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Abstract
Purpose of Review The purpose of the review is to explore the reasons for low penetration of biosimilars in the United States
(US) and to compare and contrast the US and European experiences.
Recent Findings A biosimilar is a biologic that is highly similar to and with no clinically meaningful differences from an existing
Food and DrugAdministration (FDA)-approved reference product, where the reference product is the biologic that was originally
approved by the FDA. The Biologics Price Competition and Innovation Act of 2009 (BPCIA) created an abbreviated approval
pathway (351(k)) for biosimilars to encourage their development and created provisions for interchangeability. Since then, 19
biosimilars have been approved and 7 have been marketed via this pathway; however, the market penetration and utilization of
biosimilars in the US has been low. For example, infliximab-dyyb (Inflectra®), while approved in 2016, has captured less than
5% of the US infliximab market share. The European Union (EU) established a biosimilar pathway in 2005 with their first
biosimilar approved in 2006. The biosimilar approval pathway in the EU and US are similar in that their goal is to prove
biosimilarity. De novo studies to establish safety and efficacy of the biosimilar are not needed. In contrast, as part of the approval
in the EU, a transition study in which patients are switched from a reference to a biosimilar is required. Individual countries are
left to decide interchangeability. From a clinical perspective, the main concerns regarding biosimilars have been about switching
patients from reference to biosimilars especially in clinically stable patients, a bias towards associating more adverse effects with
biosimilars, and the differentiation of biosimilars used for chronic versus short-term conditions with objective efficacy measures.
Finally, the idea that a biosimilar’s approval can be based on extrapolation from other indications has also led to reluctance in
using them. Such clinical conundrums were likely also faced in the EU; however, its economic milieu has helped to increase
adoption over the last decade. These techniques include price competition by using all available biosimilars, price regulation by
national authorities, and incentives for prescribers to use biosimilars. While recognizing differences in the payer system, some or
all of these techniques may help increase adoption in the US where individualized contracting and significant rebates offered by
the reference products’ manufacturers have made switching to the biosimilar financially unfavorable.
Summary A pathway for accelerated biosimilar approval was developed in the US in 2009. Nonetheless, biosimilar penetration
to the market remains low compared to the EU due to unique issues in the US, including the rebates provided by manufacturer of
the reference biologic.While being sensitive to differences in payer structure between the US and countries in EU, it is possible to
adopt some of their techniques.
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Introduction

Biosimilars are relatively new to the US and also have been
slow to penetrate the market. Biosimilars have been available
in EU for over a decade and are widely prescribed, adminis-
tered, and accepted [1]. Our aim is to describe the difference
from a regulatory and clinical perspective and to shed light on
how US clinicians may be encouraged to increase utilization
of biosimilars in routine practice.
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Background

A biosimilar is a non-patented biologic that is highly similar to
and with no clinically meaningful differences from an existing
FDA-approved, patented reference product, where the refer-
ence product is the biologic that was originally approved [2,3].
Two key components of the biosimilar definition are “highly
similar” and “no clinically meaningful differences.” “Highly
similar” refers to a high level of similarity between the struc-
ture and function of the biosimilar and its reference biologic
where minor differences are acceptable. In fact, a reference
drug may itself have gone through some structural changes
in the years since its approval, including those caused by al-
terations in the manufacturing process [4]. Manufacturers of
biosimilars are expected to submit relevant data, including
pharmacokinetic, pharmacodynamic, and immunogenicity
studies, to the FDA to prove similarity. The FDA then estab-
lishes that the level of similarity between biosimilar candidate
and reference biologic is high enough to warrant market au-
thorization [3,4]. With regard to the second key component,
“no clinically meaningful differences,” a licensed biosimilar
should not produce any clinically meaningful differences in its
safety and efficacy from the reference product. Manufacturers
prove high similarity and lack of clinically meaningful differ-
ences via pharmacokinetic, pharmacodynamic, and immuno-
genicity studies. Thus, de novo phase III clinical trials, which
are essential to the New Drug Application pathway, are op-
tional for biosimilars [3]. Further, biosimilars do not need to
demonstrate clinical efficacy and safety for every indication as
the reference. Thus, the FDA may approve the biosimilar for
some indications by theory of extrapolation, whereby infor-
mation derived from one indication is used to support use for
another indication [9].

Approval Pathways

The Biologics Price Competition and Innovation act of 2009
(BPCIA) created an abbreviated approval pathway (351(k))
for biosimilars (Fig. 1). The BPCIA provided requirements
to prove biosimilarity, established a 4-year and 12-year exclu-
sivity for the initial reference biologic before any biosimilar
application will be submitted or approved, respectively, intro-
duced interchangeability requirements, and delineated a pro-
cess to facilitate resolution of patent disputes between
biosimilar and reference drug manufacturers [5]. An applica-
tion submitted through the 351(k) pathway includes analyti-
cal, animal, and clinical studies; however, the FDAmay waive
the need for any one of these component(s) [6]. There are a
few alternate ways that biosimilars or biosimilar-like products
have been approved prior to the development of the 351(k)
pathway. In some cases, a reference biologic was not available
in which case a 505(b) [2] pathway was utilized, which is a

hybrid between the abbreviated and new drug application pro-
cesses. Examples of drugs approved via this pathway are in-
sulin (Baslagar®) and human growth hormone (Omnitrope®)
and are referred to as follow-on biologics.

One key goal of the BCPIAwas to define interchangeabil-
ity [7•]. If considered interchangeable, the biosimilar would be
listed as such in the Purple Book. The Purple Book is a list of
all biologics, including biosimilars, and provides exclusivity
and interchangeability information when available [8].
Nonetheless, the FDA has not yet deemed any biosimilar in-
terchangeable to its reference biologic and thus, none are in-
cluded in the Purple Book. A draft form of the guidance on
interchangeability, released in 2017, faced pushback from sev-
eral medical societies [9,10]. The final guidance for industry
regarding interchangeability was released in May 2019. A
dedicated switching study or an integrated switching study is
recommended to establish interchangeability. In a dedicated
switch study, there is a lead-in period of treatment with the
reference biologic followed by randomization into two arms: a
non-switching arm (patients who continue treatment with ref-
erence) and a switching arm (patients who change their treat-
ment to a biosimilar). An integrated switch study follows the
same mechanism as a dedicated switch study (i.e., randomi-
zation to a switching and non-switching arm) but instead of a
lead-in phase, the original PK/PD study that was used to de-
termine biosimilarity is used (Fig. 2) [11].

Other recent laws have encouraged development and ap-
proval of biosimilars at a national level. In the recently enacted
CURES Act of 2018, the biosimilar’s manufacturer can bring
a lawsuit against the reference drug’s manufacturer if the latter
refuses to provide sufficient samples for the biosimilar manu-
facturer to perform appropriate testing to determine
biosimilarity. Further, the FDA can approve a secondary
Risk Evaluation andMitigation Strategy (REMS), a drug safe-
ty program, for a biosimilar if the reference and biosimilar
manufacturers are unable to agree on a single rule [12].

While some federal work supporting biosimilars has been
on-going as described above, states have concurrently been
working on legislation regarding biosimilars. Currently, 41
states have enacted legislation involving biosimilars in vary-
ing capacities. Of the remaining nine states, four have pending
laws and five have no anticipated legislation in 2019. One
issue, however, is that due to the lack of interchangeability
guidance at the federal level, the ability for automatic substi-
tution at the pharmacy level has been hindered. For example,
in Florida, the law allows pharmacies to substitute a biosimilar
for a reference product if the FDA has determined the biologic
is interchangeable and the prescriber has not “expressed a
preference against substitution.” [13] This exemplifies the
states’ reliance of interchangeability guidance from the FDA.

There were 19 biosimilars approved in the US since 2006
of which 7 have launched (Table 1). Of those that have
launched, market share has been low (e.g., less than 5% for
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infliximab-dyyb (Inflectra®)). In contrast, during same
timeframe (2006–2018), more than 40 biosimilars were ap-
proved in the EU. This can be explained by the EU having

established a regulatory framework for biosimilar approval
well before the US coupled with higher volume of applica-
tions and approvals of biosimilars in the EU.

Fig. 1 Food and Drug Administration approval pathways
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European Experience With Biosimilars

A pathway for biosimilar authorization in EU has been
established in 2005. In 2006, two specific guidelines on qual-
ity, clinical, and nonclinical issues were released [14]. In fact,
EU was the first region to create a regulatory approval process
for biosimilars. A contrast to the US experience, as of
May 2018, there were 43 biosimilars approved in EU versus
9 in the US. The first biosimilar in the EU was approved in
2006 while the first biosimilar in the US was not approved
until 2015 [15].

In the European Union (EU) model, the Committee for
Medicinal Products for Human Use (CHMP) provides the
initial assessment on a biosimilar application. After an initial
assessment, the European Medicines Agency (EMA) ap-
proves the medication. The FDA adopted most of the compo-
nents required for submission to the EMA, though some dif-
ferences exist. One difference is that in the FDA pathway,
there is requirement for a transition study in which patients
who are on the reference biologic are switched to the
biosimilar (i.e., phase IV or post-marketing study) to ensure
there is no safety concerns in the pre- and post-switch groups.

Table 1 FDA-approved biosimilars and follow-on biologics

Biosimilar brand name Marketing authorization holder Reference products Application process FDA approval date

Zarxio (filgrastim-sndz) Sandoz Neupogen (filgrastim) 351(k) Mar 2015

Inflectra (infliximab-dyyb) Pfizer Remicade (infliximab) 351(k) Apr 2016

Erelzi (etanercept-szzs) Sandoz Enbred (etanercept) 351(k) Aug 2016

Amjevita (adalimumab-atto) Amgen Humira (adalimumab) 351(k) Sept 2016

Renflexis (infliximab-abda) Samsung Bioepsis Remicade (infliximab) 351(k) May 2017

Cyltezo (adalimumab-adbm) Boehringer Ingelheim Humira (adalimumab) 351(k) Aug 2017

Mvasi (bevacizumab-awwb) Amgen Avastin (bevacizumab) 351(k) Sept 2017

Ogivri (trastuzumab-dkst) Mylan Herceptin (trastuzumab) 351(k) Dec 2017

Ixifi(infliximab-qbtx) Pfizer Remicade (infliximab) 351(k) Dec 2017

Retacrit (epoetin alfa-epbx) Pfizer Epogen/Procrit (epoetin alfa) 351(k) May 2018

Fulphila (pegfilgrastim-jmdb) Mylan Neulasta (pegfilgrastim) 351(k) June 2018

Nivestym (filgrastim-aafi) Pfizer Neupogen (filgrastim). 351(k) July 2018

Hyrimoz (adalimumab-adaz) Sandoz Humira (adalimumab) 351(k) Oct 2018

Udenyca (pegfilgrastim-cbqv) Coherus Neulasta (pegfilgrastim) 351(k) Nov 2018

Truxima (rituximab-abbs) Celltrion/Teva Rituxan (rituximab) 351(k) Nov 2018

Herzuma (trastuzumab-pkrb) Celltrion/Teva Herceptin (trastuzumab) 351(k) Dec 2018

Ontruzant (trastuzumab-dttb) Merck/Samsung Herceptin (trastuzumab) 351(k) Jan 2019

Trazimera (trastuzumab-qyyp) Pfizer Herceptin (trastuzumab) 351(k) Jan 2019

Entivico (etanercept-ykro) Samsung Bioepsis Co Enbrel (atanercept) 351 (k) May 2019

Fig. 2 Barriers and incentives to
biosimilar adoption
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Second, the EMA has not and does not plan on creating a
definition of interchangeability such that the individual coun-
tries determine interchangeability [14]. Since the ability to
substitute is not based on any premise developed by the
EMA, the use of automatic substitution should in theory be
easier to adopt. Nonetheless, the stance on interchangeability
from country to country has been mixed. Only two countries
(Poland and Estonia) allow automatic substitution and another
three (France, Lithuania, Netherlands) have laws for restricted
automatic substitution. Thirteen countries have ruled against
automatic substitution altogether [16].

Additional Evidence for the Clinician

While the more streamlined and less-detailed framework may
be one of the explanations why biosimilars have been adopted
more widely in the EU, it is likely not the only reason as
evidenced by the mixed adoption of interchangeability poli-
cies among the countries. Thus, it may be prudent to next
investigate the clinical issues which could help or hinder
adoption of biosimilars in a market. One issue is the differen-
tiation between treatment naïve (new start) vs. treatment-
experienced (switch) patients (Fig. 3). Many prescribers are
comfortable with prescribing a biosimilar in patients who have
not been exposed to either the reference biologic or biosimilar.
Concerns arise for those patients who may be stable on a
reference drug. This view has been evident in discussions
within health systems and in public forums. For example,
physicians from several prominent organizations including
the Coalition of State Rheumatology Organizations,
American Society of Clinical Oncology, and American
Academy of Dermatology Association have expressed con-
cerns about the effect of switching between reference biologic
or biosimilar in patients. Issues impacting patient safety in-
clude disease worsening, loss of response, flares, antibody
development, and risk of more adverse events than with cur-
rent therapy [9].

To alleviate concerns about switching, several “switching
studies” have been conducted to assess efficacy and safety in
patients who are switched from the reference to the
biosimilar. For example, for an infliximab biosimilar, 28
switching studies have been published [17•]. In one of the
largest phase IV, randomized switching studies, patients were
randomized to either continue reference drug or switch to
infliximab biosimilar with the primary endpoint of disease
worsening after 1 year. Of the 482 patients, disease worsening
occurred in 26% (n = 53) of the reference group and 30% (n =
61) of the biosimilar group (per-protocol set; adjusted treat-
ment difference − 4.4%, 95% CI − 12.7 to 3.9). Adverse
events were also similar between groups (reference vs.
biosimilar: serious, 10% vs. 31%; overall, 70% vs. 68%; dis-
continuation, 4% vs. 3%) [18••].

Despite several such switching studies, prescribers contin-
ue to be reluctant to use biosimilars in patients that have sta-
bilized on the reference biologic. Three reasons can be con-
sidered. One reason may be a bias towards associating
biosimilars with more adverse effects than the reference. A
recently published article in the Journal of Managed Care
and Specialty Pharmacy explored this topic. Thirty-one
switch studies with over 3000 patients were reviewed for
adalimumab, bevacizumab, etanercept, and infliximab and
their biosimilars. The discontinuation rate was higher in those
studies where prescribers and patients were aware of their
treatment (14.3% (range, 0.0–33.3) in non-blinded vs.
6.95% (range, 5.2–11.0) in blinded studies). Specifically, dis-
continuation rate due to adverse events were higher in the non-
blinded studies (5.6%) vs. the blinded studies (3.1%). While
the study could not prove causation, it did suggest there could
be some bias among patients and prescribers when they are
aware that they are receiving a biosimilar [17•]. The bias to
associate adverse effects with biosimilars over their reference
biologic may play a role in both the US and EU.

A second reason is the difference between biosimilars used
in the short term with an objective, measurable endpoint ver-
sus those that do not meet this requirement. For example, the
effect of filgrastim, which is used for supportive care in on-
cology patients, can be measured by an increase in hemato-
logical parameters after which the drug is discontinued. On the
other hand, response to infliximab ismore subjective, assessed
by “overall treatment response.” Further, the duration of ther-
apy for infliximab is longer than filgrastim, thus increasing the
chance of antibody formation and thus loss of response. This
is despite controlled trials indicating immunogenicity (i.e.,
antibody formation) is not a concern [7•].

A third reason is concerns over extrapolation of indication.
For example, infliximab-dyyb, the first biosimilar to
infliximab, was studied in rheumatology indications but not
for gastrointestinal (GI) use (Crohn’s disease, ulcerative coli-
tis). Some have argued that the pathophysiology for some GI
indications is different than rheumatology and thus, extrapo-
lation should not equate to assurance of sound evidence of
adequate safety and efficacy. Concerns regarding extrapola-
tion were also faced in EU, and medical professional societies
voiced concern as such [9].

Biosimilar Economics

Beyond the clinical considerations that hinder biosimilar
adoption are the economic incentives. While the biosimilar
is often discounted from the reference product at ~ 20–30%
the wholesale acquisition cost, individual contracts often dic-
tate which product is ultimately adopted. Within such con-
tracts, manufacturers of reference products often provide sig-
nificant discounts and rebates in response to launch of
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biosimilars, making a switch to the biosimilar financially un-
favorable. Thus, institutions and payors feel compelled to re-
main using the reference product [19].

It is likely then that biosimilars were met with the same
resistance from a clinical perspective as described above.
How then were these concerns alleviated and/or what reasons
compelled a wider adoption rate in EU? It may not be that any
specific measures were undertaken to alleviate the clinical
concerns described above. Rather, several key observations
may help shed light on why they have been more successful
in the EU than the US. The first is price competition. Adding
more similar products to the market creates price competition,
thus driving down prices of all the available products, even if
the market share of the biosimilar remains low relative to the
reference. In the US, there has been a tendency to choose a
preferred product within a class, thus decreasing competition
in the market [20]. Second, pricing of biosimilars is regulated
by national authorities for ambulatory patients in EU. Two
mechanisms within pricing regulations are to ensure the
biosimilar price falls within a certain discount threshold rela-
tive to reference products and the use of maximum prices. In
the US, prices are set by the manufacturer and are subject to
clandestine and complex contracts between the manufacturers
and payers [7•]. Third, there are more incentives to encourage
prescribing of biosimilars which could also be incorporated
into pricing and reimbursement. For example, a prescriber
may be required to use a biosimilar in 15% of their patients
by the payer. This increases the prescriber’s experience with
the biosimilar, making them more likely to prescribe a
biosimilar in the future [21]. Additional policies to encourage
prescribing of biosimilars include transparent pricing and pen-
alties for excessive use of the reference product [22]. In the
US, such strategies have not been adopted.

Conclusion

In conclusion, there are several similarities and differences
between the EU and US regulations around biosimilars. On

the other hand, the clinical concerns have likely been similar
between the two regions. It appears then that other factors
such as market competition, pricing, and incentives have been
critical to the success of biosimilars in EU.
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