologies and purification processes. Due to these

differences, several challenges exist for entering into the biosimilar market.

Many regulatory guidelines are now available for the approval of biosimilars.

This renders an opportunity for healthcare community and industries to

develop biosimilars in order to provide cost-effective treatment to the

patients suffering from serious and life-threatening disorders. Despite the

fact that entry of any biosimilar into the market would offer a competitive

price advantage, large controversy exists regarding merits and demerits of

biosimilars. In the present Editorial, we have carried out strength, weakness,

opportunities and threats analysis of biosimilars so as to assist the readers in

having a better understanding with broader perspective of biosimilars.
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1. Introduction

Products of biological origin have a successful record in treating serious and
chronic diseases. The recent expiry of data protection/patents for the first original
biotherapeutics has led to the development and authorization of copy versions,
termed ‘similar biological medicinal products’ (biosimilars) by the European
Medicines Agency (EMA) in the European Union. The definition of biosimilars
differs among the various regulatory agencies across the world. The US FDA’s
The Biologics Price Competition and Innovation Act defines Biosimilar or Biosi-
milarity as ‘the biological product that is highly similar to the reference product
notwithstanding minor differences in clinically inactive components,’ and that
‘there are no clinically meaningful differences between the biological product
and the reference product in terms of the safety, purity, and potency of the
product.’ Internationally, different names are used for them, for example, they
are known as follow-on protein products or follow-on biologics by the US FDA
and Ministry of Health, Labor and Welfare; and as subsequent entry biologics
by Health Canada; as similar biological medicinal products (biosimilars) by the
EMA and Korea Food and Drug Administration.

Biological drugs are derived from living organisms. The recombinant DNA tech-
nology facilitates production of biotechnology-based drugs on a large commercial
scale. There are three main sources from which biological products are produced,
viz. Escherichia coli, Yeast cells, and Chinese Hamster Ovary cells [1-3]. Biological
drugs that are commercially available are human growth hormone, insulin, mono-
clonal antibodies like rituximab and trastuzumab, granulocyte colony-stimulating
factor (G-CSF), erythropoietin, interferon-a, etc. [2].
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It has been estimated that biotechnology-based products
have helped almost 500 million patients worldwide [4,5].
Global sales of biologic products are growing rapidly with sev-
eral numbers of drugs receiving approval from US FDA from
1996 to 2010 (Figure 1A) [6]. Several biopharmaceutical pro-
ducers have generated > 5 billion USD revenues in 2011
from these products (Figure 1B) [7]. Biological drugs constitute
one of the largest growing sectors of the pharmaceutical
industry and a total global sale in 2015 is expected to reach
nearly 2250 million USD (Figure 1C) [8]. It is predicted that
in coming next 10 years more agents with increased complex-
ity will be entering global markets [3]. Over long term, the
emergence of biosimilars from low-cost manufacturing sites
plus the next generation of biopharmaceuticals (biobettters)
is also set to drive the market growth.
Several regulatory guidelines are now available for the

approval of biosimilars. This renders an opportunity for
healthcare community and industries to develop biosimilars
in order to provide cost-effective treatment to the patients suf-
fering from serious and life-threatening disorders. This Edito-
rial article aims to put forth the fundamentals of biosimilars
along with strength, weakness, opportunities and threats
(SWOT) analysis of the same so as to assist the readers in
obtaining better and deeper perspectives of biosimilars.

2. Biologics versus small-molecule drugs

The origin of biologics is different as compared to typical
small-molecule drugs and hence they differ significantly.
Small-molecule drugs are usually prepared by chemical syn-
thesis. On the contrary, biological products are prepared usu-
ally by cells or living organisms with a complex procedure
involving several steps of cloning, transfection, amplification,
purification, and validation (Figure 2A). Due to this, there is a
difference in structure, composition, manufacturing methods
and equipment, intellectual property, formulation, handling,
dosing, regulation, and marketing of biologics [9,10]. Despite
the fact that biologics are prepared from same living cell, there
are batch-to-batch variations even in the innovator product.
This problem exists with biosimilars too, making them even
more difficult to produce as an identical product. Owing to
these differences, several challenges exist for entering into
the biosimilar market (Figure 2B).
The molecular size of biologics and small molecules is also

different. For example, the size of paracetamol is 151 Da,
while that of insulin is 6000 Da. Monoclonal antibodies are
even larger with sizes being in the range of 145,000 --
160,000 Da [3,11]. Chemical drugs have a well-defined struc-
ture and chemical formula, which makes them easy to
reproduce. In contrast to this, biologics have complicated
mechanism of action and unique multi-dimensional struc-
tures, which makes them difficult to reproduce. Biotechnolog-
ical medicines (including both biologics and biosimilars) as
compared to small molecules possess different pharmacoki-
netic and pharmacodynamic properties even though they

have the same molecular weight and are produced by the
same type of cells or microorganisms [12].

In the developed markets, the official regulatory approval
process for biosimilars is distinctly different from that of the
generic small molecules. In case of generics, the manufacturers
have to prove only pharmacokinetic comparability with
respect to the innovator products. Once a generic is compara-
ble in terms of pharmacokinetics, it can be considered as
completely interchangeable with the innovator product with
similar therapeutic efficacy. Moreover for generics, pharmaco-
dynamic or clinical equivalence is not required to be estab-
lished. However, due to the several differences mentioned
above, biosimilars are not considered interchangeable with
the reference products even after regulatory approval [3].Table 1
provides an overview of difference between small molecular
drugs/generics and biologics/biosimilars.

3. Biosimilar or ‘Bio-different’

Biosimilars cannot be termed as (bio)generics. They are cop-
ied versions of the innovator biological drugs. The final prod-
ucts in case of biosimilars are not identical as they are
prepared from different cell lines by using different produc-
tion methodologies and purification processes [5]. In the case
of generics, only the chemical structure and formula need to
be reproduced, while in the case of biosimilars, in addition
to the protein structure, its folds and three-dimensional
(3D) orientation also need to be the same. By the process of
enzymatic glycosylation the polysaccharides are attached to
proteins. The pattern of glycosylation determines the protein
folds and overall stability of biosimilars, and hence they are
important for the development of biopharmaceuticals. In
addition, they may have a function in cell-cell adhesion and
can be affected by the production methodology [3,11]. For bio-
pharmaceutical companies involved in manufacturing of bio-
similars, developing an identical product with the same
glycosylation pattern is very difficult as they do not have
access to proprietary manufacturing data from the innovator
company. Looking to the above-mentioned points, it appears
that a completely interchangeable biological drug is impossi-
ble to produce with the help of existing technologies. Hence,
the biopharmaceutical companies are now focusing on devel-
oping biological agents which are not exactly same as that of
innovator, but are either biologically and clinically compara-
ble (biosimilars) or have better profiles than that of innovator
(biobetters) [2].

4. Biobetters

While biosimilars have structural limitations over the innova-
tor, biobetters (also known as biosuperiors or second-
generation biosimilars or next-generation biosimilars) are the
improvements to the innovator molecules with similar active
ingredient but better profile. For example, an antibody which
acts on a particular target, the biobetter of that antibody will
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act on the same target but with better bioavailability or
reduced immunogenicity. This is possible because of the
molecular or chemical modifications made in that antibody
compared to that of the innovator. Biobetters can easily be
patented as they are improvised versions of the innovator
unlike the biosimilars. Due to the molecular or chemical
modification, biobetters may have enhanced efficacy, or a lon-
ger half life which leads to lowering the dosing frequencies of
the drug and reduces the risks of immunogenicity, toxicity,
and side effects. These improvements are made by identifying
how the changes in protein folding create a change in the
effects of the drugs [13].

In contrast to the regulations of the biosimilars, approval
routes for the biobetters are clear. Biosimilars have efficacy
and safety concerns which govern their success rate. However,
since biobetters have better efficacy than the innovator
product, their rate of success is better. The only risk associated
with these types of products would be safety concerns, for
which preclinical and clinical studies would be required.
Hence, the overall costs for development of a biobetter will
be closer to the estimated direct cost for a single product
which is nearly $375 million [14].

Opportunities are offered by biobetters to establish brand-to-
brand competition within treatment indications. Since innova-
tor product usually identifies the specific target receptor, biobet-
ters would get an impulse for development. With the
modification in the profile of the innovator products, various
industries will be able to target the same indication with new
products and this will create competition within the market [14].

5. Expert opinion

The biosimilar industry is a fast-growing and lucrative busi-
ness. There has been a huge dispute about the pros and cons
of biosimilars. This dispute has even questioned the utility of
biosimilars inspite of them being cheaper than the innovator
and even beneficial in treating patients with several life-
threatening disorders including cancer, hematological diseases,
and diabetes. SWOT analysis is a method used to evaluate the
SWOT of any product/business venture. It is a detailed analy-
sis of identifying products’/business’s characteristics pertaining
to advantages (strengths), disadvantages (weakness), elements
which could be explored (opportunities), and elements which
could be troublesome (threats). We have carried out a
SWOT analysis which would enable the readers to have a
look at the bigger picture of the biosimilars.

Strength

. Biologics are a new class of drugs that are inevitable in
many diseased conditions especially in areas of rheuma-
tology, oncology, cardiology, dermatology, neurology,
etc. These are mainly recombinant proteins and have big-
ger structure and high molecular weight. Presently avail-
able biologics include insulin, human growth factor,
erythropoietin, interleukins, G-CSF, alteplase, inter-
feron-a, interferon-b, low-molecular-weight heparins
etc. It is predicted that by 2015 nearly 50% of all new
approved pharmaceuticals will be biopharmaceuticals [5].

. Similar efficacy as that of innovator product is obtained
at a lower cost.

Weakness

. Biosimilars although ‘similar’ to the innovator product
are not identical. Safety is a major concern for biosimi-
lars. Safety of any biotechnological product depends on
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Figure 1. (A) US FDA-approved products (from 1996 to 2010),

(B) Top global biopharmaceutical producers in 2011 (based

on revenue), and (C) Global revenue forecast for biosimilars.
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various factors. While preparing a replica of an innova-
tor biotechnological product, any minor modification
in the method of manufacturing like change of cell
line, modification of the enzyme used, or alterations in
the process of purification may lead to a biosimilar
which may not be identical to the innovator product.
This means that even if the units of the protein mole-
cules may be the same, however, due to the differences
in their folding and 3D structure, safety issues arise.

. All the biotechnological products have the potential to
induce immune reactions with production of antibodies.
The antibodies may initiate an immune response to the
therapeutic or endogenous protein which may be life
threatening. Further, being a biological response, the
immunogenicity of the biosimilars becomes difficult to
be predicted in preclinical studies. This thus makes it
extremely important to carry out clinical immunogenicity
studies before their approvals which is again next to
impossible. The well-known example of this has been
reported following treatment with epoetin, which induced
neutralizing antibodies against recombinant erythropoie-
tin, producing a life-threatening antibody reaction [5,15].

. After the expiration of any patent for chemical molecules,
generics can enter into the market allowing competition
and thereby reduction in prices. However, many biolog-
ics are currently under patent and hence competitive

biosimilars are yet to come. Moreover, till 2009 there
were no clear regulatory guidelines to approve generic
versions, that is biosimilars which prevented competition
from pushing down prices of biosimilars. Additionally,
biosimilars are marginally cheaper than the innovators
due to which market penetration becomes difficult.

. Excessive funding is required since rigorous guidelines
have come up for biosimilars.

Opportunities

. Although safety of the biosimilar will be a question if
there are slight alterations in the manufacturing process,
its safety profile can be established and separate labeling
can be provided. For example, valtropin is a biosimilar
of humatrope, a growth hormone. Valtropin is manu-
factured using yeasts while humatrope uses Escherichia
coli and hence valtropin has different precautions and
warnings compared to humatrope [5]. Thus, although
limitations of safety profile exist, use of separate labeling
serves as opportunity for entering into the market.

. In various diseases like diabetes and cancer when the
conventional drugs do not work, the patients are shifted
on therapies involving biotechnological products like
insulin. This serves as a positive sign for the develop-
ment and market of biosimilars.

Isolation of desired gene

A. B.

Cloning into vector DNA

Transfer into host cell

Host cell expression

Screening/selection of desired cells

Cell expansion

Cell production in bioreactors

Recovery of proteins through filtration/
centrifugation

Protein purification through chromatography

Characterization & analysis

Formulation development

Stability, storage & handling

• Controlling manufacturing cost

• Legal/patent expertise

• Regulatory experience

• Pharmacovigilance studies

• Biotechnology expertise

• Specialist marketing

• Clinical trial requirements

• High upfront investment

Figure 2. (A) Steps involved in the manufacturing process of biosimilars, and (B) Challenges involved in developing biosimilars.
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. The market for biopharmaceutical products is large and
growing rapidly and thus there is a potential for growth
of biosimilars too.

. Several regulatory guidelines are now available and many
biosimilars have entered into the market after the appro-
vals. For example, Omnitrope was the first biosimilar
version of genotropin to be approved in 2006. Binocrit,
Retacrit, Silapo, Epoetin alfa HEXAL, and Abseamed
are biosimilar versions of Eprex, that is epoetin alfa,
which are approved in European Union. Filgrastim,
Biograstim, Nivestim, Zarzio, Ratiograstim, and Teva-
grastim are biosimilars of Neupogen which were
approved after 2008. Thus, several biosimilars have
been successfully approved in Europe and the experience
with them has been impressive. This has elevated the
stature of the European regulatory approach and has
allowed penetration of the biosimilars into the European
market.

. Currently in the developed markets, the manufacturing
and commercialization are centered among a bunch of
medium- and large-sized companies. However, these
companies are now entering into acquisitions, mergers,
or partnerships so as to accelerate the business. This
would lead to emergence of more and more cost-
effective biosimilar products in the market.

. In the near future, due to increase in accessing of biosi-
milar products and rapid growth, globally it appears that
biosimilar would rise by leaps and bounds.

Threats

. In cases of generics involving chemical drugs, the sub-
stances are identical and can be easily substituted with
other drugs as this substitution involves lower risks com-
pared to that of the biologics. Moreover, generics have
the same therapeutic effect. In case of the biosimilars
the same substitution rule cannot be applied as the bio-
technological drugs are not identical.

. Concerns revolving comparability, brand loyalty, dearth
of substitutes, and competition from second-generation
brands are the crucial matters of contention for
biosimilar market.

. As per World Health Organization (WHO), Interna-
tional Nonproprietary Names (INN) is a unique, glob-
ally recognized generic name of any medicinal product.
INN provides health professionals with a unique and
universally available designated name to identify each
pharmaceutical substance. Currently, WHO is consider-
ing biosimilars for this purpose and is deciding to assign
a different INN than the innovator biotechnological

Table 1. Differences between small-molecule drugs/generics and biologics/biosimilars [9].

Small molecule drugs/Generics Biologics/Biosimilars

Product-related
differences

Molecular weight is low Molecular weight is high

Good stability Sensitive to high temperature and shear rate
Synthesized by chemical process Host cell lines are used for preparation
Physiochemical properties are well defined Physiochemical properties are complex
Different routes for administration Parenterally administered
Single entity, high chemical purity,
purity standards well established

Heterogeneous mixture, broad specification which
may change during development, difficult to standardize

Enters systemic circulation rapidly Large molecule primarily reaches circulation via lymphatic system,
subject to proteolysis during interstitial and lymphatic transit

Toxicity is specific Toxicity is receptor mediated
Non-antigenic in nature Usually antigenic in nature

Manufacturing
differences

Easy reproducibility Reproducibility is difficult

Analytical methods can characterize
them completely

Difficult to characterize

Purification is easy Purification process is complex
Less chances of contamination Higher chances of contamination, difficult to detect and

removal is even more difficult
Not much affected by process
variations and environment

Highly affected by process variations and environment

Clinical development Requires only Phase I studies Requires Phase I and III studies
Approval procedures are fast Approval procedures are lengthy and time consuming
Pharmacovigilance studies are not required Requires pharmacovigilance and periodic safety update reports

Regulation Can be substituted automatically Cannot be substituted automatically
Bioequivalence needs to be proved Comparability/similarity needs to be proved
Registration procedures are
established in all regulatory agencies

Registration pathways established in Europe only
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product. This implies that since INN is different, the
biosimilar becomes different and hence its labels should
also be different than the innovator product. For prepar-
ing appropriate labeling, thus, proper preclinical and
clinical studies’ data should be available [5].

Biologics, biosimilars, and biobetters will dominate the phar-
maceutical market and provide treatment for several diseases
which are now difficult to treat with conventional drugs.
Although biosimilars seem to be lucrative, various issues and

concerns have been raised and need to be addressed. With
the help of SWOT analysis, it would be easier to weigh the
pros and cons and thereby develop effective products for the
benefit of the patients.
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