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Abstract

Biclogicals have become an integral part of cancer treatment both as therapeutic
agents and as supportive care agents. It Is important to know that blologlcs are large,
complex moleouar entithes requiring extenshive immunogenicity testing and phammacow-
igilance strategies to ensure no immune response is evoked in the body, Oncology's
pharmacological market is dominated by biologics; however, their high development
and manufacturing costs are burdenscme to health care systems. Biologics being the
most expensive prescription drugs on the market limit the accessibility for necessany
treatment in the case of many patients. As blologics patents expire, the development of
bécsimilars is underway in an effort to lower costs and enable patients. to access new
cancer therapies. Regulatory guidelines for biosimilars have now been established and
are constantly being revised to address any issues, facilitating their robust develop-
ment. Moreover, many scientific societies offer guidance to help stakeholders better
understand current regulations and blosimilar's safety. Despite the potential cost beme-
fits. lack of knowledge about biosimilars, and the possibility of immunogenicity have
created an uncertain environment for healthcare professionals and patients. In this
rewview, wi provide an ovenview of redevant legislation and regulations, pharmacoeco-
nomics, and stakeholder perceptions regarding bicsimilars, The artiche abso describes:
biosimilars in development. as well a5 the ones currenthy available on the market
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1 | INTRODUCTION

Biclogics are generally large complex molecules produced through
bictechrology in a living systemn such as microarganism, plant cell, or
animal cell. These products are used to diagnose, provent, treat, and
cure midical conditions,” Blosimilars are blological drugs that ane
datipied to be Faghly simili to e sdsting markeled biokgics™ The
high lewed of similwity bo the originator bislogic is delined in terms of
physicochemical characteristics, efficacy, and safety as outlined by the
respective regulatory authorities™ & generic drug is 2 medication
that has the same active ingredients and provides the same clinical
benafits as that of a brand names drag, it ks created to have an identical
dosage form, salety, strengih, route of sdranisiration, quality, perlar-
mance characteristics, and intended use However, biosimilars are
not a generic versson af biokagics, as it is not possible to develop an
identical biochemical entity. This is mainly due to the inherent com-
plexity of the proteins and their asseciated manufacturing processes.”
Inherent variation b common within cach kot and bebwesn lobs during
the st acturing of biologets as well as biosimilars, Both Biosimilars
and penerics are approsed through different abbreviabed podfnacys
that do not require extensive clinical studies.® 5o far, 2% bicsimilars
far warious indications hawe been approved in the United States’
wheneas &4 blosimilars were approved in Ewrope” The European
Medical Agency (EPA) was the first 1o approve a blosimilar In 2004
and to provide guidance Tor biosimilar development and aporoval’
Howeever, the patbraary for marketing biosimilars in the United 5ates
has had several barriers. '™ Even though the patent protection of sev-
eral ariginator bickagics was dhase to the expiration date, the market
competition that was seen with chemical drugs through generics did
nat cogur with bosimilars.' Generics have been able to be marketed
in the United Stabes since 1964 duee to the establshed abbreviated
pathway through the Hatoh-Wasmann At Howevers, wilh Bologics
the FOA lacked a diear regulatory pathway for the approval of biadimi-
laers wrrtil P10, This was one of the main rexsons for the slow adop-
tion of bisimilars In the US when compared to Ewope '* Marcover,
the marketing Bunch of biosimilars in the U5 is defayed by patent
infringement Lwidits, exclussonay contracts, amd anticompetilive
Esetics af beard mafve manfscturers, '

2 | THE NEED FOR BIOSIMILARS IN
CANCER

Coarmcer B amang the eading causes of death worldwide, Globally, can-
oir ooty for about ame in every sin deaths, which is more than
HIV, tuberculosis, and malaria combined '* In 2020, there were about
19.3 million estimated new cazes and 10 miSon cancer-related
deaths worldwide. Amaong these deaths, one-quarter of the cases
cocur in low- and medivemn-Human Development Index countries,
which lack resources and medical systems to sddress the disease
burden®® By 2040, the global cancer burden is expected to
increass o an estimated 27.5 million cases and 16,3 millon deaths
based on the aging and grawth of the population.!” The Mational

Carster Instiule edlimates the direct medical costs related to can-
eer treatment in the United States were $183 billion in 2015 and
are expected to increase to $244 billion by 2030, a 34% raise.’®
Howewer, owing to the advances in persenalized treatments and
inflation, this increase |s Bkely to be an underestimation ™ With
the advent of tdosimilars. market compatition & on the rise which
can hielp in ncredsing the sccestability and deomeasing the ozt bur-
den o canoer palients.

21 | Stake holders' perceptions on biosimilars,
barriers to implementation

Thire are numsrous obbtades 1o the mtegration of biosimilars nte
oncalogy treatment. One major barier & the patient and prescriber
perception of biosimilas. Survey responses collected from 12300 US
physicdans aonoss specialties by the biosimilars Forum through
SERMO ighobal soclal medla/nebwaork crganization for physiclans) ind-
cated knowledpe gaps among physicians, Ltk of awareness absoul
bislogics, bicsimilars, the approval process for biosimilens, salety &
imimunagenicity, intenchangeability, and substitution of biosimilars
was observed. ™ Ancther survey invalving 500 US-based hematalo-
gists and oncologists also indicated critical education gaps. Almast
4% of the respondents were not familar with the conoept of extrap-
olation and B1% of respondents were hesitant (o prescribe biosimilars
undil an averagpe sales price (ASF) was established. However, 77% af
respandents wene receptieg to reoeiving communications about beodi-
milars from professional arganizations like ASCO.™ Mareover, there
is a growing concem that regulatory guidelines of generics may be
applied o ologics, which has led several stales o amend older laws
10 address Che comphes mslecular Characherstics of biologic products
and biosimilars. ™

Given the novelly of Bsadamilars and their reduced emphasis on
clinical testing. there is a great need for education among presorbers
and patients, ™ American Society of Clinical Oncology [ASCO) pro-
wides information and guidance to the cncology community on the
use ol beosimilans, T talety & eificeoy, interchampeabsity, sulstit-
tion, reguatony condiderations, and prescrber & patsent education
CancerLind, an integrated resl-time data resource also provides valu-
able information on the use of bicsimilars and their effectiveness ™
The FDUMA abso offers educational webinars and presentations to help
cliniclans  better understand current  regulations and  biosimilar's
safety. A few other scientific soceties including Mational Compre-
hersive Cancer Metwork (NOCH)L™ Eurcpean Society for Medical
Oneolagy (ESMOYT also provide guidance on biosimilars, Additionally,
Ewropesn Public Assessment Reports {EPARS) publshed by the EbiA
help clinicians in evaluating the appropriate use of biosimilars in
Ewrope=® Im the case of patients, the primary education source is the
ireating physician™ Sewveral pathent advocacy groups including
CancerCare,™ Suman G. Komen," Global Colon Cancer Association.™
and =0 farth, abo prosdde a broad range of educational materials ta-
lared for patient uwe o facilitate their understanding and acoeptance
af biosimilars.
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FIGURE 1 A visual representation of the effects filgrastim, pegfilgrastim, and their biosimilars have upon binding to granulocyte colony

stimulating factor receptore.

211 |
regulation

Owerview of biosimilar legislation and

Historically in the United States, bolegics were reguiated by the Pub-
b Health Hygienic Laboratony, & precursor of NIHL which was then
MHMMHMMMWHLMFDAHH?I‘JMHI
decade later, the Bureau of Dvugs and Bureau of Biologics were
merged into a single entity ta form Mational Center for Drugs and Bia-
logics (RCOB1L™ However, in 1987 the Center for Drugs and Biologics
wias divided back into the Center for Drug Evaluation and Research
\CIMER) and the Center for Baologcs Evaluation and Roseanch
ICBERL™ The jusisdictions] responsibilties ol the two ceners were
assigned through the Intercenter Agreement isswed by the FDA in
19%1.* Traditional biologics including vaccines, blood, blood prod-
ucts, allergenic estracts, certain devices, and test kits are regulated by
CBER. The center also regulates gene & cellular therapy products and
tissue trarsplants fram human ard non-human sowces™ COER on
the other hand regulates prescriplicn, over-the-counber & generic
drisgs,™ and mast therapeutic biclagics induding monaclonal anti-
bodies, cytokines, growth factor, enrymes, immunomodulators, and
%0 forth ™

Mest of the biclagical praducts were approved under the Public
Hizalih Service Act [PHSA] while some of them are Ecensed as drugs
under the Federal Food, Drug, and Cosmetic Act (FFDCAL™ In 2010,
Congress established an abbreviated licensune pathway for biclogical
products that demonstrated (o be bosimile or iMerchangeable te &
previcusly leensed balogical producl This mew regulatory authodity
for FOuA was accomplished through the Biclogics Price Competition
and Inrevation Act (BPCLA) of 2009, which was enacted as Tithe VIl of
the Patient Protection and Affordable Care Act (ACALY As a part of
the implementation of BPCIA, three draft guidances on the develop:
eient of Mesimiars wene released by the FDW in 2012° and thi final
versions were melessed i 20157 The BPCIA has also sel periods of
regulatory exchusivity far brand name biclogics and biosimilars as well
2 laid procedures for resobdng patent disputes!? Biologics are
offered 12 years of exclusivity during which the FDW cannot approve
any biosimilar or interchangeable product referencing the brand name:
biclogic. Howeser, a BLA (Biclogics License Application) of a blosims-
lar or nterchangeable product can be submitted after 4 years (rom
the date on which the reference product was first licensed ™ A BLA
can be submitted directly by an applicant or through a legal entity
irvolved in the manufacturing who i responsible for product
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FIGURE 2 Peghigrastinn, grastin and their biosimilirs
maschanism of action. Once bound to the granulocyte colamy

stimulating factor receptor, the JAK-5TAT signafing patheay is
activated, leading to neutrophil sundval, proliferation, and
differentiation,

compliance according to the established standards. Form 356 b iz to
be submitted along with the BLA, which includes information about
the apphicant, product, manufacturing process, precinlcal & chinlcal
stuios, and dralt labeling of the product ™ Alsa, elfective from March
23, 2000, biokypcal products under BPCLA, which wefe provioushy
approved a8 drugs under 505 of the FFDCA are transitioned o bio-
lagical licenses under section 351 of the PHSA

COrwer the years, the FDA has released additional guidance on a
variety of other arcas related to biosimilars and 2l of these documents
can e accessed through the FOA website,™ The agency's database
“Puiple Bock" conlsing mlormaton dbout sll FOA-Bensed beblogses
regulated by the COER including their biosimiars and interchangeable
products. In-depth information about the date on which the biclogical
procduct was Bcensed, if the biclogical product has proven to be a bio-
similar or interchangeable to an already licensed biological drug. and
the espiration dates of applicable exchesivities of the referents bio-
lagics can be ablsined. Alsa, the delabide provides information about
fcensed products regulated by the CBER.'

O the ather hand, guidelines for the regulation of medicines in the
European Union (ELT ane wery well establiched. 4 dedicated patfrvay for
the: development and approval of bicsimilars was introduced in 2004.%
General gusdelines on bosimilars wene tssued by EMA 1o introduce the
comdepd drd Do provide biosimelar manufscturers with a user guide con-
tairing refevant scientific information™ In the EU, biokogics are affered
B years of evcheivity during which a blosimilar referencing the brand
mame biclogic canmot be marketed ® Biobechnology products including

FIGURE 3 EpoperyProcrit and its biosimilars' mechanism of
sction. Once bound to the erythropoietin receptar, the WMK-STAT
signaling pathway is activated, keading to red blood cell sundval,
prodiferation, and differentiation,

Bigdimilars are approved by the EMA through a marketing authorization
wtmm::mﬂm“ This procedure
authorizes the manufacturers to market their products throughouwt the
European Economic Area [EEA) with a single marketing authorization
application. EEA includes al EL) mernber states, and three courviries of
e European Free Trade Assecistion (EFTAN lceland, Liechiensten, snd
Marway ™" The MANS for biosimilars are evalusted by EMAS seientific
committess inchufing Committes for Medical Products for Human Lise
(CHMP, Pharmacovigiance Risk Assessment Committes (PRAC) as weell
a5 EU experts & speclalists on biological medicines (Biologics Wark-
ing Party] and biosimilars (Brosimilar Working Pariy]l.” The scentilic
apmnion obitained after the EMA'S eviuation is mosmmended bo the
Eurapean Comumission, which ultimabely decides if an EU-wide mar-
keting authorization must be granted. Once appraved, the decision
of the commiission is published in the Community Register of medici-
nal products for human use. In addition, the EMA also publishes a
European public assessment report [EFAR] lor each application that
has been granted/refused a marketing authorization.™ The com-
plete list of centrally awhorized biosimilars approvesd 1o date can be
accessed from the EMA'S website”

212 | Biosimilars in oncology

Currently, there are only 3 fevw biotimilers spproved for cancer Dnesl-
ment and supportive care. Biosimilaws ane avalable for monockonal
antibodies [mAb] incuding Ritudmab, Trastuzumab & Bevacirumab,
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FIGURE 4 Timeline: &
timeline about FD& approval of

FDA Approval of Oncogenic Biosimilars

Ifosimilars of oncogenic biologics.
HivesTyei,
Fidphig®,
Undirrpiid,
2015 2017 Retacsit® ghin 2019 Nyvepriat
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Tnins Th el I
becomes the 2016 e ermleg e 020
formd marked
bazsimidar o
b FDuS
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TABLE 1 FDA sppddvied supparthie care Bigsimilars in choslogy
Relerance Biokogic [Acthve Riference Bialogic Appreval
subrstance] manufacturenis) Bigsimilar [active substance] Blosimilar manufacburer date
I'-Iﬁ.umgen"-IFll;nﬂLhnl frrggen inc Fanda™ [filgrastim-sndz) Sandoz Inc 2015
Mivestym™ (filgrastim-aafi) Haspira inc 218
Mewitasta® (pepfilprastim] Amgen Inc Fulphala® (pegpfilgrastim-pmdb) Miyian GmbH 2018
Lidemyea™ (peglilgrastim-chay) Cotvirus BHoSoienci, e 2018
Tioxtenen™ [pegfigrastio: benee) Sandor Inc 2019
Myvepria®™ (pegfilgrastim-apgf] Haspira inc FEF. i)
Epopeny/Procrit [epoetin al Amgen Inc/Janssen Retacrit™ (epoctin alfa-epbod Haospdra Inc 2018
Biatech irc

and supportive agents inchuding filgrastim, pegfilgrastim, epoetin a &
epoetin "

Fitgrastim ond pegfilgrastim

The first-ever bicsimar product to be marketed in the United States
was Zarsio™ [Filgrastim-snds) and was approved by FOA Y.T.T March
20155 Later in 2018, Mivestym™ (filgrastim-aafi) was approved, both
of these biasimilars can be used for the same indications as the refer-
erce drug, Meupogen™ [Filgrastimi.™ Filgrastim i a recombinant gran-
uwleoyie coloay-stimulating factor (G-C5F) that regulates neutrophil
production from bore marrow. Filprastion is used to reduce febrile ne-
troperia in patients with non-myeloid maligrandes receiing mysiou-
pressnee anticancer agents or myelaablative chematherapy followed by
bone marmow transplantation. it is also used in patients with acute mye-
kid leubemia recedving induction or consolidation chemotherapy for
feducing the time of neutrophil recoverny and the durstion of Tever,™ In
Eurape, nine biosimilars of Filgrastim are approved by the EMA inchud-
ing  Accofil® ™ Bopratm™®  Filgrastim  Hesal™ ™ Filgrastim
Ratiopharm®,”" Grastofl® ™ Nivestin®** Ratiograstim® ™ Tevegras-
tim™ and Zarzic®™ However, the marketing of Biograstim™ and
Filgrastim Ratiopharm™ was withdrawn by the EMA at the request of
thisdr respecthee marketing sutharization bolders. ™" T ather G-C5Fs
that are commenly used for treating chemeothersgy-induced neutrope-
nia [CIN] include pegfitprastim and lenograstin. Filgrastion and lenagras-
im are short-acting G-CSFs that are injected daily during
chematherapy while pegfilprastim is a long-acting G-C5F, administered

ance per chemotheragy cydle™ Pegfilgrastion has an additional pobyeth-
ylene ghycol uniit, which causes an increase in the size of the malecule,
thereby prolonging the half-iife of the drug™ Once bourd te G-CSF
receptons, figrastim, peglilgrastin, lencgrastim, and sl biosimilars act bo
increase the proliferstion and maturstion of reutrophils thereby
decreasing the risk for neubroperis &5 seen in Figue 1. The JAK-STAT
signaling pathway is activabed and results in the translocation of JAKI
to the rudeus. Once in the nicleus, JAKT binds to DA and activates
transcription linked to newtrophil proliferation”® as seen in Figure 2
Eight approved bicsimilars lor pegfilgrastim are availible in Europe
induding Pelgrar® ™ Udenyea™ ™ Fulphin® ™ Peimeg™” Ziedenm ™™
Grasustek™ ! Cepfia® ™ and Myvepria®™ ™ Whereas in United States,
for Meubista®™ {pegfilgrastion) four bicsimilars are approved: Fulphila®
(pegfilgrastim-imdbl™  Udenyca™  {pegfilprastim-cbaq).”  Ziextenzo™
ipegfigrastim-bmez)™ and Myvepria® (pegfilgrastimeapgf]l.”™ To, date
i biosimilars foF lerograstien are rvadabhbe,

Epoelins

Epoetins are wsed for treating chemotherapy-induced  anemia (CIAL
reducing the need for blood transfusions thersby improving the quality
of ife. These ane similar to enythropoietin hommone, secneted by the bid-
neys. that stimadate red blood ool production fervthropolesis) in the bone
raerow st are abio referred 1o as erythropokesis-stimulsting agents
ESAsL™™ Epoteirns and their biosimilars bind to the erythropoietin
receptor and activate the LAK-STAT sipnaling pathway, MK3 transo-
cates to the nuckeus and binds to DA activating transcription nked to
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TABLE 2 [EMA approwed suppartive cane bicsimilars in oncology
Reference Blologic Reference Blokgic Blosimilar (active Approval
{Active substance) manufacturers) substance} Bicsimilar manufacturer date
Meupogen® |Filgrastim) Amgen e hecafil™ heeord Healtheare S LU 2014
Filgrastim Hexal® Hexal A5 S0
Grastodil™ Acpord Healtheane, SLU 2013
Plivisstion ™ Pfizer Europi MA EEIG 2010
Raticgrastion™ Raticghamn GmbH 20048
Tervegrastim™ Tirwa GmbH 2008
Zarria® Sandaz GmbH 200
heulasta® (pegfilprastim) Amgen Ire Peigraz™ hccord Healthoare LU 2018
Fulghila™ Mylan 545 20148
Wdenyca® ERA Consulting GebH 2018
Peimneg™ Murslipharma Corporation Orelare] Limited 2018
Tiextenza™ Sandar GmbH 2018
Grasusbek™ Juta Pharma GerbH 019
Cegfia® Mundipharma Corporation (reland) Limited 2019
Mywepria® Pfizer Eurape MA EEIG 2000
Eprus™/Erypo™ (epoetin Janssen-Cilag GrbH Al ™ Medice Arneimitiel POtter GrbH Co, KG 2007
o) Binoerit® Sandaz GmbH 2007
Epoetin- o hial® Hiseal AG 2007
Betacrit” Pfizer Europe M EEHG 2007
Silapo™ Stada Areneimittel AG 2007

rexd biood cell profferation™ (Figure 31 Five epostin biodimilas ane
approved in Europe inchuding three epoctin a {EPO- a} bicsimilars:
Abseamed ™" Biroorit™ = Eporctir- o hesal® ™ and teo epoetin
i (EPO-C) blosimiars Retacrit™ & Silapo™™ In the United States: only
o £S5 agenit, Retaorit™ {epoetin alfa-spka)™ has been approved for the
reference drug, Epogen™/Procrit™ (EPC-a). Both EPO-x and EPD-, have
been appninvid For treating chermnotheragy-nduced and symploratic ae-
mia in patiertts with solid tumors, malignant hmghoma, ar multiple mye-
loma ™ ® Figure & represents the timedine of FDA approval of supportive
cancer e biosimilars. Tables 1 and 2 lists. the bicsimilar dnags approved
fowr supporiive cancer cane by the FDW and ERMA respectively,

213 | Monoclonal antibodies

Bevocizurnoh

Bevacizumab is 3 recombinant humanized monochonal antibody, that
tanpeis. vascular endothelial growth factor (WEGF-A) and inhibils. the
Farmation of new blood vessels [angiogenesis) and the growth of new
tumors (Figure 51.%% fvastin® (Bevacizumab) is used for various indica-
tiores incleding metastatic colorectal cancer {mCRC)L non-sguamous
non-small ool lung cancer [MSCLC), ghoblastoma, metastatic renal cell
carcimoma [mRCC], and persistent, recurrent. o metastatsc carcinoma
of thee corvin eithier &8 & snghe agent or in combination with chesma-
therapy/biologic response modifier.™ The patent of Avastin® in the
United Stabes ewpired in 2019 whereas in Europe the patent will
expire in 7022 *1 Currenthy, two biosimilars of Avastin® {bevacizumab)

are avalable in the Unibsd States including Pwasi™ (bevacizumab-
awwb)™ and Zirabev™ [bevacizumab-bverl ™ Both of these biesimi-
h‘ilia.lb m with 'ﬂh‘ Uthﬂ" mwm‘l‘lﬂ- E?-'Idi:ﬂ'ﬂi'-"r
Cryavas™, ™ and Alymsys™ " are approvied in Eurape. However, these
bicsimilars could Taoe a defay in reaching the markel untd nelevant
pabents and regulaton exchsivities expine. ™

Biluximab

ﬂﬂl.ncm"[ﬂihnimb]h:mﬂ:ﬂrﬂgﬁmd&lmﬂthm
monocional antibody that targets the CO20 antigen, found on the sur-
face ol B lymphocyies. By bindng to the CD30 antipen, ritlusimal and
e basimilar ineresde 1IL-10 and B-cell lymphoma-2 [Bel-2) theneby
inducing cellular apoptesis’™ [Figure 81 Rituxan®™ is indicated for
treating patients with Non-Hodghin's Lymphoma [MHL) and Chronic
Lymphocytic Leukemia [CLLLH™ 1t s indicated for use a5 a single
agent for relapsedirefractory, low-graded foliculer CD30-positive,
Boel WNHL and in patients with non-progressing.  low-pracke,
CO0-posiive, B-coll MHL after first-ine cyclophosphamide, vincris-
tire, and prednisolone (CVP] chemotherapy. | is alio used in combina-
tion with chemotheragy in patents  with previously uortreated
follicular & diffuse Lrge B-cell, CO20 positive B-cell NHL, and a5 single-
agent mainterance therapy In patients who achicved a complete, partial
response to Ritwan™, In patients with CLL, Fhoan™ is wed in combi-
nation with chemotherapeutics Mudarabine and cyclophosphamide
FCL'™ The patent for Rituoan™ (rituedmab] in the Urited States expired
in 2016 which led to the development of biosimiars Trudma®™
iritudimab-abbs) '™ Rusdence™ iitudmab-prl '™ and recently Riabri®
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FIGURE § Bevacinumab and ¥
its birsimilars’ mechanism of o
action. Upan endry, bevackumab e
and its blosimilars bind to VEGF,
thereby inhibiting the interaction
between VEGF and VEGFR1/2
This in turn blocks angiogenesis
signaling pathways.

4

iritusdimab-ame). ™™ Even in Ewope, the patent for MabThera™ [ritudmab)
wpired In 2013,%™ and six biosimilars for fiuslmab wene approved by
EMA including BEtzima™, "™ Truxima™ "™ Rusdence™, "™ Miximyo®, '™
Rixathon™ ¥ snd Ritemia®,

Trost il

Hen:q:lr,lrl' [Trastuzumahb) ks a hismanized moncclonal amtibody that
sedectively binds to the extrace®ular domain of the human epidermal
Erowth factor receptor 2 pratein (HERZL' The effects of trastuzu-
il and its biosimalas banding 1o HERZ receplors are presented in
Figure 7. Herceptin® is indicated for patienis with {2} metastatic
HER2-overespressing breast cancer esther as a singhe agent or in com-
bination with paclitanel [b) metastatic HERZ-owercwpressing  gastric
cancer in combination with cisplatin and capecitabineS-flucrouracil
and () HERZ -pwenexpressing breast cancer as 30 adjuvant treatment
in combination with ehemotherapeutics or as a single agent foBawing
milti-moedality anthracycline-based treatment.''" The patemt of Her-
ceptin® [Trasturumabl) in the United Stakes expired in 2019 whereas
in Evrope the patent expired in 2034.7%* Ogivi™ [trastunumab-dhet]
was the first biosimilar to Herceptin®™ (Trastuzumab) to be approved
by the FDA. Later in United Stafes four more blosimilars including
Herzura®™ (trastuzumab-plrbl'" Trazgmera™ {rastuzumab-gqyypl'™
Ontruzant® {trastueumab-deth), ' Kanjinti®  (rastuzamab-anns) ™
were  approved,  Onbruzant™ ™ Herzuma® —
Kanfinti™ ' and Ogieri® " are also approved in Eurcpe. Recently,

Trazs &

W

53

*nfi’ 5

VEGF

Bevacizumab and
1 its hio=imilars

VEGFR1/2

EMA approved another bBicsimilar for trestunumab namely Zercepac™,
Tabdes 3 and 4 lists the beosimiler drugs approved for monockna
antibodies: Bevacizumab, Ritusimab & Trastuzumab by FOM and EMA,
il e ity

214 | Pharmacoeconomics of biosimilars in

oncobogy

A comparative oot analyais was perlormed using the sverage
whaolesale price (AWFP] per unit of biologics and basimilars. The
prices of these drugs in the United States were accessed from Red
Boak™ through the database, Micromedex. The current interpreta-
tion is based on the drug prices In June 3021, A comparisan of the
AWF cosis betwesn bsosimilars and their reference prisducts is
provided in Table 5 and the relstive biosimilas prices sre Show in
Figure &.

For bevacizumab, the peroentage savings with biosimilars ran-
ged from 15% to 23%. Among bevacizumah biosimilars, the savings
waere significantly higher with Zirabew™ when compared to the orig-
inator product, Avastine In the case of ritusimab biosimilars, the
percentage shvings ranged from 10% to 23.7%. Biosimilars includ-
ing Ruxience™ and Riabni® offered greater savings and are cur-
rently the most cost-effective attermatives to Rituxan®. \ith
Merceptin biosimilars, the savings ranged from 15% to 22.2% with
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FIGURE & Cell death mechanisms invabved iin ritusdmab and its bicsimilars” b-ooll binding. This antibody and its biosimilars inducs an
apopiotis control pathway threugh binding with CD20 receptors. Cellular binding adso facllitates two other cell death pathevays including

phagocytosis and kesis by natural kiler cells,

the highest cost savings chserved with Trazimera®™, In addition Eo
these biosimilars, the biosimilars for supportive cancer care agents
also provide sspnelecant savings when comparsd [o their refenenoe
producta. The ahvings range fnam 17.3% ta 345% with filgrastim bio-
aimilars, 33 to A7% with pegfilgrastim biosimilars, and 33.5% with

Epogen bicsimilar,

3 | BIOSIMILARS IN CLINICAL TRIALS
Several biosimilar candidates are being globally deweloped, imvesti-
gated, and are currently in various stages of dinical development &
regulatory approval. This section summarizes the studies involving
prospective biosimilar candidates in oncology based on thelr clinical
research progress. Figures 9, 10 and 11 provide the ciinical trial infar-
iaticn ol the respedtive candidates,

a. Candidates awaiting regulstory agency response: Few manufac-
turers have submitted Biologics License Application [BLA) for their

proposed bevacizumab béosimilar candidates (BATI706, MYL-
14020, SBE, and FRBX3E] that are currently under FOA review.
Bio-thera (BAT1706] seeks approval for its candidate use @ trest-
ing non-small cell lung cander, recurment ghoblastorma, metastatic
rendl cell cardnoma, persistenl reoumen b metadiatic cerdical canoer,
and mCRC in combination with chemotherapy.'®” The application is
based on the pasitive results from preclinical, pharmacoldnetic, and
imermational, multkenter phase 3 comparative safety & officacy
studies.™* Mylan and Biocon Lisited (MYL-14020) seeks approval
for the same indications as (o the originator, bevacirumab. The appl-
cation i supporied by phase 3 findings from companative safety.
efficacy, and immunagenicity evaluating global study ™™ This com-
pany also submitied its marketing authorization application to the
EHA.I:H'I':"'

Lurye Pharma has announced that the marketing suthorization apgh-
cithon For its Bosimilar candidate [LY01008) has been accepbed by
thee China Center for Drug Evaluation of the MNational Medical Prod-
ucts Admindstration (MBMMPAL The application was bated on data
generated from two comparative studies: a pharmacokinetics
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FIGURE 7 Trastusurnah and its bissimilars' mechansms of acticn. (1), Upon bending to HER2 recepbors, endocytosis and further degradation
of the receplor oceurs. This artibedy and its bicsimtars B0 (2) prevent receplor desvige and [3) dimerizstion with other HER receptors. (4] Cell
mediated cytobowicity it o induced through dual binding with WER2Z receptors and immaune effector cells.

TABLE 3 FDi approved miAB biasimilars in oncology

Reference

Biclagic Apperenal
Reference Blologhc [Acthve substance) miarufacturens) Biotimiler (active substance) Ekosimilar manufacturer date
Avastin® [Bevacinemab) Genentech, Inc. Pivasi® fhevactmimab-mwwh] Amgen Inc a7
Tirabew™ (bevacirurmab-trer Pfizer inc. 2019
Rifusaan™ (Ritusienab) Gonntech, I, Truoima™ (i bundmnab-abbs) Cedtrica, Inc 2018
Rustence™ {rituedmab-pyvr) Pfizer ireland Phamraceyticals 2019
Riskini™ [ritundmak-ans) Amgen, Inc 2000
Herceptin® (Trasturumab) Genentech, Inc Ontruzant® firastunsmab-dith)  Sarmsung Bioepls Co_ Lid 2019
Trazimera®™ rasthuzumab-geyp) Pfizerinc 2014
Herzurma® {irastuzumaln-piob) Ceditrican, nc 2014
Kanjinis™ [brastuumab-sans) Arngen Ine 2019
Crgivri ™ {brastunsmat-dist) Myl GmbH 2017

study in healthy volunteers and a safety & efficacy study in
metastatic/recurrent non-squamaus non-small cell ing cancer
patients. Both of these studses compardsd the biosimilar candi-
date to its reference drug Avastin® and have met their pre-
defined primary endpoints."* Other bicsimilar candidates SEE
[Samsing Bipepsis) and FKB238 (Centus Biotherapeutics) have

already received marketed authorization from the EU and are
awailable as Avbintia™™ and Eguidacent™™ respectively. The
BLA of these candidates wis accepted by the FDA in 2019 and
the mandfaciuress are looking Terward toe launching their pred-
ucts in the US.*9 D201 from Prestige biopharma, a bicsi-
milar candidate to trasturumab has completed phase 3 studies
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TABLE 4 [EMA approwed mAS bicsimilars in oncology
Bécsimilar
Reference Biologic [Active Reference Biologic factive Approval
SLESEANCE] manudaciuness] subsianca) Biosimilir rmarailacturer date
Sovaetin™ [Devaciumat] Reschoe Registration GmibH Mhasi® Amgen Technokogy (eeland) LC 2018
Tirabses™ Phiper Europe MA EEIG 2019
Aybintic® Samsung Bioepis ML BY. 2020
Equidacent® Centus Biotherapeutics Europe Limited 20080
Chyanas™ STADA Arpnetmitiel AG arit
Ay Mabwience Research 5L 2031
P Theera™ fribusirruls) Resthse Rigistration GmbiH Blikzima™ Callirion Healthcse Hurgary Kit 07
Truxirma® Cellirion Healthcare Hungary Kit 2017
PFuience™ Pfizer Europe M EEIG 2020
Risirmya® Sandos G 2017
Rhuathon™ Sandog GenbH 2m3?
Ritermeia™ Cellirion Healthcane Hungary Kit. 2017
Herceptin® (Trasturumab) Reschst Rigistration GmbH Owitruzaed ™ Samsig Biopis ML B, a7
Trazimera™ Pfizer Europe MA EEVG 2018
Hernma®™ Celitrion Heakthcare Fungary Kit 2018
Karjinti® Amgen Europe B, 2018
Oagivri® Mylan 585 2018
Zurcepac™ Accord Healihane 5.LU, 2000
TABLE 5 Biclogic and Biosimilar Aversge wholesak price per unit (AWP) in LSS, June 2021
Relerence Biclogic Bicsimilar, sverape wholeiale Relerence praduct. sverage wholesale
{Acthve substance) Blosimilar price per unit price per unit
Avastin® (Bevacinmab) Pt ® 25 mg'ml wial: $203.22 2% mp/mi vial $239.08
Hirabev® 25 mg/mi vial: $184.02
Rituecan™ (Ritudenab) Tradma® 10 mg/rd wiak $101.46 10 rg/mi wiak: $112.74
Rusince™ 10 rrggfend wiak $88.01
Riskwni™ 10 mgfenil wiak $84.01
Herceptin® (Trastuzumab) Ordruzant™ 150 mg PDS: $1589.59 150 mg PDS: $1870.10
Trazimera® 150 mg POS; $1453.32
Herzumra™ 150 mg PDS5: $1483.00
Kanjinti™ 150 mng POS: $1584.59
Dgivi ™ 150 e POS: $1589.59
Meupogen™ {Filgrastim) Zarxia® 480 mep 08 ml viak $E58.47 B0 meg DB ml viak $797.15
Mivestym™ 480 mcp 08 mi vial; $525.60
Mewilasta™ ipeglilprastim] Fuiphila® & mg/OLs mil wial: S350 & g0 ml wlal: $13442.11
Uidenyca® & mg/oLh mi vial: 8350
Fientengo® & mg/0s mi val: $TES1,04
Myvepria® & gL mil viak $TESO
Epogen/Procrit (epoetin a) Retacrit® 2000 u/rml viak $28.47 2000 w/mi viak $39.7%

in HERZ positive beeast cancer patients. The masketing applica-
tion of bicsimilar HD201 has alse been accepled by the
EMA'™ Innovent Biologics, Inc and ER Lilly have announced
that NRPA has accepted their Mew Drug Sppcation (MOA) for
IBI301, a biosimilar candidate to rituximab. The application is

based on the clinécal data obtained from studies including Phase
3- salety & effcacy of 181301 along with chemotherapy and
phae 1 pharmacokinetics & safely sisedoment in patients with
unireated CD30-positive  diffuse
[DLBECL). 1%

large  B-celdl

Iymphicma
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FIGURE & |Relative prices of
oncology bicsimilars and their
Iersimilars

Biosimilars: Relative Price

b. Candidates that have completed Phase 3 studies: HLEO1 by study investigated the candidate in combination with oxaliplatin

Shanghal Hendius Biotech, completed a doss-escalation, ™ safety,
pharmacckinetic & pharmacodynamic studies'™ in patients with
CO20 positive B-coll hmphomas in comparison to Mabithera™,
A, phase 3 study evaluating safety and efficacy of the candidate in
combination with chemotherapy was also investigated. ™™ Cur-
rently, a follow-up study of HL01 to determine the overall sur-
vival (05} ard progression-free survival [PFS) s undensay, '™
RTHMA3 [mAbxience S.A) is another Wosimile candidate, o
Mabthera™ that has completed phase 3 trials = patients with
DLBCL. ™™ Biosimilar HLXO0 from Henlius Biotech has met the pri-
mary end paint in phase 3 safety, sfficacy., and immunogenicity
studies in comparison to it reference drsg. bevacizumab. This

and fluarogyrimidine-based chemotherapy (KELOX or mFOLFOXE)
s first-line ireatment in patients with mCRC.M! Ala, HLED4 com-
birsed with Henlius's ant-PD-1 manockonal sntibedy (mab) HLE10
i being investigated for the treatment of different types of cancer
including advanced solid tumors {phase 11" and advanced hepa-
tocellular carcinoma (HCC) (phase 2.4 Another biosimilar candi-
date of bevacirumab, Bl 495302 by Boghringer Ingelheim has
comgleted bwo comparative phase 3 studies, The candidate was
evaluated in combination with chemotherapeutics as a first line
treatrmert and a5 mamberance therapy in patients with lung can-
cer & MCRC respectively, %% Two bictimiar candidates of R-
Fharm, RPHOOL [reference dmug bevacremab) and RPH-002
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FIGURE ¥ Prospecthee biosimilsr candidates of Rituximab that are in different phases of cinical irials.

[reference drug cefusimabl haee alto completed phase 3 studies
and the results are yet to heupdﬂt-:dhrll'r:mm.""

. Candidates currenthy undu'ﬂ Phase 3; TOQRII0T, is a rbuxi-
mab bicsimilar candidate of Chia Tai Tianging Phasmaceutical
Group Co., Lid and it is currently being investipated in two clinical
gludiey (Phase 177 & Phase 3) imvaldng CO20-pasitive DLBCL
patsentd M7 MR SrTAD0 by Sinocellbech Ltd has comaleted 5 phase
1 safety and efficacy study in patients with B-cell Non-Hodgkin's
kymphoma. '™ The company has Initiafed phase 2' and phase
3" studies comgaring the candidate to the reference drug ritued-
prat, Few ather bissimilar candicites b9 ritusired that ae under-
going phuse 3 trials to demorstrate thelr eguivalent efficacy
imchude DL LY by Dr. Reddy's Laboratories Limited, SIBP-
02*™ by Shanghai Institute of Biological Products, and GB241 by
Genor Pharma*** GRZ21., another candidate of Genor Biopharma
completed a safety & pharmacokinetic study following single-dose
adminisiration in patients with metastatic breast canoer. This study
is comdicted @ comparisan ta the reference drug, Herceptin™ 15
Phase 11 studies of single/multiple doses of GB221'™ and a
phase 3 study o evaluate progression-free survival [PFS) using
combinational therapy are underway,”>" HLX0Z, [Henlivs Biotech]
is being irepstigated in three comparathve safety & immunogenicity
clinical studies inchading two phase 1 studies in healthy volum-
peers 50 anel & phase 3 sludy in breast cancer patients,™ This
trasturumab candidate hat already been spproved in the EU
(Fercepac™ L™ The company has alwa entered into a collaboration
with Accord Healthcare, US granting an exclusive right to develop

and commercialize in the US and Cansda ™ Ancther bissimils
candidate of trashrrumab undergoing comparative phage 3 studies
in breast cancer patients include SIBP-01, which is developed by
the Sharghal Institite of Biclogical Products.™ Cuite a fow pro-
spective bevacizumal biosimilars have completed phase one stud-
ieg and sre currently undergoing comparative safety & efficscy
[phase J) stidies These inchids CT-P16 by Cellisian, '™ HD204
by Prestige biopharma'™ CET124 by Cipla BioTech™ and MIL
&0 by Beijing Mabworks Biotech "™ All of these blosimilar candi-
dates are evaluated for their use in treating patients with non-small
cell lung cancer, Twe bisgmilar cancheates for the originator Xgews®
A Slo undergoing phuse 3 studes, Thise inclsde L0011 by Lise
Pharma'™ and 0L 1206 by Oilu Prormaceudicals '

. Candidates in Phase 1 and 2: Trastuwrumab biosimilar candidates

including CMABBD? by Taizhou Mabtech Pharmaceutical Co.
Ltd,™* ALTO2 by Alteogen, Inc.'™ and DMB-3111 by Meiji Scila
Priarma & Dong-A-Sock Haldings have completed phase 1 similsr-
ity studies. ™" Anather brastuzumab biosimilar candidate of Albes-
gen Ine, ALT-L2'™ has completed global phase 2 testing and is
getting ready for phase 3 studies. '™ BP-102 by Jiangsu-Hengrui-
Medidine & curmently in phase 2 dinical trials, The proposed beva-
cizimab bosimiler candidate is evaluated in chematherapy-naive
patients with non-squamous NSCLE"™ Another bisimilar cand-
date of bevadzumab, GE222 (Genor Pharma] is currently underge-
ing wamous phase 1 trials for the treatment of gioblastoms
mulliforme, non-squamous non-small cell lung cancer, and
miCRC.™ Biosimilar candidate for originator drug denosumab,
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THO0G is develoaped by Jisngay T-Mab Biopharma Co., Lid THODE
is currerilly being evaluated (phase 1) for s safely upon single,
mrultiple doses in patients with breast cancer-related bone metas-
tases, ™™ Few bigsimilar candidates for supportive care agent
Meulasta™ hawe completed phase 1 studies. These inchede INTPS
by Intas Pharmaceuticals, Lid,"™ PR-OSERTEDS by Pliger,” and
BAZ0Y by Cirifa Biatech '™ QLOSOS by Cilu Pharmaceuticsl Ca.,
Led is arother biosimdar for Mewlasta™, which is currently underga-
ing phase 1 studies.'™

©, Candidates in preclinical development: Biosimilar candidates for
rituximab that are in the carly stages of development include BXT
232¢ by Blospress therapeutics'™ & a plant-based product by
iBic & ArwGen Biolechnologies.!™ Few biosimdar canclidates
from Prestige biopharma are abio in early development These
inclucle PEP1602 (reference dnug: aflibercept], PEP1701 [reference
drug; ipilimumabl), and PEP1801 (reference drug: pertuzumab) '*2
CrRABELD (Taizhow Mabtech Pharmaceutical Co., Ltd) i another
blesimilar candidate for reference drug pertuzumab which s in pre-
lirical studies."™ Biosimiars for ceiginators Opdiva™ and Keytroda™
ane in active development by NeuClone Lid "™ Furthermore, bicsi-
milar candidates Kdivane, [reference drug Opdiva™) and Sphenatide,
treference drug, Decapepbyd™) by ¥brane Bicpharma are alsa in their
precinical studies, "™

Howrver, few companies huve sispended dinical development af
their rituamabs biosimilie candidates. inchuding Bl 695500 |Boshringer
Ingelveim Pharmaceuticab),”™ Klusubam (Probicmed),™ SAT101
ihrchigen  Biotech  Umited)'™ TLM1 (Teva Phamaceutical
Inclustries),"™  ML110A {HL Bigtech, Ind™™ and GP2013
i5andoz)™ either due bo the changes in regulatory recuirements of
marketing decisions.™ JHL Biobech, Inc slse suspended dinical devel-
opmenl of its bwo olher bisdmdars candidites includirg JHL1188 (ref-
erence diig trastisurmab) snd JHL1149 (reference diig: bevacizumrab]
due to kegal issues. )™ Shanghai Herlius Biotech withdrew its ritudmab
bicsimilar candidate HLKOH from phase 3 studies due to strategic rea-
sons The study was intended to evaluate the candidate safiety and effi-
cacy in patients with kow tumor burden folicuar yrphoma, ™™ For the
saime resand, Jangsu-Henprui-Medicing also wilthdrew (15 bevacing-
mab candidate BP-102, from a phase 2 evaluakion in patients with
mmtl-'?:'-

4 | CONCLUSIONS AND FUTURE
PERSPECTIVES

The use of biosimars is rapsdly evolving and will continue to play an
important role in the future care of cancer patients."™ Many biosimi-
Lers are expected to be available in the coming years and their use will
Lrgely depend on patient and provider acoeplance, wihich s in tum
based cn an adeguste undersianding of e safety and elficacy of
these agents in cancer treatment. ™ Therefore, education of patients
and peoviders on wvarkows aspects of bicsimilars B necessary fo

increase  confidence in biosimilars  and  for  their  suooesscful

inCorparation in oncology proclice. Furthermone, fgorcus megulabory
framewaikd and close posl-marketing monitorng of these drugs ane
required to ensure their safety and efficacy in a real-world setting ™
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