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Abstract. Biosimilars are new drugs, highly similar copies of
biological medicines, equally effective and safe but at lower
prices. The aim of this brief review is to provide the current
status of biosimilars approved in the European Union for
dermatological use. We used PubMed for literature search up
to June 2018. The keyword ‘biosimilars’ was searched and
1,691 items were found. From the 1,691 studies, we included
34 articles in our review. Biologics, biosimilars and generics
are different types of drugs. Biosimilars are complex molecules
produced by a difficult manufacturing process, and changes in
product quality may affect its safety and efficacy. Now, there
are 9 biosimilar medicines approved by European Medicines
Agency (EMA) for plaque psoriasis and hidradenitis suppura-
tiva: Amgevita, Solymbic, Cyltezo, Imraldi, Benepali, Erelzi,
Flixabi, Inflectra and Remsima, and the number is increasing.
In 2005, EMA issued the first guidelines for approval of
biosimilars. Next-generation biologics, called ‘biobetters’, have
the same target or mechanism of action as previously approved
biologics, but they have structural changes and an improved
formulation. The debate over the future of biosimilars is far
from being finished. The explosive development of biological
therapy and the emergence of biosimilars represent a signifi-
cant success in the effort to provide advanced healthcare to
patients all over the world.
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1. Introduction

Biosimilars are new drugs, highly similar copies of complex
biological medicines, equally effective and safe but at lower
prices (1). Biosimilars are made by or derived from a biolog-
ical source. They entered the market due to the patents for
the biologics had expired. Biosimilars increase the competi-
tion among manufacturers of biologic therapies and improve
savings in healthcare systems (2,3).

A biologic drug is ‘a medicine whose active substance is
made by a living organism’ (4). They may be small molecule
mimetics, recombinant proteins, monoclonal antibodies (mAbs)
or fusion proteins (5).

The objective of this brief review is to provide the status of
biosimilars approved for dermatological use.

2. Literature search

Our electronic search included the database PubMed, we
used it for literature search up to June 2018. The keyword
‘biosimilars’ was searched and 1,691 items were found. From
the 1,691 studies, we included 34 articles in our review.

We reviewed the most relevant and updated articles and
eliminated the studies we considered to be irrelevant for the
design of our study based on the year of publication, title,
abstract, publisher's prestige, credibility and prestige of the
journal, validity and importance of data presented and language.

We included studies with abstracts and/or titles focusing
on the biosimilars of infliximab, etanercept or adalimumab,
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published in the last 10 years in prestigious journals. We
excluded studies published in a language other than English,
studies without valid data and scientifically unimportant
results.

Additional searches were made on the internet, espe-
cially on the official websites of The European Medicines
Agency (EMA) and US Food and Drug Administration. All
publications included were in English. Four reviewers screened
the studies identified by the search and disagreements were
resolved by consensus with a fifth reviewer.

3. Biologics, biosimilars and generics

There are some important differences between biologics,
biosimilars and generic drugs. Biologics are large molecules
with structural complexity with active drug substance made
by or derived from a living organism (2). Biologics are mAb,
immunomodulators, therapeutic proteins and growth factor
substances derived from living organisms. Using genetic tech-
niques, genes are incorporated into the cells of bacteria and
other organisms (6).

Biosimilars are copies of biological medicines, usually with
the same indication and recommended at the same dosage.
Extrapolation represents the approval of a biosimilar for use
in an indication held by the reference biologic, not directly
studied in a comparative clinical trial with the biosimilar (7).
Extrapolation bridges all data collected from one indication
of the biosimilar to all the indications originally approved for
the reference medicine, it extends the efficacy and safety data
from an indication for which the biosimilar had been tested to
other indications for which the originator is approved (8).

Biosimilars are alternatives of originator biologics, but not
generic versions of originator. Biosimilars are highly similar
copies of biological medicines, equally effective and safe (2).
The biosimilar product is highly similar to the reference
product and minor differences in its clinically inactive compo-
nents are accepted, but without any clinically meaningful
differences (9). Biologics cannot be exactly replicated, as they
are heterogeneous, complex molecules.

There are important differences between biosimilars and
generic drugs; the active ingredients of generics are the same
as those of brand name drugs and the manufacturer must
demonstrate that the generic is bioequivalent to the brand name
drug, while manufacturers for biosimilars must demonstrate
that the biosimilar is highly similar to the reference product,
except for minor differences in clinically inactive components
and that the differences are not meaningful in terms of safety,
purity, and potency (10). EMA defines a generic medicine
as a drug that is the same as a medicine which has already
been authorized (the ‘reference medicine’), which contains the
same active substances and which are indicated at the same
doses for the same diseases (11). Generic drugs have small
molecular chemical structure and they are exact copies of the
original non-biologic drugs (12), they are chemically identical,
in contrast with biosimilars, which are drugs similar to the
reference product in terms of structure, function, and biologic
activity (13).

Unlike generic drugs, which must undergo only bioequi-
valence trials, biosimilars must undergo comparative
pharmacokinetic and pharmacodynamic clinical studies
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(phase I trials) and comparative efficacy trials (phase III trials).
Comparability studies showing that the biosimilar has compa-
rable quality, safety, and efficacy are required (14). Clinical
trials that biosimilars must undergo include assessments of
pharmacodynamics, pharmacokinetics and immunogenicity,
and clinical trials should address one or more indications
licensed for the originator (15).

In 2005, EMA issued the first guidelines for approval
of biosimilars (6). Regulatory requirements for approval of
biosimilars are generally similar across EMA, Health Canada,
WHO and FDA. These established regulatory pathways include
comparative assessments involving analytical, non-clinical,and
clinical studies. Regulations require head-to-head comparative
studies for structural characterization, functional in vitro
assays, pharmacokinetic and pharmacodynamic evaluations,
safety, efficacy and immunogenicity assessments (13).

Before receiving marketing authorization, the patent of
the originator should have expired. Biosimilar versions of
biologics undergo clinical trials that ensures the comparability
of the biosimilar to the originator. A biosimilar, generally,
may obtain license for fewer than all indications for which the
reference product is licensed (9).

4. Manufacturing biosimilars

Every biosimilar on the market begins its development after
analyzing many lots of the reference product. After defining
the ‘fingerprint’ of the originator, similarities criteria are
established (16). The next step is to select the cell line in which
the protein will be expressed (mammalian cells, bacterial or
yeast cells); the DNA is introduced into cells and once optimal
sequences are obtained and production cell line is identified,
the cell culture develops in order to produce the target protein.
The next step is to undergo a purification process that assures
the similarity, and a formulation process that assures the
stability of the drug. Protein purification removes impurities
that might be immunogenic. Biosimilars are usually kept at
2-8°C in order to maintain their efficacy and safety, but excep-
tions may apply (17).

If a company wants to copy a biologic medicine, it must
develop its own manufacturing process because detailed
information about how biologics are made is not published.
Biologic drugs are complex molecules produced by living cells
through a difficult manufacturing process, which involves
simultaneously controlling dozens of input parameters such
as temperature, flow rates or pH, while performing quality
control checks in each phase (16,18).

When manufacturing biosimilars, the variability should be
maximally reduced. The key characteristics of these molecules,
known as critical quality attributes (CQAs), can vary based
on post-translational modifications (PTM; means further
differentiation a protein undergoes after translation) that
occur in the cellular environment or during the manufacturing
process. The extent of the variation in each of the CQAs must
be characterized for the originator molecule and systematically
matched as closely as possible by the biosimilar developer to
ensure biosimilarity (16). Common PTMs are glycosylation,
oxidation, phosphorylation, sulphation, lipidation, disulphide
bond formation and deamidation. Variations of pH or growth
rate can affect PTM with functional consequences. Even simple
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Table I. Biosimilar medicines used in dermatology approved by European Medicines Agency (33).

Active substance Biosimilars Date of authorization
Adalimumab (monoclonal antibody) Amgevita and Solymbic (ABP 501) 22/03/2017
Cyltezo (BI 695501) 10/11/2017
Imraldi (SBS) 24/08/2017
Etanerecept (fusion protein) Benepali (SB4) 14/01/2016
Erelzi (GP2015) 23/06/2017
Infliximab (monoclonal antibody) Flixabi (SB2) 26/05/2016
Inflectra and Remsima (CT-P13) 10/09/2013

changes modify the structure of the drug and it may cause a
drug to malfunction via aggregation or immunogenicity (19).

Changes in product quality that may affect safety and effi-
cacy are due to three types of variability: normal batch-to-batch
variability, manufacturing drift or intentional changes made by
manufacturers. When manufacturers adopt planned changes to
improve biosimilar drugs, comparability exercises, including
new non-clinical, clinical, or pharmacovigilance studies, are
conducted in order to to ensure that safety and efficacy of the
product is the same (20).

Patients must be tested for anti-biosimilar antibodies
during pre-authorization clinical trials of the drug. Immuno-
genicity must be included in the risk management plan and it
is important for post-authorization pharmacovigilance. EMA
published specific guidance on immunogenicity testing of
biologics (21).

Because biologics can never be replicated exactly, normal
batch-to-batch variability is expected (22). Biologics manufac-
turing process drifts over time, additional variation may occur
due to other unknown variables and it can induce gradual
changes or a sudden shift in a quality attribute (23).

The final drug may be affected if there are modifications in
manufacturing steps: cloning, host cells, cell culture, purifica-
tion, formulation or packaging (6).

Immunogenicity is important when speaking of safety of
biosimilars. The clinical manifestations of antibodies may
include loss of efficacy, neutralization of the natural counter-
part and general immune system effects (24).

5. Biosimilar medicines used in dermatology approved by
EMA

Biological medicines may be small molecule mimetics, recom-
binant proteins, mAbs or fusion proteins (5).

mAbs are antibodies with a defined specificity derived
from cloned cells or organisms. They can be obtained from
immortalized B lymphocytes that are cloned and expanded
as continuous cell lines (murine and human monoclonal
antibodies) or from rDNA-engineered mammalian or bacte-
rial cell lines (engineered mAb) (25). Tumor necrosis factors
are a family of cytokines involved in systemic inflammation,
which includes TNFs and lymphotoxins. TNF-a-blocking
drugs are efficient in the treatment of chronic inflammatory
disorders as they reduce rapidly the number of cells present
at the inflammation area, but also, as a result of suppressing

the immune system, TNF-a inhibitors have been associated
with serious infections (26). Other severe adverse events of
biologics include cancers, neurological conditions, worsening
the heart failure (27,28).

Now, there are 9 biosimilar medicines approved by EMA
for plaque psoriasis and hidradenitis suppurativa: Amgevita,
Solymbic, Cyltezo, Imraldi, Benepali, Erelzi, Flixabi, Inflectra
and Remsima, and their number is increasing (Table I).
Psoriasis and hidradenitis suppurativa are chronic inflamma-
tory skin disorders with a major negative impact on quality of
life (29,30). In psoriasis, clinical examination reveals erythe-
mato-squamous papules and plaques, mainly located on the
arms, elbows, knees, scalp and trunk (31). Lesions are caused
by accelerated proliferation and abnormal differentiation of
epidermal keratinocytes as a reaction to the activation of the
immune system (32,33). Hidradenitis suppurativa is a derma-
tological disease characterized by painful abscesses, nodules
and scarring, predominantly in axillary and groin regions (34).
When systemic non-biologic drugs (e.g., methotrexate, cyclo-
sporine, acitretin for psoriasis and antibiotics or retinoids for
hidradenitis suppurativa) are ineffective, biologics are the next
therapeutic step (35,36).

Many companies are developing candidates for biosimilars
and information on clinical trials is recorded on the websites:
clinicaltrials.gov from United States and clinicaltrialsregister.
eu from Europe (37).

TNF-a-blocking biosimilars used in dermatology are
infliximab (mAb), adalimumab (mAb) and etanercept (fusion
protein). Ustekinumab is a mAb effective in the treatment of
psoriasis but with no biosimilars approved for patients with
dermatological diseases (38).

Etanercept (Benepali and Erelzi are biosimilars approved
by EMA) is p75 receptor fusion protein of human TNF with
an Fc fragment produced in a system of mammal expression in
Chinese hamster ovary cells (26). It is a chimeric protein dimer
engineered by fusing the extracellular ligand binding domain
of TNFR2/p75 to the Fc domain of human IgGl1 (the hinge
region and the Cy2 and Cy3 regions) (39). Etanercept has the
stability of an antibody and the specificity of a receptor (40).
It acts as a competitive inhibitor of TNF and prevents it from
binding to its cell surface receptors (39). Etanercept, unlike
the other anti-TNF agents, neutralizes the biological activity
of both TNF-a and lymphotoxin-a.

Adalimumab was the first fully human mAb approved by
FDA in 2002 (37,41). It is a mAb with human-derived heavy
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and light chain variable regions, and human IgGl:k constant
regions, which can bind to the soluble and transmembrane
forms of TNF-a (26). Amgevita, Cyltezo and Imraldi are
biosimilars approved for the treatment of plaque psoriasis and
hidradenitis suppurativa.

Infliximab is a human-murine chimeric mAb with a
constant human region (Fc) and a variable mouse region (Fv)
that presents high specificity for TNF-a in soluble and trans-
membrane forms, but not for lymphotoxin-a (27). The first
biosimilars of the mAb infliximab were approved in 2013 by
EMA under the brand names of Remsima and Inflectra (42).

6. The future pathway ahead

Novel biologics act by novel targets, technology and mecha-
nisms of action compared to previously approved biologics.
Next-generation biologics, called ‘biobetters’, have the same
target or mechanism of action as previously approved biologics,
but they include structural changes, bifunctional targeting and
an improved formulation that may optimize the clinical profile
of the patient. Longer half-life allowing less frequent dosing,
more potency and less toxicity, are innovations sustained by
the new reality of biosimilar competition. As know, competi-
tion leads to innovation.

7. Conclusions

Biologic drugs are unique because, unlike usual drugs, they are
not chemically synthesized. The debate over the future of the
biosimilars is far from being finished. The explosive develop-
ment of biological therapy and the emergence of biosimilars,
as revolutionary tools against the most serious and provocative
diseases, represent a significant success in the effort to provide
advanced healthcare to patients all over the world.
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