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Biologics, a class of medicines grown in and purified from genetically engineered cell cultures, have transformed the man-
agement of many cancers and rare diseases, such as paroxysmal nocturnal hemoglobinuria. As prescription drug spending
has increased and exclusivity periods have expired, manufacturers have developed biosimilars—biologics that may be more
affordable and highly similar to a licensed biological therapeutic, with no clinically meaningful differences in terms of
safety or efficacy. With biosimilars gaining regulatory approval around the globe and broadening patient access to biologics,
this review aims to help rare disease healthcare providers familiarize themselves with biosimilars, understand their de-
velopment and regulatory approval process, and address practical considerations that may facilitate their use.

Introduction

Biologics, which include hormones, blood products, cyto-
kines, growth factors, vaccines, and monoclonal antibodies,
have emerged as indispensable options in the treatment of
cancer and other serious health conditions; however, their
use has significantly increased healthcare spending.! As ex-
clusivity periods for many biologics have expired, manufac-
turers have developed products called “biosimilars,” which
are biological medicines that are highly similar to an ap-
proved reference product (RP), with no clinically meaning-
ful differences in terms of safety or efficacy. The European
Medicines Agency (EMA) was the first regulatory authority
to establish a biosimilar approval framework based on
safety, efficacy, and quality.? Biosimilar recombinant human
growth hormone (Omnitrope®, Sandoz GmbH, Kundl, Aus-
tria) was the first medicine to be approved through the
EMA biosimilar regulatory pathway in 2006.® Since then,
dozens of biosimilar medicines have been approved and
used in clinical practice with no evidence to date that they
perform any differently from the RP on a population level.*
In the US, the Biologics Price Competition and Innovation
Act (BPCIA) of 2009 authorized the US Food and Drug Ad-
ministration (FDA) to oversee a biosimilar approval path-
way.> Modeled with the same intention of the law that
allows the development and the approval of generic alter-

natives to small-molecule drugs, BPCIA was designed to
encourage competition and innovation.® A biosimilar of the
granulocyte colony-stimulating factor filgrastim’ (Zarxio®,
Sandoz Inc., Princeton, NJ, USA) was the first biosimilar ap-
proved in the US, in March 2015.%’

Despite the endorsement of biosimilars by regulatory
authorities around the world, they remain underused.®
This review provides an overview of the expanding knowl-
edge base regarding biosimilars. We seek to help rare dis-
ease healthcare providers (HCP) familiarize themselves
with biosimilars and understand how they are developed,
as well as address practical considerations to facilitate
their use.

What are biosimilars?

A biosimilar may be defined, in part, as a biologic agent
that is highly similar to a licensed RP (Online Supplemen-
tary Table S7), the off-patent product to which they offer
an alternative.>*>°'° Biosimilars have no clinically mean-
ingful differences from originator biologics in function,
purity, potency, pharmacokinetics (PK), pharmacody-
namics (PD), clinical efficacy, safety, and immunogenicity.
To better explain what biosimilars are, it helps to under-
stand what they are not. Biosimilars are fundamentally
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different from generic drugs (Figure 1). A generic drug is
a small molecule with a well-defined structure that is
identical to its RP. In addition, generics are usually pro-
duced by chemical synthesis, a wholly reproducible pro-
cess that is generally faster and lower in cost than the
development of biologics. They are also indistinguishable
from their reference drugs in potency, dosage, route of
administration, safety profile, and indication. In contrast,
biologics, including biosimilars, are large proteins with
complex physicochemical structures (Figure 1)." Their
manufacture involves a highly intricate process using
genetically engineered cell lines and extraction via com-
plex purification techniques.”™ Biosimilars have the
same amino acid sequence and highly similar structural
and functional attributes as their corresponding RP, yet
there may be small differences in the clinically inactive
components.?®"® Therefore, a biosimilar is not an ident-
ical copy of its RP. In addition, it takes approximately
eight years to develop a biosimilar, at a cost of up to
$200 million (Figure 2)."®

It is also important to distinguish biosimilars from non-

Larger biologicals

- More complex protein molecules
- Produced in living cells

- Have immunogenic potential
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comparable biologics (also known as “non-comparable
biotherapeutics”, “biocopies”, “biomimics”, “intended
copies”, and “non-regulated biologics”). Although non-com-
parables may contain the same amino acid sequence as
the RP, they have not usually been subjected to the same
rigorous evaluations mandated by biosimilar regulatory
procedures.”™® For example, Abcertin® (Imiglucerase, ISU
Abxis, South Korea), a non-comparable enzyme replace-
ment therapy for Gaucher disease, has been approved in
South Korea despite the lack of a direct comparison to the
RP or physicochemical, immunological, or structural data.”
As a result, non-comparable products may have clinically
significant differences in terms of quality, efficacy, and
safety compared with their RP.

Within the last few years, dozens of biosimilars of interest
to hematologists have been approved by regulatory auth-
orities and have been launched in the US, EU, and other
countries (Table 1). For example, the first biosimilar to ecul-
izumab RP (Soliris®, Alexion), a monoclonal 1gG2/4x anti-
body, was launched in Russia for the treatment of
paroxysmal nocturnal hemoglobinuria (PNH), a rare hema-

mAbs

~ 150,000

¢
Large biologicals

- Complex protein molecules 18,3800
- Produced in living cells

%,
o

T o
Pl et

P < 100,000 Da

- Have immunogenic potential

MOLECULAR MASS

GCSF HGH EPO
22,000 30,400
P < 10,000 Da

Enoxaparin Insulin
4,500 (ave) ~5,800

Small molecule drugs

- Produced by chemical synthesis
- Mostly non-immunogenic

- Simple, well-characterized chemical structure

P -100 Da

Acetylsalicylic
acid

ﬁ,a.

Figure 1. Molecular mass comparisons: small-molecule drugs versus larger biologics. Adapted from Thill et al.™ ave: average; Da:
Daltons; EPO: erythropoietin; GCSF: granulocyte colony-stimulating factor; HGH: human growth hormone; mAbs: monoclonal

antibodies. Not drawn to scale.
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Figure 2. Development and manufacturing of biosimilars is more complex than small molecule generics. mln: million; bln: billion.

tological disease characterized by hemolytic anemia,
thrombosis, and peripheral blood cytopenias.®?° Several
other companies are currently developing eculizumab bio-
similars (Table 2).2"%*

Development of biosimilars

The development of biosimilars differs from originator bio-
logics and generic drugs in many ways (Table 3). Rather
than evaluating optimal dosing or patient benefit per se,
the biosimilar development process focuses on building a
totality of evidence (TOE), which can be defined as the sum
of data from comparative analytical, non-clinical, and clini-
cal studies.®® A TOE aims to demonstrate that there are no
clinically meaningful differences in safety or efficacy be-
tween the biosimilar candidate and its RP.2>*" Biosimilar de-
velopment uses a stepwise investigational approach which
begins with an extensive analytical characterization of the
RP to understand structural and functional characteristics
such as molecular weight, higher order structure and post-
translational modifications, mechanism of action, and
degradation profile denoting stability (Figure 3).°?%2° These
physical and biological critical quality attributes (CQA) are
crucial for the function, efficacy, and safety of the RP, and
must be clearly described, measured, and monitored.?3%*
The number of CQA often differs between biologics. For
example, based on a scientific understanding of how the
attributes of a monoclonal antibody influence safety, effi-
cacy, immunogenicity, and PK/PD, it may have more than
40 CQA (Online Supplementary Figure ST), and these may
need to be analyzed using dozens of assays.*?

The knowledge gained from these studies is then used to
develop a biosimilar product candidate. A series of labora-
tory-based comparative structural analyses and functional
assays are performed, providing an extensive physico-
chemical and biological profile of the biosimilar candidate.
Comparative clinical PK and PD testing is then carried
out.?®?" In order to confirm the absence of any clinically
meaningful differences between the biosimilar candidate
and the RP, regulatory authorities generally recommend at
least one comparative clinical study in a representative in-
dication that confirms equivalence with respect to efficacy,
safety, and immunogenicity.?®%’

Analytical and functional characterization

The structural and functional characterization of a candi-
date biosimilar is a crucial component of the development
process. Although biosimilars have the same amino acid
sequence as the RP, different components of the manufac-
turing process can lead to molecular differences. For
example, the structure and stability of a proposed biosimi-
lar can be influenced by the cell line selected, its mutations
and culture conditions, as well as the purification method
and storage conditions.® Moreover, post-translational
modifications such as glycosylation may yield variants with
different function, stability, pharmacologic activity, and im-
munogenic potential.*3-3®

Structural and functional characterization entails an ana-
lytical evaluation that identifies potential differences be-
tween the biosimilar candidate and its RP.>3° Analytical
methods typically include an assessment of CQA such as
the amino acid sequence, the primary and higher-order
protein structure, disulfide bonds, glycan profile, and po-
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tential impurities. Multiple precise, accurate, reproducible,
and highly sensitive analytical assays are typically used to
evaluate the same quality attribute and maximize the po-
tential for detecting differences.*® For example, the use of
complementary analytical techniques in series, such as
peptide mapping and capillary electrophoresis combined
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with mass spectrometry, can provide a meaningful and
sensitive comparison of the primary amino acid structure
of a candidate biosimilar and RP. Any residual uncertainty
regarding a demonstration of similarity between a biosimi-
lar and its RP is reduced if the assessment establishes that
the results lie within prespecified criteria based on the

Table 1. Biosimilars in hematology: recommended for approval or approved in the European Union and/or United States.

Reference drug Active B|.05|m|lar Marketer Regulat?ry Approval
substance proprietary name authority date
Abseamed® Medice
Binocrit® Sandoz EMA 2007
E ®/Procrit® Epoetin alf
pogenirrocr poetin afia Epoetin Alfa Hexal® Hexal
Retacrit Pfizer FDA 2018
. Retacrit® Hospira
E ®/E © Epoet t EMA 2007
prex®Erypo poetin zeta Silapo® Stada
iy . o . Russian
® ®
Soliris Eculizumab Elizaria Generium Ministry of Health 2019
Accofil® Accord EMA 2014
Filgrastim Hexal® Hexal EMA 2009
Grastofil® Apotex EMA 2013
Nivestim® Hospira EMA 2010
, . Ratiograstim Ratiopharm EMA 2008
@ Fil t
Neupogen grastim Tevagrastim® Teva EMA 2008
EMA 2009
10®
Zarxio Sandoz EDA 2015
Nivestym® Pfizer FDA 2018
Releuko® Amneal FDA 2022
Fulphila® Mylan EMA 2018
Fulphila® Mylan/Biocon FDA 2018
Pelgraz® Accord EMA 2018
Ziextenzo® Sandoz EMA 2018
Ziextenzo® Sandoz FDA 2019
Pelmeg® Cinfa EMA 2018
: . Udenyca® Coherus FDA 2018
Neulasta® Pedfil t
eulasta egiigrastim Cegfila® Mundipharma EMA 2019
Grasustek® Juta EMA 2019
EMA
N ia™ Pfi 202
yvepria izer EDA 020
FDA
. o . .
Stimufend Fresenius Kabi EMA 2022
Fylnetra™ Amneal FDA 2022
Enoxaparin Inhixa® Techdow Europe AB
® . EMA 2016
Clexane sodium Thorinane® Pharmathen S.A.
Rixathon®/Riximyo® Sandoz EMA 2017
/Rl a®
Truxima®/Blitzima®/ Celltrion EMA 2017
. Ritemvia®
Il\qlllabThe®ra / Rituximab Ruxience® Pfizer EMA 2020
Ituxan Truxima® Celltrion/Teva 2018
Ruxience® Pfizer FDA 2019
RIABNI™ Amgen 2020

EMA: European Medicines Agency; FDA: United States Food and Drug Administration.
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knowledge of the RP, method capability, and regulatory gui-
dance-32,36,37

Assessment of the candidate biosimilar’s biological activity
and mechanism of action follows structural characteriza-
tion. The goal is to assure the developer that the candidate
biosimilar has the same functional activity as its RP. Assays
used for functional characterization will depend on the type
of molecule, and may include cell-based receptor binding
or enzyme kinetics assays. For example, functional assess-
ment of a monoclonal antibody biosimilar candidate in-
volves a clear understanding of the biological effects of the
antibody's antigen-binding and complement-binding re-
gions (Online Supplementary Figure S7).>>3® Antibody neu-
tralization and immunogenicity are often mediated via the
antigen-binding region. The complement-binding region can
impact the PK characteristics, as well as antibody-depend-
ent cell-mediated cytotoxicity and antibody-dependent
cellular phagocytosis, both of which are typically important
for efficacy.?>®

Non-clinical studies

Once structural and functional similarity has been demon-
strated, non-clinical animal studies may be required to as-
sess the safety of the candidate biosimilar prior to
conducting clinical studies in humans. Animal studies are

Table 2. Current status of eculizumab biosimilars.??*

Biosimilar Developer
Elizaria® Generium Pharmaceuticals
ABP 959 Amgen Inc.

SB12 Samsung Bioepis
BCD-148 Biocad

PNH: paroxysmal nocturnal hemoglobinuria.

A. Kulasekararaj et al.

typically used to evaluate toxicology and PK to support the
safe use of the proposed biosimilar in human subjects;
however, studies have generally shown no unexpected find-
ings of safety or toxicity for either the biosimilar candidate
or the respective RP when there are minimal structural and
functional differences between the molecules.** Non-clini-
cal animal studies may be skipped if there are minimal ana-
lytical variations between the two molecules or if there is
no pharmacologically relevant animal species available.?”
For example, animal studies were not conducted in pre-
clinical studies of ABP 959, a candidate biosimilar of ecul-
izumab RP, because its target is specific to human
complement protein 5.*° Moreover, non-clinical and clinical
data from the RP can be used for modeling and simulation
to maximize the value of non-clinical studies. Furthermore,
modeling and simulation may be used in the design of more
efficient comparative clinical studies, which is of particular
importance in the development of biosimilars for rare dis-
ease indications.”

Clinical studies

The aims of the clinical evaluation are to assess the poten-
tial impact of any differences identified during previous
steps of the development process and to confirm com-
parable performance between the candidate biosimilar and

Status
Approved in Russia

Results from a clinical comparative study in PNH patients are available
Results from a clinical comparative study in PNH patients are available

Clinical comparative study in PNH completed

Table 3. Differences in regulatory requirements for originator compounds, generics, and biosimilars.

Originator biologic

Comprehensive product

Comprehensive product

Generic Biosimilar

Comprehensive product

Quality o characterization characterization
characterization . . - . . o . .
Comparison with originator drug ~ Comparison with originator biologic
Abbreviated program based on
Pre-clinical Full pre-clinical program Not required complexity and residual uncertainty
from quality
PK similarity
Phase | (generally healthy subjects) Bioequivalence only PD similarity if suitable marker
available
Clinical

Phase I
Phase Ill in all indications

Risk management plan+
Post-approval —
Pharmacovigilance program

Not required Not required

Comparative clinical trial in at least 1
representative indicationt

Yest

Yes

Not required

Yest

Yes

fExtrapolation to other indications based on scientific justification. fEuropean Union only. PD: pharmacodynamics; PK: pharmacokinetics.
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Originator biologic (RP) development

Post-marketing survelliance &
real-world evidence

N\

Clinical studies

Non-clinical* studies

Target identification &
validation, assay development
for screening, hit generation &
prioritization, lead identification
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Biosimilar development

N

Post-marketing
survelliance
& comparati

Regulatory
approval

Comparative
clinical study

Comparative
PK study

Comparative
non-clinical* studies

Existing knowledge and further characterization
of originator biologic RP

Figure 3. Comparison of the development pathway for biosimilars versus originator biologics. The development of an originator
biologic typically begins with target identification and validation, assay development for screening, and hit generation and
prioritization. Optimization, characterization, and candidate drug selection is followed by broad clinical, dose-ranging,
pharmacokinetics (PK) / pharmacodynamics (PD), efficacy, safety, and immunogenicity studies. After regulatory approval, the
product undergoes post-marketing surveillance, and on occasion, real-world studies. The development of a biosimilar is a
stepwise process that begins with the gathering of existing knowledge about the reference product (RP). Following the
development of a candidate biosimilar, it and the RP are then comparatively assessed in terms of their structure, mechanism of
action, and PK/PD profile. Comparative assessments of efficacy, safety, and immunogenicity are also performed. After regulatory
approval, the biosimilar undergoes post-marketing surveillance and is often compared to the RP in real-world studies. *Non-
human studies including analytical, in vitro, in vivo (animal), ex vivo studies.

the RP. Indeed, the US BPCIA states that an application for
a biosimilar must include data from “a clinical study or
studies (including an assessment of immunogenicity and
pharmacokinetics or pharmacodynamics) that are sufficient
to demonstrate safety, purity, and potency in one or more
conditions of use for which the reference product is
licensed and for which licensure is sought for the biosimilar
product”?

The clinical development process begins with an evaluation
of the PK/PD profile of the candidate biosimilar.t?"*? These
assessments are a critical part of the TOE demonstrating
biosimilarity and can help streamline the design and execu-
tion of additional comparative clinical trials.*®* PK studies
measure parameters such as the area under the curve
(AUC) and the maximum observed serum concentration
(C,.)- The study population should be the most informative
for detecting PK differences between the candidate bio-
similar and the RP. Healthy subjects are typically chosen to
allow a pertinent and sensitive comparison because they
are less likely to produce PK and/or PD variability compared

to patients with potential confounding factors such as con-
comitant disease and medications.®?” The use of specific
patient populations may also be appropriate for various
reasons, including potential safety concerns (e.g., known
immunogenicity or toxicity from the RP) regarding evalu-
ation in healthy volunteers or if PD biomarkers can only be
measured in patients with the relevant disease.
Pharmacokinetic similarity is established when the two-
sided 90% confidence interval (Cl) of the geometric mean
ratio of PK values between the candidate biosimilar and the
RP lies within a prespecified margin of 80-125% for overall
exposure.®*? The prespecified similarity margin does not
denote that the C__ and AUC, for instance, of the candidate
biosimilar may vary from 80% to 125% of the RP. Rather,
both sides of the 90% CI must lie within this margin to
meet the similarity standard.

Pharmacodynamic assessments examine the biochemical,
physiologic, and molecular effects of the proposed biosimi-
lar and RP on the body, such as receptor binding and post-
receptor effects. For example, the hemolytic complement
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activity of eculizumab RP and its biosimilars, which is con-
sidered critical to their mechanism of action, was tested
using a 50% hemolytic complement assay. This assay is
sensitive to the reduction, absence, and/or inactivity of any
components of the classical and terminal complement
pathway.** Although PD studies can provide useful evidence
of biosimilar function, they are only appropriate when a rel-
evant PD marker is available.

Once structural, functional, and pharmacologic similarity
has been established, developers can proceed to an evalu-
ation of comparative clinical efficacy and safety. The goal
is to demonstrate that the biosimilar candidate has no
clinically meaningful differences compared with the RP®?’
The extent of the clinical program is determined by any re-
sidual uncertainty and the degree of similarity demon-
strated in analytical and non-clinical testing. In light of the
fact that no biosimilar candidates have ever been rejected
for approval due to efficacy differences from their respect-
ive RP,** it should be noted that regulatory agencies are be-
ginning to question whether comparative efficacy trials are
routinely necessary if a biosimilar candidate has been well-
characterized and has demonstrated a highly similar clinical
pharmacology profile.*®

Assessment of similarity between a candidate biosimilar
and its RP in a comparative clinical trial is based on the null
hypothesis. Using a two-sided test that demonstrates that
efficacy lies within prespecified equivalence margins, the
assessment must be able to detect any clinically meaning-
ful difference in efficacy.?” The results are typically ex-
pressed as the risk ratio (RR) or risk difference (RD) in
efficacy between the candidate biosimilar and its RP. Clini-
cal equivalence is established based on a predetermined
two-sided 90%*" or 95%* Cl of the RR or RD since the
studies are designed to determine both non-inferiority and
non-superiority of the candidate biosimilar. If the Cl of the
RR or RD lies within the equivalence margin, then a bio-
similar candidate can be considered to be clinically equiv-
alent to its RP.

Subjects for comparative clinical trials should be chosen to
increase the chance of detecting any possible clinically
meaningful differences and to adequately assess safety.”’
The development of biosimilars for rare diseases is associ-
ated with an additional set of challenges.”® For example,
experts specializing in the treatment of rare diseases who
are needed to conduct the trials are generally limited.
Further, the availability of only a few dedicated treatment
facilities around the globe make study participation difficult
for some patients. In addition, patient populations are
small, and the understanding of the disease process may
be limited, making selection and enrollment for com-
parative clinical trials of biosimilars challenging. This is par-
ticularly true of treatment-naive patients as most patients
are often already receiving treatment with the originator
product. For example, patients with PNH may be reluctant

A. Kulasekararaj et al.

to participate in a comparative clinical trial because they
do not wish to interrupt their current treatment, which
further reduces the number of available subjects. Con-
sequently, the ongoing comparative clinical trial for the pro-
posed eculizumab biosimilar ABP 959 recruited patients
with PNH who had been previously treated with eculizumab
RP.*® In contrast, a comparative clinical trial of Elizaria®, a
biosimilar to eculizumab RP available in Russia, included
both treatment-naive patients and patients who had al-
ready received eculizumab RP.® In support of its approval,
the Phase 1b open-label study showed acceptable safety
and an expected PK/PD profile of Elizaria® in treatment-
naive patients with PNH during the induction period.*°

The identification of endpoints for comparing a biosimilar
candidate and its RP must consider how to make a precise
comparison of the relevant therapeutic effects while elim-
inating any confounding factors. Endpoints that are sensi-
tive enough to detect potential differences between the
candidate biosimilar and the RP are generally more appro-
priate than the measures used to demonstrate efficacy in
pivotal trials for the RP. The endpoint could be that of clini-
cal outcome, or alternatively, an appropriate surrogate end-
point relevant to clinical outcomes. Studies of eculizumab
and its biosimilars, for example, utilized hemolysis as
measured by lactase dehydrogenase as a surrogate end-
point. The results from a comparative clinical study can be
used to reduce any residual uncertainty regarding whether
there are actually any clinically meaningful differences.
Since patients in the real world may be switched from an
RP to a biosimilar, crossover studies allow developers to
better understand comparative efficacy and address poten-
tial safety concerns. For example, the DAHLIA study is
evaluating the efficacy and safety of ABP 959 compared
with eculizumab RP in adult participants with PNH with the
use of a crossover design.*® Studies like these may be par-
ticularly helpful in alleviating concerns about immunoge-
nicity after a switch from the RP to a biosimilar.

Assessment of immunogenicity

The assessment of immunogenicity is an important com-
ponent of building the TOE to support biosimilarity and ob-
tain regulatory approval. Due to their antigenic properties,
biologics can sometimes trigger unfavorable immune reac-
tions.”® The level of immunogenicity varies between bio-
logics and may increase when they are administered
frequently over a long period of time.*> Many factors affect
the immunogenicity of biologics, including their structure,
primary sequence, and post-translational modifications.
The dose, route and frequency of administration, and the
product formulation, as well as the patient’s age, sex, gen-
etic profile, and immune status may all also impact a bio-
logic’s immunogenicity.

The presence of antidrug antibodies (ADA) after treatment
may decrease the efficacy of the biologic by neutralizing it
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or decreasing its half-life.>®* Although immunogenicity is not
a concern for most biologics, some biologics may trigger
ADA which impact efficacy and safety. Therefore, biosimilar
developers should include at least one clinical study that
measures and compares binding and neutralizing anti-
bodies between the candidate biosimilar and the RP.*? It is
not advisable to use non-clinical methods for evaluating
immunogenicity. Assays used for measuring ADA have be-
come more sensitive and allow specific ADA to be ident-
ified.** Consequently, these sensitive assays may lead to
the detection of higher levels of ADA versus those observed
in the original studies of the RP.>®* Thus, the sensitivity of
ADA assays must be considered when comparing results
from different trials.

Extrapolation of indications

Rather than conducting clinical trials for every approved in-
dication of a particular RP, biosimilar developers may gain
approval in some or all of the indications for which the RP
is approved, even if the particular biosimilar candidate was
not tested in all of them.?"*? For instance, infliximab RP has
been studied in and received approval to treat rheumatoid
arthritis, Crohn’s disease, ankylosing spondylitis, psoriatic
arthritis, and plaque psoriasis. The FDA has approved in-
fliximab biosimilars for the same indications as the RP, even
though the biosimilars only underwent clinical testing in a
few of the conditions listed above. Similarly, Elizaria® was
only tested in a comparative clinical study of patients with
PNH, yet it also has indications in Russia for atypical hemo-
lytic uremic syndrome, generalized myasthenia gravis, and
neuromyelitis optica spectrum disorder.**® Due to the rarity
of these diseases and the associated challenges with re-
cruiting patients, extrapolation to additional rare disease
indications is critical for the regulatory approval of biosimi-
lars.

Although there is increasing recognition of the value of bio-
similars, misunderstandings related to the concept of
extrapolation persist, and contribute to the skepticism
found among many HCP.*’ It is important to emphasize here
that extrapolation is not based solely on clinical evidence
from one study, nor is it from one indication to another. It
is rather that regulatory agencies may allow for extrapola-
tion of indications based on adequate scientific justification
supported by the TOE, on the previous finding of safety and
effectiveness for the RP in the indications sought for ap-
proval, and by adequately addressing several key scientific
factors, such as the mechanism of action (Figure 4). Differ-
ences in the scientific factors across indications do not
preclude extrapolation; however, any differences must be
adequately addressed as part of the scientific justification.
For example, there may be a difference in the target/recep-
tor between indications, but the comparative functional as-
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sessment must demonstrate that binding to all relevant
targets/receptors is highly similar between the biosimilar
candidate and the RP. If all these factors are adequately ad-
dressed, and the study population in the comparative clini-
cal study is sufficiently sensitive so as to allow clinically
meaningful differences to be detected, then developers,
HCP, and patients can be confident that the candidate bio-
similar will have no clinically meaningful differences in ef-
ficacy and safety compared with the RP in other approved
indications which were not directly studied.

Interchangeability

The emergence of biosimilars has caused many clinicians
to reconsider their treatment choices. Based on the law and
US FDA draft guidance on interchangeability,*®*° a biosimilar
designated as interchangeable “may be substituted for the
reference product without the intervention of the health-
care provider who prescribed the reference product” as
permitted by state law. In the US, there must be an evi-
dence-based expectation that the biosimilar “can be ex-
pected to produce the same clinical result as the reference
product in any given patient and, if the biological product
is administered more than once to an individual, the risk in
terms of safety or diminished efficacy of alternating or
switching between the use of the biological product and
the reference product is no greater than the risk of using
the reference product without such alternation or switch”®
The FDA guidance on interchangeability indicates that the
clinical study should include at least three switches be-
tween the biosimilar and RP to support interchangeability.®®
The EU and most other countries do not provide regulatory
guidance on interchangeability, nor do they evaluate
whether biosimilars and RP are interchangeable.

Naming and pharmacovigilance

The FDA recommends the creation of distinguishable
names by adding a 4-letter suffix to the “core name” (typi-
cally similar to the international non-proprietary name) for
a biosimilar.®® For example, specific epoetin alfa and rituxi-
mab biosimilars have been given the non-proprietary
names epoetin alfa-epbx and rituximab-arrx, respectively.
A biosimilar product may not be approved for all the indi-
cations approved for the RP for several reasons (e.g., resid-
ual regulatory exclusivity protections for the RP). Therefore,
the use of unique names is critical for assuring that the ap-
propriate medication is dispensed.®’ The adoption of distin-
guishable names is important to patient safety, and also
ensures that specific adverse events are correctly at-
tributed to the appropriate product and manufacturer.6%¢2
Outside the US, there is no consistent regulatory approach
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Biosimilar development
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Comparative
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Scientific justification
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extrapolation includes an assessment of the
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Mechanism of action
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Figure 4. Extrapolation of indications for a biosimilar: scientific justification. A biosimilar may be approved for an indication
without direct studies of the biosimilar in that indication. Regulatory agencies may allow for extrapolation of indications approved
for the reference product (RP) based on adequate scientific justification supported by the biosimilar totality of evidence, the
previous finding of safety and effectiveness for the RP in the indications sought for approval, and adequately addressing several key
scientific factors. PK: pharmacokinetics. *Non-human studies including analytical, in vitro, in vivo (animal), ex vivo studies.

regarding the naming of biosimilars. In the EU, for example,
physicians must document the trade name and the batch
number for all biologics. However, this is not routinely done
in clinical practice, making it challenging for regulators to
identify products with safety issues.

Future perspectives

Biologics are a primary treatment option for several cancers
and rare diseases; however, their increasing use is one of
the main drivers of the growth in healthcare spending. In
fact, biologics accounted for 38% of US prescription drug
spending in 2015 due to their high cost per dose, and for
70% of drug spending growth between 2010 and 2015.%°

Although real-world evaluation of biosimilar-related health-
care cost savings is limited, there is increasing evidence
that market entry of biosimilars has a robust impact. For
example, a Johns Hopkins study using employer plan data
from 13 large companies reported that the prices for inflixi-
mab and filgrastim biosimilars were 32% and 26% lower
than their RP, respectively.®* Providence St Joseph Health,
a US non-profit health system, implemented a biosimilar
utilization management program that yielded savings of
$26.9 million over 2 years.®® In addition, a recent analysis
estimated the cost saving potential of biosimilar use in the
US to be $54 billion over 10 years, with a lower- to upper-
bound range of $25 billion to $150 billion.®®* Moreover, a case

study by the Pacific Research Institute suggested that the
annual cost reductions for US employer-sponsored health
plans could be as high as 8.4% (i.e., between $262 million
and $315 million in annual cost savings) if biosimilars reach
a 50% share for a popular biologic.®® Savings could rise to
$7 billion across US federal and commercial programs if
biosimilars reach a 75% market share. In Europe, in 2017,
sales for the top 10 biologic products were €16.5 billion.?’
Most of these biologics have lost exclusivity in Europe and
biosimilars are available for clinical use. In a study aimed
to assess the cost savings generated by the introduction of
anti-TNF biosimilars in French hospitals 5 years ago, a total
of €824 million was saved.®® Similarly, a Spanish budget im-
pact analysis estimated that figures for the period 2009-
2019 show biosimilar competition to have resulted in cost
savings of €2.3 billion, about half the savings being due to
a reduction in list prices, and the other half originating from
hospital tender discounts.®® Although the discount on bio-
similars may vary from country to country, by 2020, annual
savings could be seen to have increased up to €10 billion if
they achieve at least a 50% share.”® Biosimilar versions of
biologics approved for rare diseases, such as eculizumab
RP, could, therefore, offer an important means of generating
cost savings and improving access.

The past decade has seen an increase in the scientific evi-
dence supporting the use of biosimilar products. Many
countries now have well-defined regulatory standards to
ensure that biosimilars are as safe and efficacious as their

Haematologica | 108 May 2023
1240



REVIEW ARTICLE - Biosimilars for rare diseases

RP counterparts. Because some clinical practice guide-
lines have not recommended biosimilars, there continues
to be skepticism among HCP about their role in clinical
practice.® Given this, there is a need to explain how to
switch patients from an RP to a biosimilar. Biosimilar
adoption may be more widely implemented when the data
supporting their approval and real-world evidence is avail-
able for scrutiny. HCP seem particularly uncertain about
extrapolation to other indications.®” Promoting a greater
understanding of the fact that extrapolation is based on
the TOE rather than on clinical evidence from one study
may help more physicians to use them. A TOE demon-
strating that the biosimilar is comparable to the RP is the
best assurance that the two molecules have similar effi-
cacy, safety, and immunogenicity in all approved indica-
tions of the RP.

In conclusion, as healthcare costs continue to rise, the
availability of biosimilars presents an opportunity to ex-
pand the treatment armamentarium and deliver savings
to healthcare systems and consumers, just as generics
have done for many years. The TOE includes data from
analytical studies, non-clinical comparative PK testing,
and, in most cases, at least one clinical trial to confirm
the absence of any clinically meaningful differences be-
tween the biosimilar candidate and the RP. Increased
adoption of biosimilars will require robust educational in-
itiatives to help HCP better understand what biosimilars
are, how they are developed and approved, and how they
can be used in practice. Continuing to educate the HCP
community regarding biosimilars will foster informed deci-
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