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Abstract: Extrapolation is the approval of a biosimilar for use in an indication held by the origi-
nator biologic not directly studied in a comparative clinical trial with the biosimilar. Extrapolation
is a scientific rationale that bridges all the data collected (ie, totality of the evidence) from one
indication for the biosimilar product to all the indications originally approved for the originator.
Regulatory approval and marketing authorization of biosimilars in inflammatory indications are
made on a case-by-case and agency-by-agency basis after evaluating the totality of evidence from
the entire development program. This totality of the evidence comprises extensive comparative
analytical, functional, nonclinical, and clinical pharmacokinetic/pharmacodynamic, efficacy,
safety, and immunogenicity studies used by regulators when evaluating whether a product can
be considered a biosimilar. Extrapolation reduces or eliminates the need for duplicative clinical
studies of the biosimilar but must be justified scientifically with appropriate data. Understanding
the concept, application, and regulatory decisions based on the extrapolation of data is important
since biosimilars have the potential to significantly impact patient care in inflammatory diseases.
Keywords: biosimilar, extrapolation, inflammatory disease, rheumatology

Introduction

Biologic therapies provide significant clinical benefit in the treatment of inflamma-
tory diseases, but patient access can often be limited.! Recent legislation and the
expiration of patents on a number of the major biologic therapies have led to the
development of products known as “biosimilars”.*° A biosimilar is a biologic product
that is highly similar to a licensed biologic (originator) product with the totality of
the evidence demonstrating “no clinically meaningful differences compared to the
originator biologic in terms of safety, purity, and potency”.’ Biosimilars for several
biologics are in development or are approved for the treatment of inflammatory
diseases (Table 1).

Biologic therapies are complex; even minor changes in the manufacturing process
could potentially create differences between a possible biosimilar and the originator.>¢ A
biosimilar is not a generic of the originator biologic.* ® The European Medicines Agency
(EMA), US Food and Drug Administration (FDA), and World Health Organization
(WHO) have developed separate guidelines for regulatory approval of biosimilars.**
These processes allow the development of high-quality, safe, and effective biosimilars
with the potential to provide savings and efficiencies to health care systems.

One key component of the EMA, FDA, and WHO regulatory guidelines for
biosimilars is the provision for regulatory approval of the biosimilar for one or more
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Table | Development status and patent expiration dates for some biosimilars of biologics used in the treatment of inflammatory

diseasesd? 314164041
Biologic Indication® USA EU
Patent Biosimilar Patent Biosimilar
expiration status expiration status
Adalimumab RA; juvenile idiopathic arthritis; psoriatic 2016 Phase llI trials 2018 Phase llI trials
arthritis; AS; Crohn’s disease; ulcerative colitis;
plaque psoriasis
Etanercept RA; polyarticular juvenile idiopathic arthritis; 2028 - 2015 Approved 2016
psoriatic arthritis; AS; plaque psoriasis
Infliximab Crohn’s disease; pediatric Crohn’s disease; 2018 Approved 2015 Approved 2013
ulcerative colitis; pediatric ulcerative colitis; 2016
RA (with methotrexate); AS; psoriatic arthritis;
plaque psoriasis
Rituximab Non-Hodgkin’s lymphoma; chronic 2018 Phase llI trials 2013 Phase lll trials

lymphocytic leukemia; RA (with methotrexate);
granulomatosis with polyangiitis

Note: “Indications in USA.
Abbreviations: RA, rheumatoid arthritis; AS, ankylosing spondylitis.

additional conditions for which the originator is indicated,
but without necessarily conducting biosimilar clinical trials
specifically for that disease state.** For example, the EMA
and FDA approved a biosimilar of infliximab (marketed
as Remsima; Celltrion, Incheon, Korea [also marketed as
Inflectra; Hospira, Maidenhead, UK in the EU]) and granted
approval for the full range of indications of the originator
product. The initial clinical comparative efficacy and safety
study of the biosimilar was assessed in rheumatoid arthritis
(RA) and ankylosing spondylitis (AS).”'* Recently, the EMA
also approved a second biosimilar to infliximab (marketed
as Flixabi; Samsung Bioepis, Chertsey, UK) for all indica-
tions of the originator. The development program included a
clinical comparative efficacy and safety study in RA.'*!* In
addition, a biosimilar to etanercept (marketed as Benepali;
Samsung Bioepis) was recently approved for all indications,
and the clinical comparative trial was assessed in RA.'6!7
These approvals were extended to multiple indications via
extrapolation of all data from the totality of evidence from
the respective development programs to demonstrate similar-
ity to the originator, including analytical, nonclinical, and
clinical data.*® This review briefly describes extrapolation of
indications, including reviewing the regulatory process and
the data evaluated for approval of a biosimilar, with specific
considerations for the use of biosimilars in the treatment of
inflammatory diseases.

Definition of a biosimilar

Biologics, including biosimilars, could have multiple iso-
forms owing to posttranslational modifications and minor
changes in manufacturing, such as source materials, media,

temperature, and purification techniques. To produce a
biosimilar that is highly similar to the originator, a developer
must analyze the originator extensively through reverse
engineering, with extensive characterization analyses via
state-of-the-art methods.'® Biosimilar developers must have
substantial knowledge and expertise regarding the develop-
ment and manufacture of biologics to develop their own
protocols because manufacturing processes for the originator
are proprietary.

Even minor changes in the manufacturing process can
result in differences (eg, variations in glycosylation or higher-
order structural changes, protein folding, and protein—protein
interactions) between the biosimilar and the originator bio-
logic.’ To receive regulatory approval, these modifications
must not adversely affect the identity, strength, quality, purity,
or potency of the biosimilar or result in clinically meaningful
changes in safety or effectiveness.’

Overview of regulatory approval for

biosimilars

Many countries outside the USA follow EMA or WHO
guidelines, but each country customizes regulations and,
therefore, guidelines will vary.'" Ultimately, however, there
are only minor differences.*® Overall, the approval process
is a stepwise approach to demonstrate safety, purity, and
potency. First, extensive structural and functional analyses
are conducted to confirm that the biosimilar has a high degree
of similarity to the originator biologic. Next, nonclinical
animal studies are performed to assess pharmacokinetics
(PK), immunogenicity, and toxicity. Finally, the biosimi-
lar is evaluated in at least one clinical study in patients to
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demonstrate that the biosimilar produces comparable efficacy
and safety (including immunogenicity) versus the originator,
although EMA and FDA reserve the option not to require a
clinical study.**

Beyond bioequivalence, the number of clinical trials
required for approval of a biosimilar is reduced, since clinical
trials for dose finding and demonstration of the mechanism of
action are not required.*® In fact, the majority of data gener-
ated for approval of a biosimilar is based on the analytic and
nonclinical assessments compared with the robust clinical
trial data required for approval of a novel therapy.2**!' Clinical
trials evaluating comparative efficacy and safety of a potential
biosimilar versus the originator are conducted in a patient
population adequately sensitive to detect differences in PK,
efficacy, and safety.*¢ Interestingly, the population used in
the comparative efficacy trial of a biosimilar to comparator
may be different than the population used to evaluate clinical
efficacy of the originator.

The immunogenicity of a potential biosimilar should be
compared with the originator clinically.*® In general, the
preapproval evaluation of immunogenicity is designed to
assess whether the incidence of antidrug antibodies is dif-
ferent from the originator.*® For example, in comparative
clinical efficacy studies of the recently approved biosimilars
to infliximab (Remsima/Infectra) in patients with active AS
and active RA, percentages of patients with anti-infliximab
antibodies at weeks 14 and 30, respectively, were generally
similar for the biosimilar (AS: 9.1% and 27.4%, respectively;
RA: 25.4% and 48.4%, respectively) and the originator (AS:
11.0% and 22.5%, respectively; RA: 25.8% and 48.2%,
respectively).!"!? To establish more robust data, additional
immunogenicity evaluations may be included in postmarket-
ing surveillance plans.*

Extrapolation of data

The potential for extrapolation of efficacy and safety data
from clinical studies of a biosimilar to other indications is a
core concept in the regulatory guidelines but must be justified
scientifically with appropriate data.**

Study designs

It is a common misconception that decisions regarding
extrapolation are based on the clinical data alone. In fact, jus-
tification for extrapolation is based on the entire data set, with
the physicochemical and functional analyses providing the
primary and fundamental basis for the justification.*** Thus,
regulatory agencies not only consider the clinical data but

also rely heavily on the analytical, functional, and nonclinical
data to decide whether the data can be extrapolated.** Also,
multiple additional functional and/or pharmacodynamic
studies may be required for regulatory approval if the origina-
tor has different mechanisms of action in different diseases.**
These data provide further reassurance that the biosimilar will
have similar clinical efficacy and safety in both the tested and
extrapolated indications.?

Study population
Clinical evaluations of efficacy of a potential biosimilar
assess whether there are clinically meaningful differences
compared with the originator biologic.’ One important
consideration in the decision as to whether clinical data can
be extrapolated from one indication to another is whether
the sensitivity of the population studied is appropriate. For
example, demonstrating clinical efficacy in one disease may
not predict effectiveness in another disease (eg, patients with
RA versus those with psoriasis) since measures of response
may differ (eg, American College of Rheumatology 20%
[ACR20] improvement criteria for RA versus a 75% reduc-
tion on the Psoriasis Area and Severity Index [PASI75] score
for psoriasis) or have different discriminatory ability (eg,
the placebo-adjusted response in ACR20 is 8%—25% versus
74%—82% for PASI75).232

As noted, there may be clinically relevant differences
in the mechanism(s) of action for different diseases treated
by a given biologic. This may impact whether extrapolation
of the clinical data is appropriate for all indications when
a biosimilar is approved. For example, the mechanism of
action of growth hormone (GH) differs in children with
GH deficiency versus children with non-GH-deficient short
stature (who may be less sensitive to GH treatment).® Finally,
the use of concomitant methotrexate is required for the treat-
ment of RA, and although this may confound conclusions
about potency and/or efficacy of the biosimilar compared
with the originator,” properly designed comparative efficacy
and safety studies account for this by using balanced study
designs with concomitant methotrexate administered in all
treatment arms. Thus, it is unlikely that the results would
change considerably, especially since the goal is to demon-
strate comparative efficacy to the originator. Although these
considerations raise questions about the appropriateness of
extrapolating clinical data from RA studies to other indica-
tions, regulatory decisions about whether to allow extrapola-
tion are based on the totality of the evidence and appropriate
scientific justification.**
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Safety

Safety is a separate consideration when extrapolating data
because factors such as comorbidities, co-medications,
dosing, and the potential for developing antidrug antibodies
may impact safety.”** In addition, some product attributes,
including differences in glycosylation or cell culture com-
ponents, may have a greater impact on safety than other
attributes (eg, packaging).?* For example, penetration of
antitumor necrosis factor agents into different tissues (eg,
synovial pannus versus intestinal mucosa) as well as other
properties of the biologic (eg, afucosylation and FcyRIlla
receptor binding) may differ and may influence safety in
different diseases.”® Safety evaluations in clinical trials of
potential biosimilars are often short term and may not iden-
tify rare events, so appropriate postapproval monitoring and
pharmacovigilance programs are expected.*® In addition,
specific clinical data comparing safety with the originator
may be required if there are unique safety issues for the
extrapolated indications.** For example, the Health Canada
Summary Basis of Decision for biosimilars of infliximab
indicates that risk management plans describing known and
potential safety issues, the monitoring scheme, and measures
to minimize risks associated with the product were submit-
ted and considered acceptable (currently, these details are
not public).?$%

Immunogenicity

Biologics, including biosimilars, can induce immune
responses in treated individuals and could impact the safety
and efficacy of a product.’ Although nonclinical data provide
good support for confirmation of functional and toxicity data,
animal data are not always predictive of immunogenicity in
humans.® Immunogenicity is affected by multiple factors,
such as route of administration, patient immune status, and
co-medications. For example, concurrent use of methotrexate
is more common with RA than other inflammatory diseases.*
Methotrexate reduces antidrug antibody formation in some
cases, and therefore treatment regimens and other factors
need to be considered.*?** As a result, extrapolation of
immunogenicity data requires strong scientific justification
(including use of balanced and appropriate study designs)
and may, in some cases, require additional immunogenicity
data.*%2? For example, WHO guidelines have a provision for
requiring additional postmarketing immunogenicity evalua-
tions if any postmarketing immunogenicity issues have arisen
with the originator biologic, such as rare antibody-related
serious adverse events that are not likely to be detected prior
to regulatory approval (eg, cross-reacting neutralizing anti-
epoetin antibodies that cause pure red blood cell aplasia).®

There are no examples, to date, of regulatory agencies
requiring additional data beyond postmarketing plans for
any approved biosimilars. It should be noted, however, that
the regulatory guidelines are written in anticipation, although
not expectation, of needing flexibility to address such issues
(should they arise).

Across indications: case by case and
agency by agency

As with regulatory approval, there is also no one-size-fits-all
approach as to whether extrapolation for a given biosimilar
will be approved for all indications. Biosimilar approval is
granted on the basis of totality of the evidence, which allows
for a great deal of interpretation. Thus, regulatory agencies
may come to different decisions as to whether to allow
extrapolation of the data for a given biosimilar. For example,
the originator infliximab has wide approval for the indications
of RA, AS, psoriasis, psoriatic arthritis, ulcerative colitis, and
Crohn’s disease.”!? Biosimilars of infliximab have only been
studied in the clinical disease populations of RA and AS.!1213
The EMA, FDA, and Korean regulators granted approval to
the infliximab biosimilar Remsima/Inflectra for the full range
of indications of the originator product.®®*! Japan approved
these products only for RA, Crohn’s disease, and ulcerative
colitis; meanwhile, the originator has ongoing patents in other
indications.* In contrast, Health Canada initially indicated
that differences (in antibody-dependent cellular cytotoxic-
ity, afucosylation, and FcyRIIla receptor binding) between
the biosimilar and the originator, which could affect clini-
cal safety and efficacy, did not support extrapolation of the
clinical data to Crohn’s disease or ulcerative colitis without
direct clinical assessment.?®% Recently, Health Canada added
approvals in Crohn’s disease, fistulizing Crohn’s disease, and
ulcerative colitis based on similarity between the biosimilar
and the originator in product quality, mechanism of action,
disease pathophysiology, safety profile, dosage regimen,
and on clinical experience with the originator.* Agency-
by-agency differences in granting extrapolation across all
indications specifically has, and probably will continue to
be, one of the most challenging issues in understanding
extrapolation of data for biosimilars.

As mentioned, extrapolation is a logical scientific exten-
sion of the biosimilar concept,® but concerns about extrapola-
tion of data across indications have been voiced.?***3¢ The
nature of these concerns is twofold. One is concerns about
safety (particularly for pediatric patients).’’ Secondly, some
specialist groups raise concerns that demonstration of clinical
efficacy for a given biologic therapy in one disease may not
predict effectiveness in other diseases.”?*** For example,
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the European Crohn’s and Colitis Organisation indicated that
data from patients with inflammatory bowel disease should
be required before approval because, they argue, clinical
efficacy in this disease cannot be predicted by effectiveness
in other indications, such as RA .3 The regulations, however,
already address the latter concern since extrapolation across
indications is based on the totality of the scientific evidence
(including data regarding different mechanisms of action,
and so on) showing that the biosimilar is comparable to the
originator, and decisions for approval are made on case-by-
case and indication-by-indication bases, rather than explic-
itly requiring that approval for any one indication requires
the biosimilar be granted approval for all indications.** If
biosimilars are not granted approval across all indications,
health care providers will need to be aware of the approved
indications when prescribing a specific biosimilar for the
treatment of inflammatory conditions.

Another concern with extrapolation expressed by learned
societies is the requirement for absolute certainty regarding
clinical efficacy and safety.? Drug approval is based on a
probability of response and an expectation of a reasonable
range of safety.* Absolute certainty for a biosimilar cannot
be expected any more than for any new compound.'” In fact,
secondary to the extensive preclinical analysis required of
biosimilars, the degree of uncertainty for biosimilars, includ-
ing around extrapolation, is actually reduced compared with
new products.?? The requirement for biosimilar approval that
is adhered to remains that the biosimilar has no clinically
meaningful differences versus the originator.* For example,
FDA guidelines indicate differences in the expected safety,
purity, or potency of the proposed product and originator
would be considered clinically meaningful, whereas slight
(numerical) differences in occurrence of certain adverse
events would not.?

Summary

Biosimilars for the treatment of inflammatory diseases
have been approved or are currently undergoing regulatory
review. Each biosimilar is approved on a case-by-case and
agency-by-agency basis via rigorous, publicly disclosed
processes that ensure approval is based on the totality of the
data demonstrating similarity to the originator in terms of
structure, function, PK, efficacy, and safety, with no clinically
meaningful differences from the originator. Extrapolation is
a core concept of regulatory approval of biosimilars, since
it reduces or eliminates the need for duplicative clinical
studies. Extrapolation is assessed only after biosimilarity is
confirmed, and regulatory decisions are based on appropriate
scientific justification. Different agencies have and probably

will continue to arrive at different final conclusions regarding
extrapolation. Extrapolation can allow approval of therapies
within shorter developmental timelines, thus providing health
care providers the option to use biosimilars for the treat-
ment of inflammatory diseases. It is important for health
care providers to understand the concept and rationale for
extrapolation in approval of biosimilars and how this applies
to prescribing decisions for the treatment of inflammatory
diseases.

Acknowledgments

This review was sponsored by Pfizer Inc. Medical writing
support was provided by Christina McManus, PhD, of Engage
Scientific Solutions, and funded by Pfizer Inc.

Author contributions

All the authors made substantial contributions to conception
and design, execution, or analysis and interpretation of data;
drafting the article or revising it critically; and reading and
approval of the final version.

Disclosure

JRPT: Abbvie (speaker, research support), Amgen (speaker,
research support), BMS (speaker, consultant), Boehringer
Ingelheim (research support), Genentech (consultant,
speaker, research support), Janssen (consultant, speaker,
research support), Pfizer (consultant, speaker, research sup-
port), Sandoz (research support). DEF: Abbvie (consultant,
speaker’s bureau [CME only]), Amgen (consultant, research
support), BMS (consultant, research support, speaker’s
bureau [CME only]), Cytori (consultant), NIH (research
support), Novartis (consultant, research support), Pfizer
(consultant, research support), Roche/Genentech (consultant,
research support), UCB (consultant). 1J: Pfizer (employee
and stock ownership). The authors report no other conflicts
of interest in this work.

References

1. Baer Ii WH, Maini A, Jacobs 1. Barriers to the access and use of rituximab
in patients with non-Hodgkin’s lymphoma and chronic lymphocytic leu-
kemia: a physician survey. Pharmaceuticals (Basel). 2014;7(5):530-544.

2. Dorner T, Strand V, Cornes P, et al. The changing landscape of biosimi-
lars in theumatology. Ann Rheum Dis. 2016;75(6):974-982.

3. Lammers P, Criscitiello C, Curigliano G, Jacobs I. Barriers to the use
of trastuzumab for HER2+ breast cancer and the potential impact of
biosimilars: a physician survey in the United States and emerging
markets. Pharmaceuticals (Basel). 2014;7(9):943-953.

4. European Medicines Agency [internet]. Guideline on similar biological
medicinal products. London, UK: Committee for Medicinal Products
for Human Use (CHMP), European Medicines Agency; 2014 [updated
October 23, 2014]. Available from: http://www.ema.europa.eu/docs/en_
GB/document_library/Scientific_guideline/2014/10/WC500176768.
pdf. Accessed February 1, 2016.

Biologics: Targets and Therapy 2017:1 |

submit your manuscript 9

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2014/10/WC500176768.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2014/10/WC500176768.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2014/10/WC500176768.pdf

Tesser et al Dove

5. United States Food and Drug Administration [internet]. Scientific 17. Vencovsky J, Sylwestrzak A, Leszczynski P, et al. A phase III, ran-
considerations in demonstrating biosimilarity to a reference product: domized, double-blind clinical study comparing SB4, an etanercept
guidance for industry. Silver Spring, MD: US Department of Health and biosimilar, with etanercept reference rroduct (Enbrel®) in patients with
Human Services, Center for Drug Evaluation and Research (CDER), moderate to severe rheumatoid arthritis despite methotrexate therapy (52-
Center for Biologics Evaluation and Research (CBER); 2015 [updated week results) [abstract]. Arthritis Rheumatol. 2015;67(Suppl 10):2055.
April 2015]. Available from: http://www.fda.gov/downloads/drugs/ 18. Socinski MA, Curigliano G, Jacobs I, Gumbiner B, MacDonald J,
guidancecomplianceregulatoryinformation/guidances/ucm291128.pdf. Thomas D. Clinical considerations for the development of biosimilars
Accessed May 10, 2016. in oncology. MAbs. 2015;7(2):286-293.

6. World Health Organization [internet]. Guidelines on evaluation of  19. Scheinberg MA, Kay J. The advent of biosimilar therapies in rheumatol-
similar biotherapeutic products (SBPs). Geneva, Switzerland: World ogy — “O brave new world”. Nat Rev Rheumatol. 2012;8(7):430-436.
Health Organization Expert Committee on Biolgical Standardization; 20. Christl L [internet]. FDA’s overview of the regulatory guidance for the
2009 [updated October 19-23, 2009]. Available from: http://www. development and approval of biosimilar products in the US. Bethesda,
who.int/biologicals/areas/biological_therapeutics/BIOTHERAPEU- MD: Office of New Drugs (OND) Therapeutic Biologics and Biosimilars
TICS_FOR_WEB_22APRIL2010.pdf. Accessed February 1, 2016. Team, Center for Drug Evaluation and Research (CDER), US Food

7. European Medicines Agency [internet]. European Public Assessment and Drug Administration (FDA); [updated Available from: http://www.
Report (EPAR) summary of product characteristics: Remicade (inf- fda.gov/downloads/Drugs/DevelopmentApprovalProcess/HowDrug-
liximab). London, UK: Committee of Medicinal Products for Human sareDevelopedandApproved/Approval Applications/TherapeuticBio-
USE (CHMP), European Medicines Agency; 2009 [updated November logicApplications/Biosimilars/UCM428732.pdf. Accessed January 26,
26, 2015]. Available from: http://www.ema.europa.eu/docs/en_GB/ 2016.
document_library/EPAR_-_Product_Information/human/000240/  21. Robuck PR, Wurzelmann JI. Understanding the drug development
WC500050888.pdf. Accessed February 6, 2016. process. Inflamm Bowel Dis. 2005;11(Suppl 1):S13-S16.

8. European Medicines Agency [internet]. European Public Assessment ~ 22. Weise M, Kurki P, Wolff-Holz E, Bielsky MC, Schneider CK. Biosimi-
Report (EPAR) summary of product characteristics: Inflectra (inflix- lars: the science of extrapolation. Blood. 2014;124(22):3191-3196.
imab) Warwickshire, UK: Hospira UK Ltd; 2013 [updated January = 23. Feagan BG, Choquette D, Ghosh S, et al. The challenge of indication
28, 2016]. Available from: http://www.ema.europa.eu/docs/en_GB/ extrapolation for infliximab biosimilars. Biologicals. 2014;42(4):
document_library/EPAR_-_Product_Information/human/002778/ 177-183.

WC500151489.pdf. Accessed February 6, 2016. 24. Lee H. Is extrapolation of the safety and efficacy data in one indication

9. European Medicines Agency [internet]. European Public Assessment to another appropriate for biosimilars? A4APS J. 2014;16(1):22-26.
Report (EPAR) summary of product characteristics: Remsima (inflix- 25. Vande Casteele N, Sandborn WJ. IBD: Indication extrapolation for
imab). Budapest, Hungary: Celltrion Healthcare Hungary Kft; 2013 anti-TNF biosimilars. Nat Rev Gastroenterol Hepatol. 2015;12:
[updated April 20, 2015]. Available from: http://www.ema.europa. 373-374.
eu/docs/en_GB/document_library/EPAR_-_Product_Information/  26. Reinisch W, Smolen J. Biosimilar safety factors in clinical practice.
human/002576/WC500150871.pdf. Accessed February 6, 2016. Semin Arthritis Rheum. 2015;44(6 Suppl):S9-S15.

10. Janssen Biotech Inc [internet]. Remicade (infliximab) prescribing  27. Scott BJ, Klein AV, Wang J. Biosimilar monoclonal antibodies: a Cana-
information. Horsham, PA: Janssen Biotech, Inc; 1998 [updated Octo- dian regulatory perspective on the assessment of clinically relevant differ-
ber 2015]. Available from: http://www.remicade.com/shared/product/ ences and indication extrapolation. J Clin Pharmacol. 2015;55(Suppl 3):
remicade/prescribing-information.pdf. Accessed February 6, 2016. S123-S132.

11. Park W, Hrycaj P, Jeka S, et al. A randomised, double-blind, multicentre, =~ 28. Health Canada [internet]. Summary Basis of Decision (SBD) for
parallel-group, prospective study comparing the pharmacokinetics, Remsima. Ottawa, ON: Office of Regulatory Affairs, Biologics and
safety, and efficacy of CT-P13 and innovator infliximab in patients Genetic Therapies Directorate, Health Canada; 2014 [updated April 8,
with ankylosing spondylitis: the PLANETAS study. Ann Rheum Dis. 2015]. Available from: http://www.hc-sc.gc.ca/dhp-mps/prodpharma/
2013;72(10):1605-1612. sbd-smd/drug-med/sbd_smd_2014_remsima_160195-eng.php#sbd.

12. Yoo DH, Hrycaj P, Miranda P, et al. A randomised, double-blind, Accessed February 6, 2016.
parallel-group study to demonstrate equivalence in efficacy and safety =~ 29. Health Canada [internet]. Summary Basis of Decision (SBD) for Inflec-
of CT-P13 compared with innovator infliximab when coadministered tra. Ottawa, ON: Office of Regulatory Affairs, Biologics and Genetic
with methotrexate in patients with active rheumatoid arthritis: the Therapies Directorate, Health Canada; 2014 [updated June 8, 2015].
PLANETRA study. Ann Rheum Dis. 2013;72(10):1613-1620. Available from: http://www.hc-sc.gc.ca/dhp-mps/prodpharma/sbd-smd/

13. United States Food and Drug Administration [internet]. FDA approves drug-med/sbd_smd_2014_inflectra_159493-eng.php. Accessed Febru-
Inflectra, a biosimilar to Remicade. 2016 [updated April 5, 2016]. ary 6, 2016.

Available from: http://www.fda.gov/NewsEvents/Newsroom/PressAn- 30. Ben-Horin S, Heap GA, Ahmad T, Kim H, Kwon T, Chowers Y. The
nouncements/ucm494227.htm. Accessed June 17, 2016. immunogenicity of biosimilar infliximab: can we extrapolate the data

14. Biogen [internet]. Flixabi®, Biogen’s infliximab biosimilar referencing across indications? Expert Rev Gastroenterol Hepatol. 2015;9(Suppl 1):
Remicade®, approved in the European Union. Berkshire, UK: Biogen 27-34.

Idec Ltd; 2016 [updated May 30, 2016]. Available from: http://media. 31. Generics and Biosimilars Initiative (GaBI) Online [internet]. Biosimilar
biogen.com/press-release/biosimilars/flixabi-biogens-infliximab- monoclonal antibody approved in Korea. Mol, Belgium: GaBI Online;
biosimilar-referencing-remicade-approved-europe. Accessed June 17, 2012 [updated March 8, 2012]. Available from: http://www.gabionline.
2016. net/Biosimilars/News/Biosimilar-monoclonal-antibody-approved-in-

15. Choe JY, Prodanovic N, Niebrzydowski J, et al. A randomised, double- Korea. Accessed May 10, 2016.
blind, phase III study comparing SB2, an infliximab biosimilar, to the 32. Generics and Biosimilars Initiative (GaBI) Online [internet]. Biosimi-
infliximab reference product Remicade in patients with moderate to lar infliximab launched in Japan [media release]. Mol, Belgium: Pro
severe rtheumatoid arthritis despite methotrexate therapy. Ann Rheum PharmaCommunications International; 2014 [updated December 5,
Dis. 2017;76(1):58-64. 2014]. Available from: http://www.gabionline.net/Biosimilars/News/

16. Biogen [internet]. Benpalil®, the first etanercept biosimilar referencing Biosimilar-infliximab-launched-in-Japan. Accessed May 10, 2016.
Enbrel®, approved in the European Union. Zug, Switzerland: Busi-  33. Pfizer Canada Inc. [internet]. Health Canada Approves Inflectra®
ness Wire; 2016 [updated January 16, 2016]. Available from: http:// (biosimilar infliximab) for three additional indications: Crohn’s dis-
media.biogen.com/press-release/biosimilars/benepali-first-etanercept- ease, fistulising Crohn’s disease and ulcerative colitis. [updated June
biosimilar-referencing-enbrel-approved-european-. Accessed August 14, 2016]. Available from: http://www.pfizer.ca/node/7526. Accessed
11, 2016. August 11, 2016.

10 submit your manuscript Biologics: Targets and Therapy 2017:1 |

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm291128.pdf
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm291128.pdf
http://www.who.int/biologicals/areas/biological_therapeutics/BIOTHERAPEUTICS_FOR_WEB_22APRIL2010.pdf
http://www.who.int/biologicals/areas/biological_therapeutics/BIOTHERAPEUTICS_FOR_WEB_22APRIL2010.pdf
http://www.who.int/biologicals/areas/biological_therapeutics/BIOTHERAPEUTICS_FOR_WEB_22APRIL2010.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000240/WC500050888.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000240/WC500050888.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000240/WC500050888.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002778/WC500151489.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002778/WC500151489.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002778/WC500151489.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002576/WC500150871.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002576/WC500150871.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002576/WC500150871.pdf
http://www.remicade.com/shared/product/remicade/prescribing-information.pdf
http://www.remicade.com/shared/product/remicade/prescribing-information.pdf
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm494227.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm494227.htm
http://media.biogen.com/press-release/biosimilars/flixabi-biogens-infliximab-biosimilar-referencing-remicade-approved-europe
http://media.biogen.com/press-release/biosimilars/flixabi-biogens-infliximab-biosimilar-referencing-remicade-approved-europe
http://media.biogen.com/press-release/biosimilars/flixabi-biogens-infliximab-biosimilar-referencing-remicade-approved-europe
http://media.biogen.com/press-release/biosimilars/benepali-first-etanercept-biosimilar-referencing-enbrel-approved-european-
http://media.biogen.com/press-release/biosimilars/benepali-first-etanercept-biosimilar-referencing-enbrel-approved-european-
http://media.biogen.com/press-release/biosimilars/benepali-first-etanercept-biosimilar-referencing-enbrel-approved-european-
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApproved/ApprovalApplications/TherapeuticBiologicApplications/Biosimilars/UCM428732.pdf
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApproved/ApprovalApplications/TherapeuticBiologicApplications/Biosimilars/UCM428732.pdf
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApproved/ApprovalApplications/TherapeuticBiologicApplications/Biosimilars/UCM428732.pdf
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApproved/ApprovalApplications/TherapeuticBiologicApplications/Biosimilars/UCM428732.pdf
http://www.hc-sc.gc.ca/dhp-mps/prodpharma/sbd-smd/drug-med/sbd_smd_2014_remsima_160195-eng.php#sbd
http://www.hc-sc.gc.ca/dhp-mps/prodpharma/sbd-smd/drug-med/sbd_smd_2014_remsima_160195-eng.php#sbd
http://www.hc-sc.gc.ca/dhp-mps/prodpharma/sbd-smd/drug-med/sbd_smd_2014_inflectra_159493-eng.php
http://www.hc-sc.gc.ca/dhp-mps/prodpharma/sbd-smd/drug-med/sbd_smd_2014_inflectra_159493-eng.php
http://www.gabionline.net/Biosimilars/News/Biosimilar-monoclonal-antibody-approved-in-Korea
http://www.gabionline.net/Biosimilars/News/Biosimilar-monoclonal-antibody-approved-in-Korea
http://www.gabionline.net/Biosimilars/News/Biosimilar-monoclonal-antibody-approved-in-Korea
http://www.gabionline.net/Biosimilars/News/Biosimilar-infliximab-launched-in-Japan
http://www.gabionline.net/Biosimilars/News/Biosimilar-infliximab-launched-in-Japan
http://www.pfizer.ca/node/7526

Dove

Biosimilar extrapolation of indications

34.

35.

36.

37.

38.

Dérner T, Kay J. Biosimilars in theumatology: current perspectives and
lessons learnt. Nat Rev Rheumatol. 2015;11(12):713-724.

Ebbers HC. Biosimilars: in support of extrapolation of indications.
J Crohns Colitis. 2014;8(5):431-435.

Feldman SR. Inflammatory diseases: Integrating biosimilars into clinical
practice. Semin Arthritis Rheum. 2015;44(6 Suppl):S16-S21.
American College of Rheumatology [internet]. American College of
Rheumatology position statement: biosimilars. Atlanta, GA: Commit-
tee on Rheumatologic Care, American College of Rheumatology; 2015
[updated April 2016]. Available from: http://www.rheumatology.org/
Portals/0/Files/Biosimilars-Position-Statement.pdf. Accessed May 10,
2016.

Danese S, Gomollon F. ECCO position statement: the use of biosimi-
lar medicines in the treatment of inflammatory bowel disease (IBD).
J Crohns Colitis. 2013;7:586-589.

Biologics: Targets and Therapy

Publish your work in this journal

Biologics: Targets and Therapy is an international, peer-reviewed journal
focusing on the patho-physiological rationale for and clinical applica-
tion of Biologic agents in the management of autoimmune diseases,
cancers or other pathologies where a molecular target can be identified.
This journal is indexed on PubMed Central, EMBase, and Scopus.

39.

40.

41.

United States Food and Drug Administration [internet]. New Drug
Application (NDA). 2016 [updated March 29, 2016]. Available from:
http://www.fda.gov/Drugs/DevelopmentApprovalProcess/HowDrug-
sareDevelopedandApproved/Approval Applications/NewDrugAppli-
cationNDA/default.htm. Accessed August 11, 2016.

Generics and Biosimilars Initiative (GaBi) [internet]. US$67 billion
worth of biosimilar patents expiring before 2020. Mol, Belgium: Pro
Pharma Communications International; 2012 [updated January 20,
2014]. Available from: http://www.gabionline.net/Biosimilars/Gen-
eral/US-67-billion-worth-of-biosimilar-patents-expiring-before-2020.
Accessed August 11, 2016.

Genetic Engineering & Biotechnology News [internet]. Biosimilars: 11
drugs to watch. 2014 [updated May 19, 2014]. Available from: http://
www.genengnews.com/keywordsandtools/print/3/34899/. Accessed
August 11, 2016.

Dove

The manuscript management system is completely online and includes
a very quick and fair peer-review system, which is all easy to use.
Visit http://www.dovepress.com/testimonials.php to read real quotes
from published authors.

Submit your manuscript here: https://www.dovepress.com/biologics-targets-and-therapy-journal

Biologics: Targets and Therapy 2017:1 |

submit your manuscript 11

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.rheumatology.org/Portals/0/Files/Biosimilars-Position-Statement.pdf
http://www.rheumatology.org/Portals/0/Files/Biosimilars-Position-Statement.pdf
http://www.fda.gov/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApproved/ApprovalApplications/NewDrugApplicationNDA/default.htm
http://www.fda.gov/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApproved/ApprovalApplications/NewDrugApplicationNDA/default.htm
http://www.fda.gov/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApproved/ApprovalApplications/NewDrugApplicationNDA/default.htm
http://www.gabionline.net/Biosimilars/General/US-67-billion-worth-of-biosimilar-patents-expiring-before-2020
http://www.gabionline.net/Biosimilars/General/US-67-billion-worth-of-biosimilar-patents-expiring-before-2020
http://www.genengnews.com/keywordsandtools/print/3/34899/
http://www.genengnews.com/keywordsandtools/print/3/34899/

	_GoBack

	Publication Info 4: 
	Nimber of times reviewed 4: 


