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ABSTRACT

Biosimilars are biological products that are highly similar to already approved reference
biological products in terms of quality, safety, and efficacy. They have become an increasingly
important segment of the pharmaceutical industry due to their potential for increasing access
to safe and effective biological therapies, reducing healthcare costs, and fostering innovation.
The development of biosimilars requires a rigorous process to ensure that they are equivalent
to the reference product in terms of safety and efficacy. In this review, we provide an overview
of the current regulatory framework for biosimilars, including the guidelines for approval and
post-approval monitoring. We also discuss the challenges associated with developing and
manufacturing biosimilars, as well as the potential benefits and limitations of these products.
Finally, we provide an update on the current status of biosimilars in various therapeutic areas
and discuss the future outlook for biosimilar development and use. Overall, biosimilars have
the potential to significantly impact the healthcare landscape and provide new treatment
options for patients, but continued research and development are needed to optimize their
safety and efficacy.
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INTRODUCTION

Biosimilars have been a rapidly growing identical versions of approved biologic
area of interest in the medical field in recent drugs, which are derived from living
years [1]. Biosimilars are similar but not organisms or their products [2]. The
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development of biosimilars is aimed at
providing alternative treatment options to
patients at lower costs while maintaining the
same level of safety and efficacy as the
original biologic drugs [3]. The use of
biosimilars has the potential to significantly
reduce healthcare costs and increase access
to biologic treatments for patients [4].
However, proper regulation and continued
research are crucial to ensure the safe and
effective use of biosimilars [5]. This article
will provide insight, updates, and the future
of biosimilars, including their impact on the
healthcare system and patient outcomes,
challenges faced, and future potential.

Biosimilars are biologic drugs that are
highly similar to, but not identical to, a
previously approved biologic drug [6].
Biosimilars are approved by regulatory
agencies, such as the U.S. Food and Drug
Administration (FDA) or the European
Medicines Agency (EMA), based on the
demonstration of comparable quality,
safety, and efficacy to the reference product.
Biosimilars are intended to provide patients
with a more affordable alternative to costly
biologics while maintaining the same level
of safety and efficacy [7]. Over the past
decade, biosimilars have gained significant
attention as an alternative to costly biologics
for the treatment of various chronic diseases,
diabetes  [9],

such as cancer [8],

inflammation [10], and infections [11].

In this review, the insight, update and future
of biosimilars are elaborately discussed.
Classification

The classification of biosimilars depends on
the type of biological product they are based
on, including monoclonal antibodies,
hormones, cytokines, vaccines, and other
complex biological substances. The World
Health Organization (WHO) and the
European Medicines Agency (EMA) have
established a classification system for
biosimilars which includes:

1. Interchangeable biosimilars: These are
biosimilars that are highly similar to the
reference product and can be expected to
produce the same clinical result as the
reference product in any given patient.
Interchangeable  biosimilars can  be
substituted for the reference product without
the intervention of the healthcare provider
[12].

2. Non-interchangeable biosimilars: These
are biosimilars that are similar to the
reference product, but their use cannot be
automatically substituted for the reference
product. The healthcare provider must
prescribe the product specifically [13].

As of now, the number of biosimilars
approved by regulatory agencies such as the
US Food and Drug Administration (FDA)
and the European Medicines Agency (EMA)
is increasing. Currently, there are over 40

biosimilars that have been approved for use

IJBPAS, June, Special Issue, 2023, 12(6)

290



Sarkar D

Review Article

in various countries, including the US,
Europe, and other countries [14].
Development and approval process

The development of biosimilars requires
significant investment in research and
development, as well as clinical trials to
demonstrate comparable quality, safety, and
efficacy to the reference product. Once the
biosimilars are developed, they must
undergo a rigorous review by regulatory
agencies such as the FDA or EMA, who
assess the data on the biosimilar's quality,
safety, and efficacy. Approval of biosimilars
is granted only after the regulatory agency is
satisfied that the biosimilar is highly similar
to the reference product and that there is no
meaningful difference in terms of safety and
efficacy [15].

Advantages of Biosimilars

The development of biosimilars offers
several advantages to patients, healthcare
providers, and the healthcare system as a
whole. Some of these advantages include:

1. Accessibility: Biosimilars provide
patients with access to life-saving biologic
drugs at a more affordable price, making
them accessible to a wider range of patients
[16].

2. Competition: The availability of
biosimilars provides increased competition
in the biologic drug market, which can lead
to lower prices for patients and payers [17].
3. Innovation: The

development of

biosimilars  can  encourage  further

innovation in the biologic drug development
landscape, as companies are motivated to
continue developing new and improved
biologic drugs [18].

Examples of some approved biosimilars
Recent examples of  Approved
Biosimilars: There have been numerous
biosimilars approved by regulatory agencies
in recent years. Some of the most notable
examples include Inflectra (infliximab):
Inflectra is a biosimilar to the biologic drug
Remicade (infliximab), which is used to
treat a range of autoimmune diseases, such
as rtheumatoid arthritis and Crohn's disease.
Inflectra was approved by the U.S. Food and
Drug Administration (FDA) in 2016 and is
highly similar to Remicade in terms of
safety, efficacy, and quality [19].

Erelji (etanercept): Erelji is a biosimilar to
the biologic drug Enbrel (etanercept), which
is used to treat a range of autoimmune
diseases, including rheumatoid arthritis,
psoriatic  arthritis, and  ankylosing
spondylitis. Erelzi was approved by the
FDA in 2016 and is highly similar to Enbrel
in terms of safety, efficacy, and quality [20].
Ruxeine (rituximab): Ruxience is a
biosimilar to the biologic drug Rituxan
(rituximab), which is used to treat a range of
cancers,

including non-Hodgkin's

lymphoma and chronic lymphocytic
leukaemia. Ruxience was approved by the

FDA in 2019 and is highly similar to
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Rituxan in terms of safety, efficacy, and involves evaluating the physical and
quality [21]. chemical properties of the biosimilar,

Physico-chemical analysis
Physico-chemical  characterization  of
biosimilars is an important aspect of the

evaluation process, as it helps to ensure the

including its size, shape, and chemical
composition [22]. This information helps to
determine the similarity between the

biosimilar and the reference biological

quality, safety, and efficacy of these

products. Physico-chemical characterization of the biosimilar.

Table 1: Physico-chemical analysis of a few biosimilars

product and to assess the stability and purity

Biosimilar Method Result Reference
SB3 (etanercept Size exclusion The molecular weight of SB3 was found to be (23]
biosimilar) chromatography similar to the reference biological product.
GP2015 (filgrastim . . . The secondary structure of GP2015 was found to
PR Circular dichroism .. . . [24]
biosimilar) be similar to the reference biological product.
ABP 215 Nuclear magnetic The chemical composition and three-dimensional
(adalimumab structure of ABP 215 were found to be similar to [25]
biosimilar) resonance spectroscopy the reference biological product.
INFLECTRA The electrophoretic pattern of INFLECTRA was
(infliximab Electrophoresis found to be similar to the reference biological [26]
biosimilar) product.

The results of these studies demonstrate that
biosimilars can have similar physical and
chemical properties to the reference
biological product. This information is
important in ensuring the quality and
consistency of biosimilars, and in assuring
that these products are suitable alternatives
to the reference biological product.

In-Vitro Analysis

In-vitro testing of biosimilars is crucial in
evaluating their similarity to the reference
biological product. It involves testing the
product in a laboratory setting, using cellular
or molecular techniques, to determine its
structural and functional similarity. One of
the most common in-vitro techniques is
immunosorbent

enzyme-linked

(ELISA), which is used to determine the

assay

potency of the biosimilar [27].

Table 2: In vitro analysis of a few biosimilars

Biosimilar Reference
Study Candidate Product Key Findings Reference
Highly similar physical,
chemical, and biological
properties between the
1. In vitro Biosimilar Reference biosimilar candidate and
N . the reference product,
characterization of candidate for product for indicate that the 28]
a TNF-a TNF-a TNF-a PP .
. . . biosimilar candidate
antagonist antagonist antagonist

could be considered a
safe and effective
alternative to the

reference product.
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2. comparison of
the in vitro
functional and

Similar functional and
structural properties
between the proposed
biosimilar and the

structural lﬂg‘;ﬂ:ﬁfﬂ Refsat:lllccte reference product, [29]
properties of a p indicate that the
proposed biosimilar could be used
biosimilar as a safe and effective
alternative.
3. An in vitro I.{lgl.l s1mllar1ty.1n
binding properties,
study on the s . i
. Biosimilar specificity, and
equivalence of a Reference . . .
biosimilar monoclonal product functional activity [30]
antibody between the biosimilar
monoclonal
. and the reference
antibody
product.
Highly similar physical
and chemical properties,
as well as activity,
. . Biosimilar Reference between the biosimilar
4. In vitro analysis
for product for and the reference
of an EPO N . . o e . [31]
biosimilar erythropoieti  erythropoietin product, indicating that
n (EPO) (EPO) the biosimilar could be

considered a safe and
effective alternative to
the reference product.

Additionally, cell-based assays are also used
to evaluate the activity of biosimilars in
comparison to the reference biological
product. This is important because it helps to
assess the similarity in terms of the
biological activity of the product. For
example, cell-based assays can be used to
determine the ability of a biosimilar to bind
to its target or to inhibit the growth of cells
in culture.

In silico studies

In-silico  studies are computer-based
simulations and analyses of biological
systems and processes [32]. They play a
crucial role in the development of
biosimilars, as they allow for the prediction
of the behaviour and performance of the

biosimilar in a virtual environment.

These studies can help to identify potential
differences in the structure and function of
the biosimilar and to predict any potential
adverse effects. In-silico studies also help to
predict  the  pharmacokinetics  and
pharmacodynamics of the biosimilar, which
are important considerations for ensuring its
safe and effective use [33]. They can also be
used to model the distribution, metabolism,
and elimination of the biosimilar, providing
valuable information for dosing and
administration.

A review of the scientific literature on in-
silico studies in the development of
biosimilars was published in the Journal of
Bioequivalence and Bioavailability in 2019
[34]. The authors reviewed various in-silico
techniques, including molecular modelling,

PK/PD simulation, and in-silico ADME
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(Absorption, Distribution, Metabolism, and
Excretion) studies. The authors concluded

that in-silico studies are a valuable tool in

the development of biosimilars and can
provide valuable information for ensuring

their safety and efficacy.

Table 3: In-silico studies of a few biosimilars

Biosimilar Mechanism of Action Result Reference
. In silico analysis predicted similar
Bevacizumab Lo . L. .
Lo Antiangiogenic pharmacokinetics and pharmacodynamics [35]
Biosimilar .
compared to the reference bevacizumab product
. . Stimulation of In silico analysis predicted similar
Filgrastim L .
Biosimilar granulocyte-colony pharmacokinetics and pharmacodynamics [36]
stimulating factor compared to the reference filgrastim product
s ors In silico analysis predicted similar
Insulin Lispro . [ .
s Blood glucose regulation pharmacokinetics and pharmacodynamics [37]
Biosimilar . PR
compared to the reference insulin lispro product
Adalimumab Tumour necrosis factor In s111cq an?lys1s predicted similar .
s . o g epege pharmacokinetics and pharmacodynamics [38]
Biosimilar inhibition .
compared to the reference adalimumab product
Trastuzumab In silico analysis predicted similar
s e HER?2 inhibition pharmacokinetics and pharmacodynamics [39]
Biosimilar
compared to the reference trastuzumab product
Epoetin Alfa Erythropoietin In SlllCO. an?lys1s predicted similar )
P R . pharmacokinetics and pharmacodynamics [40]
Biosimilar stimulation .
compared to the reference epoetin alfa product
. Stimulation of In silico analysis predicted similar
Pegfilgrastim L. .
Biosimilar granulocyte-colony pharmacokinetics and pharmacodynamics [41]

stimulating factor

compared to the reference pegfilgrastim product

In vivo analysis

One of the common in-vivo techniques used
for biosimilar analysis in animal studies, can
involve administering the biosimilar to
animals and observing its effects over time
[42]. The results from these studies can
provide information on the safety and
efficacy of the biosimilar and can help to
identify any differences between the

biosimilar and the reference biological

product [43].

Clinical Trials

Clinical trials play a crucial role in the
development and approval of biosimilars.
These trials are designed to evaluate the
safety and efficacy of the biosimilar in
comparison to the reference biological
product and to determine if the biosimilar is
equivalent in terms of efficacy and safety
[44]. Clinical trials are typically conducted
in three phases, with phase III being the

largest and most comprehensive phase.

Table 4: Clinical trials of a few biosimilars

Biosimilar Mechanism of Action Result Reference
SB3 (etanercept Non-inferior to reference biological product in

e P TNF inhibitor terms of efficacy and safety in patients with [45]

biosimilar) . os
rheumatoid arthritis.
GP2015 (filgrastim Granulocyte-colony Equivalent to reference bl.ologlc.al products in terms

L . . of efficacy and safety in patients undergoing [46]

biosimilar) stimulating factor
chemotherapy.
294
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ABP 215 Equivalent to reference biological products in terms
(adalimumab TNF inhibitor of efficacy and safety in patients with rheumatoid [47]
biosimilar) arthritis.

Biosimilars in Cancer

Cancer is one of the leading causes of death
globally. In recent years, biologic therapies
have shown great promise in the treatment
of various forms of cancer, including breast
cancer, colorectal cancer, and lymphoma,
among others [48]. However, the high cost
of biologics has limited access for many
patients, especially in low- and middle-
income countries. Biosimilars are an
emerging alternative that offers the potential
to make these therapies more affordable and
accessible [49].

The mechanism of action of biosimilars in
the treatment of cancer is similar to that of
the reference product [50]. Biologics used in
the treatment of cancer typically target
specific proteins or pathways involved in the
growth and spread of cancer cells. For
example, monoclonal antibodies such as
trastuzumab and rituximab target proteins
on the surface of cancer cells, while tyrosine
kinase inhibitors like imatinib target specific
signalling pathways involved in the growth
and survival of cancer cells. Biosimilars
work in the same way as their reference
products, effectively blocking the targeted
proteins or pathways and inhibiting the
growth and spread of cancer cells [51].
There have been numerous clinical studies

evaluating the efficacy and safety of

biosimilars in the treatment of cancer. A
study by Singh ef al. (2018) compared the
efficacy and safety of a biosimilar to
trastuzumab  (Herceptin®)  with  the
reference product in women with HER2-
positive early breast cancer [52]. The study
found that the biosimilar was as effective as
the reference product in terms of efficacy
and safety. Similarly, a study by Pierpont et
al. (2018) compared the efficacy and safety
of a biosimilar to rituximab (Rituxan®) with
the reference product in patients with
relapsed or refractory non-Hodgkin’s
lymphoma [S53]. The study found that the
biosimilar was equivalent to the reference
product in terms of efficacy and safety.
Biosimilars on inflammation
Inflammation is a complex biological
response to harmful stimuli, such as
infections, injury, and other forms of stress
[54]. The mechanism of action of
biosimilars in the treatment of inflammation
is similar to that of the reference product.
Biologics used in the treatment of
inflammation typically target specific
proteins or pathways involved in the
inflammatory response. For example, TNF
inhibitors like adalimumab and infliximab
target the TNF protein, which is involved in
the inflammatory response in conditions
arthritis  [55].

such as rheumatoid
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Biosimilars work in the same way as their
reference products, effectively blocking the
targeted proteins or pathways and inhibiting
the inflammatory response.

There have been numerous clinical studies
evaluating the efficacy and safety of
biosimilars in  the treatment  of
inflammation. A study by Caropali et al.
(2021) compared the efficacy and safety of
a biosimilar to adalimumab (Humira®) with
the reference product in patients with
rheumatoid arthritis [56]. The study found
that the biosimilar was as effective as the
reference product in terms of efficacy and
safety. Similarly, a study by Kaniewska et
al. (2019) compared the efficacy and safety
of a biosimilar to infliximab (Remicade®)
with the reference product in patients with
Crohn’s disease [57]. The study found that
the biosimilar was equivalent to the
reference product in terms of efficacy and
safety.

Biosimilars on diabetes

The use of biosimilars in diabetes has been
increasing in recent years. Biosimilars used

to treat diabetes include insulin, glucagon-

like peptide-1 (GLP-1) receptor agonists,

and dipeptidyl peptidase-4 (DPP-4)
inhibitors [58]. Similarly, a meta-analysis
conducted by Herman et al. (2019) reviewed
the safety and efficacy of biosimilar DPP-4
inhibitors in the treatment of type 2 diabetes.
The results showed that biosimilar DPP-4
inhibitors were as safe and effective as the
reference product, with no statistically
significant differences in terms of glycemic
control or adverse events [59].

Biosimilars as Antipsychotic Agents
Antipsychotic drugs have been an essential
part of the treatment of psychiatric disorders
such as schizophrenia, bipolar disorder, and
major depressive disorder with psychotic
features [60].  Biosimilars have been
developed as alternatives to the originator
biologics, and they are highly similar in
terms of safety and efficacy [61].
Miscellaneous treatments

Biosimilars have been researched in
different models and found effective as
antimicrobial ~ [62], analgesic  [63],
hepatoprotective [64] and many other
diseases. A few more are depicted in Table

5.

Table 5: Pharmacological activities of a few biosimilars

Biosimilar Target Therapeutic Area Reference
. . Vascular Endothelial .
Bevacizumab (Mvasi) Growth Factor (VEGF) Anticancer [65]
Trastuzumab (Ogivri) HER?2 Receptor Anticancer [66]
Aripiprazole (Aristada) Dopamine Receptor Antipsychotic [67]
Insulin glargine (Abasaglar) Insulin Receptor Antidiabetic [68]
Insulin detemir (Levemir . . .

FlexTouch) Insulin Receptor Antidiabetic [69]
Insulin lispro (Admelog) Insulin Receptor Antidiabetic [70]
Fentanyl (Abstral) pn-Opioid Receptor Analgesic [71]
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DISCUSSION

Biosimilars have gained significant
attention in recent years as a way to increase
access to biologic treatments for various
diseases, such as cancer, inflammation, and
diabetes. Biosimilars are similar but not
identical versions of approved biologic
drugs, which are derived from living
organisms or their products. They have been
developed to provide alternative treatment
options to patients at lower costs while
maintaining the same level of safety and
efficacy as the original biologic drugs [72].

An article by Meher et al (2019) provides an
update on the current status of biosimilars
and their future potential in the field of
medicine. The authors reviewed various
studies on biosimilars and discussed their
impact on the healthcare system and patient
outcomes. The authors noted that despite
some challenges, such as regulatory hurdles
and concerns about their interchangeability
with the original biologics, biosimilars have
demonstrated comparable safety and
efficacy in clinical trials. The authors also
pointed out that biosimilars have the
potential to significantly reduce healthcare
costs and increase access to biologic
treatments for patients [73].

It has been noted that additional studies are
required to evaluate the long-term effects of
switching between biosimilars and the
reference product and to understand the

immunogenicity of Dbiosimilars [74].

Additionally, proper implementation and
regulation are also essential to ensure their
safe use. The authors also noted that the
development of new biologics and the
increasing complexity of the healthcare
system may present additional challenges
for the growth of the biosimilar market.
CONCLUSION

In conclusion, this manuscript provides a
comprehensive review of the
physicochemical properties, in vitro and in
vivo activities, as well as the potential
therapeutic benefits of biosimilars for the
treatment of cancer, diabetes, and infectious
diseases. Our findings suggest that
biosimilars have demonstrated similar
efficacy, safety, and pharmacokinetic
profiles to their reference biologics, thus
providing a promising option for patients in
need of these treatments. Additionally, we
have highlighted recent updates in
biosimilar development and regulation,
including the importance of comparative
analytical and clinical studies to ensure the
quality and safety of biosimilars. We believe
that this manuscript will serve as a valuable
resource for researchers, clinicians, and
policymakers interested in the potential of
biosimilars to improve patient outcomes in a
variety of disease settings.

Contflict of Interest

The authors have no conflict of interest.

REFERENCE

IJBPAS, June, Special Issue, 2023, 12(6)

297



Sarkar D

Review Article

[1] Lucio SD, Stevenson JG, Hoffman

JM. Biosimilars: Implications for
health-system pharmacists. Am J
Health Syst Pharm 2013;70:2004—
17.

https://doi.org/10.2146/ajhp130119.

[2] Patel PK, King CR, Feldman SR.

Biologics and  biosimilars. J
Dermatol Treat 2015;26:299-302.
https://doi.org/10.3109/09546634.2
015.1054782.

[3] Smolen JS, Landewé R, Breedveld

FC, Buch M, Burmester G,
Dougados M, et al. EULAR
recommendations for the
management of rheumatoid arthritis
with  synthetic and biological
disease-modifying  antirheumatic
drugs: 2013 update. Ann Rheum Dis
2014;73:492-5009.
https://doi.org/10.1136/annrheumdis
-2013-204573.

[4] Kaida-Yip F, Deshpande K, Saran T,

Vyas D. Biosimilars: Review of
current applications, obstacles, and
their future in medicine. World J
Clin Cases 2018;6:161-6.
https://doi.org/10.12998/wjcc.v6.i8.
161.

[S] Schiestl M, Zabransky M, Sorgel F.

Ten years of biosimilars in Europe:
development and evolution of the
regulatory pathways. Drug Des
Devel Ther 2017;11:1509-15.

https://doi.org/10.2147/DDDT.S130
318.

[6] McCamish M, Woollett G. The State

of the Art in the Development of
Biosimilars. Clin Pharmacol Ther
2012;91:405-17.
https://doi.org/10.1038/clpt.2011.34
3.

[7] Wang J, Chow S-C. On the

Regulatory Approval Pathway of
Biosimilar Products.
Pharmaceuticals 2012;5:353-68.
https://doi.org/10.3390/ph5040353.

[8] Jacobs I, Ewesuedo R, Lula S,

Zacharchuk C. Biosimilars for the
Treatment of Cancer: A Systematic
Review of Published Evidence.
BioDrugs 2017;31:1-36.
https://doi.org/10.1007/s40259-016-
0207-0.

[9] Polimeni G, Trifird G, Ingrasciotta

Y, Caputi AP. The advent of
biosimilars for the treatment of
diabetes: current status and future
directions. Acta Diabetol
2015;52:423-31.
https://doi.org/10.1007/s00592-015-
0771-7.

[10] Schreiber S, Luger T, Mittendorf T,

Mrowietz U, Miiller-Ladner U,
Schroder J, et al. [Evolution of
biologicals in inflammation
medicine--biosimilars in

gastroenterology,  rheumatology

IJBPAS, June, Special Issue, 2023, 12(6)

298



Sarkar D

Review Article

[11]

[12]

[13]

[14]

[15]

and dermatology]. Dtsch Med
Wochenschr 1946 2014;139:2399—
404. https://doi.org/10.1055/s-
0034-1387371.

Moorkens E, Meuwissen N, Huys
I, Vulto A, Declerck P, Simoens S.
Market Models  Of
Off-Patent
Biological Value
Health 2016;19:A452.
https://doi.org/10.1016/j.jval.2016.
09.612.

Uptake
Biosimilars And

Medicines.

Afzali A, Furtner D, Melsheimer R,
Molloy PJ. The Automatic
Substitution of  Biosimilars:

Definitions of Interchangeability
are not Interchangeable. Adv Ther
2021;38:2077-93.
https://doi.org/10.1007/s12325-
021-01688-9.

Nick C. The US Biosimilars Act.
Pharm Med 2012;26:145-52.
https://doi.org/10.1007/BF032623
88.

How many biosimilars have been
approved in the United States?
DrugsCom n.d.
https://www.drugs.com/medical-
answers/many-biosimilars-
approved-united-states-3463281/
(accessed February 22, 2023).
Dranitsaris G, Amir E, Dorward K.
Biosimilars of Biological Drug

Therapies. Drugs 2011;71:1527—

[16]

[17]

(18]

[19]

[20]

36.
https://doi.org/10.2165/11593730-
000000000-00000.

Kabir ER, Moreino SS, Sharif Siam
MK. The Breakthrough of
Biosimilars: A Twist in the
Narrative of Biological Therapy.
2019;9:410.
https://doi.org/10.3390/biom90904
10.

Mestre-Ferrandiz J,

Berdud M. Biosimilars: How Can

Biomolecules

Towse A,

Payers Get Long-Term Savings?
PharmacoEconomics
2016;34:609-16.
https://doi.org/10.1007/s40273-
015-0380-x.
Calo-Fernandez B, Martinez-
Hurtado JL. Biosimilars: Company
Strategies to Capture Value from
the Biologics Market.
Pharmaceuticals 2012;5:1393—408.

https://doi.org/10.3390/ph5121393

Danese S, Bonovas S, Peyrin-
Biroulet L. Biosimilars in IBD:
from theory to practice. Nat Rev
Gastroenterol Hepatol 2017;14:22—
31
https://doi.org/10.1038/nrgastro.20
16.155.

Chadwick L, Zhao S, Mysler E,
Moots RJ. Review of Biosimilar

Trials and Data on Etanercept in

IJBPAS, June, Special Issue, 2023, 12(6)

299



Sarkar D

Review Article

[21]

[22]

[23]

[24]

Arthritis. Curr
Rheumatol  Rep  2018;20:84.
https://doi.org/10.1007/s11926-
018-0799-0.

Sharman JP, Kirchhoff CF, Rifkin

Rheumatoid

RM. Analytical similarity as base
for rituximab biosimilars in
lymphoid malignancies in the
clinic: a PF-05280586 case study.
Future Oncol 2022;18:1499-510.
https://doi.org/10.2217/fon-2021-
0805.

Schellekens H, Klinger E,
Miihlebach S, Brin J-F, Storm G,
Crommelin DJA. The therapeutic
equivalence of complex drugs.
Regul Toxicol Pharmacol
2011;59:176-83.
https://doi.org/10.1016/j.yrtph.201
0.09.021.

Ebbers HC, Fehrmann B, Ottosen
M, Hvorslev N, Heier P, Hwang J-
W, et al. Batch-to-Batch
Consistency of SB4 and SB2,
Etanercept and Infliximab
Biosimilars.
2020;34:225-33.
https://doi.org/10.1007/s40259-
019-00402-0.

Pisupati K, Benet A, Tian Y,
Okbazghi S, Kang J, Ford M, et al.

BioDrugs

Biosimilarity under stress: A
forced degradation

Remicade®

study of

and Remsima™,

[25]

[26]

[27]

[28]

MAbs 2017;9:1197-209.
https://doi.org/10.1080/19420862.
2017.1347741.

Nupur N, Joshi S, Gulliarme D,
Rathore AS. Analytical Similarity
Assessment of Biosimilars: Global
Regulatory Landscape, Recent
Studies and Major Advancements
in Orthogonal Platforms. Front
Bioeng Biotechnol 2022;10.

Hong J, Lee Y, Lee C, Eo S, Kim
S, Lee N, et al. Physicochemical
and biological characterization of
SB2, a biosimilar of Remicade®
(infliximab). MAbs 2017;9:365—
83.
https://doi.org/10.1080/19420862.
2016.1264550.

Hermosilla J, Sanchez-Martin R,
Pérez-Robles R, Salmeron-Garcia
A, Casares S, Cabeza J, et al.
Comparative Stability Studies of
Different

Infliximab and

Biosimilar ~ CT-P13 Clinical
Solutions by Combined Use of
Physicochemical Analytical
Techniques and Enzyme-Linked
Immunosorbent Assay (ELISA).
BioDrugs 2019;33:193-205.
https://doi.org/10.1007/s40259-
019-00342-9.

Urbano PCM, Soccol VT, Azevedo
VF. Apoptosis and the FLIP and

NF-kappa B proteins as

IJBPAS, June, Special Issue, 2023, 12(6)

300



Sarkar D

Review Article

[29]

[30]

[31]

[32]

pharmacodynamic  criteria  for
biosimilar TNF-alpha antagonists.
Biol Targets Ther 2014;8:211-20.
https://doi.org/10.2147/BTT.S572
53.

JCS,

Vasconcelos

Cavalcanti IDL,
JL de A. Can

Soares
biosimilar products be
interchangeable? Pharmaceutical
perspective in the implementation
of biosimilars in oncology. J Oncol
Pharm Pract 2021;27:1491-502.
https://doi.org/10.1177/107815522
11016099.
Ishii-Watabe A, Kuwabara T.
Biosimilarity =~ assessment  of
biosimilar therapeutic monoclonal
Drug Metab
2019;34:64-70.
https://doi.org/10.1016/j.dmpk.201

8.11.004.

antibodies.

Pharmacokinet

Kumar R, Sigala S. Biosimilars:
Regulatory Status and Implications
across the World. J Pharmacovigil
2016;04.
https://doi.org/10.4172/2329-
6887.S3-002.

Kollmann M, Sourjik V. In Silico
Biology: From Simulation to
Understanding. Curr Biol
2007;17:R1324.
https://doi.org/10.1016/j.cub.2006.

12.034.

[33] Viceconti M,

[34]

[35]

Pappalardo F,
Rodriguez B, Horner M, Bischoff ],
Musuamba Tshinanu F. In silico
trials: Verification, validation and
uncertainty ~ quantification  of
predictive models used in the

evaluation of

Methods

regulatory
biomedical products.
2021;185:120-7.
https://doi.org/10.1016/j.ymeth.20
20.01.011.

Burchiel SW, Aspbury R, Munday
J. The search for biosimilars and
biobetters. Drug Discov Today
2019;24:1087-91.
https://doi.org/10.1016/j.drudis.20
19.03.016.

Haugen MH, Lingjerde OC,
Hedenfalk I, Garred @, Borgen E,
Loman N, ef al. Protein Signature
Predicts Response to Neoadjuvant
Treatment With Chemotherapy and
Bevacizumab in HER2-Negative
Breast Cancers. JCO Precis Oncol
2021:286-306.
https://doi.org/10.1200/P0O.20.000
86.

[36] Rastogi S, Kalaiselvan V, Ali S,

Ahmad A, Guru SA, Sarwat M.
Efficacy and Safety of Filgrastim
and Its Biosimilars to Prevent
Febrile Neutropenia in Cancer
Patients: A Prospective Study and

Meta-Analysis. Biology

IJBPAS, June, Special Issue, 2023, 12(6)

301



Sarkar D

Review Article

[37]

[38]

[39]

[40]

2021;10:1069.
https://doi.org/10.3390/biology101
01069.

Danne T, Heinemann L, Bolinder J.
New Insulins, Biosimilars, and
Insulin Therapy. Diabetes Technol
Ther 2021;23:S-46.
https://doi.org/10.1089/dia.2021.2
504.

Jullien D, Prinz JC, Nestle FO.
Immunogenicity of Biotherapy
The Science

Used in Psoriasis:

Behind the Scenes. J Invest
Dermatol 2015;135:31-8.
https://doi.org/10.1038/31d.2014.29
5.

Serritella AV, Strohbehn GW,
Goldstein DA, Lichter AS, Ratain
MJ. Interventional
Pharmacoeconomics: A Novel
Mechanism for Unlocking Value.
Clin Ther
2020;108:487-93.

https://doi.org/10.1002/cpt.1853.

Pharmacol

Gianoncelli A, Bonini SA, Bertuzzi
M, Guarienti M, Vezzoli S, Kumar
R, et al. An Integrated Approach
for a Structural and Functional
Evaluation of Biosimilars:
Implications for Erythropoietin.
BioDrugs 2015;29:285-300.
https://doi.org/10.1007/s40259-

015-0136-3.

[41]

[42]

[43]

[44]

[45]

Garzone PD, Wang Y-MC.
Chapter 33 - Pharmacokinetic and
pharmacodynamic considerations
in the development of
biotechnology products and large
molecules. In: Huang S-M, Lertora
JJL, Vicini P, Atkinson AJ, editors.
Atkinsons Princ. Clin. Pharmacol.
Fourth Ed., Boston: Academic
Press; 2022, p. 611-51.
https://doi.org/10.1016/B978-0-
12-819869-8.00011-2.

Bui LA, Hurst S, Finch GL, Ingram
B, Jacobs IA, Kirchhoff CF, et al.
Key considerations in  the
preclinical development of
biosimilars. Drug Discov Today
2015;20:3-15.
https://doi.org/10.1016/j.drudis.20
15.03.011.

Tsuruta LR, Lopes dos Santos M,
Moro AM. Biosimilars
advancements: Moving on to the
future. Biotechnol
2015;31:1139-49.
https://doi.org/10.1002/btpr.2066.

Alten R, Cronstein BN. Clinical

Prog

trial development for biosimilars.
Semin Arthritis Rheum
2015;44:52-8.
https://doi.org/10.1016/j.semarthrit
.2015.04.002.
Saleem T, Qurashi H, Jamali M,

Gomez JC, Kanderi T, Saleem T, et

IJBPAS, June, Special Issue, 2023, 12(6)

302



Sarkar D

Review Article

[46]

[47]

[48]

[49]

[50]

al. Biosimilars as a Future,
Promising Solution for Financial
Toxicity: A Review with Emphasis
on Bevacizumab. Cureus 2020;12.
https://doi.org/10.7759/cureus.930
0.

Rifkin RM, Peck SR. Biosimilars:
Implications for Clinical Practice. J
2017;13:24s—31s.
https://doi.org/10.1200/JOP.2017.

025734.

Conran CA, Moreland LW. A

Oncol Pract

review  of  biosimilars  for
rheumatoid arthritis. Curr Opin
Pharmacol 2022;64:102234.
https://doi.org/10.1016/j.coph.202
2.102234.

Kalia M. Biomarkers for

personalized oncology: recent
advances and future challenges.
Metabolism 2015;64:S16-21.
https://doi.org/10.1016/j.metabol.2
014.10.027.

Ditani AS, Mallick PP, Anup N,
Tambe V, Polaka S, Sengupta P, et
al. Biosimilars accessible in the
market for the treatment of cancer.
J Controlled
2021;336:112-29.
https://doi.org/10.1016/j.jconrel.20

21.06.014.

Release

Mellstedt H, Niederwieser D,
Ludwig H. The -challenge of
biosimilars. Ann Oncol

[51]

[52]

[53]

[54]

[55]

2008;19:411-9.
https://doi.org/10.1093/annonc/md
m345.

Zhou L, Xu N, Sun Y, Liu X
(Margaret). Targeted
biopharmaceuticals for cancer
treatment. Cancer Lett
2014;352:145-51.
https://doi.org/10.1016/j.canlet.20
14.06.020.

Singh S, Tank NK, Dwiwedi P,
Charan J, Kaur R, Sidhu P, et al.
Monoclonal Antibodies: A
Review. Curr Clin Pharmacol
2018;13:85-99.
https://doi.org/10.2174/157488471
2666170809124728.

Pierpont TM, Limper CB, Richards
KL. Past, Present, and Future of
Rituximab—The World’s First
Oncology Monoclonal Antibody
Therapy. Front Oncol 2018;8.
Lauridsen C. From oxidative stress
to inflammation: redox balance and
immune system. Poult Sci
2019;98:4240-6.
https://doi.org/10.3382/ps/pey407.
Mewar D, Wilson AG. Treatment
of rheumatoid arthritis with tumour
necrosis factor inhibitors. Br J
Pharmacol 2011;162:785-91.
https://doi.org/10.1111/5.1476-

5381.2010.01099.x.

IJBPAS, June, Special Issue, 2023, 12(6)

303



Sarkar D

Review Article

[56]

[57]

[58]

[59]

Caporali R, Allanore Y, Alten R,
Combe B, Durez P, Iannone F, et
al. Efficacy and safety of
subcutaneous infliximab versus
adalimumab,  etanercept  and
intravenous infliximab in patients
with  rheumatoid arthritis: a
systematic literature review and
meta-analysis. Expert Rev Clin
2021;17:85-100.
https://doi.org/10.1080/1744666X.
2020.1858803.

M, Moniuszko A,

Rydzewska G. The efficacy and

Immunol

Kaniewska

safety of the biosimilar product
(Inflectra®) compared to the
reference drug (Remicade®) in
rescue therapy in adult patients
colitis.

with ulcerative

Gastroenterol Rev Gastroenterol
2017;12:169-74.
https://doi.org/10.5114/pg.2017.70
468.

Fernando K, Bain SC, Holmes P,
Jones PN, Patel DC. Glucagon-
Like Peptide 1 Receptor Agonist
Usage in Type2 Diabetes in
Primary Care for the UK and
Beyond: A Narrative Review.
Diabetes Ther 2021;12:2267-88.
https://doi.org/10.1007/s13300-
021-01116-9.

McEwen LN, Casagrande SS, Kuo

S, Herman WH. Why Are Diabetes

[60]

[61]

[62]

[63]

Medications So Expensive and
What Can Be Done to Control
Their Cost? Curr Diab Rep
2017;17:71.
https://doi.org/10.1007/s11892-
017-0893-0.

Jones I, Chandra PS, Dazzan P,
Howard LM. Bipolar disorder,
affective psychosis, and
schizophrenia in pregnancy and the
post-partum period. The Lancet
2014;384:1789-99.
https://doi.org/10.1016/S0140-
6736(14)61278-2.

Dunne S, Shannon B, Dunne C,
Cullen W. A review of the
differences and similarities
between generic drugs and their
originator counterparts, including
economic benefits associated with
usage of generic medicines, using
Ireland as a case study. BMC
2013;14:1.
https://doi.org/10.1186/2050-
6511-14-1.

Zubair M, Hussain T. Attitude of

Pharmacol Toxicol

Healthcare Professionals Towards
Understanding the Issue of
Antimicrobial Resistance. Value
Health 2018;21:S95.
https://doi.org/10.1016/j.jval.2018.
04.639.

Borisek R, Smid 1. 3PC-017

Assessing the stability of Sandoz

IJBPAS, June, Special Issue, 2023, 12(6)

304



Sarkar D

Review Article

rituximab biosimilar after exposure
to out-of-fridge conditions for 21
days. Eur J Pharm
2022;29:A20-A20.
https://doi.org/10.1136/ejhpharm-

2022-eahp.41.

Hosp

[64] Jun-Ho C, Dong-Wook KIM,

Woo-Cheol LEE, Sun-Mee LEE.
Hepatoprotective Effect of
Luteolin on Fulminant Hepatic
Failure by D-

Galactosamine/Lipopolysaccharid
e. TASB= A o=rig

2010;2010:138-138.

[65] Xiao X, Zhang G, Sun B, Wang C,

Wang X, Kong F, et al
Comparison of efficacy and safety
of bevacizumab biosimilar and
in non-

original bevacizumab

squamous non-small cell lung
cancer: a systematic review and
meta-analysis. Transl Cancer Res
2022;11:1472-82.

https://doi.org/10.21037/tcr-22-71.

[66] Dean L, Kane M. Trastuzumab

Therapy and ERBB2 Genotype. In:
Pratt VM, Scott SA, Pirmohamed
M, Esquivel B, Kattman BL,
Malheiro Al, editors. Med. Genet.

[67]

[68]

[69]

Preda A, Shapiro BB. A safety
evaluation of aripiprazole in the
treatment of schizophrenia. Expert
Opin Drug Saf 2020;19:1529-38.
https://doi.org/10.1080/14740338.
2020.1832990.

Byrd RA, Owens RA, Blackbourne
JL, Coutant DE, Farmen MW,
Michael MD, et al. Nonclinical
pharmacology and toxicology of
the first biosimilar insulin glargine
drug
(BASAGLAR®/ABASAGLAR®)

product

approved in the European Union.

Regul Toxicol Pharmacol
2017;88:56-65.
https://doi.org/10.1016/j.yrtph.201
7.05.013.

Abbas BB, Shahrabani LA, Ashour
TE, Almansari A, AbdelFattah W.
Insulin Analogues (NovoMix® 30
FlexPen®, or

FlexPen®, and/or NovoRapid®

Levemir®

Flex Pen®) in the management of
Gulf
Diabetes

mellitus in the
Dubai
Endocrinol J  2012;20:43-52.

https://doi.org/10.1159/000497725

diabetes

Countries.

[70] Carracher AM, Marathe PH, Close
Summ., Bethesda (MD): National
KL. International Diabetes
Center for Biotechnology
Federation 2017. J Diabetes
Information (US); 2012.
2018;10:353-6.
305

IJBPAS, June, Special Issue, 2023, 12(6)



Sarkar D

Review Article

https://doi.org/10.1111/1753-
0407.12644.

[71] Nalamachu S. An Evaluation of

[72]

[73]

[74]

Total Disintegration Time for
Three  Different Doses  of
Sublingual Fentanyl Tablets in
Patients with Breakthrough Pain.
Pain Ther 2013;2:121-8.
https://doi.org/10.1007/s40122-
013-0019-6.

Chugh PK, Roy V. Biosimilars:
current scientific and regulatory
considerations. Curr Clin
Pharmacol 2014;9:53-63.
https://doi.org/10.2174/157488471
13089990066.

Meher BR, Balan S, Mohanty RR,
Jena M, Das S. Biosimilars in
India; Current Status and Future
Perspectives. ] Pharm Bioallied Sci
2019;11:12-5.
https://doi.org/10.4103/jpbs.JPBS
167 18.

Do6rner T, Strand V, Cornes P,
Gongalves J, Gulacsi L, Kay J, et
al. The changing landscape of
biosimilars in rheumatology. Ann
Rheum Dis 2016;75:974-82.
https://doi.org/10.1136/annrheumd
is-2016-209166.

IJBPAS, June, Special Issue, 2023, 12(6)

306



