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Therapeutic potential of biosimilars in dermatology
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ABSTRACT

The introduction of biologic therapy has revolutionized the treatment of many chronic
diseases, including several dermatological disorders. Biological agents promise to satisfy
medical needs previously unmet by conventional medicines. Unfortunately, these agents
are expensive and out of reach for the majority of patients who need them. Biosimilars are
copies of the innovator biological agents and represent an important advance in the field
of biological therapeutics. Although they are similar to the original biologic, differences in
terms of structure, efficacy, safety and immunogenicity remain a concern. Thus, biosimilars
cannot be regarded as bio-generics. Awareness of the key differences between a biosimilar
and its reference biological agent is essential for optimal treatment and safety of patients.
The increasing availability of biosimilars provides patients and doctors with less expensive
alternatives and increases the accessibility of biologic therapy to needy patients. In this
review, we discuss the concept of biosimilars, the need for appropriate regulatory pathways

and their current status in dermatology.
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INTRODUCTION

The introduction of biologics has produced
a paradigm shift in the management of many
chronic skin diseases. The US Food and Drug
Administration (FDA) Centre for Biologics Evaluation
and Research defines “biologics” as therapeutic
agents derived from any living material (microbe,
plant, animal or human) which mimic or block the
function of naturally occurring proteins.!!! Advances
in the understanding of the basis of several
recalcitrant dermatologic diseases have led to the
successful use of many biologics such as etanercept,
adalimumab, infliximab, rituximab and interleukins
in these conditions. Although biologic agents have
proven to be effective when conventional treatments
fail or cannot be given, their high cost has so
far limited access. Thus, there is a need for less
expensive biological agents, and this has led to the
development of “biosimilars.”
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WHAT ARE BIOSIMILARS?

The term “biosimilar” has been defined by various
agencies [Table 1].2* Essentially, a “biosimilar” is
a biological agent similar to an already approved or
licensed-for-use biological medicine, also known as
the “reference product.” By definition, a biosimilar
will have a similar safety and efficacy profile as
its reference product and is generally used to treat
the same conditions. Biosimilars are also known as
“follow-on biologics” in the USA and “subsequent
entry biologics” in Canada.®

BIOSIMILAR OR BIOGENERIC?

Generic drugs are a copy of the original molecule.
By the same analogy, biosimilars may be considered
as biogenerics, as they are copies of the original
biological agent. However, unlike chemical generics,
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biosimilars are only similar to, but not an exact replica
of the original drug. The manufacture of biologics
and biosimilars is very complex, with many steps
being involved. Slight variations in the manufacturing
process during the production of biosimilars may
create a final product not exactly identical to the
biologic.”! Every step of the manufacturing process,
from the selection of host cell lines to purification
systems, protein sequencing and post-translational
modifications may change the structure of the
biosimilar relative to the original biologic.!® Thus, even
though biosimilars may be regarded as the biological
equivalent of chemical generic drugs, differences
exist, and these are summarized in Table 2.

REGULATORY FRAMEWORK CONCERNING BIOSIMILARS

The European Medicines Agency was the first
regulatory agency to enunciate guidelines for
biosimilars in 2005. The first biosimilars to enter the
market were Omnitrope (biosimilar to Genotropin) and
Valtropin (biosimilar to Humatrope) in 2006, both were
recombinant human growth hormone (somatropin).l”
As of February 2015, of the 21 biosimilars approved
by the European Medical Agency, 2 have been
withdrawn (Filgrastim ratiopharm in 2011, and
Valtropin in 2012), leaving 19 biosimilars approved
for use in the European market.” The European
Medical Agency guidelines on biosimilars are widely
regarded as the gold standard and many countries
including Australia, Canada and Japan have adopted
them without making major changes.”' The World
Health Organisation (WHO) released a set of standards
in 2009 assuring the safety, efficacy and quality of
biosimilars aimed at providing a consistent scientific
standard across the globe.*Y This has been adopted as
a reference by some nations to formulate their own set
of approval pathways. India announced its biosimilar
guidelines in 2012.'%" Interestingly, while the
European Union with its European Medicines Agency
has been a pioneer in the regulations on biosimilars,
the USFDA has only recently, in May 2014, released
its first draft of guidelines on “follow-on biologics.”
On March 6, 2015, Zarxio (filgrastim-sndz) became
the first biosimilar to be approved by the US-FDA.!"¥
Although the requirements for approval of biosimilars
are more stringent than that for licensing of simpler
generic drugs [Table 3],5% the process is much
shorter and less tedious compared to the original
biologic."” The makers of biosimilars are required
only to demonstrate a certain degree of similarity, both
structurally and functionally with the original biologic
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Table 1: Definition of biosimilars by various agencies

Agency Biosimilar definition
WHO

A biotherapeutic product which is similar in terms of
quality, safety and efficacy to an already licensed
reference biotherapeutic product®

EMA A biosimilar is a biological medicinal product that
contains a version of the active substance of an
already authorized original biological medicinal product
(reference medicinal product). A biosimilar demonstrates
similarity to the reference product in terms of quality
characteristics, biological activity, safety, and efficacy
based on a comprehensive comparability exercisel®!

US-FDA A biological product that is highly similar to a US
licensed reference biological product notwithstanding
minor differences in clinically inactive components, and
for which 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®

WHO: World Health Organization, EMA: European Medicines Agency,
FDA: Food and Drug Administration

Table 2: Summary of key differences between biosimilars and
chemical generics

Biosimilars Chemical generics

Structure is “similar,” but not exactly
identical to the original reference product

Structure is exactly
identical to the original
reference product

Produced by chemical
synthesis

Produced by living cell lines, hence the
final structure is liable to get altered
due to changes such as protein folding
and post-translational modification

Very complex multi-step manufacturing
process, where each step provides an
opportunity to change the final product

Even a small change in manufacturing

Relatively less
complex process

Largely process-

process can lead to change in independent
structure and function, hence strongly
process-dependent

Complex three-dimensional structure, Well-defined

one-dimensional
structure which is
easy to characterize

Usually low molecular
weight product

Mostly
non-immunogenic

cannot be characterized completely
using present techniques

High molecular weight product;
100-1000 times that of a chemical drug
Immunogenic potential due to protein
structure

along with safety in a step-wise process [Table 4].
The major issues addressed by the European Medical
Agency guidelines are degree of similarity, safety,
immunogenicity and extrapolation of indications.™”

Degree of similarity

The European Medicines Agency guidelines
recognize the fact that biologicals cannot simply
be copied and therefore accept minor differences
in the active substance, such as variability in
post-translational modifications.”? The structural
similarity between a biosimilar and the original
agent can be demonstrated using invitro preclinical
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Table 3: Differences in the regulatory pathway for chemical
generics and biosimilars

Testing phase Biosimilars Chemical generics

Quality testing  Testing on multiple batches,

usually three or more batch

Preclinical testing In-vitro characterization In-vitro testing
comparative to the reference not required
product

Comparative pharmacokinetic Animal model
and pharmacodynamic studies testing not required
required in animal models

Phase Il trials essential to  Phase Il trials
compare with reference drug not required

Testing on one

Clinical testing

Table 4: Summary of the steps involved in the approval of
a biosimilar

Step Processes involved

Extensive molecular characterization
program to compare the structure and
quality of biosimilar

In-vitro studies (bio-assays, receptor binding
studies etc.) and animal model testing to
demonstrate functional similarity between
biosimilar and its reference product

In-vitro analysis

Preclinical testing

Clinical testing

Phase | trial In healthy volunteers or patients to
demonstrate comparable pharmacokinetics,
pharmacodynamics and safety of biosimilar

Phase |l trial Not required

Phase Il trial A randomized-controlled trial (or a non-inferiority

trial) to demonstrate comparable clinical
efficacy and safety of biosimilar for a
particular indication

Post-approval surveillance to detect rare
adverse effects including immune reactions
which may have been missed in the earlier
phases

Pharmacovigilance

analytical techniques such as chromatography, protein
sequencing, mass spectroscopy and nuclear magnetic
resonance spectroscopy. Strictly speaking, even the
manufacturers of the licensed biopharmaceuticals
produce a “biosimilar” of their own agent with every
new batch or changes in the manufacturing process.
Hence, these analytical methods are used to compare
various batches of already approved biologics, too.
However, it is important to note that all the potential
differences between biopharmaceuticals may not be
identified by analytical methods.!"* Thus, it becomes
mandatory to demonstrate similar clinical efficacy, in
addition to structural similarity with the comparator
biologic. This is accomplished through pre-clinical
and clinical studies comparing the pharmacokinetics
and pharmacodynamics of the biosimilar with the
original biologic in healthy volunteers or patients. The
maximum allowable difference between a biosimilar

Biosimilars in dermatology

and the innovator molecule profile has been
considered to be 15%.! The objective of the biosimilar
guidelines is not to re-establish patient benefit but
to demonstrate high similarity with the reference
biological agent. Thus, traditional phase II trials are
not needed to evaluate biosimilars, paving the way for
abbreviated pathways for biosimilar approval. This
also means that the clinical comparisons of biosimilar
and reference product can use a different study
design, sample population and endpoints from those
used to establish the therapeutic benefit of the original
product.”® Both European Medicines Agency and
US-FDA require at least one clinical trial, of sufficient
size and power, to demonstrate clinical equivalence
or non-inferiority for each available formulation.!"!
However, because a biosimilar, by definition, has to
be “similar” to the original innovator drug and cannot
be either “superior” or “inferior,” concerns have been
raised regarding the suitability of a non-inferiority
trial to establish biosimilarity as it cannot exclude
superior efficacy of the biosimilar to the innovator.¥
Although these stringent requirements are in place to
ensure good quality control of biosimilars, they may
lead to higher costs and limit commercialization of
these agents thus restricting availability to patients
with limited means.!"

Safety and immunogenicity

As the technology for manufacturing the original
biopharmaceutical is a closely guarded trade secret,
biosimilars are produced using processes independent
of their reference products. This may cause structural
differences which might translate into functional
differences, raising concerns regarding the safety of
biosimilars.!"!

“Immunogenicity” is a safety issue unique to biologics.
Like all proteins, biologics too have the potential to
induce antibody responses. In most instances the
immune reactions are not of clinical significance, but
occasionally, such reactions may be life-threatening.
Unfortunately, immunogenicity in animals is not
predictive in humans, and hence the immunogenic
potential of biosimilars cannot be fully predicted
using pre-clinical studies alone. Even clinical
studies (owing to limited sample size) may not always
reveal the differences, especially when the biosimilar
differs from the reference product mostly with regard
to safety, immunogenicity or rare adverse events.!'?!
This is best illustrated by the example of pure red cell
aplasia arising as a complication of epoetin therapy.'”'#!
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Instead of improving anemia of chronic kidney disease,
it led to severe epoetin-resistant anemia requiring
blood transfusions, immunosuppressive treatment
and eventually kidney transplantation. Though not
fully understood, substitution of polysorbate 80 in
the epoetin formulation and subcutaneous route of its
administration were thought to be responsible for the
immune response against both recombinant epoetin
and endogenous erythropoietin. Recently, leachates
released by contact between polysorbate 80 and the
uncoated rubber stoppers of pre-filled syringes were
also hypothesized to act as adjuvants to the immune
response.['”

An effective pharmacovigilance program is important
in identifying such rare adverse events. Manufacturers
must have a robust system in place to record hitherto
unreported adverseevents.®’ Pharmacovigilance should
also ensure the traceability of the products. This is
complicated if biosimilars have the same international
non-proprietary name as the innovator. Currently,
the WHO is deciding whether biosimilars should be
assigned a different international non-proprietary
name to that of the original biologic.?! Moreover,
the practice of reporting drug adverse effects varies
widely from place-to-place and is dependent on the
local regulatory authorities.

Another hurdle in an effective pharmacovigilance
program is the “interchangeablity” or “automatic
substitution” of biosimilars i.e., the substitution of a
drug at the pharmacy.”” Chemical generics are usually
considered to be interchangeable; the risk of substitution
is expected to be low as they are an exact copy of the
original drug. However, since biosimilars cannot be
exactly identical, the same substitution rules cannot be
applied.”? The European Medical Agency guidelines are
silent on this important matter and thus each European
Union member state decides on its own.!® The US-FDA,
on the other hand, can designate a biosimilar as
interchangeable with its reference product. This allows
the pharmacist to dispense either the original biological
agent or its biosimilar version without the knowledge
of the prescribing physician, preventing traceability of
the drug, and thus hindering the pharmacovigilance
program. There are also concerns that repeated
switching might increase immunogenicity.*"

Extrapolation of indications
A biosimilar can be used for all indications approved
for the innovator drug and there is no need for
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independent clinical studies. However, the final
decision rests with the regulatory authorities."®!

CURRENT STATUS IN INDIA

Although biosimilars have been marketed in India
for many years, comprehensive regulatory guidelines
governing their approval were announced only
in June 2012. The regulatory bodies responsible
for approval of “similar biologics” in India are the
Department of Biotechnology (under the Ministry of
Science and Technology), through its Review Committee
on Genetic Manipulation and the Central Drugs
Standard Control Organization (under the Ministry of
Health and Family Welfare)."® The guidelines outline
a simple abridged procedure for evaluation of “similar
biologics” which have been approved and marketed in
India, Europe or USA for more than 4 years. Before these
regulations came into effect on September 15, 2012,
many biosimilars had already been approved for use in
India under an ad-hoc abbreviated pathway. However,
these “alternative” biologicals cannot be compared
to those approved in the European Union which are
subject to rigorous comparability exercises and cannot
be regarded as a “true” biosimilar and thus cannot be
licensed in the European Union or North America.
Nonetheless, recent reports suggest that an agreement
in June 2012 between Dr. Reddy’s Laboratories (India)
and Merck Serono (Germany) will allow Dr. Reddy’s
Laboratories to market its product in Europe.?” The
various biosimilars used in dermatological diseases
available in India, as well as their global counterparts
are summarized in Table 5.

Roche’s rituximab, an anti-CD20 monoclonal antibody,
was licensed in the USA as Rituxan and in the European
Union as MabThera. It is distributed in India as
Ristova, in partnership with Emcure pharmaceuticals.
Its patent expired in the European Union in November
2013 and in the USA, it is due to expire in September
2016. Since April 2007, Dr. Reddy’s has marketed
Reditux, a rituximab biosimilar, in India, Bolivia,
Chile and Peru. So far, the only data supporting its
efficacy and safety is on 17 patients with newly
diagnosed diffuse large B-cell lymphoma, published as
an abstract.?® In May 2006, Dr. Reddy’s launched an
initiative called Sparsh, through which all oncology
brands of Dr. Reddy’s are given free to patients suffering
from cancer.? Unfortunately there is no such scheme
for patients with pemphigus and other dermatologic
conditions. However, the authors are informed by the
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Table 5: Summary of trade names and approximate price of biosimilars used in dermatology diseases available in India

References product Patent expiry Biosimilar
date Indian brand Price in India Global

Rituximab (Rituxan/MabThera) 2013 (EU) Reditux (Dr. Reddy’s) Rs. 39,996 for 500 mg Kikuzubam in Mexico,
Rs. 80,000 for 500 mg 2016 (USA) Mabtas (Intas Rs. 64,000 for 1 g Bolivia, Chile and Peru
Ristova priced at Rs. 37,500 Biopharmaceuticals) Rs. 27,500 for 500 mg AcellBia in Russia
for 500 mg Rituximab biosimilar

from Zenotech Labs
Etanercept (Enbrel) 2015 (EU) Etacept (Cipla) Rs. 6150 for 25 mg Yisaipu, Qiangke in China
Rs. 8700 for 25 mg 2018 (USA) Etanar in Columbia
Infliximab (Remicade) 2015 (EU) Infimab (BOWO015) Will lower the cost Remsima in Korea

Rs. 41,000 for 100 mg 2028-29 (USA)

from Ranbaxy

by 50% Inflectra in Europe

representatives of the company that it provides a vial
free on purchase of one vial to poor patients on the
request of the treating doctor, thus effectively halving
the cost of the treatment course. The other recently
developed rituximab similar biologics available in
India are Mabtas (Intas Biopharmaceuticals) and
another developed by Zenotech Labs. Our limited
experience in using rituximab biosimilars (Reditux and
Mabtas) in pemphigus patients has been satisfactory
with no major adverse events so far.

On April 17, 2013, Cipla launched the first biosimilar of
etanercept (Enbrel, Pfizer/Amgen) in India, called Etacept
which is expected to be about 30% cheaper as compared
to Enbrel.®29 It is manufactured by a China-based
company Shanghai CP Guojian Pharmaceutical Co.,
Ltd. and will be marketed by Cipla in India. Since its
launch in 2006 in China, over 50,000 patients have been
treated with Etacept. However, it is understood that like
Reditux, Etacept is also not developed in accordance
with the global guidelines.

In December 2014 Ranbaxy’s Infimab (formerly known
as BOWO015) became India’s first infliximab biosimilar
to be approved by the Drug Controller General of India.
Infimab has been developed for the Indian market
in accordance with the country’s 2012 biosimilar
guidelines. It is marketed under a licensing partnership
with Boston-based EPIRUS Biopharmaceuticals and will
be manufactured by Reliance Life Sciences at a facility in
Mumbai, India.® In a phase III trial on 189 rheumatoid
arthritis patients, Infimab has been demonstrated to
have a similar efficacy, safety and immunogenicity as
the innovator molecule (infliximab, Remicade)./?®!

SUMMARY

Biosimilars mayberegarded as the biological equivalent
of a chemical generic drug. They are similar, but not

exactly identical, to the original innovator biological
agent. It is important to be aware of the differences
between original biotechnological medicines and
biosimilars for patient safety; however, this should
not deter a physician from using the less expensive
biosimilars. Clinicians are often unaware that even
original molecules can undergo modifications in
manufacturing after approval from regulatory agencies,
thus effectively becoming a biosimilar in itself.

Biosimilars represent important innovations that are
less expensive and hence offer the potential to deliver
benefit to a number of patients who may not currently
be able to access these therapies. In addition, since
the biosimilar is being produced years after the
introduction of the innovator, biosimilar manufacturers
may take advantage of advances in biopharmaceutical
production that can yield cost savings compared to
the original production processes. Awareness about
biosimilars and biological agents along with consistent
pharmacovigilance will allow treating clinicians to be
more confident in its use.
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