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a b s t r a c t
Objectives: To discuss current terminology and the regulatory standards and processes involved in the
development of biosimilars.
Methods: An Internet-based literature search through April 2015 was performed for information related
to biosimilars in chronic inﬂammatory disorders. Keywords were as follows: biosimilar, development,
manufacturing, characterization, structural, functional, preclinical, clinical, immunogenicity, rheumatoid
arthritis, juvenile idiopathic arthritis, psoriasis, psoriatic arthritis, Crohn's disease, ulcerative colitis, and
ankylosing spondylitis. The European Medicines Agency (EMA) and US Food and Drug Administration
(FDA) websites were searched for guidelines and information related to biosimilars.
Results: Biosimilars are products that are highly similar to the reference product regarding quality,
biological activity, safety, and efﬁcacy. Biosimilars are biological products and not generic drugs and,
thus, do not follow the same regulatory pathways as generic molecules. Rigorous early-stage structural,
functional, and analytical testing, followed by nonclinical and clinical analyses comparing a biosimilar
with its reference product, are required to demonstrate biosimilarity in regulatory markets worldwide.
Conclusions: The addition of biosimilars to the market has the potential to improve access to biologic
therapies. Many regulatory agencies have enacted stringent pathways, which must be followed for a
biosimilar to be labeled and approved as such; following the pathways will help protect and maintain the
integrity, quality, and safety of the biosimilar product.
& 2016 Published by Elsevier Inc.

Introduction
Biopharmaceuticals, also known as biologicals or biologics, are
large complex molecules produced in living organisms [1]. Most
biopharmaceuticals are proteins, but they can also include other
biological products such as vaccines, toxins, antitoxins, allergenic
products, nucleic acids, or other tissue and cellular products [1,2].
In turn, protein biologics include those puriﬁed from their natural
sources, although they are most often manufactured using
recombinant technology [1]. Biologics cover a range of complexity,
including peptides such as human insulin, small proteins such as
erythropoietin, and large proteins such as monoclonal antibodies
(mAbs) or receptor fusion proteins [3].
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Since the introduction of the ﬁrst biopharmaceutical, recombinant human insulin approved in 1982 for therapeutic use [4], the
number of biologics, including mAbs, approved for human use has
greatly increased [5]. Biologics have revolutionized the management of many diseases, including chronic inﬂammatory diseases
such as rheumatoid arthritis (RA), psoriatic arthritis (PsA), ankylosing spondylitis (AS), psoriasis (PsO), inﬂammatory bowel disease (IBD), and more recently, juvenile idiopathic arthritis (JIA)
[1,6–8]; however, because of their complexity, the development
process for biologics is very time-consuming and costly [9,10].
The expiration of data protection or patents for ﬁrst-generation
biopharmaceuticals, followed by patent expiration on the ﬁrst
approved mAbs [5], have opened the possibility of developing
biosimilars, that is, biological products similar, but not identical, to
the originator or reference products. Biosimilars may be approved
through a rigorous, though abbreviated, pathway that relies upon
the extensive knowledge and experience gained with the reference product [3]. The advent of biosimilars could be beneﬁcial by
broadening access to biologic therapy for patients with chronic
inﬂammatory disorders and other conditions as recommended in
practice guidelines [10].
Due to the various regulations and nomenclature used through
time and across geographical areas, some confusion exists about
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what constitutes biosimilarity. This article aims to clarify the concept
of biosimilarity and the surrounding terminology, as well as provide
an overview of the regulations governing the licensing and approval
of biosimilars. The second article in this supplement, “Development
of Biosimilars,” describes in more detail the scientiﬁc principles
underlying the development and manufacture of biosimilars.

The biosimilar opportunity
More than a decade ago, biologic therapies were introduced for
the management of patients with a variety of chronic inﬂammatory diseases. Biologic disease-modifying antirheumatic drugs
(bDMARDs) such as tumor necrosis factor (TNF) antagonists have
proven to be effective in controlling RA symptoms, delaying joint
damage, and improving outcomes in patients who do not respond
to ﬁrst-line therapy with conventional (or small-molecule)
disease-modifying antirheumatic drugs (DMARDs) [11]. Furthermore, a number of clinical trials have supported the commonly
accepted view that early intervention can help slow progression,
leading to improved patient outcomes [12]. The same is true for
other inﬂammatory diseases (PsO, PsA, AS, and IBD) [6,11]. In fact,
early intervention and use of biologic therapy are recommended in
many guidelines for the treatment of these conditions [11,13–15].
Biosimilars may help address unmet medical needs by increasing the accessibility of biopharmaceutical therapies. If access to
biologics can be increased, it is reasonable to expect that it may
result in more treatment and earlier initiations, as recommended
in the guidelines, as well as greater continuity of treatment. With
the intent of reducing healthcare expenditures while preserving
the quality of patient care, many governments have (or are in the
process of) enacting legislation to allow for the regulation and
licensing of biosimilars [16]. Since the approval of the ﬁrst
biosimilar in Europe in April 2006, somatropin (Omnitrope) [17],
other countries also have adopted rigorous regulatory standards
for biosimilar development, and additional biosimilars have been
approved globally [10].

Biosimilar nomenclature and terminology
Biosimilars
Through time, various terms have emerged or been used in the
literature to refer to biosimilars, including, but not limited to,
biocomparables, biogenerics (now obsolete), follow-on biologics,
noninnovator proteins, similar biopharmaceuticals, similar biotherapeutic products (SBPs), and subsequent entry biologics (SEBs)

(Table 1). Inconsistent nomenclature has created confusion and
has even fostered apprehension regarding biosimilars, especially
since similar terms have received different deﬁnitions, and some of
these terms have been sometimes applied to products that may
not have followed stringent regulatory guidelines to be considered
biosimilars, such as intended copies or noncomparable biotherapeutic products [18,19].
The EMA’s Committee for Medicinal Products for Human Use
(CHMP), which is responsible for the scientiﬁc assessment of human
medicines and pioneered the development of a regulatory framework, deﬁnes a biosimilar as a version of an already authorized
biological medicinal product (the reference product) with demonstrated similarity in physicochemical characteristics, efﬁcacy, and
safety, based upon a comprehensive biosimilarity exercise between
the reference product and the biosimilar [19,20]. The FDA initially
used the term “follow-on protein products” to refer to “proteins and
peptides that are intended to be sufﬁciently similar to a product
already approved under the Federal Food, Drug, and Cosmetic Act or
licensed under the Public Health Service Act” [21]. Following the
enactment of an approval pathway for such products [through
the Biologics Price Competition and Innovation (BPCI) Act, part
of the Patient Protection and Affordable Care (PPAC) Act, signed into
law on March 23, 2010], the term was changed to biosimilars in the
United States, as recommended by Weise et al. [19] in order to avoid
confusion with the terminology [22].
Currently, the FDA deﬁnes a biosimilar as “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 for
safety, purity, and potency of the product” [22]. Other regulatory
agencies with rigorous regulatory processes in place have adopted
their own terms for “biosimilars,” such as Health Canada’s “subsequent entry biologics” [23] or Mexico’s “biocomparables” [24],
while the World Health Organization (WHO) refers to “similar
biotherapeutic products” [5,25]. Although slightly different, these
regulatory deﬁnitions and underlying regulations are based on
consistent scientiﬁc principles [5]. It is important to note that the
term “biogeneric” has now become obsolete and use of the term
may lead to the erroneous interpretation that biosimilars are
generics (see section Biosimilars are not generics) [1,19].
Second-generation biologics, biobetters, and intended copies
It is important to understand the difference between the
concept of biosimilar and second-generation biologics, biobetters,
and intended copies.

Table 1
Biosimilars nomenclature and deﬁnitions of biosimilars/biosimilarity according to different guidance documents
Country/region

Agency

Nomenclature

Deﬁnition

Canada

Health Canada Subsequent Entry Biologics
(SEBs)
European Union EMA
Biosimilar

A biologic drug that enters the market subsequent to a version previously authorized in Canada with
demonstrated similarity to the reference biologic drug [23].
Version of an already authorized biological medicinal product (the reference product) with
demonstrated similarity in quality characteristics, biological activity, safety, and efﬁcacy based on
a comprehensive comparability exercise [20].
Mexico
COFEPRIS [24] Biocomparables
Subsequent entry (after patent expiration) biopharmaceuticals that demonstrate comparable quality,
safety, and efﬁcacy proﬁles to those of the innovator reference product [24].
United States of FDA
Biosimilar (formerly, follow-on A biological product that is highly similar to the reference product notwithstanding minor
America
protein products) [21]
differences in clinically inactive components and demonstrates no clinically meaningful
differences between the biological product and the reference product in terms of safety, purity,
and potency of the product [47].
Worldwide
WHO
Similar biotherapeutic products Biotherapeutic product that is similar in quality, safety, and efﬁcacy to an already licensed reference
(SBPs)
biotherapeutic product [26].
COFEPRIS, Comisión Federal para la Protección contra Riesgos Sanitarios; EMA, European Medicines Agency; FDA, US Food and Drug Administration; WHO, World Health
Organization.
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Second- (or next-) generation products are biologics that have
been structurally altered to gain an improved or different clinical
performance [1]—for example, a chimeric mAb and its fully human
mAb counterpart, or a cytokine product and its PEGylated version.
These improved next-generation versions of originator biologics
are referred to as biobetters. Improvements may range from a
longer half-life, allowing for less frequent dosing, to more potency
with less adverse events (AEs) [26]. Molecules with the same
mechanism of action but different structures, such as adalimumab
or golimumab, developed subsequent to the ﬁrst-generation biologic (inﬂiximab), have also been termed second- or latergeneration biologics [27]. None of these products are biosimilars
since they differ in the structure of the active substance and/or
exhibit different clinical behavior due to different potency or
immunogenicity [19,21]. Given that biosimilarity, as deﬁned by
regulatory agencies such as the EMA and FDA, implies equivalent
(neither better nor worse) efﬁcacy and safety to that of the
reference product [19,28], biobetters cannot qualify as biosimilars.
Intended copies, also known as “me-too biologics,” “noncomparable biologics” [29], “noninnovator biologics,” “noncomparable
biotherapeutic products,” and other terms (e.g., “bio-alike” [30])
are noninnovator biopharmaceutical products that, unlike biosimilars, do not go through a rigorous biosimilarity exercise with the
reference product [29]. As a result, they may lack sufﬁcient
evidence to demonstrate similarity and may, therefore, exhibit
clinically signiﬁcant differences from the reference product. These
products, consequently, may not fulﬁll the requirements to be
considered biosimilars and referring to them as such may cause
confusion [19,29]. In various regions of the world, especially in
emerging markets, particularly middle- and lower-income countries in Asia and Latin America [30], intended copies of biologics
have been developed and marketed as “biosimilars” [31]. The
potential shortcomings of some of these copy versions of original
biologic products are illustrated by a recent report involving
intended copies of etanercept and rituximab in Colombia and
Mexico [32]. An AE was experienced by 198 (30.6%) of 647
patients; 42 (21.2%) of the patients who received the rituximab
intended copy experienced an AE on the ﬁrst day. Of the patients
treated with Etanar or InﬁniTAM (intended copies of etanercept)
experiencing at least one AE (12 patients reporting 14 AEs), 57.1%
of the AEs reported were of grade 3 severity and 71.4% were
neurologic AEs. The most frequently reported AEs were rash
(21.7%), throat AEs (16.7%), pharyngeal AEs (14.6%), and pruritus
(10.6%), but seven grade 4 AEs also occurred. Grade 4 AEs included
infection, allergic reaction, and leukopenia. In addition, therapeutic failure was reported in 7.6% of the cases [32]. These examples
demonstrate the need for an effective pharmacovigilance program.

Biosimilars are not generics
Even though small-molecule generics and biosimilars are only
marketed after expiration of the reference product’s patent, biosimilars cannot be considered generics [2]. The active ingredient of
a biosimilar has been demonstrated as similar to its originator, but
due to their complex nature and production in living systems, it is
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Fig. 1. Relative size of a monoclonal antibody compared with a small-molecule
drug, methotrexate (454 Da); antibody (145,000 Da) [85,86].

not feasible to exactly duplicate the approved originator biologic
[28]. Biosimilars, therefore, are not identical to the reference
biologic and must undergo head-to-head comparisons with the
originator at every step during development to ensure high
similarity in physicochemical and functional characteristics, as
well as safety and efﬁcacy [28].
Differences between small-molecule drugs and biologics
Biologics, including biosimilars, differ substantively from smallmolecule drugs in their molecular size, complexity, and manufacturing processes (Table 2) [33,34]. In contrast with small-molecule
drugs, which typically have a molecular weight between 100 and
1000 Da, biologics have a chemical structure that is orders of
magnitude larger and more complex, commonly ranging from
approximately 18–150 kDa [35]. For example, the mAb shown in
Figure 1 is approximately 300 times the size of methotrexate. In
addition, as proteins, biologics are highly complex molecules with
a primary structure (e.g., amino acid sequence), a secondary
structure (e.g., folding), a tertiary structure that results from
interactions between these secondary structures, and potentially
a quaternary structure that results from the association of two or
more individual protein subunits (e.g., hemoglobin) [2]. Smallmolecule drugs, on the other hand, have much simpler molecular
structures that are easily produced by chemical synthesis [2]. In
contrast, biologics are typically produced by living cells, including
bacteria, plant, and mammalian cells, via specialized manufacturing and puriﬁcation processes [33,36,37]. As a consequence of
structure and size, small-molecule drugs and biologics also differ
in their route of administration. While chemically synthesized
small-molecule drugs can generally be administered orally, biologics are most often delivered by parenteral administration [33].
Contrary to chemical synthesis, which generally results in 95%
of chemically identical molecules, the living systems in which
biosimilars are produced are inherently variable and result in
heterogeneity due to variations in posttranslational modiﬁcations,

Table 2
Differences between biologics and small-molecule drugs
Characteristic

Small-molecule drug

Manufacturing process
Chemically synthesized
Size
Small: low molecular weight
Complexity
Simple homogeneous structure
Most common route of administration Oral
Immunogenicity
Mostly nonimmunogenic
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Biological product
Primarily produced in living cells
Medium to large: high molecular weight
Complex, multiple levels of structure and posttranslational modiﬁcations (microheterogeneity)
Parenteral
Immunogenic

S4

E. Olech / Seminars in Arthritis and Rheumatism 45 (2016) S1–S10

such as glycosylation. In addition, they may undergo physical and
chemical degradation, including deamidation, cleavage, and aggregation [33]. Therefore, biopharmaceuticals always consist of mixtures of variants of the same protein. It is important to note,
however, that lots are tightly controlled and monitored to remain
within predeﬁned acceptable limits by manufacturers and regulatory agencies [33].
Furthermore, biologics, due in great part to their larger size,
have the potential to be recognized by the body as “foreign,” and
thus, have a greater ability to trigger an immune response (i.e., are
more immunogenic) than small-molecule drugs, which are generally nonimmunogenic (too small to be recognized by the
immune system) [33]. For biosimilars intended for chronic treatment, EU regulatory guidelines recommend a 12-month head-tohead comparative clinical study in which efﬁcacy and safety,
including immunogenicity, are compared between the biosimilar
and reference product in the most sensitive population to detect
potential differences [38,39].

Developers of biosimilars do not have access to the originator
companies’ proprietary data, including details on the manufacturing
process, and, therefore, need to develop their own manufacturing
process capable of producing a product as similar as possible to its
reference product [5,42]. Although this is also the case for smallmolecule generics, because the structure of the latter is more deﬁned,
manufacturing operations are more straightforward, and it is possible
to generate an identical molecule [42]. This is more difﬁcult with cellbased manufacturing processes, given biologics’ structural complexity, the product’s molecular heterogeneity, and differences in manufacturing as described above. Thus, a biosimilar cannot be identical
with its reference product. The demonstration of bioequivalence in
comparative bioavailability studies (which is the only requirement
for chemically derived small molecules [34]) is insufﬁcient to
demonstrate therapeutic equivalence for biotechnology-derived
products and additional clinical data in patients are required [28].

Differences between originator and biosimilar regulatory pathways

The generic standard approval approach is not applicable to
biosimilars
Generics, as chemically synthesized small-molecule drugs,
share an identical molecular structure with their trade name
product. For their licensing, in addition to demonstrating the same
physicochemical characteristics, a generic drug must perform in
the same manner in the body as its reference product. That is, the
generic drug must be shown to be bioequivalent with the trade
name product. Bioequivalence usually is established by demonstrating that the generic drug delivers the same concentration of
active ingredient through the same time period as the trade name
product [21,28]. Generic small-molecule drugs that are shown to
be bioequivalent with the trade name product are recognized as
therapeutically equivalent, therefore, demonstrating clinical efﬁcacy and safety is not required for regulatory approval [33,40,41].

While the development process for both originator products
and biosimilars involves analytical, nonclinical, and clinical testing,
the development processes for a biosimilar and reference product
emphasize different phases (Fig. 2). Originators must establish
patient beneﬁt de novo and, thus, require extensive clinical trials to
demonstrate efﬁcacy and safety [43]. For biosimilars, minimizing
structural and functional differences with their reference product
may allow reduced clinical testing requirements, relying on the
clinical history of the reference biological product as much as
possible, while decreasing any predictable impact on clinical safety
and efﬁcacy. In the United States, the requirements for the
approval and license of complex biopharmaceuticals, including
the targeted biological drugs used to treat inﬂammatory diseases,
are speciﬁed in section 351(a) of the Public Health Service (PHS)
Act. Biosimilars, on the other hand, are approved and licensed
through a different section—section 351(k)—of the same Act [44].
Through the pathway established in section 351(k), biosimilar

Fig. 2. Development pathways for originator biologic [section 351(a) of the Public Health Service Act] [87,88] and biosimilar [section 351(k) Public Health Service Act] [50].
a
Conﬁrm safety and efﬁcacy in a disease population (dose ranging not necessary).
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licensing relies, in part, on the extensive knowledge gained with the
originator (or reference) product, allowing for an abbreviated
clinical data package [19,45]. As the reference product would have
been licensed and marketed for many years [44], there should be a
large body of knowledge on its efﬁcacy and safety available [46].
Given that a biosimilar is intended to treat the same disease(s) as
the reference product, with the same dose(s) and route(s) of
administration, the focus of biosimilar development is, therefore,
to demonstrate sufﬁcient similarity and not to re-establish patient
beneﬁt [19,47]. EMA/FDA biosimilar guidelines recommend a stepwise approach to biosimilar development starting with comprehensive physicochemical and biological characterization. The extent
and nature of further characterization in terms of comparative
nonclinical and clinical testing depends on the level of evidence of
similarity obtained in the previous steps. The quality data package
is, therefore, the foundation of a biosimilar development program.
The reference product is the target in a biosimilar development
program. The manufacturing process used by the originator for the
reference product is proprietary information; therefore, a biosimilar
manufacturer develops its own manufacturing process to reverse
engineer the biosimilar to be as similar as possible to the reference
product [48]. In order to obtain a highly similar molecule, multiple
iterations of process conditions are evaluated with different clones
prior to ﬁnal selection [49]. This process forms the foundation of
biosimilar development. Once similarity at the structural and functional level (highly similar molecule) is established, nonclinical and
clinical development will serve to conﬁrm similarity of safety and
efﬁcacy to the reference product [19,49]. Undergoing a complete
clinical development package would defeat the purpose of biosimilar
development and could even be considered unethical, as it would not
provide additional information versus what is known for the reference
product [19]. For example, for development of an originator biologic,
phase II dose-ﬁnding studies must be conducted and safety and
efﬁcacy established within the determined dose range and route of
administration. Consequently, nonclinical animal studies and phase I,
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II, and large phase III clinical studies in humans are required. As
biosimilars must be administered through the same route and at the
same dose as the reference product [50], dose-ﬁnding studies are not
required for biosimilar development, and generally, only pharmacokinetic (PK)/pharmacodynamic (PD) studies and a comparative clinical
study in a sensitive population of patients to conﬁrm efﬁcacy
equivalence between biosimilar and reference product are required
[22]. With that said, although a reduction in the clinical and nonclinical
data requirements is possible, the prelicensing data package is substantial (see second article of this supplement, "Development of
Biosimilars," and previous articles in this supplement series) [19].
Demonstration of biosimilarity
To establish that the proposed biosimilar meets the requirements
for biosimilarity, most regulatory agencies with strict requirements,
including the EMA and FDA, require a rigorous, stepwise biosimilarity assessment, with each step building on previous steps [20,22].
An overview comparison of the EMA and FDA guidances presented
in Table 3 highlights their similarities [51]. Under section 351(k) of
the PHS Act, the FDA, in its evaluation of a biosimilar application,
uses a risk-based, “totality-of-evidence” approach that considers
both the quantity and quality of evidence. The proposed totalityof-evidence approach includes the evaluation of all data that support
biosimilarity (quality characteristics, biological activity, safety, and
efﬁcacy) resulting from a comprehensive biosimilarity exercise to
evaluate and license biosimilar products [22]. The EMA follows a
similar approach for approval of biosimilar products [20].
Regulatory landscape
Despite the existence of the aforementioned slight differences
in the deﬁnition and guidelines or requirements for evaluation and
approval among different regions, the basic principles governing

Table 3
Comparing EMA and FDA guidance documents
Guidance

FDA position [22]

EMA position [38,39]

A stepwise approach to
demonstrating
biosimilarity
Preclinical evaluation of PK
and PD
Comparative PK studies
Comparative PD studies

Recommended

Recommended

Recommended

Recommended

Comparative clinical trials

Safety

Immunogenicity

Equivalence design with
strict, predeﬁned
margins for clinical
study

Human studies required
Single-dose comparative human studies required
Human studies recommended where clinically relevant markers
Combine with PK studies, where a clinically relevant PD marker is
available, but PK/PD may be assessed in parallel
available
At least one adequately powered equivalence trial in a population that At least one adequately powered equivalence trial in the most
allows for an assessment of clinically meaningful differences
sensitive patient population able to detect product-related
between the proposed product and the reference product
differences, if present, and at the same time, reduce patient and
disease-related factors to a minimum OR highly sensitive, doseranging PD studies may be sufﬁcient
At least one adequately powered equivalence trial to demonstrate
At least one adequately powered equivalence trial to demonstrate
highly similar safety proﬁles. The population and duration of the
highly similar safety proﬁles in the most sensitive patient
comparative clinical study should allow for the detection of
population able to detect product-related differences, if present,
clinically meaningful differences between the two products
and at the same time, reduce patient and disease-related factors
to a minimum
Required (included in safety study). The extent and timing of the
Required (included in safety study). A 12-month head-to-head
clinical immunogenicity assessment will vary, depending on a range
comparative clinical study in which immunogenicity is compared
of factors, including the extent of analytical similarity between the
between the biosimilar and reference product in the most
proposed product and the reference product, and the incidence and
sensitive population to detect potential differences is
clinical consequences of immune responses for the reference
recommended for biosimilars intended for chronic treatment
product
Recommended
Recommended

EMA, European Medicines Agency; FDA, US Food and Drug Administration; PD, pharmacodynamic; PK, pharmacokinetic.
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regulatory approval for the EMA, FDA, and WHO (and those
regulations that follow these) are very similar [5].
The global development of biosimilars can be characterized as a
rapidly evolving landscape [10]. In 2005, the EMA was the ﬁrst
regulatory agency to establish a pathway for the development of
biosimilars. Since then, the WHO and many countries have
developed biosimilar guidelines. The following sections contain a
brief overview of how these regulations came about and the
current regulatory landscape.
EMA regulations
The European Union (EU) pioneered the development of
regulatory requirements for biosimilars in 2005, when the EMA
published a general framework guideline, introducing the principles of biosimilarity [52]. The EMA was also the ﬁrst regulatory
agency to give marketing authorization for biosimilars [5], from
ﬁrst-generation biologics (somatropin in 2006), erythropoietin
(2007), and ﬁlgrastim (2008), to the ﬁrst biosimilar mAb in 2013.
As of October 23, 2015, the EMA website lists 19 licensed
biosimilars, although it should be noted that this number includes
multiple biosimilar versions of some of the same reference
products [erythropoietin, somatropin (human growth hormone),
and ﬁlgrastim] [17].
The extensive experience gained with licensed biosimilars has
led to a robust regulatory process in the EU, with several guidelines issued and revised through time by the EMA, which include
quality, nonclinical, and clinical aspects for the development of
biosimilar mAbs [53,54], as well as a speciﬁc guideline for
immunogenicity assessment [54]. Recent revisions led to the
release of an updated overarching biosimilar guideline in 2013,
which was adopted by the CHMP on October 2014 [20]. Originally,
the EMA required the biosimilarity exercise to be conducted with a
reference product licensed in the European Economic Area (EEA).
The updated guidance states that in order to promote global
development of biosimilars and avoid unnecessary clinical trials,
certain clinical studies, and in vivo nonclinical studies may be
alternatively conducted with non–EEA-authorized reference products (from a region with similar regulatory requirements), provided that both justiﬁcation is provided and bridging studies are
performed. Bridging data between the biosimilar candidate, the
EEA-, and the non–EEA-authorized products should include analytical as well as PK and PD studies [20]. The regulatory framework
in Europe continues to evolve as evidenced by a recent publication
by Van Aerts et al. [55] that outlines a paradigm shift in regulatory
thinking. This shift regards the limited use and, in many cases no
use at all, of preclinical animal models for the characterization and
evaluation of biosimilar mAbs and, by extension, other biosimilars.
Interchangeability and substitution remain key concerns
regarding biosimilars. According to the European Generic and
Biosimilar Medicines Association (EGA), interchangeability refers
to the prescription of a biosimilar in place of the reference product
by prescribers, while substitution means that pharmacists are
allowed to dispense a biosimilar without the prescriber’s knowledge or explicit request. Automatic substitution is used when the
pharmacist is mandated by law to dispense the biosimilar in place
of the originator. EMA regulatory guidelines do not include
recommendations on interchangeability and substitution because
decisions on these issues are regulated at the national level [56].
Most countries of the EU oppose automatic substitution of biosimilars, and many, such as Italy, Spain, and the UK, have enacted
laws prohibiting the practice [57]. However, thinking around this
issue is also evolving, as more information about biosimilars
becomes available. This is evidenced by the recent reversal in
opinion regarding switching from the Dutch Medicines Evaluation
Board (MEB) as well as from France. Contrary to their previous
This supplement was funded by Pﬁzer Inc.

stance, the MEB now accepts interchangeability of biosimilars
under certain conditions. Under the new guidance, switching
between biologicals (whether originators or biosimilars) is permitted, but only if adequate clinical monitoring is performed and
the patient is properly informed. In addition, MEB recommends
that detailed product and batch information be recorded in the
patient ﬁle in order to guarantee the traceability of the product
[58]. France passed similar legislation in 2013 that allowed for
substitution, albeit only under certain conditions such as whether
a biosimilar can only be substituted for new patients and if the
prescriber has not written “nonsubstitutable” [59].
Extrapolation of indications is another issue, inﬂuencing
acceptance of biosimilars [40]. Many biological products used in
rheumatology are approved for multiple indications. A key consideration for biosimilars is whether the clinical data obtained in a
particular patient population may be extrapolated to support a
determination of biosimilarity in other indications included in the
reference product label [60]. The EMA requires that the applicant
provide a scientiﬁc justiﬁcation for extrapolation to all the licensed
indications on the reference product label, based on the totality of
evidence [20]. The EMA has ample experience concerning the
extrapolation of indications. Commonly cited examples include the
biosimilar ﬁlgrastim (reference product Neupogen) and epoetin.
Several biosimilar ﬁlgrastims have been approved by the EMA for
all indications of the reference product, based on extrapolation of
data [17]; for example, Tevagrastim (2008) and Accoﬁl (2014) were
evaluated in one main study, each involving patients with breast
cancer, but were approved for use in all indications included
in the Neupogen label [61,62]. The efﬁcacy and safety of these
biosimilars have been subsequently conﬁrmed by published
reports from postmarketing studies [63]. Similarly, the ﬁrst biosimilar mAb (inﬂiximab) was also approved with extrapolation for
all indications licensed for the reference product by the EMA in
2013 [17]. It is important to note, however, that different regulatory agencies have taken diverse stances on this issue. Health
Canada, for example, approved biosimilar inﬂiximab for most
indications (including extrapolation of data to PsO) but did not
grant extrapolation to IBD indications (Crohn’s disease and
ulcerative colitis) [63].
Safety is a key consideration for any medicine. Given the
potential for differences in immunogenicity between the reference
product and biosimilar (due to unavoidable differences described
previously in this article) and that the rate of occurrence of AEs for
biologics is low, it is not feasible to design a study that is
adequately powered to fully detect differences in safety proﬁle
between both products [51]. Thus, as for all biologics, most
regulatory agencies, including the EMA, require postmarketing
surveillance for biosimilars as well. Under EMA guidance, pharmacovigilance and a risk management plan are expected to be
proposed by the manufacturer at the time of application submission. The proposal should contain detailed information on risks
and safety concerns, including immunogenicity data collection and
detection of any new safety signals. In addition, the EMA encourages the use of registries and/or other large population studies.
Further detail concerning pharmacovigilance programs as they
relate to biosimilars is provided in earlier in this supplement
series, "Evaluating Biosimilars for the Treatment of Chronic
Inﬂammatory Diseases" [39,60,64]. To date, biosimilar epoetin
and ﬁlgrastim annual periodic safety reports from the EMA have
not yet identiﬁed differences in the safety proﬁle of licensed
biosimilars and their reference products [65].
WHO regulations
An important step in the harmonization of the evaluation and
regulation of biosimilars took place in 2009, when WHO published
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its “Guideline on evaluation of similar biotherapeutic products,”
generally following the EMA’s scientiﬁc principles and requirements—that is, a stepwise comparability exercise approach with
characterization of quality attributes of the product as the foundation, followed by nonclinical and clinical evaluations. Similar to
the EMA guidelines, the amount of nonclinical and clinical data
required is dependent upon the product class and evaluated on a
case-by-case basis. WHO’s intent was to provide globally acceptable principles to license biosimilars of assured quality, safety, and
efﬁcacy based on a reduced clinical data package. Several countries
have, in fact, adopted its principles in the development of their
own regulatory requirements [16,25].
FDA regulations
Biosimilars cannot be considered generics and, thus, the current system of generic drugs in the United States, which was
instituted with the enactment of the Hatch-Waxman Act [Drug
Price Competition and Patent Term Restoration Act of 1984 (Public
Law 98-417)] is not appropriate for the evaluation and licensing of
these products [1]. For this reason, and in an attempt to encourage
the development of biosimilars, an abbreviated approval pathway
for large biopharmaceuticals was established by the PPAC Act of
2010 [1], which will be described in detail below.
Before the enactment of the PPAC Act, the current system for
evaluation of generic drugs, the Hatch-Waxman Act was enacted.
The Act amended the Food, Drug, and Cosmetic (FD&C) Act to
provide an abbreviated pathway—section 505(b)(2)—for the
approval of generics, including natural source products and
recombinant proteins. This abbreviated pathway allows for reliance, in part, on available knowledge about the safety and
effectiveness of the already approved product, eliminating the
need for replication of some preclinical and clinical studies [1,21].
Several simple proteins, such as natural bovine testicular and
recombinant human hyaluronidase, recombinant salmon calcitonin, recombinant human glucagon, as well as the larger recombinant human somatropin, were approved by the FDA as generic
drugs under section 505(b)(2) of the FD&C Act [1,21].
However, as mentioned above, because of the complexity of
large protein products and the difﬁculty in demonstrating that the
biosimilar product is identical to the reference product, it became
clear this abbreviated approval pathway was insufﬁcient for the
evaluation and approval of more complex biologics [21]. Section
7002 of the PPAC Act (also known as the Biologics Price Competition and Innovation Act of 2009) was then enacted to create an
abbreviated Biologic License Application for “highly similar” biological products. Under this law, a biosimilar (termed “follow-on
biological product” at the time) can be evaluated against only a
single reference biological product, as long as it has the same
mechanism of action, route of administration, dosage form(s), and
potency as the reference product, and can only be approved for
indications for which the FDA already has approved the reference
product [50]. Since the enactment of the BPCI Act, the FDA has
published a series of guidance documents to help with its
implementation [66]. The ﬁrst draft guidance issued in 2012
detailed the scientiﬁc principles underlying the determination of
biosimilarity (totality of the evidence from a comprehensive
stepwise comparability exercise) as well as the requirements for
assessment by analytical methods between the biosimilar candidate and its reference product, and provided answers to common
questions regarding the implementation of the BPCI Act [46,67,68].
In 2014, the FDA issued two additional draft guidance documents
intended to further assist in the implementation of the BPCI Act.
The ﬁrst deals with the design of clinical pharmacology studies by
PD and PK analyses, results from which guide the design of
subsequent clinical trials to establish biosimilarity without
This supplement was funded by Pﬁzer Inc.
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clinically meaningful differences and support extrapolation of
clinical data [69]. The second is intended to clarify the requirements for the establishment of the appropriate exclusivity period
(i.e., the deﬁnition of ﬁrst licensing date of the reference products)
during which a biosimilar application cannot be submitted and
approved [44,69]. The FDA has also created a list of biologicals
called the “Purple Book,” which includes information on exclusivity and expiration date of ﬁrst licensure for biologicals licensed
under section 351(a) of the PHS Act, as well as biosimilars with
information of the reference product to which biosimilarity was
demonstrated under section 351(k) of the PHS Act [70]. Finally, in
2015, a new draft guidance was issued that includes additional
answers based on questions received by the FDA [71]. In April
2015, the FDA published ﬁnal guidance documents for the initial
three drafts issued in 2012 [66].
The ﬁrst two biosimilars applications under section 351(k) of
the PHS Act were ﬁled in 2014: ﬁlgrastim by Sandoz [72] and
inﬂiximab by Celltrion [73]. On March 6, 2015, the FDA granted
biosimilarity status (Sandoz did not request interchangeability
status) and approval for the ﬁlgrastim produced by Sandoz [74].
Regarding interchangeability and substitution, the FDA’s interpretation differs somewhat from that of the EMA. According to the
FDA, under the BPCI Act, a biological product is ﬁrst approved as a
biosimilar and may (or may not) then be determined to be
“interchangeable” [22]. A biosimilar approved as interchangeable
may be substituted for the reference product without the prescriber’s knowledge [50]. Contrary to the EU deﬁnition, in the
United States, interchangeability is synonymous with automatic
substitution. As such, determination of interchangeability will
require a higher level of evidence. According to section 351(k)
(4) of the PHS Act, “to meet the additional standard of ‘interchangeability,’ an applicant must provide sufﬁcient information to
demonstrate biosimilarity, and also to demonstrate that the biological product can be expected to produce the same clinical result
as the reference product in any given patient and, if the biological
product is administered more than once to an individual, the risk
for safety or diminished efﬁcacy of alternating or switching
between the use of the biological product and the reference
product is not greater than the risk of using the reference product
without such alternation or switch” [47]. However, the FDA has not
yet established the required criteria that must be met to obtain
such designation and has stated that it is unlikely any biosimilars
will be designated as interchangeable medicines in the short term
[22,71]. It is important to note that, regardless of the FDA’s
designation, in the United States, legislation for automatic substitution is up to each state [75].
Regarding extrapolation of data to other indications, the FDA’s
view is generally in line with that of the EMA as described above.
The ﬁlgrastim biosimilar was unanimously recommended for all
ﬁve indications granted to the reference product Neupogen by the
Oncologic Drugs Advisory Committee and was approved for use in
all 5 [76,77].
The FDA’s commitment to safety is also in line with that of the
EMA. The FDA considers postmarketing safety monitoring to be
“an important component in ensuring the safety and effectiveness
of biological products, including biosimilars” [22]. Although speciﬁc pharmacovigilance requirements for biosimilars have not
been speciﬁed, postmarketing reporting is mandatory for all
products with unknown safety risks as speciﬁed in good pharmacovigilance practice guidance [78]. In addition to the known
effectiveness and safety concerns associated with the reference
product, the goals of the biosimilar pharmacovigilance program
should be to identify and characterize any new AEs speciﬁc to the
biosimilar and should be designed to differentiate between AEs
associated with the biosimilar and those associated with the
reference product. Biosimilar manufacturers are encouraged to
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discuss plans for postmarketing surveillance with the FDA, which
reserves the right to require additional postmarketing or clinical
studies [22]. In addition, in the United States, any risk evaluation
and mitigation strategies required of the reference product are
applied to the biosimilar (per the BPCI Act) [50]. Of note, in an
attempt to provide consumers and providers with greater conﬁdence in biosimilars, the Academy of Managed Care Pharmacy
convened a multidisciplinary task force to identify a system to
monitor the safety and effectiveness of biosimilar products. The
task force recommends the use of data consortia and suggests
setting up an advisory council as the next necessary steps in the
organization of a biosimilar-innovator intelligence system [79].
Regulations in other regions
Many highly regulated countries, including Japan, Korea,
Canada, Australia, and New Zealand, have issued guidance documents and regulations that are generally in line with either WHO
or EMA regulations (Fig. 3). Guidance documents from countries
such as Canada or Korea share similar principles with those
described in WHO regulations. In 2010, Health Canada, the federal
regulatory authority responsible for the safety, efﬁcacy, and quality
evaluation of drugs, issued the “Guidance for Sponsors: Information and Submission Requirements for Subsequent Entry Biologics
(SEBs),” to provide guidance on how to satisfy the regulatory requirements under the Canadian Food and Drugs Act and Regulations for
the authorization of SEBs. This guidance explicitly states that
Health Canada’s intention is to harmonize as much as possible with
other competent regulators and international organizations [16].

In 2009, Korea deﬁned a biosimilar as a biological product, that is,
proven to be comparable in terms of quality, safety, and efﬁcacy to
an already marketed reference product in the “Guideline on
Evaluation of Biosimilar Products” issued by the Korean Food and
Drug Administration. This guidance was developed along with
WHO regulations [16]. Other guidance documents, such as those
issued in Australia in 2008 and Japan in 2009, are more closely
aligned with EMA regulations [65].
Although some differences exist, they all share common key
basic principles [80].
(1) Same dose(s) and dosing regimen(s) as the reference product.
(2) Demonstration of biosimilarity, and not re-establishment of
beneﬁt, is the cornerstone for biosimilar development:
reduced clinical data package hinges on the demonstration of
similar physicochemical and functional characteristics.
(3) An extensive biosimilarity exercise at each step in the development process is required to establish similarity in quality,
efﬁcacy, and safety.
The interest in the biosimilars market is growing in the
emerging markets due to a number of factors, including the
burden that the high cost of imported branded biologics imposes
on the healthcare budgets of many governments (e.g., as high as
50% in Brazil) [5]. Developing countries have long-treated copies of
biologics primarily as generic equivalents [81]. As mentioned
earlier, in many of these markets, these underregulated copies of
some biologics have been manufactured, and even marketed as
biosimilars [30,82,83]. Although the regulatory requirements in

Fig. 3. Evolving landscape of the biosimilar regulatory pathways. The European Medicines Agency (EMA) pioneered the development of a regulatory framework for the
development and approval of biosimilars [16]. In an attempt to harmonize regulations worldwide, the World Health Organization (WHO) issued guidelines following very
similar principles to those of the EMA [5], and many countries based their regulatory requirements on the principles established by these guidelines [16,25]. Currently, many
developed countries have rigorous regulatory processes that ensure comparability of biosimilars with their reference products [82]. Although regulations vary substantially
across countries, many countries are striving toward harmonization of accepted criteria, such as those set forth by the EMA, the US Food and Drug Administration, and the
WHO. Some countries in the Latin American region speciﬁcally are moving toward more rigorous oversight generally based on accepted international standards [82].
However, there is still a lack of a uniform approach to the regulatory approval and in some countries synthetic copies of brand compounds have been approved without
comparative clinical studies with the innovator [31].
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some of these countries are less rigorous than WHO, EMA, or FDA
regulations, many countries are now developing more stringent
regulations for the development and approval of biosimilars
[81,82]. Some of these legacy products approved under generics
criteria in international markets could potentially become biosimilars, as the experienced producers of these products upgrade
their biomanufacturing process and conduct needed trials to meet
biosimilar standards of highly developed countries [81].
Several countries (e.g., China and Brazil) now require the domestic
manufacture of their domestically approved biopharmaceuticals [81].
For example, the Brazilian government created a program in 2012,
updated in 2014, whereby a local partner is critical to do business in
Brazil. The agreements between local companies and large private
multinationals are called partnerships for product development
(PDPs). A PDP is required for biosimilar submission. The private
companies should eventually fully transfer the technology to the
public partners and, in exchange, the government guarantees purchase
for 5 years for provision of the Uniﬁed Health System. The objective of
the program is to improve its biotechnology and biomanufacturing
capabilities and locally manufacture its own biosimilars [5].
However, lack of harmonization and the management of
previously approved nonconforming products remain issues of
concern [82,83]. For these reasons, and in order to help ensure the
efﬁcacy and safety of biosimilars, there have been calls for the
development of effective postmarketing surveillance programs
that will ultimately determine the efﬁcacy and safety of the
biosimilar and conﬁrm its similarity to the reference product. For
example, to aid policy makers in Latin America in addressing the
signiﬁcant difﬁculties encountered in the development and implementation of robust pharmacovigilance systems, in countries
where few AEs are reported [83], the Americas Health Foundation
convened a group of experts who recently published recommendations for the implementation of such systems [84].

Summary and conclusions
Although biologic therapy is indicated for the treatment of
numerous chronic inﬂammatory diseases, access to this therapeutic
modality may be limited. The addition of biosimilars to the market
may improve access to such treatments by increasing the number of
biologic drugs available. Though the regulatory landscape concerning biosimilar development and approval is varied across different
regions of the world, many countries are striving toward harmonization of accepted criteria, such as those set forth by the EMA,
FDA, and WHO, which have established comparable principles and
guidelines deﬁning biosimilars and stringent processes required to
develop and license a biosimilar. By undergoing the rigorous
process of early-stage analytical, structural, and functional comparative analyses between the biosimilar and originator product, the
corresponding clinical data package may be tailored while maintaining the quality, efﬁcacy, and safety of the biosimilar.
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