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ABSTRACT

Globally, biosimilars are expected to have a key role in improv-
ing patient access to biological therapies and addressing con-
cerns regarding the escalating cost of health care. Indeed, in
Europe, increased use of biologics and reduced drug prices
have been observed after the introduction of biosimilars.
Recently, several monoclonal antibody biosimilars of anticancer
therapies have been approved, and numerous others are in var-
ious stages of clinical development. Biosimilars are authorized
via a regulatory pathway separate from that used for generic
drugs; they are also regulated separately from novel biologics.
Biosimilar approval pathways in many major regulatory regions
worldwide are, to a broad degree, scientifically aligned. How-
ever, owing to regional differences in health care priorities, poli-
cies, and resources, some important regulatory inconsistencies
are evident. Acceptance of biosimilars by health care systems,

health care professionals, and patients will be a key factor in
the uptake of these therapies, and such regulatory variations
could contribute to confusion and diminished confidence
regarding the quality, efficacy, and reliability of these agents.
Furthermore, the need for manufacturers to account for reg-
ulatory inconsistencies introduces inefficiencies and delays
into biosimilar development programs. These issues should be
addressed if biosimilars are to attain their maximal global
potential. This review summarizes the evolution of the global
biosimilar landscape and provides examples of inconsistencies
between regulatory requirements in different regions. In addi-
tion, we review ongoing efforts to improve regulatory align-
ment and highlight the importance of education as a crucial
factor in generating trust in, and acceptance of, biosimilars on a
worldwide scale.The Oncologist 2018;23:1–11

Implications for Practice: Biosimilars of monoclonal antibody anticancer therapies are beginning to emerge, and more are likely to
become available for clinical use in the near future. The extent to which biosimilars can contribute to cancer care will depend on
their level of acceptance by health care systems, health care professionals, and patients. A better understanding of the regulatory
basis for the approval of biosimilars may enhance confidence and trust in these agents. In order to have informed discussions about
treatment choices with their patients, oncologists should familiarize themselves with the biosimilar paradigm.

INTRODUCTION

Biopharmaceuticals, or biologics, are medicinal products manu-
factured using living systems [1]. Biologics include complex
macromolecular products with biotechnology-derived proteins
as active substances. Such therapies have a key role in the
treatment of life-threatening and chronic conditions, including
cancer, diabetes, rheumatoid arthritis, and inflammatory bowel
disease (IBD). In oncology, monoclonal antibody (mAb) thera-
pies, such as bevacizumab, rituximab, and trastuzumab, have
been shown to extend patient survival in the context of various
solid or hematologic malignancies [2–4]. Despite their clinical
benefits, however, access to biologics remains a significant
problem for patients, even in developed countries [5–9]. Access
barriers include issues related to insurance coverage, health

care system reimbursement, formulary inclusion, drug availabil-
ity, and out-of-pocket cost to the patient [6–9].

Loss of exclusivity and patent expiries for commonly used
biologics have, however, provided the opportunity to develop
biosimilars. A biosimilar is a biotherapeutic product that is
highly similar to an already licensed biologic (hereafter, the
“reference” or “originator”) product, with no clinically mean-
ingful differences in quality, efficacy, or safety [10–12]. Biosimi-
lars provide additional treatment options, and evidence
suggests that their introduction can provide savings for health
care systems and expand access to biologics [13–15].

The inherent complexity of biologics and their manufactur-
ing processes means it is highly unlikely to be possible to create
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truly identical copies [16]. As a result, the regulatory framework
established for chemically derived, small-molecule generic
drugs is not appropriate for evaluating biosimilars [11, 12].
Instead, biosimilars are licensed via a separate process based
on rigorous head-to-head comparisons with the corresponding
originator product, including comparative clinical studies [12, 17].
Establishing appropriate standards for biosimilarity remains an
important area for scientific, legislative, and regulatory debate
[18]. Furthermore, there are regional variations in health care pri-
orities and resources, intellectual property rights, and regulatory
policies [19]. The net result is discrepancies and gaps in the regu-
latory framework for biosimilar approval at a global level [20].

Combined with a need for education about biosimilars [21,
22], such discrepancies may be confusing or worrying for health
care professionals, patients, and other stakeholders, and could
contribute to reduced confidence in the quality, efficacy, and
reliability of these biological agents. Moreover, manufacturers
must balance the need to account for regulatory variations
against the costs of the studies required to seek biosimilar
approvals in all geographic regions [19]. Hence, a lack of regula-
tory consistency may ultimately stifle the potential of biosimi-
lars. It should be noted that global regulatory inconsistency is
not unique to biosimilars. In recent years, for example, the
International Generic Drug Regulators Programme was estab-
lished to promote international convergence and collaboration
in the assessment of generic drugs against a backdrop of
increasing numbers of generic drug applications, globalization,
and the increasing complexity of generic products [23].

This article reviews the evolution of the global biosimilar
landscape and provides examples of current discrepancies among
biosimilar regulatory frameworks in different regions. In addition,
we review efforts to address regulatory inconsistencies and high-
light the importance of health care professional and patient edu-
cation in generating trust in, and acceptance of, biosimilars.

EVOLUTION OF THE GLOBAL BIOSIMILAR LANDSCAPE
The European Medicines Agency (EMA) was the first regulatory
authority to establish a framework for biosimilar approval, issu-
ing guidelines in 2005 [24]. Since that time, the agency has pub-
lished additional overarching and product-specific biosimilar
guidelines and has approved >30 biosimilar products [25]. In
the past decade, biosimilar guidelines were issued in other
stringently regulated markets, such as Australia, Canada, Japan,
the Republic of Korea, and the U.S. [10, 26–29]. Furthermore,
in 2009, the World Health Organization (WHO) published guid-
ance aimed at providing “globally acceptable principles” for the
evaluation of biosimilars [12]. Intended to assist national regula-
tory authorities in other regions in licensing proposed biosimi-
lars, the WHO guidelines are regarded as a step toward global
harmonization of biosimilar approval requirements [19, 30].

The biosimilar guidelines cited above are, broadly speaking,
scientifically aligned and share many key features. In all cases,
development of a biosimilar involves a stepwise, head-to-head
comparison exercise that begins with comprehensive analytical
assessments of structural and functional attributes of the
potential biosimilar compared with the originator product, fol-
lowed by nonclinical and clinical assessments [10–12, 26–29].
Clinical assessments usually comprise a pharmacodynamics/
pharmacokinetics comparison followed by at least one compar-
ative safety and efficacy trial [10, 12, 27–29, 31]. The aim of the

comparison exercise is to establish a high degree of similarity
between the biosimilar and originator, rather than to demon-
strate the safety and efficacy of the biosimilar per se [32].
Establishing biosimilarity allows the biosimilar manufacturer to
rely on the extensive safety and efficacy profile of the origina-
tor, hence enabling licensing based on an abbreviated nonclini-
cal and clinical data package [12, 27, 29]. A determination of
biosimilarity is based on the totality of the evidence from all
stages of the comparison exercise [10–12, 27–29].

The aim in the clinical phase of the biosimilarity exercise is to
exclude any potential clinically significant differences between a
biosimilar and the originator. It is preferred that safety and effi-
cacy trials have an equivalence design, with upper and lower bio-
similarity margins, to establish that the proposed biosimilar is
neither inferior nor superior to the originator [10, 12, 27, 29, 31].
Biosimilarity trials should be designed so that parameters such
as study population, endpoints, and time points are appropri-
ately sensitive for the detection of product-related differences
between the potential biosimilar and originator [10–12, 27, 29].
In the case of biosimilar anticancer mAbs, for example, activity-
based endpoints such as overall response rate are likely to be
more sensitive than survival-based endpoints [33].

It has been estimated that >150 potential biosimilars
are in clinical development [34]. Many of these reference
“blockbuster” mAb products for the treatment of inflammatory
diseases or cancer, such as adalimumab, bevacizumab, inflixi-
mab, rituximab, and trastuzumab (Fig. 1) [35–37]. Indeed, in
2017, the EMA authorized two biosimilar rituximab molecules
(CT-P10 and GP2013), which represented the first anticancer
mAb biosimilars to be approved in Europe [38, 39]. Moreover,
in September 2017, the U.S. Food and Drug Administration
(FDA) licensed a biosimilar of bevacizumab (ABP 215), which
was the first anticancer biosimilar to be approved in the U.S. [40].
ABP 215 has since been authorized in Europe [41]. Additionally,
as of February 2018, two trastuzumab biosimilars (CT-P6 and SB3)
have been authorized in Europe [42, 43], with a third (MYL-
1401O) licensed in the U.S. [44]. Several of these anticancer biosi-
milars have also been approved in other regions, including Brazil
(MYL-1401O), India (MYL-1401O), and the Republic of Korea (CT-
P6, CT-P10, SB3), with regulatory reviews underway in countries
including Australia, Canada, and Japan [45–48].

Governments, health care systems, and other health care
decision makers have a pressing need to manage increasing
health care costs while maintaining quality and clinical effective-
ness, and have thus shown significant interest in the potential of
biosimilars [16, 49, 50]. In the U.S., for example, expenditure on
mAb therapies in oncology reportedly reached $13.6 billion in
2015, accounting for 35% of the total spending on cancer medi-
cines [51]. In one recent report, estimates for the potential sav-
ings that could result from the introduction of biosimilars for
eight originator biologics across five European countries and the
U.S. combined ranged from e49 billion to e98 billion (assuming
reductions in treatment-day prices of 20% to 40%, respectively)
for the 5-year period 2016–2020 [52]. Accordingly, health eco-
nomic matters are particularly relevant to the global use and
acceptance of biosimilars. Pricing and value must be considered
alongside other potential benefits and challenges associated
with biosimilar approvals.

Recognizing that biosimilars could help increase access to
treatment and address escalating health care expenditure, the
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WHO recently announced a pilot project in which it will invite
manufacturers to submit applications for the prequalification
of biosimilars of rituximab and trastuzumab [53]. Prequalifica-
tion is a quality assurance process wherein the WHO evaluates
products for quality, efficacy, and safety and is relied upon by
many low- and middle-income countries to guide decisions on
drug procurement [53].

The implementation of biosimilars is perhaps best illustrated
in Europe, the region with the longest experience with biosimilars
and that has a variety of health care systems and economies. A
2017 report examined the effect of biosimilar competition in sev-
eral product classes, based on volume estimates and list price
data across countries of the European Economic Area [13]. It was
noted that biosimilar competition drives price reductions,
although the magnitude of reductions varied significantly among
countries. Interestingly, the correlation between biosimilar mar-
ket share and price reductions was weak in many instances.
Finally, increases in the consumption of biologics, used by the
investigators as a surrogate measure of increased access to treat-
ment, were observed after the introduction of biosimilars [13].

It was noted that biosimilar competition drives price
reductions, although the magnitude of reductions var-
ied significantly among countries. Interestingly, the cor-
relation between biosimilar market share and price
reductions was weak in many instances.

Overall, the uptake of biosimilars appears to be highly sensi-
tive to country-specific factors such as market characteristics,

payer archetypes, incentive policies, and policies on substitution
[54, 55]. In the U.S., for example, it has been proposed that a so-
called “rebate trap” (whereby rebates offered by the manufac-
turer of an originator could be withdrawn in response to biosimi-
lar competition) may create the incentive for payers to favor
originators over less-costly biosimilars, and thus act as a barrier
to uptake [56]. In contrast, significant penetration of biosimilars
has been achieved in Norway via initiatives such as competitive
drug tendering and commitment from the government to fund
the NOR-SWITCH study, which aimed to provide evidence about
the effects of switching from originator infliximab to an inflixi-
mab biosimilar [57–59]. Such examples illustrate the importance
of considering the role of health care systems, policymakers, and
payers in the uptake of biosimilars. These issues will be better
understood as the biosimilar landscape continues to evolve.

REGULATORY INCONSISTENCIES BETWEEN REGIONS

Although biosimilar approval requirements in stringently regu-
lated regions of the world are scientifically aligned on many
principles, some important regulatory inconsistencies are evi-
dent. Below, we provide examples of key regulatory variations
or gaps; Table 1 illustrates these using the example of CT-P13, a
mAb biosimilar of infliximab that is approved for use in 80
countries [46]. It should be noted that there are additional
areas in which further regulatory alignment may be necessary,
such as in relation to requirements concerning animal studies
[60, 61].

Choice of Reference Product
Several biosimilar regulatory guidelines specify that the refer-
ence product used during the comparison exercise should be
licensed in that country or region [10, 11, 26, 28]. The first

Figure 1. Monoclonal antibody and fusion protein biosimilar development pipeline. Based on named potential or approved biosimilars
identified in the systematic literature review by Jacobs et al. [35–37]. Note that noncomparable biotherapeutic products (i.e., products
intended to “copy” an already licensed product that are authorized without a complete exercise of head-to-head comparison with the
originator) are not included, and the cutoff date for the literature review was September 2015.
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biosimilar guideline from the EMA, for example, stated “the
chosen reference medicinal product, defined on the basis of its
marketing authorisation in the [European] Community, should
be used throughout the comparability program for quality,
safety and efficacy studies” [24].

Such restrictions are potentially problematic for manufac-
turers, because developing a biosimilar that can be commer-
cialized globally would require duplicative trial programs, vastly
increasing the time and cost of development [19]. However,
with the aim of facilitating the global development of biosimi-
lars, regulators have indicated their support for the concept
of “bridging” studies to demonstrate that originator products
sourced in different areas are representative of each other. For
example, although biosimilar guidance from the U.S. FDA states
that “a sponsor must demonstrate that the proposed product
is biosimilar to a single reference product that previously has
been licensed by FDA,” it allows the sponsor to compare a pro-
posed biosimilar with a non-U.S.-licensed originator in certain
clinical and animal studies, provided that this can be scientifi-
cally justified and that an acceptable bridge to the U.S.-licensed
product can be established [10]. Furthermore, the EMA guide-
line was updated in 2014 to include similar provisions regarding
the choice of reference product [11].

In practice, biosimilar development programs often incor-
porate three-arm bridging studies during the analytical and
clinical pharmacology phases of development to make pairwise
comparisons between the proposed biosimilar, a Europe-
sourced originator, and a U.S.-sourced originator (Table 1).

Extrapolation
Another feature common to regulatory frameworks is that
approval of a biosimilar for indications held by the originator
but not studied during the biosimilarity exercise (“extrapolation”)
may be possible, provided that there is adequate scientific jus-
tification [10–12, 27–29]. Extrapolation is a core aspect of the
abbreviated regulatory pathway because it avoids the need for
a biosimilar manufacturer to conduct clinical trials in all indica-
tions for which licensure is sought. The specific wording of
considerations relevant to extrapolation differs among the var-
ious regulatory guidelines, although there are clear similarities.
In the FDA guideline, for example, the scientific rationale for
extrapolation must address factors such as the mechanism of
action and target receptors in each indication, product phar-
macokinetics in different patient populations, and the immu-
nogenicity and toxicity profiles of the product in different
conditions of use [10]. Differences in such factors between

Table 1. Attributes of biosimilar infliximab CT-P13 in different regulatory regions

Country or region
(regulatory authority)

Nonproprietary
name

Format of label
or product
information

Data establishing bridge
from infliximab-EUa to
local reference product Notes References

Australia (TGA) Infliximab Hybridb product
information

Information on bridging
not identifiedc

A TGA assessment report
concerning approval of CT-
P13 was not identified

[111]

Canada (Health
Canada)

Infliximab Hybridb product
monograph

Information on bridging
not identifiedc

Authorization of CD and UC
indications not permitted
during initial assessment of
CT-P13 in 2014. These
indications were
subsequently authorized in
2016 based on a
supplemental data
submission

[112–117]

Europe (EMA) Infliximab SmPC based on
reference
productd

Not applicable (see notes) Infliximab-EU used as
reference product
in biosimilarity exercise

[118–121]

Japan (PMDA) Infliximab
(genetical
recombination)
[Infliximab
Biosimilar 1]

Hybridb product
information

Analytical bridging data Clinical data package
included a study in Japanese
patients with RA.
English-language versions of
product information and the
PMDA assessment report for
CT-P13 were not identified

[122–125]

U.S. (FDA) Infliximab-dyyb Label based on
reference
productd

Analytical and clinical
bridging data

Clinical bridging data from
three-arm PK/safety trial
comparing CT-P13,
infliximab-EU, and infliximab-
U.S. in healthy volunteers

[126–128]

Extrapolation permitted for CT-P13 in all regions included in the table (see Notes column for Canada).
aInfliximab-EU was the comparator product in many studies in the biosimilarity exercise for CT-P13.
bContains data from pivotal studies of originator product as well as data from biosimilarity exercise.
cAlthough information on bridging is not readily available, the possibility of using a nonlocal originator product in the biosimilarity exercise is per-
mitted in the relevant biosimilar guideline.
dContains data from pivotal studies of originator product but no data from biosimilarity exercise. Although aligned with documentation for the
originator, there are modifications to reflect product-specific differences between the biosimilar and originator (e.g., licensed indications [U.S.
label] or pharmaceutical particulars [European SmPC]).
Abbreviations: CD, Crohn’s disease; EMA, European Medicines Agency; FDA, U.S. Food and Drug Administration; infliximab-EU, infliximab sourced
from the European Union; infliximab-U.S., infliximab sourced from the U.S.; PK, pharmacokinetics; PMDA, Pharmaceuticals and Medical Devices
Agency; RA, rheumatoid arthritis; SmPC, summary of product characteristics; TGA, Therapeutic Goods Administration; UC, ulcerative colitis.
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indications do not necessarily preclude extrapolation but may
necessitate additional supportive data.

Despite the similar regulatory basis for extrapolation, deci-
sions are made on a case-by-case and agency-by-agency basis.
Consequently, different agencies may make different decisions
regarding extrapolation when reviewing the same biosimilar
(Table 1) [62]. This likely reflects differences in how regulators
interpret and weigh evidence regarding biosimilarity, and it
may ultimately undermine the acceptance of biosimilars
because the existence of biosimilars with different authorized
indications to the originator, or to other biosimilars, creates
uncertainty [63].

Naming and Product Labeling
Biosimilar nomenclature has important implications for both
safety monitoring and patient access to treatment [64]. An
inability to accurately distinguish between related biologics
that share the same nonproprietary name could, for example,
result in misattribution of adverse events or inadvertent substi-
tution [64, 65]. Conversely, distinct nonproprietary names for
biosimilars and originators may cause confusion and could
hamper biosimilar uptake by making substitution of inter-
changeable biologics by pharmacists (where permitted) less
likely [66, 67].

In Europe, biosimilars authorized by the EMA generally
share the International Nonproprietary Name of the corre-
sponding originator (Table 1), although, to support pharmaco-
vigilance, the brand name and batch number should be
included when reporting adverse events for any biologic [11].
In contrast, the FDA requires that all biological products bear a
nonproprietary name consisting of a core name and a unique,
agency-designated, distinguishing suffix comprising four lower-
case letters [65]. Other naming conventions have been used
elsewhere, for example in Japan and Australia [68], and some
regulators have yet to decide their approach [69].

Regulatory authorities have also taken divergent positions
on the format of product labels or summaries of product char-
acteristics (SmPCs). In Europe, biosimilar SmPCs do not contain
data from the biosimilarity exercise; instead, they include a
statement that the product is a biosimilar but are otherwise
aligned with the SmPC of the originator [70, 71]. Modifications
may be necessary to reflect product-specific differences; for
example, the approved indications of the biosimilar and origi-
nator may differ [70]. The FDA has advocated a similar
approach in its draft guidance on labeling for biosimilars [72].
This approach may help prevent confusion about the risk–
benefit profile of the biosimilar and avoid the perception that
biosimilars differ from the corresponding originator in any
meaningful way [63, 72]. On the other hand, not including data
from the biosimilarity exercise in the label may make it more
difficult for health care professionals to communicate with
patients about the evidence underpinning biosimilar authoriza-
tion [66]. As a result, in some countries, such as Canada and
Australia, a “hybrid” label is used for biosimilars, including
information based on studies of the originator and data from
the biosimilarity exercise (Table 1) [63].

Interchangeability
The meaning of “interchangeability” differs according to region
[73]. In Europe, for example, interchangeability has been
defined as the “medical practice of changing one medicine for

another that is expected to achieve the same clinical effect in a
given clinical setting and in any patient on the initiative, or with
the agreement of the prescriber” [74]. In its evaluation of biosi-
milars, the EMA does not provide recommendations on inter-
changeability with originators, and delegates this responsibility
to individual member states [11]. Regulators in a number of
European countries have endorsed interchanging under the
supervision of the prescriber [73]. In a similar manner, authori-
zation of a biosimilar by Health Canada is “not a declaration of
equivalence,” and decisions on interchangeability are made by
the province or territory [69].

In contrast, the FDA can designate a biosimilar as inter-
changeable with a reference product if certain additional
standards are met. As well as demonstrating biosimilarity to
a reference product, an interchangeable product “can be
expected to produce the same clinical result as the reference
product in any given patient,” and “for a biological product
that is administered more than once to an individual, the risk
in terms of safety or diminished efficacy of alternating or
switching between use of the biological product and the ref-
erence product is not greater than the risk of using the refer-
ence product without such alternation or switch” [75]. At the
time of writing, the agency had released only draft guidance
on the requirements for demonstrating interchangeability
[75], and the biosimilars licensed in the U.S. are, accordingly,
not designated as interchangeable.

Design of Comparative Clinical Trials
At present, regulatory authorities provide broad guidance on
comparative clinical trials, but generally they require applicants
to scientifically justify the design specifics of their studies
[10, 12, 27, 28, 31]. A recent systematic review of assessment
reports for biosimilars approved in Europe found significant var-
iability between clinical development strategies and that, even
for biosimilars referencing the same originator, there was heter-
ogeneity in the endpoints, statistical model, and sample sizes
employed in clinical trials [76]. Furthermore, the FDA and EMA
have differed in their interpretations of the appropriateness of
the biosimilarity margins used in certain trials [77]. It has been
suggested that regulatory authorities could agree upon and
standardize various design features for clinical trials of all poten-
tial biosimilars referencing the same originator in a given dis-
ease [78], which might aid interpretation of the results of
different trials.

NONCOMPARABLE BIOTHERAPEUTIC PRODUCTS
Outside of the regulatory regions discussed above, another key
global inconsistency is highlighted by the fact that in some
countries, biologics intended to “copy” an already licensed
product have been authorized via less-stringent approval path-
ways, without a complete exercise of head-to-head comparison
with the originator [19, 79]. Although a full consideration of
such “noncomparable biotherapeutic products” is outside the
scope of this review, it should be noted that these agents
should not be termed biosimilars, as they have not been devel-
oped and assessed in line with the principles of a strictly compar-
ative development program, and their approval may ultimately
carry safety and efficacy concerns, as the risk–benefit balance is
often unknown [17, 68, 79]. As a result, health care professionals
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should not conflate noncomparable biotherapeutics with “true”
biosimilars.

Noncomparable biotherapeutics are reportedly available in
countries and regions such as China, India, and Latin America
[68]. However, there have been calls for such products to be
reassessed according to current regulations for biosimilars [80].
To this end, the WHO has issued recommendations for national
regulatory authorities on the stepwise identification and reeval-
uation of biologics that no longer meet current regulatory
expectations, including, for example, those that were author-
ized on the basis of limited data or via a generic pathway [81].
This may require manufacturers to generate and submit addi-
tional data to national regulatory authorities [81].

ONGOING EFFORTS TO PROMOTE GLOBAL REGULATORY

ALIGNMENT

Clearly, globally consistent approval processes and decision
making would facilitate a less-complex regulatory landscape
for biosimilars and could affect issues such as the breadth
of development programs (streamlining would be possible),
clinical trial designs, extrapolation (maximizing appropriate
extrapolation could help minimize the number of requisite
comparative clinical studies), access to treatment for patients,
and postmarketing surveillance (e.g., through consistent
approaches to naming). Thus, there is the potential to save sub-
stantial time and resources, as well as to ensure that standards
are sufficiently high in all areas of the world. As noted earlier,
closer alignment would also help drive confidence in the biosimi-
lar concept both within the health care community and among
patients [63, 78].

Steps toward regulatory alignment have been taken in sev-
eral areas in recent years, with regulators continuing to refine
and update guidance documents as the biosimilar landscape
evolves [82]. One example is the case of Health Canada, which
updated its biosimilar guideline in 2016, based in part on inter-
national developments in biosimilar regulation [69]; several of
the revisions brought the document into closer alignment
with the regulatory approach followed in other regions. Among
other updates, the revised document uses the term “biosimilar”
rather than the previous phrase “subsequent entry biologic,”
and wording was added to clarify that the basis for biosimilar
authorization is a demonstration of similarity based on the
entirety of the submission (i.e., a totality of the evidence
approach) [69].

Moreover, there are ongoing collaborative efforts between
regulatory authorities in different regions. For example, the
International Pharmaceutical Regulators Forum has established
a biosimilars working group to discuss and harmonize the
issues and challenges in regulation of biosimilars among mem-
ber countries [83]. The group’s recent work includes the publi-
cation of a reflection paper that “compiles common features of
various [national regulatory authority] biosimilar guidelines and
highlights harmonized scientific considerations on extrapola-
tion for biosimilar products” [84]. Furthermore, the working
group has published a template to assist regulatory authorities
in making available English-language summaries of their assess-
ments of biosimilar applications, given that assessment reports
are often only available in the local language and hence not
accessible to the wider global community [85]. In additional
examples of collaboration, four agencies (EMA, FDA, Health

Canada, and Japan’s Pharmaceuticals and Medical Devices
Agency) have formed a “biosimilars cluster” to foster global
interactions on biosimilars, and the EMA and FDA have intro-
duced a joint program to provide manufacturers with parallel
scientific advice [77, 86]. The four-agency cluster was estab-
lished in 2011 and convenes three times per year with the
objective of achieving alignment on scientific approaches to
the evaluation of biosimilars, so that “data developed for one
regulatory authority could be acceptable to another” [87].

More recently, the concept of a single “global reference”
comparator for biosimilar development has been proposed. A
2017 publication by Webster and Woollett argued that bridging
studies designed to demonstrate that local and foreign versions
of an originator product are representative of one another (in
order to justify use of the foreign version as a comparator dur-
ing the biosimilarity exercise) are “usually redundant” [88]. This
is because versions of the originator approved in different juris-
dictions normally share common development data, and any
subsequent manufacturing changes have been justified as a
result of a rigorous comparability assessment. The authors
stated, therefore, that bridging studies during biosimilar devel-
opment add “substantial unnecessary development time and
cost for biosimilar sponsors, particularly since the same data
are required from each sponsor, and by multiple jurisdictions”
[88]. Instead, a set of criteria were proposed under which a sin-
gle reference version of the originator could be used for the
global development of a biosimilar [88].

Although it seems unrealistic to expect that a central, global
regulatory framework for the evaluation and approval of bio-
similars will be established, it is hoped that initiatives and
proposals such as those outlined above will foster closer regula-
tory alignment between regions, thus preventing major diver-
gence and hence supporting the potential of these products to
provide cost efficiencies and improved access to important
medications.

HEALTH CARE PROFESSIONAL AND PATIENT PERCEPTIONS:
TRUSTAND EDUCATION
Trust is a critical component in the real-life implementation of
medicines, whether in cancer or other diseases. Furthermore,
trust on the part of the patient is not merely related to the fact
that a drug is approved by regulatory bodies. Patients must
trust that prescribed drugs are reliable and safe, and were pro-
duced according to high quality standards. Studies exploring
patients’ attitudes toward biosimilars have identified issues
such as a low awareness of these treatments, a desire to be
involved in treatment decisions, and the belief that cost savings
should not be prioritized above efficacy and safety [22, 89, 90].
Therefore, there exists an immediate need for effective patient
education on biosimilars. Furthermore, it is key that health care
professionals are able to communicate and reinforce the bio-
similar concept endorsed by leading regulators, such as the
EMA and FDA.

Trust and confidence in biosimilars are also crucial among
health care professionals [52]. This may be particularly true in
oncology, given that cancer is complex to treat and often cata-
strophic for patients [91]. Regrettably, as demonstrated in pub-
lished surveys, some physicians are not well informed about
biosimilars. A recent survey among U.S.-based specialty physi-
cians who already prescribe biologics revealed that, although
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the majority of respondents had heard of biosimilars, in-depth
knowledge of fundamental concepts such as the “totality of
the evidence” was low [21]. Other physician surveys have
revealed general positivity toward biosimilars but uncertainty
regarding issues such as extrapolation [8, 92, 93]. Similar knowl-
edge gaps are likely among pharmacists, nurses, and other
health care practitioners [91, 94].

Health care professionals are accustomed to evaluating
therapeutics on the basis of data from clinical trials in each
approved indication, and it is understandable that they may
have uncertainties related to the emphasis on analytical assess-
ments in the biosimilar paradigm [16]. Regulatory authorities
have recognized the importance of providing educational mat-
erials on biosimilars [95, 96], along with a need for patients and
health care professionals to trust in the science that underpins
biosimilar approval pathways [97]. Expert bodies such as the
National Comprehensive Cancer Network have also identified
the need to educate practitioners on the scientific principles
concerning biologic manufacturing processes and pharmaco-
vigilance [91].

Clinical experience with biosimilars will be another impor-
tant element in their acceptance. In the past decade, no rele-
vant differences between biosimilars and respective originators
have been identified via the safety monitoring system in the
European Union, and none of the approved biosimilars has
been withdrawn as a result of safety or efficacy concerns [70],
thus providing reassurance and validation concerning the biosi-
milar approval pathway in stringently regulated regions. Fur-
thermore, the legitimacy of extrapolation has been supported
by real-world data collected in indications not studied during
initial biosimilar development. There was initial debate within
the gastroenterology community regarding authorization of CT-
P13 for the treatment of IBD without supporting clinical trial
results, for example [98]. However, data collected in patients
with Crohn’s disease or ulcerative colitis have revealed no sig-
nificant safety, efficacy, or immunogenicity concerns [99, 100],
and, as experience has accrued, confidence with this biosimilar
has increased among IBD specialists [101].

In the past decade, no relevant differences between
biosimilars and respective originators have been iden-
tified via the safety monitoring system in the Euro-
pean Union, and none of the approved biosimilars
has been withdrawn as a result of safety or efficacy
concerns, thus providing reassurance and validation
concerning the biosimilar approval pathway in strin-
gently regulated regions.

Finally, although not a major focus of our review, it should
be noted that payers and other decision makers also require
education on biosimilars if the potential of these products is to
be maximized. Although marked price reductions have been
achieved through the introduction of biosimilars in certain
notable cases (for example, in a 2015 Norwegian national
hospital tender for biologics, CT-P13 was offered at a price 69%
lower than that offered for the originator [102]), several

commentators have cautioned that focusing on short-term cost
savings only, without appropriately incentivizing health care
professionals and manufacturers, may ultimately prove detri-
mental [52, 59]. The investment required for biosimilar devel-
opment is significant compared with that needed for generic,
chemically derived products. It has been estimated that biosi-
milar development may take 5–9 years and cost in excess of
U.S. $100 million; in contrast, development of a generic version
of a small-molecule drug may cost in the order of U.S. $1–4 mil-
lion [103–105]. Manufacturing costs for biologics are also signif-
icantly higher than those for chemically derived products [59].
These and other factors help explain why the price differential
between biosimilars and originator products has tended to be
smaller than the discounts observed for generic drugs [59].
In short, a “race to the bottom” in terms of pricing may dis-
courage manufacturers from investing in biosimilars, hence
hindering the longer-term development of a sustainable,
competitive biosimilars market [52, 59, 106]. As the biosimi-
lars industry matures, how such issues develop will be of sig-
nificant interest to all stakeholders. More generally, pricing
and availability of medications, not least anticancer treat-
ments, are global health care challenges, and innovative sol-
utions must be encouraged [107, 108]. In certain markets,
for example, one option may be public–private partnerships,
including collaborations designed specifically to promote
access to biosimilars [109, 110].

CONCLUSION
At a time of rapidly increasing health care expenditure, there
is an urgent need to generate savings while maintaining
quality and clinical effectiveness. Biosimilars are consistent
with this concept and represent an important tool for making
medicines more accessible [18, 49]. Anticancer mAb biosimi-
lars have recently been authorized in Europe and the U.S.,
and numerous others are in development. For biosimilars to
have maximal impact, it is essential that they are accepted
by health care professionals and patients [18] and that
health care systems are amenable to biosimilar uptake. Edu-
cation on, and trust in, the regulatory pathway for these
agents will play an important part. A greater degree of global
alignment in regulatory requirements and decision making
would likely increase confidence in the biosimilar concept
and enable streamlined development programs. Ideally, a
globally consistent approach to biosimilar approval would
take into consideration the existing regional differences in
regulations, as well as ensuring that the concept of “head-to-
head” biosimilarity at the core of robust guidelines from the
EMA, FDA, and WHO is retained. Ultimately, global adoption
of guidelines modeled on existing templates that have pro-
ven successful could expedite approval processes and facili-
tate improvements in patient care. Should the establishment
of a central, global framework for biosimilar evaluation and
approval prove impractical, then continued efforts to pro-
mote regulatory alignment between regions should be
supported.
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Implications for Practice:
This article highlights the importance of biosimilars, as a cost‐cutting strategy, in the delivery of state‐of‐the‐art health
care in developing countries, at a fraction of what a reference biological agent would cost.
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