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Abstract

Purpose of review Biosimilar versions of biologic agents have become increasingly available
over the past decade. The framework for regulatory approval has been well established in
the USA and Europe, and many biosimilars for use in oncology, rheumatology, dermatol-
ogy, and inflammatory bowel disease treatment have been approved. Although the
utilization of biosimilars has led to substantial cost savings in European countries, this
has not occurred in the USA.
Recent findings In this review, we explore several reasons for the limited uptake of
biosimilars in the USA. Discounts and rebates to pharmacy benefits managers and patent
litigation are major impediments. Furthermore, physicians and patients in the USA
continue to express concerns that biosimilars do not have comparable safety and efficacy,
despite abundant scientific evidence to the contrary. The Kaiser and Veterans Adminis-
tration systems have successfully countered these obstacles and achieved dramatic cost
savings as a result. The Kaiser experience illustrates the importance of including prescrib-
ing physicians as well as patients as stakeholders in the decision to implement use of
biosimilars.
Summary However, major changes in the operation of the US health system must also
occur for the full potential for cost savings to be realized with use of biosimilars as
substitutes for our revolutionary but extremely expensive, biologic medications.

Introduction

As large, complex protein molecules, biologics cannot
be exactly duplicated, due to post-translational

modifications such as glycosylation and phosphoryla-
tion which occur during the manufacturing and
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production processes. “Biosimilar” refers to a molecule
which is highly similar to a reference product, in contrast
to a “generic” which is an exact copy of a synthetically
derived small molecule.

The Biologics Price Competition and Innovation Act
(BPCIA) was passed in 2010 as part of the Affordable
Care Act, to provide an abbreviated licensure pathway
for development and approval of competitors to the
multiple “biologic agents" which have improved health

care in rheumatology, oncology, dermatology, and in-
flammatory bowel disease treatment [1].The consider-
able expense of these agents, up to $44,000 annually,
poses an enormous financial burden on the health care
system [2]. In terms of total spending, the first three
available TNF inhibitors (TNFi) rank within the top five
most expensive medications in the USA [3]. The poten-
tial and need for cost savings are enormous.

Regulatory

FDA considers the “totality of the evidence” when evaluating a biosimilar, to
demonstrate that “the biosimilar is highly similar to the reference product.....-
with no clinically meaningful differences in safety, purity, and potency (safety
and efficacy) from an existing FDA-approved reference product” [4]. Pre-
defined lot-to-lot variability is acceptable; as biosimilars are developed based
on multiple lots of the reference product, they typically have tighter specifica-
tions and narrower lot-to-lot variability than the reference product. As of 2020,
some 22 biosimilars have been approved in the USA, 13 of which are for
rheumatology indications (Table 1).

The biosimilar applicant must submit data regarding toxicology in animals
based on studies performed with the reference product and must perform one
or more clinical trials in one or more of the indications for which the reference

Table 1. FDA-approved biosimilars for rheumatology indications 1

Biosimilar Brand name Manufacturer Date approved
Infliximab-dyyb Inflectra Pfizer/Celltrion April 2016

Infliximab-abda Renflexis Merck/Samsung Bioepis May 2017

Infliximab-qbtx Ixifi Pfizer December 2017

Infliximab-axxq Avsola Amgen December 2019

Adalimumab-atto Amjevita Amgen September 2016

Adalimumab-adbm Cyltezo Boehringer-Ingelheim August 2017

Adalimumab-adaz Hyrimoz Sandoz October 2018

Adalimumab-bwwd Hadlima Samsung July 2019

Adalimumab-afzb Abrilada Pfizer November 2019

Adalimumab-fkjp Hulio Mylan/Fujifilm Kyowa Kirin July 2020

Etanercept-szzs Erelzi Sandoz August 2016

Etanercept-ykro Eticovo Samsung April 2019

Rituximab-abbs Truxima Celltrion/Teva November 2018

Rituximab-pvvr Ruxience Pfizer July 2019

1https://www.fda.gov/drugs/biosimilars/biosimilar-product information
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product is licensed to demonstrate biosimilarity including pharmacokinetics,
pharmacodynamics, and immunogenicity. Further, the BPCIA stipulates that
for a biosimilar to be considered “interchangeable,” it is expected to “produce
the same clinical result as the reference product in any given patient”. [4] Once
approved, an interchangeable product could be substituted for the reference
product without knowledge of the prescriber. For the FDA to define a biosimilar
as interchangeable, a study that includes at least 3 switches between biosimilar
and reference product must be performed demonstrating equivalent PK, PD,
immunogenicity, and efficacy as well as comparable safety [4]. However, there
are laws in 45 states that prevent such substitution [5]. No such designation
exists elsewhere in the world.

The European Medicines Agency (EMA) has been regulating biosimilars
since 2005 and also includes insulin among designated biologic reference
products. Some 47 biosimilars have been approved by EMA; requirements for
approval are very similar to those outlined in the USA and provide specific
guidelines for individual categories of biosimilars, e.g., monoclonal antibodies,
insulin, somatostatin, and G-CSF [6]. Differences include that EMA requires
brand naming of biosimilars, whereas in the USA, a biosimilar is identified by a
four letter suffix following the scientific name [7] and that EMA requires a
specific post-marketing surveillance plan whereas this is not necessary in the
USA if the requirements for the reference product have already been satisfied
[6].

Characterization of biosimilars

Biosimilarsmust be characterized based on primary structure, functional assays,
and critical quality attributes (CQAs) [8]. The primary sequence of the reference
product is known from its patent; its manufacturing processes and character-
ization are proprietary information: the type of host cell, conditions of culture,
post-translational modifications, and purification of the final product. The
primary structure must be identical; integrity of the secondary, tertiary, and
quaternary structures must be demonstrated to be highly similar. Functional
assays must demonstrate highly similar receptor binding, immunochemical
properties, and kinetics and thermodynamics of binding to antigen, Fc receptor
binding, and effector functions such as ADCC and CDC. These CQAs pertain to
the identity, purity, biological activity, and stability of the biosimilar and are
classified into three tiers, according to their potential impact on clinical activity

Comparison studies of biosimilar to reference product

A single dose trial in healthy volunteers comparing biosimilar to both US-
produced and ex-US produced reference products is required by the FDA to
demonstrate that pharmacokinetics and immunogenicity are equivalent for
maximum serum concentration and area under the time-concentrations curves
[6].

.In addition, a head-to-head clinical trial comparing biosimilar to reference
product must be performed in at least one clinical indication for which the
reference product is approved [4].
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A trial demonstrating equivalence of a biosimilar to reference product
(regardless of where it was manufactured) allows extrapolation of use of that
biosimilar to all the clinical indications for which the reference product is
approved [7].In general, these trials are based on the design of the pivotal trials
that supported approval of the reference product [8].

The possible consequence of switching from reference product to biosimilar
must be carefully addressed in studies [9]. Most studies include a single switch
from reference product to biosimilar; multiple switch trials are required to gain
FDA approval for the “interchangeability” designation. 6 Such trials have been
performed for etanercept-szzs (Sandoz) and adalimumab-adbm (Boehringer
Ingelheim), although no formal approvals have yet been granted [10].

Immunogenicity

The testing for immunogenicity of a biosimilar yields different data than known
for the reference products, given that assays currently in use are much more
sensitive as well as drug tolerant than those used at their initial approvals. In
these earlier tests (ELISA or RIA), serum levels of the monoclonal antibodies or
soluble receptors would often interfere with the assays. Newer methods, such as
electrochemiluminescence (ECLIA) or flow-through microfluidic immunoas-
says, are therefore performed after acid dissociation of the drug and antidrug
antibody (ADAb) complexes [11].

In a guidance document issued in April 2016, the FDA defined immunoge-
nicity as “the propensity of the therapeutic protein product to generate immune
responses to itself and to related proteins or to induce immunologically related
adverse clinical events” and made specific recommendations regarding assay
development for detecting ADAbs [11]. .Another guidance document in
May 2019 stipulated that products with a “documented history of inducing
detrimental immune responses may require more data than products with an
extensive documented history that immunogenicity does not impact clinical
outcomes." [4]. Overall, the degree of immunogenicity between biosimilars and
their reference products is similar, but typically higher than demonstrated for
the reference product at the time of approval, due to more sensitive drug
tolerant assays now in use [12]. There is consensus that measurement of ADAbs
in rheumatology clinical practice is not typically indicated, since there cannot be
significant differences in immunogenicity between biosimilar and reference
products. However, one must consider that infliximab, rituximab, and adali-
mumab are more likely than other biologics to generate ADAbs whichmay lead
to loss of response over time.

Economic impact in Europe

Since the first biosimilar was approved in 2006, Europe has been at the
vanguard of the biosimilar medicines sector, approving more treatments over
the last 15 years than anywhere else in the world. Substantial cost savings have
been achieved by switching to biosimilars, as will be discussed below. Over the
last 5 years, usage has significantly increased, and biosimilars have challenged
the established order of care [13]. EMA does not regulate switching or substi-
tution of a reference product by a biosimilar medicine, leaving it to individual
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member states, health authorities, and payers to determine. Utilization of
biosimilars in Europe is very broad but varies from country to country as they
take different approaches in how they procuremedications and negotiate prices,
leading to variability in adoption of biosimilars [14].

Minimal use to date in us

Although the Rand Corporation has estimated that biosimilars could save the
US health system $54 billion over a decade, usage in the USA has lagged far
behind Europe [15]. Generic small molecule drugs represent 90% of all pre-
scriptions in the USA, having generated substantial savings. Biologics represent
almost 40% of all prescription drug spending and accounted for 70%of growth
in drug spending from 2010 to 2015; yet biosimilars have not had a substantial
impact reducing costs.

Biosimilars for infliximab, adalimumab, etanercept, and rituximab have
been approved by the FDA. Biologics account for $120 billion (37%) of net
drug spending, despite representing only 2% of all prescriptions written in the
USA. Furthermore, since 2014, biologics are responsible for 93% of the overall
growth in total spending [16]. A recent study from Johns Hopkins reported to
the ERISA Industry Committee that the infliximab biosimilar price represented
68% of the reference product, and patients who received the biosimilar paid, on
average, 12% less out-of-pocket. The report also noted that self-insured com-
panies could have saved $407 million to $1.4 billion in 2018 if they had
switched completely from reference infliximab and filgrastim to biosimilars.
The study also estimated potential savings for Medicare programs at $279
million in 2018 [17].

In August 2018, the FDA published its Biosimilars Action Plan (BAP) to
encourage Biosimilar competition. “One of FDA’s less appreciated roles is to
take responsibility for implementing laws intended to strike a balance between
encouraging and rewarding innovation in drug development and facilitating
robust and timely market competition” [18]. The BAP was developed to sup-
plement the process articulated in the BPCIA with the idea that biosimilars could
be positioned to create substantial cost savings (our emphasis).

A recent study of a large insurance data base (~1.1 million total TNFi
prescriptions or infusions dispensed to 95,906 unique patients) showed G1%
uptake of biosimilar infliximab. The authors conclude “that in the USA, current
savings are insufficient to promote the widespread use of infliximab biosimi-
lars, and savings comparable with those achieved in some European countries
may not be possible without systemic reform of the US pharmaceutical market”
[19]. Another study of Medicare patients showed no significant reduction in
out-of-pocket costs for patients receiving biosimilar infliximab [20].

A large study in Philadelphia examined use of infliximab and filgrastim,
reference products, and biosimilars, comparing results at an academic medical
center and a VA hospital. There was much greater utilization of biosimilar
infliximab at the VA (38%) than the university hospital (1%), primarily because
the use of the biosimilar was mandated at the VA [21]. There are likely other
important factors to explain the limited use of biosimilars at the university
hospital, as will be discussed below.
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Uptake of biosimilars in the USA has been greatly limited by economic, legal,
and other factors. While it seems intuitive that they would be less expensive and
therefore offer a cost advantage, this is not the case given the exigencies of the US
health insurance system. The first issue is reimbursement, which relates to the
Average Sales Price (ASP). Reimbursement forMedicare Part B is set at 104.3%of
ASP; the higher the ASP, the higher the reimbursement. A biosimilar with a lower
ASP would therefore result in a lower reimbursement than a reference product
with a higher ASP. Inmany cases, the sponsor with a reference product has more
room to negotiate than the biosimilar sponsor, thus reducing the financial
incentive [22]. On the other hand with the 340B drug discount program, bio-
similars are treated as innovator products and accorded “pass through status”;
this means that 340B hospitals are reimbursed at ASP plus 6% rather than ASP
minus 22.5% for the reference product. This actually incentivizes 340B hospitals
to utilize biosimilars to obtain higher payments than for reference products [23].

Another extremely important issue is the so-called rebate trap. Pharmacy
benefits managers (PBMs), which distribute these medications for insurance
companies, can obtain substantial rebates for utilizing a reference product. If
the contracting stipulates that the PBM gives preference for dispensing the
reference product, the rebate would be lost if the biosimilar were dispensed.
Therefore, the PBM is in the position of having a vested financial interest in
continuing to dispense the reference product, as the rebate amount can easily
outweigh the lower retail price for a biosimilar [24].

Pfizer filed a lawsuit against Johnson & Johnson alleging that its contracts
with health insurers for infliximab (Remicade) were anticompetitive by offering
discounts to health insurers, hospitals, and doctor’s groups, which interfered
with sales of biosimilar Inflectra: infliximab-dyyb. The suit further claims that
these exclusionary contracts were signed in 2016 after the biosimilar was
approved and that after-market rebates provide even more incentive for use of
reference product infliximab [25].

In September 2018, a motion to dismiss was denied by the US District Court
of the Eastern District of Pennsylvania [26]. Johnson & Johnson has also been
sued by Walgreens and Kroger for antitrust violations, citing its contracts with
wholesale distributers. Although the case was initially dismissed, the Third Circuit
ruled on appeal that the case was valid because of its focus on federal antitrust law
and referred it back to the lower courts [27]. A Civil Investigative Demand was
issued in June 2019 to Johnson & Johnson by the Federal Trade Commission
(FTC) regarding its contracting practices. It is possible that this inquiry could lead
to an antitrust determination depending on the results of the investigation.

The Philadelphia study above illustrates another barrier. Medicare is not
allowed to negotiate with industry regarding the price of product [28], whereas
the VA system, the largest single health care system in USA, does have that
power with its centralized negotiation and contract management and has
mandated switching patients to less expensive biosimilars in some cases [29].
The VA system, but not Medicare, has a strong financial incentive to utilize less
expensive medications and has made a major effort to utilize biosimilars for
financial savings. In 2017, the VA system adopted Inflectra: infliximab-dyyb
(Celltrion/Pfizer), but in 2018, it switched to Renflexis: infliximab-abda (Sam-
sung Bioepis/Merck) because of a lower price [30]. It has been estimated that,
had Medicare negotiated in a similar fashion, it would have saved $14.4 billion
in 2015 [31].
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Legal issues related to patents have been a major obstacle to biosimilar
uptake in the USA. Pharmaceutical companies have asserted extensive patient
infringements to delay the release of biosimilars after expiration of the 12-year
market exclusivity periods granted to the originators by BPCIA. However, the
patents for the molecules, manufacturing, and therapeutic uses are in force for
20 years after they have been issued. BPCIA provides a mechanism to resolve
patent disputes between reference product and biosimilar applicants, similar to
the Hatch-Waxman Act for synthetic generics [32].

For example, two etanercept biosimilars have been approved in theUSA: Erelzi:
etanercept-szzs (Sandoz) and Eticovo: etanercept-ykro (Samsung Bioepis) but
have yet reach the marketplace. Amgen brought suit against Sandoz for infringing
five patents (issued between 1995 and 2009) to covering the fusion protein,
manufacturing methods and therapeutic uses [33]. In 2019, the judge in US
District Court for the District of New Jersey found in favor of Amgen [34]. Sandoz
is expected to appeal. Immediately after etanercept-ykro was FDA-approved in
April 2019, Amgen filed a similar lawsuit against Samsung Bioepis [35].

AbbVie has filed over 200 patents regarding the molecule adalimumab,
manufacturing methods, and therapeutic uses, half of which were filed after
expiration of the 12-year exclusivity in 2014 [36]. Similarly, AbbVie has settled
with Boehringer Ingelheim for Cytelzo: adalimumab-adbm which will launch
in January 2023.

Patent disputes have also delayed the availability of Truxima: rituximab-
abbs (Celltrion (Korea) and Teva Pharmaceuticals, Ltd.). In January 2018, suits
were filed regarding Genentech patents for methods of growing mammalian
cells in vitro, protein purification, and dosing. Celltrion and Teva claimed that
Genentech asserted a “panoply of vague allegations…simply intended to inter-
fere with Celltrion and Teva’s entry into the market.” In November 2018, the
parties settled [37], allowing the marketing of the biosimilar only for oncology
indications, despite a 24-week equivalence RCT comparing it to rituximab in
patients with active RA [38]. Sandoz has also been in litigation with Genentech
over another biosimilar, but Sandoz has decided to discontinue its rituximab
program. Another biosimilar, Ruxience: rituximab-pvvr, was approved in the
USA in 2019 after Pfizer settled another patent dispute with Genentech. As with
the Celltrion BS, it was studied in RA, comparing its PK and immunogenicity to
US and ex-US manufactured rituximab. However, it did not gain approval in
RA, only for GPA, MPA, and oncology indications [39].

The United Food and Commercial Workers Local 1500 has filed a class
action lawsuit against AbbVie, arguing that efforts have been made to prevent
emergence of biosimilars by using patents, noting that over 100 patents have
been used to delay biosimilars from reaching the marketplace before 2023. The
suit also alleges that AbbVie provided financial inducements to biosimilar
competitors to delay the launch of their products in the USA [40].

In July 2018, a new Office of Therapeutic Biologics and Biosimilars (OTTB)
was created by the FDA Biosimilars Action Plan to coordinate and improve
activities under the Biosimilar User Fee Act (BSUFA) and to promote the
Biosimilar Outreach and Education Campaign (BOEC) to educate health pro-
fessionals [41]. It was noted that the FDA would show leadership in highlight-
ing practices which create “an imbalance between innovation and competi-
tion,” to address matters such as discussed above. Four key goals of the BOEC
are to:
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(1) Improve the development and approval process for biosimilars

(2) Maximize scientific and regulatory clarity

(3) Improve communication regarding biosimilars to health care providers

(4) “Support market competition by reducing gaming of FDA requirements or
other attempts to unfairly delay competition” (our emphasis)

The Biologic Patent Transparency Act is a proposed legislation with biparti-
san support to limit “competition-stymieing patent thickets that delay compe-
tition”when such patents are issued after a biosimilar has been submitted to the
FDA. The FDA has recently made efforts to address the means by which
biosimilars are presented to the general public in advertising [42]. A new FDA
guidance entitled “Promotional Labeling and Advertising Considerations for
Prescription Biological Reference and Biosimilar Products: Questions and
Answers” has recently been published to address issues by which companies
present biosimilars and reference products in promotional materials [43]. In
fact, the FDA has been interacting with the Federal Trade Commission (FTC) to
address these issues. Specifically, the guidance addresses “representation or
suggestions that create an impression that there are clinically meaningful differ-
ences between the reference product and its biosimilar, such as promotional
presentation representing or suggesting that a reference product is safer or more
effective than its biosimilar product…are likely to be false or misleading” [44].

Another issue whichmight contribute to the reluctance of US physicians and
patients to adopt biosimilars is “switching,” changing from the reference prod-
uct or even switching back and forth between biosimilars and their reference
products. Switching to reduce costs is referred to as “non-medical switching.” A
2019 survey showed that 84% of the US physicians would oppose switching a
stable patient from reference product to biosimilar [45].

In other countries, there is greater interest in cost savings, in part because
they have been dramatically demonstrated. At least 4 of Canada’s 10 provinces
plan to switch patients from reference products to save money. Alberta projects
a savings of $268 million (US) over the next 4 years. The province will have
switched at least 26,000 patients by the summer of 2020 [46].

The Norwegian government in 2013 commissioned NOR-SWITCH, a ran-
domized controlled trial including 498 stable patients receiving infliximab
(Remicade) for at least 6 months for treatment of RA, spondyloarthropathy,
psoriatic arthritis, psoriasis, or ulcerative colitis. Enrollees were randomized to
either continue infliximab (Remicade) or switch to the biosimilar Remsima
(Celltrion). NOR-SWITCH showed non-inferiority across all clinical indications
but was not powered to assess efficacy in specific diagnoses [47].

The Danish government mandated a “non-medical switch” from etanercept
to Eticovo: etanercept-ykro in 2016 because of price [48]. Seventy-nine percent
of 2061 reference product-treated patients switched to biosimilar with no
change in disease activity over 3 months. In this longitudinal study at one year,
83% of “switchers” remained on the biosimilar comparedwith a historic cohort
with 90% retention. The retention rate in “non-switchers” was actually lower at
77%. However, further analysis showed that the switch group had longer
etanercept treatment and fewer previous bDMARDS than the non-switchers
and perhaps had milder disease [49]. Seven percent of “switchers” switched
back to reference product for reasons the investigators considered “subjective.”
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A factor which potentially influences the perspective of patients and physi-
cians regarding switching is the “nocebo effect”: a negative expectation influ-
enced by the fear or aversion of switching to a biosimilar that could influence
perception on the part of patient or doctor that the changed medicine is less
effective or more toxic [50]. In several studies there has been a greater reporting
of adverse events and patient discontinuations attributed to the “nocebo effect”
[51–53]. Just as the placebo effect may result in perceived benefit when no
medication is given, the nocebo effect can result in the patient and/or physician
concluding that a switch from reference product to biosimilar is less effective or
tolerated. There are data suggesting that if the patient fears that the biosimilar
might not be as safe or effective as the reference product, this could influence
their perception of their experience in a negative direction.

The Kaiser Health Plans have achieved dramatic uptake of multiple biosi-
milars, and their success provides a strategy to mitigate the nocebo effect. A
major factor was their decision to decline rebates, which totally changed the
financial calculation. Furthermore, they proactively addressed concerns that
physicians might have about switching. This highly integrated health plan takes
an evidence-based approach to formulary decisions, involving stakeholder
physicians. Sameer Aware, MD, Associate Executive Director, The Permanente
Medical Group, noted that “the oncology doctors were ready to move to
bevacizumab when (it) launched,” with 97% uptake of the bevacizumab bio-
similar in only onemonth. He attributes that success to involving oncologists in
the decision to make the switch, so that this decision had credibility with
prescribing physicians. Amy Gutierrez, PharmD, Senior Vice President and
Chief Pharmacy Officer, believes that they can achieve biosimilar uptake of 80
to 95% because Kaiser has the ability to get “immediate P&T decisions and put
coverage in place rapidly. Ninety-five percent of the patients taking infliximab
are receiving infliximab-dyyb, launched late in 2017. As of November 2019,
Kaiser has saved approximately $200 million since covering its first biosimilar
[54]. Like the VA, Kaiser has focused on financial savings as the motivating
factor for embracing biosimilars. In response to some GI physicians who were
concerned that infliximab biosimilars might not be safe, Kaiser started a registry
to address concerns. However, there was no evidence of a difference in safety or
efficacy in a 54-week study switching inflammatory bowel disease patients from
Remicade to infliximab-dyyb biosimilar [55].

Just as cost savings has motivated Kaiser and the VA, there is potential benefit
to employers to promote the use of biosimilars. It has been estimated that 40–
50% of health insurance spending for employees is for specialty medications.
Employers actually have a greater potential to obtain cost savings than the health
plans, since the latter can take advantage of discounts and rebates [56].

Conclusion

In the past decade, biosimilars have been developed for many reference biologic
products. The scientific assessments, manufacturing processes, and clinical trials
have been mastered, and the regulatory requirements while slightly different
between FDA and EMA have ensured their efficacy and safety. In Europe, huge
cost savings have been achieved as a result of switching to biosimilars. However,
similar uptake has not been achieved in the USA, despite that biosimilars should
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deliver substantial costs savings. The reference product sponsors have utilized
rebates and discounts to provide a financial interest to PBMs to continue the use
of their products—even at greater cost. The Kaiser and VA systems are examples of
systems which have taken aggressive action to utilize biosimilars with resultant
huge cost savings. Furthermore, legal challenges claiming patent infringement
have delayed utilization of biosimilars in the USA long after FDA approval.
Finally, considerable education of physicians and patients remains necessary to
further the general perception that biosimilars are truly safe and effective. All of
these issues will have to be successfully addressed before we are able to achieve
substantial cost savings through extensive use of biosimilars.

Compliance with ethical standards

Human and animal rights
This article does not contain any studies with human or animal subjects performed by any of the authors.

References and Recommended Reading
Papers of particular interest, published recently, have been
highlighted as: • Of importance •• Of major importance

1. Implementation of the Biologics Price Competition
and Innovation Act of 2009 https://www.fda.gov/
drugs/guidance-compliance-regulatory-information/
implementation-biologics-price-competition-and-
innovation-act-2009. Accessed May 13, 2020.

2.•• McCormick N, Wallace ZS, Sacks CA, Hsu J, Choi
HK. Decomposition analysis of spending and price
trends for biologic antirheumatic drugs in Medicare
and Medicaid. Arthritis Rheum. 2020;72:234–41.
https://doi.org/10.1002/art.41138.

A recent discussion of some of the issues which affect pricing.
3. Schumack GT, Li EC, Wiest MD, Suda KJ, Stubbings J,

Matusiak LM, et al. National trends in prescription drug
expenditures and projections for 2017. Am J Health
Syst Pharm. 2017;74:115–73. https://doi.org/10.2146/
ajhp.170164.

4. Considerations in demonstrating interchangeability
with a reference product: guidance for industry. https://
www.fda.gov/media/124907/download. Accessed
May 13, 2020.

5. 45 states have passed biosimilar substitution laws.
http://www.gabionline.net/Policies-Legislation/45-
US-states-have-passed-biosimilar-substitution-laws.
Accessed May 7, 2020.

6. New guide on biosimilar medications for health care
professionals. https://www.ema.europa.eu/en/
documents/press-release/new-guide-biosimilar-
medications-healthcare-professionals-iincreasing-
understandng-biosimilar_en.pdf. Accessed May 12,
2020.

7. Nonproprietary naming of biologic products; guidance
for industry. https://www.fda.gov/media/93218/
download. Accessed May 13, 2020.

8. Development of therapeutic protein biosimilars: com-
parative analytical assessment and other quality-related
considerations. https://www.fda.gov/media/125484/
download. Accessed May 13, 2020.

9.•• Strand V, Kaine J, Isaacs J. Biosimilars. In: Scott DL,
Galloway J, Cope A, Pratt A, Strand V, editors. Ox-
ford Textbook of Rheumatoid Arthritis: Oxford;
2020.

A comprehensive review of biosimilar development.
10.• Park W, Hrycaj P, Jeka S, Park W, Kovalenko V,

Lysenko G, et al. A randomised, double-blind, multi-
centre, parallel-group, prospective study comparing
the pharmacokinetics, safety, and efficacy of CT-P13
and innovator infliximab in patients with ankylosing
spondylitis: the PLANETAS study. Ann Rheum Dis.
2013;72:1605–12. https://doi.org/10.1136/
annrheumdis-2012-203091.

A randomized, double blind study switching to biosimilar
infliximab for ankylosing spondylitis.
11. Assay development and validation testing of the ther-

apeutic protein products: guidance for industry.
https://www.fda.gov/media/77796/download.
May 11, 2020.

12. Strand V, Goncalves J, Hickling TP, Jones HE, Marshal
L, Isaacs J. Immunogenicity of biosimilars for rheu-
matic diseases, plaque psoriasis, and inflammatory
bowel disease: a review from clinical trials and

Rheumatoid Arthritis (Y Yazici, Section Editor)334

https://www.fda.gov/drugs/guidance-compliance-regulatory-information/implementation-biologics-price-competition-and-innovation-act-2009
https://www.fda.gov/drugs/guidance-compliance-regulatory-information/implementation-biologics-price-competition-and-innovation-act-2009
https://www.fda.gov/drugs/guidance-compliance-regulatory-information/implementation-biologics-price-competition-and-innovation-act-2009
https://www.fda.gov/drugs/guidance-compliance-regulatory-information/implementation-biologics-price-competition-and-innovation-act-2009
http://dx.doi.org/10.1002/art.41138
http://dx.doi.org/10.2146/ajhp.170164
http://dx.doi.org/10.2146/ajhp.170164
https://www.fda.gov/media/124907/download
https://www.fda.gov/media/124907/download
http://www.gabionline.net/Policies-Legislation/45-US-states-have-passed-biosimilar-substitution-laws
http://www.gabionline.net/Policies-Legislation/45-US-states-have-passed-biosimilar-substitution-laws
https://www.ema.europa.eu/en/documents/press-release/new-guide-biosimilar-medications-healthcare-professionals-iincreasing-understandng-biosimilar_en.pdf
https://www.ema.europa.eu/en/documents/press-release/new-guide-biosimilar-medications-healthcare-professionals-iincreasing-understandng-biosimilar_en.pdf
https://www.ema.europa.eu/en/documents/press-release/new-guide-biosimilar-medications-healthcare-professionals-iincreasing-understandng-biosimilar_en.pdf
https://www.ema.europa.eu/en/documents/press-release/new-guide-biosimilar-medications-healthcare-professionals-iincreasing-understandng-biosimilar_en.pdf
https://www.fda.gov/media/93218/download
https://www.fda.gov/media/93218/download
https://www.fda.gov/media/125484/download
https://www.fda.gov/media/125484/download
http://dx.doi.org/10.1136/annrheumdis-2012-203091
http://dx.doi.org/10.1136/annrheumdis-2012-203091
https://www.fda.gov/media/77796/download


regulatory documents. BioDrugs. 2020;34:27–37.
https://doi.org/10.1007/s40259-019-00394.

13. Biosimilar uptake in Europe: big challenges, bigger
rewards. https://pharmaboardroom.com/articles/
biosimilar-uptake-in-europe-big-challenges-bigger-
rewards/ Accessed May 11, 2020.

14. How the US compares to Europe on biosimilar
approvals and products in the pipeline. https://www.
bisimilarsip.com/2018/05/02/how-the-us-compares-
to-europe-on-biosimilar-approvals-and-products-in-
the-pipeline/. Accessed May 11, 2020.

15. Biosimilar cost savings in the United States. https://
www.rand.org/pubs/perspectives/PE264.html.
Accessed May 13, 2020.

16. Roy A. Biologic medicines: the biggest driver of rising
drug prices. Forbes. 2019. https://www.forbes.com/
sites/theapothecary/2019/03/08/biologic-medicines-
the-biggest-driver-of-rising-drug-prices/
#6e36b5d218b0. Accessed May 11, 2020.

17. Socal M, Ballreich J, Chyr L, Anderson G. A report for
ERIC–The ERISA Industry Committee Department of
Health Policy and Management Johns Hopkins Bloom-
berg School of Public Health Baltimore, MD; 2020.

18. Biosimilars action plan: balancing innovation and
competition. 2018. https://www.FDA.gove/media/
114574/download. Accessed May 11, 2020.

19. Kim SC, Sarpatwari JD, Landon JE, et al. Utilization
and treatment costs of tumor necrosis factor inhibitors
after the introduction of biosimilar infliximab in the
United States. Arthritis Rheum. 2020;72:1–3. https://
doi.org/10.1002/art.41202.

20. Yazdany J, Dudley RA, Lin GA, Chen R, Tseng CW.Out-
of-pocket costs for infliximab and its biosimilar for
rheumatoid arthritis under Medicare part D. JAMA.
2018;320:931–3. https://doi.org/10.1001/jama.2018.
7316.

21.• Baker JF, Leonard CE, Lo Re IIIV, Weissman MH, Kay J.
Brief report: biosimilar uptake in the academic and vet-
erans health administration settings: influence of insti-
tutional incentives. https://doi.org/10.1002/ART.41277.

An analysis of how the VA has more incentive than an academic
medical center to reduce cost by using biosimilars.
22. Health Care Advisory: Updates on Biosimilar Reim-

bursement Pathways in the Face of a Changing Market.
https://www.alston.com/en/insights/publications/
2018/01/updates-on-biosimilar-reimbursement-
pathways. Accessed May 13, 2020.

23. CMS Payment Policy Plays Role in Biosimilar Uptake.
2020. https://www.centerforbiosimilars.com/
conferences/specialty-therapies-and-biosimilars-
conference/cms-payment-policy-plays-role-in-
biosimilar-uptake. Accessed May 13, 2020.

24. Yazdany J. Failure to launch: biosimilar sales continue
to fall flat in the United States. Arthritis Rheum.
2020;1:1–4. https://doi.org/10.1002/ART.
41203Provides a good explanation of the “rebate trap”.

25. Pfizer files suit against J&J over Remicade contracts
https://www.reuters.com/article/us-pfizer-trial-
johnson-john Motion to dismiss Inflectra case denied,

but J&J insists “Pfizer’s lawsuit is without merit”.
https://www.biopharma-reporter.com/Article/2018/
08/14/Motion-to-dismiss-Inflectra-case-denied-but-J-J-
insists-Pfizer-s-lawsuit-is-without-merit?utm_source=
copyright&utm_medium=OnSite&utm_campaign=
copyright. Accessed May 13, 2020.

26. Motion to dismiss Inflectra case denied, but J&J insists
“Pfizer’s lawsuit is without merit”. https://www.
biopharma-reporter.com/Article/2018/08/14/Motion-
to-dismiss-Inflectra-case-denied-but-J-J-insists-Pfizer-s-
lawsuit-is-without-merit?utm_source=
copyright&utm_medium=OnSite&utm_campaign=
copyright. Accessed May 13, 2020.

27. Pending antitrust actions could change biosimilar dy-
namics. https://www.centerforbiosimilars.com/
contributor/ron-lanton-III-esq/20 20/02/pending-
antitrust-actions-could-change-biosimilar-dynamics.
Accessed May 11, 2020.

28. Maniadakis N, Holtorf AP, Otavio Correa J, Gialama F,
Wijaya K. Shaping pharmaceutical tenders for effec-
tiveness and sustainability in countries with expanding
healthcare coverage. Appl Health Econ Health Policy.
2018;16:591–607.

29. Biosimilar coverage by the VA-what you need to know.
https://www.biosimilardevelopment.com/doc/
biosimilar-coverage-by-the-va-what-you-need-to-
know-0001. Accessed May 11, 2020.

30. Merck seeing gains for Renflexis at VA. https://www.
centerforbiosimilars.com/news/merck-seeing-gains-
forrenflexis-at-va. Accessed May 15, 2020.

31. Venker B, Stephenson KB, Gellad WF. Assessment of
spending in Medicare Part D if medication prices from
the Department of Veterans Affairs were used. JAMA
InternMed. 2019;179:431–3. https://doi.org/10.1001/
jamainternmed-2018.5874.

32. Promotional labeling and advertising consideration for
prescription biological reference ad biosimilar
products- questions and answers draft guidance for
industry. https://www.fda.gov/media/134862/
download. Accessed May 11, 2020.

33. Another biosimilar receives FDA approval and is con-
fronted with litigation. https://biosimilarsip.com/2019/
5/28/another-biosimilar-receives-FDA-approval-and-is-
confronted-with-litigation. Accessed May 11, 2020.

34. In long-awaited decision in etanercept litigation, court
sides with Amgen over Sandoz. https://www.
centerforbiosimilars.com/news/in-long-awaited-
decision-in-etanercept-litigation-court-sides-with-
amgen-over-sandoz. Accessed May 11, 2013 33.

35.• Price WN, Rai AK. How logically impossible patents
block biosimilars. Nat Biotechnol. 2019;37:862–9.
https://doi.org/10.1038/s41587-019-0196-x.

A description of how originator companies use patents to delay
the marketing of biosimilars.
36.•• Hakim A, Ross JS. Obstacles to adoption of biosi-

milars for chronic diseases. JAMA. 2017:2163–4.
https://doi.org/10.1001/jama.2017.5202.

A good review of the biosimilar development process and
obstacles to marketing.

New Treatments in Rheumatology: Biosimilars Brasington and Strand 335

http://dx.doi.org/10.1007/s40259-019-00394
https://pharmaboardroom.com/articles/biosimilar-uptake-in-europe-big-challenges-bigger-rewards/
https://pharmaboardroom.com/articles/biosimilar-uptake-in-europe-big-challenges-bigger-rewards/
https://pharmaboardroom.com/articles/biosimilar-uptake-in-europe-big-challenges-bigger-rewards/
https://www.bisimilarsip.com/2018/05/02/how-the-us-compares-to-europe-on-biosimilar-approvals-and-products-in-the-pipeline/
https://www.bisimilarsip.com/2018/05/02/how-the-us-compares-to-europe-on-biosimilar-approvals-and-products-in-the-pipeline/
https://www.bisimilarsip.com/2018/05/02/how-the-us-compares-to-europe-on-biosimilar-approvals-and-products-in-the-pipeline/
https://www.bisimilarsip.com/2018/05/02/how-the-us-compares-to-europe-on-biosimilar-approvals-and-products-in-the-pipeline/
https://www.rand.org/pubs/perspectives/PE264.html
https://www.rand.org/pubs/perspectives/PE264.html
https://www.forbes.com/sites/theapothecary/2019/03/08/biologic-medicines-the-biggest-driver-of-rising-drug-prices/#6e36b5d218b0
https://www.forbes.com/sites/theapothecary/2019/03/08/biologic-medicines-the-biggest-driver-of-rising-drug-prices/#6e36b5d218b0
https://www.forbes.com/sites/theapothecary/2019/03/08/biologic-medicines-the-biggest-driver-of-rising-drug-prices/#6e36b5d218b0
https://www.forbes.com/sites/theapothecary/2019/03/08/biologic-medicines-the-biggest-driver-of-rising-drug-prices/#6e36b5d218b0
https://www.fda.gove/media/114574/download
https://www.fda.gove/media/114574/download
http://dx.doi.org/10.1002/art.41202
http://dx.doi.org/10.1002/art.41202
http://dx.doi.org/10.1001/jama.2018.7316
http://dx.doi.org/10.1001/jama.2018.7316
http://dx.doi.org/10.1002/ART.41277
https://www.alston.com/en/insights/publications/2018/01/updates-on-biosimilar-reimbursement-pathways
https://www.alston.com/en/insights/publications/2018/01/updates-on-biosimilar-reimbursement-pathways
https://www.alston.com/en/insights/publications/2018/01/updates-on-biosimilar-reimbursement-pathways
https://www.centerforbiosimilars.com/conferences/specialty-therapies-and-biosimilars-conference/cms-payment-policy-plays-role-in-biosimilar-uptake
https://www.centerforbiosimilars.com/conferences/specialty-therapies-and-biosimilars-conference/cms-payment-policy-plays-role-in-biosimilar-uptake
https://www.centerforbiosimilars.com/conferences/specialty-therapies-and-biosimilars-conference/cms-payment-policy-plays-role-in-biosimilar-uptake
https://www.centerforbiosimilars.com/conferences/specialty-therapies-and-biosimilars-conference/cms-payment-policy-plays-role-in-biosimilar-uptake
http://dx.doi.org/10.1002/ART.41203
http://dx.doi.org/10.1002/ART.41203
https://www.reuters.com/article/us-pfizer-trial-johnson-john%20Motion%20to%20dismiss%20Inflectra%20case%20denied
https://www.reuters.com/article/us-pfizer-trial-johnson-john%20Motion%20to%20dismiss%20Inflectra%20case%20denied
https://www.biopharma-reporter.com/Article/2018/08/14/Motion-to-dismiss-Inflectra-case-denied-but-J-J-insists-Pfizer-s-lawsuit-is-without-merit?utm_source=copyright&utm_medium=OnSite&utm_campaign=copyright
https://www.biopharma-reporter.com/Article/2018/08/14/Motion-to-dismiss-Inflectra-case-denied-but-J-J-insists-Pfizer-s-lawsuit-is-without-merit?utm_source=copyright&utm_medium=OnSite&utm_campaign=copyright
https://www.biopharma-reporter.com/Article/2018/08/14/Motion-to-dismiss-Inflectra-case-denied-but-J-J-insists-Pfizer-s-lawsuit-is-without-merit?utm_source=copyright&utm_medium=OnSite&utm_campaign=copyright
https://www.biopharma-reporter.com/Article/2018/08/14/Motion-to-dismiss-Inflectra-case-denied-but-J-J-insists-Pfizer-s-lawsuit-is-without-merit?utm_source=copyright&utm_medium=OnSite&utm_campaign=copyright
https://www.biopharma-reporter.com/Article/2018/08/14/Motion-to-dismiss-Inflectra-case-denied-but-J-J-insists-Pfizer-s-lawsuit-is-without-merit?utm_source=copyright&utm_medium=OnSite&utm_campaign=copyright
https://www.biopharma-reporter.com/Article/2018/08/14/Motion-to-dismiss-Inflectra-case-denied-but-J-J-insists-Pfizer-s-lawsuit-is-without-merit?utm_source=copyright&utm_medium=OnSite&utm_campaign=copyright
https://www.biopharma-reporter.com/Article/2018/08/14/Motion-to-dismiss-Inflectra-case-denied-but-J-J-insists-Pfizer-s-lawsuit-is-without-merit?utm_source=copyright&utm_medium=OnSite&utm_campaign=copyright
https://www.biopharma-reporter.com/Article/2018/08/14/Motion-to-dismiss-Inflectra-case-denied-but-J-J-insists-Pfizer-s-lawsuit-is-without-merit?utm_source=copyright&utm_medium=OnSite&utm_campaign=copyright
https://www.biopharma-reporter.com/Article/2018/08/14/Motion-to-dismiss-Inflectra-case-denied-but-J-J-insists-Pfizer-s-lawsuit-is-without-merit?utm_source=copyright&utm_medium=OnSite&utm_campaign=copyright
https://www.biopharma-reporter.com/Article/2018/08/14/Motion-to-dismiss-Inflectra-case-denied-but-J-J-insists-Pfizer-s-lawsuit-is-without-merit?utm_source=copyright&utm_medium=OnSite&utm_campaign=copyright
https://www.biopharma-reporter.com/Article/2018/08/14/Motion-to-dismiss-Inflectra-case-denied-but-J-J-insists-Pfizer-s-lawsuit-is-without-merit?utm_source=copyright&utm_medium=OnSite&utm_campaign=copyright
https://www.centerforbiosimilars.com/contributor/ron-lanton-III-esq/20%2020/02/pending-antitrust-actions-could-change-biosimilar-dynamics
https://www.centerforbiosimilars.com/contributor/ron-lanton-III-esq/20%2020/02/pending-antitrust-actions-could-change-biosimilar-dynamics
https://www.centerforbiosimilars.com/contributor/ron-lanton-III-esq/20%2020/02/pending-antitrust-actions-could-change-biosimilar-dynamics
https://www.biosimilardevelopment.com/doc/biosimilar-coverage-by-the-va-what-you-need-to-know-0001
https://www.biosimilardevelopment.com/doc/biosimilar-coverage-by-the-va-what-you-need-to-know-0001
https://www.biosimilardevelopment.com/doc/biosimilar-coverage-by-the-va-what-you-need-to-know-0001
https://www.centerforbiosimilars.com/news/merck-seeing-gains-forrenflexis-at-va
https://www.centerforbiosimilars.com/news/merck-seeing-gains-forrenflexis-at-va
https://www.centerforbiosimilars.com/news/merck-seeing-gains-forrenflexis-at-va
http://dx.doi.org/10.1001/jamainternmed-2018.5874
http://dx.doi.org/10.1001/jamainternmed-2018.5874
https://www.fda.gov/media/134862/download
https://www.fda.gov/media/134862/download
https://biosimilarsip.com/2019/5/28/another-biosimilar-receives-FDA-approval-and-is-confronted-with-litigation
https://biosimilarsip.com/2019/5/28/another-biosimilar-receives-FDA-approval-and-is-confronted-with-litigation
https://biosimilarsip.com/2019/5/28/another-biosimilar-receives-FDA-approval-and-is-confronted-with-litigation
https://www.centerforbiosimilars.com/news/in-long-awaited-decision-in-etanercept-litigation-court-sides-with-amgen-over-sandoz
https://www.centerforbiosimilars.com/news/in-long-awaited-decision-in-etanercept-litigation-court-sides-with-amgen-over-sandoz
https://www.centerforbiosimilars.com/news/in-long-awaited-decision-in-etanercept-litigation-court-sides-with-amgen-over-sandoz
https://www.centerforbiosimilars.com/news/in-long-awaited-decision-in-etanercept-litigation-court-sides-with-amgen-over-sandoz
http://dx.doi.org/10.1038/s41587-019-0196-x
http://dx.doi.org/10.1001/jama.2017.5202


37. Teva settles with Roche to launch the first Rituxan bio-
similar. https://bioprocessintl.com/bioprocess-insider/
global-markets/teva-settle-with-roche-to-launch-first-
rituxan-biosimilar-in-us/ Accessed May 11, 2020.

38. Shim SC, Bozić-Majstorović L, Kasay AB, et al. Efficacy
and safety of switching from rituximab to biosimilar
CT-P10 in rheumatoid arthritis: 72-week data from a
randomized phase 3 trial. Rheumatology.
2019;58:2193–202. https://doi.org/10.1093/
rheumatology/kez152.

39. FDA approves Pfizer’s biosimilar Ruxience rituximab-
pvvr for certain cancers and autoimmune conditions.
https://markets.businessinsider.com/news/stocks/fda-
approves-pfizer-s-biosimilar-ruxience-rituximab-pvvr-
for-certain-cancers-and-autoimmune-conditions-
1028377494. Accessed May 13, 2020.

40. Pending antitrust actions could change biosimilar dy-
namics. https://www.centerforbiosimilars.com/
contributor/ron-lanton-III-esq/2020/02/pending-
antitrust-actions-could-change-biosimilar-dynamics.
Accessed May 11, 2020.

41. Biosimilar Action Plan: Balancing Innovation and
Competition. https://www.FDA.gove/media/114574/
download. Accessed May 13, 2020.

42. The Biologic Transparency Act. https://www.
bigmoleculewatch.com/2019/03/21/the-biologic-
patent-transparency-act-proposed-revisions-to-purple-
book/. Accessed May 11, 2020.

43. Promotional labeling and advertising consideration for
prescription biological reference ad biosimilar
products- questions and answers draft guidance for
industry. https://www.fda.gov/media/134862/
download. Accessed May 11, 2020.

44. FDA, FTC pledge close cooperation to create biosimilar
competition. https://www.centerforbiosimilars.com/
news/fda-ftc-pledge-close-cooperation-to-create-
biosimilar-competition. Accessed May 11, 2020.

45. Teeple A, Ellis LA, Huff L, Reynolds C, Ginsburg S,
Howard L, et al. Physician attitudes about non-medical
switching to biosimilars: results from an online physi-
cian survey in the United States. Curr Med Res Opin.
2019;35:611–7.

46. Critics assail non-medical switching policy in Canadi-
an provinces. https://www.centerforbiosimilars.com/
news/critics-assail-nonmedical-switching-policy-in-
canadian-provinces. Accessed May 11, 2020.

47.•• Jorgensen KK, Olsen IC, Goll GL, et al. Switching
from originator infliximab to biosimilar CT-P13
compared with maintained treatment with origi-
nator infliximab (NOR-SWITCH): a 52-week,
randomized, double-blind, non- inferiority trial.
Lancet. 2017;389:2304–16.

The NOR-SWITCH study is a large Norwegian study in
which patients on originator infliximab were switched to a
biosimilar.
48.• Glintborg B, Loft AG, Omerovic E, Hendricks O,

Linauskas A, Espesen J, et al. To switch or not to
switch: results of a nationwide guideline of manda-
tory switching from originator to biosimilar

etanercept. One-year treatment outcomes in 2061
patients with inflammatory arthritis from the DAN-
BIO registry. Ann Rheum Dis. 2019;78:192–200.

TheDANBIO registry examines switching in over 2000 patients
in Denmark.
49.• Cantini F, Benucci M. Mandatory, cost-driven switch-

ing from originator etanercept to its biosimilar SB4:
possible fallout on non-medical switching. Ann
Rheum Dis. 2018;79. https://doi.org/10.1136/
annrheumdis-2018-214757.

Another analysis of the DANBIO registry.
50.•• Rezk M, Pieper B. Treatment Outcomes with Biosi-

milars: Be Aware of the Nocebo Effect. Rheumatol
Ther. 2017;4:209–18. https://doi.org/10.1007/
s40744-017-0085-z.

A good explanation of the “nocebo effect”.
51. Fleischmann R, Jairath V, Mysler E, Nicholls D,

Declerck P. Nonmedical switching from originators to
biosimilars: does the nocebo effect explain treatment
failures and adverse events in rheumatology and gas-
troenterology? Rheumatol Ther. 2020;7:35–64. https://
doi.org/10.1007/s40744-019-00190-7 [published
online ahead of print, January 16, 2020].

52. Moots R, Azevedo A, Coindreau JL, et al. Switching
between reference biologics and biosimilars for the
treatment of rheumatology, gastroenterology, and
dermatology inflammatory conditions: considerations
for the clinician. Curr Rheumatol Rep. 2017;19:37.
https://doi.org/10.1007/s11926-017-0658-4.

53. Tweehuysen L, Huiskes VJB, Van den Bemt BJF, et al.
Open-abel, non-mandatory transitioning from origi-
nator etanercept to biosimilar SB4 six-month results
from a controlled cohort study. Arthritis Rheum.
2018;70:1408–18. https://doi.org/10.1002/art.40516.

54.• How did Kaiser-Permanente reach 95% utilization of
biosimilar Herceptin and Avastin so quickly? https://
biosimilarsrr.com/2019/11/07/. Accessed May 11,
2020.

A good explanation of the process by which Kaiser successfully
introduced biosimilars.
55. Ye BD, Pesegova M, Alexeeva O, Osipenko M, Lahat A,

Dorofeyev A, et al. Efficacy and safety of biosimilar CT-
P13 compared with originator infliximab in patients
with active Crohn’s disease: an international, random-
ized, double-blind, phase 3 non- inferiority study.
Lancet. 2019;393:1699–707.

56. Employers are in good position to promote biosimi-
lars. https://www.centerforbiosimilars.com/news/
employers-are-in-good-position-to-promote-
biosimilars. Accessed May 11, 2020.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

Rheumatoid Arthritis (Y Yazici, Section Editor)336

https://bioprocessintl.com/bioprocess-insider/global-markets/teva-settle-with-roche-to-launch-first-rituxan-biosimilar-in-us/
https://bioprocessintl.com/bioprocess-insider/global-markets/teva-settle-with-roche-to-launch-first-rituxan-biosimilar-in-us/
https://bioprocessintl.com/bioprocess-insider/global-markets/teva-settle-with-roche-to-launch-first-rituxan-biosimilar-in-us/
http://dx.doi.org/10.1093/rheumatology/kez152
http://dx.doi.org/10.1093/rheumatology/kez152
https://markets.businessinsider.com/news/stocks/fda-approves-pfizer-s-biosimilar-ruxience-rituximab-pvvr-for-certain-cancers-and-autoimmune-conditions-1028377494
https://markets.businessinsider.com/news/stocks/fda-approves-pfizer-s-biosimilar-ruxience-rituximab-pvvr-for-certain-cancers-and-autoimmune-conditions-1028377494
https://markets.businessinsider.com/news/stocks/fda-approves-pfizer-s-biosimilar-ruxience-rituximab-pvvr-for-certain-cancers-and-autoimmune-conditions-1028377494
https://markets.businessinsider.com/news/stocks/fda-approves-pfizer-s-biosimilar-ruxience-rituximab-pvvr-for-certain-cancers-and-autoimmune-conditions-1028377494
https://www.centerforbiosimilars.com/contributor/ron-lanton-III-esq/2020/02/pending-antitrust-actions-could-change-biosimilar-dynamics
https://www.centerforbiosimilars.com/contributor/ron-lanton-III-esq/2020/02/pending-antitrust-actions-could-change-biosimilar-dynamics
https://www.centerforbiosimilars.com/contributor/ron-lanton-III-esq/2020/02/pending-antitrust-actions-could-change-biosimilar-dynamics
https://www.fda.gove/media/114574/download
https://www.fda.gove/media/114574/download
https://www.bigmoleculewatch.com/2019/03/21/the-biologic-patent-transparency-act-proposed-revisions-to-purple-book/
https://www.bigmoleculewatch.com/2019/03/21/the-biologic-patent-transparency-act-proposed-revisions-to-purple-book/
https://www.bigmoleculewatch.com/2019/03/21/the-biologic-patent-transparency-act-proposed-revisions-to-purple-book/
https://www.bigmoleculewatch.com/2019/03/21/the-biologic-patent-transparency-act-proposed-revisions-to-purple-book/
https://www.fda.gov/media/134862/download
https://www.fda.gov/media/134862/download
https://www.centerforbiosimilars.com/news/fda-ftc-pledge-close-cooperation-to-create-biosimilar-competition
https://www.centerforbiosimilars.com/news/fda-ftc-pledge-close-cooperation-to-create-biosimilar-competition
https://www.centerforbiosimilars.com/news/fda-ftc-pledge-close-cooperation-to-create-biosimilar-competition
https://www.centerforbiosimilars.com/news/critics-assail-nonmedical-switching-policy-in-canadian-provinces
https://www.centerforbiosimilars.com/news/critics-assail-nonmedical-switching-policy-in-canadian-provinces
https://www.centerforbiosimilars.com/news/critics-assail-nonmedical-switching-policy-in-canadian-provinces
http://dx.doi.org/10.1136/annrheumdis-2018-214757
http://dx.doi.org/10.1136/annrheumdis-2018-214757
http://dx.doi.org/10.1007/s40744-017-0085-z
http://dx.doi.org/10.1007/s40744-017-0085-z
http://dx.doi.org/10.1007/s40744-019-00190-7
http://dx.doi.org/10.1007/s40744-019-00190-7
http://dx.doi.org/10.1007/s11926-017-0658-4
http://dx.doi.org/10.1002/art.40516
https://biosimilarsrr.com/2019/11/07/
https://biosimilarsrr.com/2019/11/07/
https://www.centerforbiosimilars.com/news/employers-are-in-good-position-to-promote-biosimilars
https://www.centerforbiosimilars.com/news/employers-are-in-good-position-to-promote-biosimilars
https://www.centerforbiosimilars.com/news/employers-are-in-good-position-to-promote-biosimilars

	New Treatments in Rheumatology: Biosimilars
	Abstract
	Introduction
	Regulatory
	Characterization of biosimilars
	Comparison studies of biosimilar to reference product
	Immunogenicity
	Economic impact in Europe
	Minimal use to date in us
	Conclusion
	Compliance with ethical standards
	References and Recommended Reading




