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Abstract The manufacture of biologics is a complex process
involving numerous steps. Over time, differences may arise as
a result of planned changes to the manufacturing processes of
a biologic from the same manufacturer. Comparability is the
regulatory process that outlines the scope of an assessment
required of an already licensed biologic after a manufacturing
process change made by the same manufacturer. The aim of a
comparability assessment is to demonstrate that any pre-
manufacturing and post-manufacturing changes have no ad-
verse impact on quality, safety, and efficacy of the biologic. A
comparability assessment is distinct from a biosimilarity as-
sessment, which involves extensive assessment of a biologic
that is highly similar to the originator (reference product) in
terms of quality, safety, and efficacy. The US Food and Drug
Administration, European Medicines Agency, and World
Health Organization have applied the fundamental
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comparability concepts into their respective biosimilarity
guidance documents. In this review, we examine the rationale
behind the distinct, highly regulated approval processes
governing changes that may occur over time to an originator
biologic due to planned manufacturing changes (as described
by a comparability exercise) and those that outline the approv-
al of a proposed biosimilar drug, based on its relationship with
the reference product (biosimilarity evaluations).

Keywords Biosimilar - Biosimilarity - Biotherapeutics -
Comparability

Introduction

Biologics are medicinal products whose active ingredients are
created by biological processes rather than chemical synthesis.
Biologics can include whole blood extracts or gene therapy
products but primarily include protein molecules made by
genetically engineering living bacterial, animal, or plant cells
[1]. In contrast to chemically synthesized small-molecule
drugs, biologics are typically 100-fold to 1000-fold larger in
size, with a higher level of structural heterogeneity. Biologics
are manufactured in complex, technically challenging pro-
cesses involving multiple steps [1, 2].

Compared with biologics, small-molecule drugs are easier
to replicate, thereby facilitating the manufacture of a homoge-
neous batch of an exact copy of the originator product. Copies
of small-molecule drugs (known as “generic drugs”) can be
manufactured by using non-proprietary manufacturing knowl-
edge and standard chemical synthesis. Generic copies are
equivalent to small-molecule drugs in terms of identity, qual-
ity, efficacy, and safety. The regulatory approval requirements
for small-molecule generics are well established, and in the
USA, this follows an Abbreviated New Drug Application,
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outlined in the US Drug Price Competition and Patent Term
Restoration Act of 1984 [3]. This legislation is reflected in the
US Food and Drugs Administration (FDA) guidance and
states that large clinical studies designed to assure efficacy
are not required to gain regulatory approval of generic copies
of small-molecule drugs [4]. Rather, the regulatory founda-
tions of creating a generic small-molecule drug are based on
the consistent and robust production of an identical active
ingredient, with the same dosage, efficacy, safety, and
intended therapeutic indication as the originator. Indeed, ge-
neric copies of small-molecule drugs must only demonstrate
bioequivalence to the originator [5, 6].

This same approach for small-molecule generic drugs can-
not be applied directly to biologics because it is not possible to
create an exact copy of a reference drug. Challenges in
manufacturing a biologic primarily arise due to their size
and complexity, as well as considerations that may include
differences in expression systems and host cell lines [1].
Control of biological expression systems is complex, and mi-
nor variations of bioreactor control parameters can influence
the product profile. Moreover, the product quality profile of
biologics can be influenced by operational factors such as pH,
temperature, and shear forces experienced during cell culture
and downstream purification operations, formulation, and
storage [7]. Consequently, a degree of micro-heterogeneity
within and between batches of the same biologic product is
routinely observed, which is typically not noted for small-
molecule drugs.

Over the past decades, the ability to produce protein bio-
logics, ranging from smaller proteins, such as hormones and
growth factors, to highly complex monoclonal antibodies and
fusion proteins by using recombinant DNA technology, has
revolutionized the management of several diseases, including
rheumatoid arthritis and several types of cancer [8, 9]. The
approaching loss of patent exclusivity for a number of origi-
nator biologics has driven efforts by manufacturers to pursue
the development and approval of biologics that are highly
similar to the originator.

A biosimilar is a “biological medicinal product that con-
tains a version of the active substance of an already authorized
originator biologic” [10]. A biosimilar developer must dem-
onstrate similarity to the originator product in terms of quality
characteristics, biologic activity, safety, and efficacy based on
a comprehensive similarity exercise [10, 11]. In contrast to the
extensive industry experience in the development and approv-
al of generic copies of small-molecule drugs, the development
of biosimilars and the regulatory approval process is an
emerging field [10]. A demonstrated lack of clinically mean-
ingful differences between originator biologics and
biosimilars forms the basis of the regulatory approval of
biosimilars [10, 11].

A biopharmaceutical manufacturing process must comply
with current Good Manufacturing Processes, with well-defined
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control strategies to guarantee the consistent production of high-
quality products, be it the originator product or biosimilar, which
ensure public safety and confidence that patient health care is
not compromised. Patient safety remains the highest consider-
ation in assessing all biologics, and potential concerns such as
drug immunogenicity and host reaction-related safety are the
primary challenges associated with the use of biologics in clin-
ical practice [12]. As such, regulatory bodies and clinicians re-
quire a high level of assurance that the risk of immunogenicity
of all biologics, including biosimilars, has been thoroughly eval-
uated during drug development and approval and through post-
licensure approval pharmacovigilance [12].

This review examines the rationale behind the distinct, highly
regulated approval processes governing changes that may occur
over time with an originator biologic due to planned
manufacturing changes (as covered by a comparability exercise)
and those that underlie the approval of a proposed biosimilar
drug, based on its relationship with the reference product
(biosimilarity evaluations). This article also aims to provide a
greater understanding of the term “biosimilar” which is clearly
defined by regulatory authorities, and it is important that clini-
cians recognize that originator biologics which undergo planned
manufacturing changes are not biosimilars.

Considerations in the manufacture of biologics

The biochemical, tertiary structures, activity, and stability charac-
teristics of recombinant protein biologics are primarily influenced
by their primary amino acid sequence, protein folding pattern, and
post-translational modifications, such as glycosylation. In turn,
the amino acid sequence gives rise to the corresponding second-
ary and higher order structures (i.e., tertiary or quaternary struc-
tures), the conformation of which may be influenced by other
post-translational modifications [ 13, 14]. Ultimately, the structure
and, consequently, the biological activity of the biologic can there-
fore be potentially influenced by events that occur not only
throughout biosynthesis and purification but also during formu-
lation and storage of the protein. Characterization of a biologic is a
complex exercise and must be performed by using a broad range
of orthogonal “state-of-the-art” physical, biochemical, and bio-
logical analytical methodologies [15].

Numerous processing factors can have an impact on the
structure and intrinsic stability of biologic molecules.
Manufacturers extensively characterize their processes and de-
velop strategies to control process variability within an accept-
able range of product characteristics during routine production
[7]. Typical sources of variability can arise from bioreactor per-
formance or purification operations or during the formulation of
the drug product (Fig. 1). Several factors can influence the pro-
cess performance and, in turn, the characteristics of the protein
quality attributes. These factors include the source and grade of
raw materials used, the culture media composition, the
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Fig. 1 Manufacturing of

biologics. Adapted with

permission [Mellstedt H. The

challenge of biosimilars. Ann

Oncol. 2008;19(3):411-9 by Source
permission of the official journal DNA
of the European Society for

Medical Oncology/ESMO] [7]
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bioreactor operating conditions (e.g., culture duration, tempera-
ture, pH, and extent of agitation), the downstream purification
processing steps, and the final formulation [15]. The selection of
an appropriate host expression cell line (e.g., Chinese hamster
ovary cell lines vs Sp2/0) is an important consideration in the
development of a biologic, and the cultivation conditions in the
bioreactor greatly dictate the glycosylation profile of these com-
plex biologics. Glycosylation profiles, which contain apprecia-
ble levels of certain alpha-gal structures, can confer the potential
for undesired immunogenicity [16].

Defining control strategies for critical product quality char-
acteristics of biologics, such as glycosylation, overall molec-
ular charge heterogeneity, and degree of aggregation, requires
substantial efforts by the manufacturer during the process
characterization phase of product development. It is the capa-
bility to consistently and reproducibly control product quality
characteristics within defined ranges that ensures the efficacy
of the product and safety of the patient [11, 17]. Recombinant
protein biologics, such as monoclonal antibodies and fusion
proteins, are typically glycosylated (e.g., N-glycosylated and/
or O-glycosylated), and control of the glycosylation profile of
the biologic is a critical element in the manufacturing process.
The glycosylation profile can potentially influence the biolog-
ical activity, pharmacokinetic (PK) profile, serum half-life,
induce effector functions, and, in some instances, the stability
of the drug product. Typically, during the early stages of pro-
cess development, significant effort will be applied to build
the process knowledge to the degree of manufacturing con-
trols required to ensure a consistent product quality profile that
is safe and efficacious [18, 19].

Different cell line,
growth media,
bioreactor conditions

Different Different binding and Difference methods,
operating elution conditions reagents, reference
conditions standards

Appropriate manufacturing process control and analytical
testing strategies are then applied to assure the necessary de-
gree of process and product quality consistency through in-
process and end-product testing [20, 21]. The overall product
control strategy includes detailed evaluations of raw materials,
cell line testing, in-process sampling during manufacturing,
analytical release testing, and stability testing over the
intended storage conditions and time period. In addition, ex-
tensive characterization is typically conducted by using a va-
riety of state-of-the-art analytical methods, as appropriate
[22], to confirm that all aspects of the protein product quality
profile are within the established ranges.

The potential influences of intended manufacturing varia-
tions are examined, typically during the early phases of pro-
cess development. The manufacturer will develop an exten-
sive knowledge base of how operating conditions may influ-
ence process performance characteristics and the relative pro-
portions of the various structural isoforms [19]. As such, ro-
bust in-process and end-product analytical testing techniques
are required that can detect minor differences, to provide bio-
logic manufacturers and regulators with the necessary assur-
ance that a process, once validated, will deliver a consistent
product quality on a batch-to-batch basis [19].

Manufacturing implications for the approval
of biologics

Unlike small-molecule drugs, the development pathway
for a biologic is typically a lengthy and complex process.
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This is primarily due to the complexity of the molecules,
and the extensive nature of development activities to
support process and product characterization, optimal
formulation, and appropriate storage conditions for the
product [7]. The approval of a biologic must be support-
ed by a comprehensive analytical characterization pro-
gram, including the molecular integrity of the gene being
expressed and the phenotypic and genotypic characteris-
tics of the host cell after long-term cultivation [23]. In
addition, suitably validated manufacturing process equip-
ment and a stringent process control strategy that spec-
ifies the criteria to which the product or materials should
conform are key elements that help ensure the consisten-
cy of the product throughout the manufacturing process
[23]. All of these elements represent the manufacturing
control components that underlie a fully characterized
biologic and an appropriately validated manufacturing
process [22].

Demonstrating comparability after manufacturing
changes

The concept of a comparability assessment is outlined in the
International Conference on Harmonization (ICH) Q5E:
Comparability of Biotechnological/Biological Products
Subject to Changes in Their Manufacturing Process [24].
This guidance document forms the regulatory framework that
denotes the extent to which batches of the biologic from the
same manufacturer are comparable both pre-manufacturing
and post-manufacturing changes. The ICH QSE guideline also
outlines the requirements that will ensure that any detectable
differences arising as a result of manufacturing changes do not
adversely impact the safety and efficacy of the biologic
(Fig. 2). In order to identify any potential change in the prod-
uct quality attribute that may influence the quality, stability,
safety, or efficacy profile of the product, a comparability ex-
ercise typically involves the detailed characterization of a
number of representative lots of the biologic pre-
manufacturing and post-manufacturing process change [25].
There are numerous reasons why a manufacturer may in-
troduce a change to the manufacturing process, such as the
need to qualify a new raw material to align with compendial
requirements or to replace one that is no longer commercially
available, to improve operations to comply with evolving reg-
ulatory requirements, to improve the safety profile of the orig-
inal product, or to enhance the yield or robustness of the
manufacturing process [24]. The scope of these modifications
can range from relatively minor changes, such as process
equipment changes, to more significant variations, e.g., those
relating directly to in-process control strategies. The assess-
ment of risk as a function of the manufacturing changes which
potentially impact the safety and efficacy of a biologic will
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influence the amount and type of data required to evaluate
comparability of the product pre-change and post-change.
The biologic manufacturer will typically perform a compara-
bility characterization study where an assessment is made of
moderate or major risk of potential impact on the clinical
profile [25]. All changes should be considered on a case-by-
case basis; examples of substantive process changes include
alterations to the cell line, culture media formulation changes,
and modifications to the purification process, all of which are
considered to have the potential to impact the quality charac-
teristics of a biologic. Changes in processing or formulation
with new excipients or drug product—delivery systems also
have the potential to impact the characteristics and stability
of the biologic [24].

Comparability: current regulatory perspectives

According to the guidance provided in the ICH QS5E guide-
lines, it is not essential that the quality attributes of the pre-
change and post-change product are identical. As noted pre-
viously, the guidance requires that quality attributes must be
similar and the manufacturer must demonstrate that any dif-
ferences between pre-change and post-change product do not
adversely affect the safety or efficacy of the biologic [24].

Comparability is determined based on a combination of
detailed process characterization studies, comprehensive or-
thogonal and heightened characterization analytical tests, with
supporting stability evaluations of the corresponding drug
substance and/or drug product. In certain cases (e.g., potential
cases where significant manufacturing changes have been un-
dertaken and there are product quality differences that cannot
be addressed through in vitro tests), supportive non-clinical
and/or clinical studies may be required based on risk assess-
ment considerations (Fig. 2) [24]. For example, the scale-up of
production of Myozyme®/Lumizyme® (alglucosidase alfa;
Genzyme, Cambridge, MA, USA) conducted within the same
manufacturing organization revealed considerable differences
in glycosylation and PK properties between the pre-change
and post-change product, such that additional clinical studies
were needed and a new biologics license application was re-
quired for Myozyme/Lumizyme [26]. Additional clinical
studies were conducted to support comparability of
alglucosidase alfa, as the analytical comparability data pack-
age and PK data failed to establish product comparability fol-
lowing switching of production to a larger production vessel
to meet demand [27].

Establishing biosimilarity: fundamental principles

The technical considerations and regulatory approval pathway
that are used to show biosimilarity are distinct from those



Clin Rheumatol (2016) 35:2877-2886

2881

Fig. 2 Regulatory guideline 4 Comparability of a Product ) e )
requirements on comparability Subject to a Change in Reference B'iosimilarity _of Similar
T . Manufacturing Process Product Biotherapeutic Product
and biosimilarity exercises [22,
25] PD pharmacodynamlcs, PK Use of existing tests established for Full stand-alone quality data set
1 1 - plus comprehensive side-by-side
pharmacokmetlcs reference product and epstmg testing showing similarity to the
knowledge to show quality
8 reference product
attributes of the pre-change and Full stand-alone .
Quality post-change product are " Demonstrated lack of clinically
A P . quality data set N n N
sufficiently similar to predict meaningful differences. Evidence
change, and will have no adverse of high degree of similarity is the
impact upon safety or efficacy of basis for reduced non-clinical
the drug product and clinical requirements for
licensing
Side-by-side non-clinical and
Full stand-alone clinical safety data, including
2;’:};‘2:"8':2:‘”" immunogenicity assessment,
Safety Non-clinical or clinical studies with data, includir{g supporting claim of biosimilarity
post-change product only immunogenicity Data generated in a comparative
warranted where assurance of assessment fashion on both biosimilar and
comparability cannot be reference product
demonstrated through analytical
studies alone and where the
relationship between specific Targeted clinical program
quality attributes and safety and comprising of comparative PK
efficacy has not been established Full stand-alone and PD, and efficacy trials,
Efficacy data set from statistically powered to establish
pivotal efficacy non-inferiority or equivalence to
trials the reference product, which is
included in the trials
N J N J N J

required to show comparability of an originator biologic after
amanufacturing change (Fig. 2). Biosimilarity requires a dem-
onstration of the absence of clinically meaningful differences
from the reference product, which must be confirmed with
appropriate clinical studies, in accordance with European
Medicines Agency (EMA), FDA, and World Health
Organization (WHO) guidelines [10, 11, 23]. In addition, rig-
orous and extensive analytical assessments are the foundation
of the similarity assessment [10, 11, 23].

In the determination of similarity with the originator (or
reference product), various regulatory agencies have applied
the “totality of evidence” paradigm whereby a regulatory au-
thority will consider the entire data and information submitted
in the application of a proposed biosimilar. This includes
structural and functional characterization, non-clinical evalu-
ation, human PK and pharmacodynamic (PD) studies, clinical
immunogenicity assessments, and comparative clinical data to
establish similarity between the potential biosimilar and the
reference product, notwithstanding “minor differences in clin-
ically inactive components” and that “there are no clinically
meaningful differences in terms of the safety, purity, and po-
tency of the product” [11]. The development of biosimilars is
a rigorous and carefully controlled process, guided by the
principles of the ICH QSE guidance, Good Manufacturing
Practice, by using the appropriate in-process controls and
quality control strategies [23]. While the principles of ICH
QSE are helpful for biosimilar development, the regulatory
expectation is very different, because demonstrating similarity
requires a higher regulatory burden of proof than required
when the same manufacturer makes an intended change to
their own manufacturing process. This is because however
rigorous the development of biosimilars are, developers do
not have the depth of historical knowledge of the manufactur-
ing process of the reference product and must therefore

develop the relationship between their own process to the
associated product quality profile via “reverse engineering”
to achieve a product that is similar to the reference product.
The biosimilar manufacturer must also take into account the
variability of the reference product when establishing the
quality ranges within which the biosimilar must lie. This is
typically achieved by analyzing multiple lots of the reference
product from a variety of regions and over an extended time
period [10, 23].

As outlined above, manufacturers of originator biologics
have developed extensive proprietary knowledge about their
processes and product and the process development phase.
This knowledge includes the detailed process history of the
expression host cell line (e.g., master cell bank), the potential
influence of various culture conditions, purification, and for-
mulation processing factors of the associated product quality
and stability profiles. Such technical knowledge is considered
state-of-the-art practice in the biopharmaceutical industry;
however, the process and technical understanding of the orig-
inator process are proprietary and confidential to the manufac-
turer. In addition, the biosimilar manufacturer will often be
required to develop new PK and immunogenicity assays
which are required to be in line with the current state of the
art. In contrast to the requirements for a comparability exer-
cise, all of the information for the PK and immunogenicity
assays are available, as well as the specifications for the re-
agents. Although updates for the assays may be required to
meet the current state of the art, this is less often the case for
products that are in active development. Consequently, a
biosimilar manufacturer faces a “knowledge gap” and must
independently establish a new expression cell line and
manufacturing process capable of delivering a drug that is
highly similar to the reference product [10, 19]. To close this
knowledge gap, the development of a biosimilar typically
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requires an iterative process of reverse engineering of the
manufacturing process, focusing on critical product attributes
and biological activity, which ultimately results in a biosimilar
that is highly similar to the originator product via extensive
and comprehensive biochemical and functional characteriza-
tion evaluations [28].

The manufacturing steps are modified and adjusted until
the characterization evaluations undertaken ultimately deter-
mine that the resulting biosimilar protein is deemed highly
similar to those of the originator product. Subsequently, with
regulatory review of the extensive process and analytical char-
acterization data, the proposed biosimilar will undergo pre-
clinical and clinical validation under regulatory oversight [28].

In essence, manufacturers of biosimilars must have a com-
prehensive and highly capable technical and process knowl-
edge based on biopharmaceutical manufacturing capabilities,
regulatory scientific know-how, and a clinical understanding
of the originator product. This knowledge is harnessed in or-
der to undertake a successful biosimilar development pro-
gram, where the objective is to reverse engineer a product to
be highly similar to the originator but with no or very limited
proprietary knowledge of the originator product. This is in
contrast to a comparability exercise that will utilize existing
knowledge and experience with the product, as previously
discussed.

Biosimilarity: current regulatory perspectives

There is general agreement among the EMA, FDA, and WHO
regarding the overarching guiding principles in the develop-
ment of biosimilars [10, 11, 23]. The EMA defines a
biosimilar as “a biological medicinal product that contains a
version of the active substance of an already authorized orig-
inal biological medicinal product [reference medicinal prod-
uct] in the European regulatory jurisdictions” [10]. Likewise,
the FDA defines a biosimilar as a biologic product that is
“highly similar to an FDA-approved biologic [the reference
product] and has no clinically meaningful differences in terms
of safety and effectiveness” [11]. These principles are echoed
by the WHO guidelines in relation to the evaluation of “sim-
ilar biotherapeutic products” (Table 1) [23].

Regulatory authorities have developed specific guidelines
that set criteria for assessing biosimilarity. The EMA has led
the way in establishing an approval pathway for biosimilar
medicines. To date, the majority of biosimilars approved by
the EMA have been recombinant versions of naturally occur-
ring hormones and cytokines that have well-characterized
structures and pharmacologic profiles, such as erythropoietin,
growth hormones, and granulocyte colony-stimulating factors
[29]. However, with more complex biologics such as mono-
clonal antibodies and fusion proteins forming a substantial
focus for recent biosimilar development, current guidelines
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from the FDA [11], EMA [10], and WHO [23] are evolving
to reflect the complexity and multifunctional nature of these
molecules.

The WHO guidelines comprise globally accepted standards
for the regulatory approval of biosimilars, which emphasize
the stringent review and approval processes needed to ensure
that no clinically meaningful differences exist between the
proposed biosimilar and the reference product in terms of
safety, purity, and potency [23]. This includes a targeted clin-
ical program encompassing comparative PK, PD, efficacy,
and safety studies (including immunogenicity) appropriately
powered to establish equivalence to the originator product as a
comparator in the trials prior to regulatory approval [23].
These studies are followed by extensive post-approval
pharmacovigilance to monitor safety and adverse events
(Fig. 2) [22].

The WHO guidance was built on the principles origi-
nally outlined by the EMA [10]. Overall, the regulatory
framework is much more stringent than that required for
generic small-molecule products, and as such, the terms
biosimilar and generic should not be used interchangeably
[30]. Pharmacokinetic equivalence is necessary but not
sufficient to demonstrate biosimilarity, since certain mo-
lecular differences, albeit minimal, can modify affinity for
the target ligand without altering the PK profile [11].
Regulatory authorities draw a clear distinction between
the documentation and approval process required for the
registration of biosimilars and the path taken for assess-
ment of manufacturing changes (comparability).
Importantly, the totality of evidence, including structural,
functional, immunogenic, PK, PD, and clinical similari-
ties, is central in the appraisal of proposed biosimilars.
Indeed, the FDA embraced this concept and has provided
guidance on considering the totality of evidence and de-
tails the unique approach to both structural and functional
evaluation in the assessment of biosimilarity [11]. The
first biosimilar to be approved under the FDA 351(k)
pathway was Zarxio™ (a recombinant granulocyte
colony-stimulating factor; Sandoz Inc., Princeton, NJ,
USA) [31], and more recently, the first biosimilar mono-
clonal antibody was approved by the FDA (Inflectra™, a
biosimilar version of infliximab; Celltrion Inc., Incheon,
Republic of Korea) [32]. Multiple proposed biosimilars
are under review by the FDA, with the expectation that
submissions and approvals will significantly increase in
the coming years.

The role of regulatory standards: non-comparable
biotherapeutic products are not biosimilars

In some countries, biologics that claim biosimilarity are avail-
able to the public, but they have not undergone the degree of
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Table 1

Terminology and definitions

Term

Definition

Notes

Generic drug

Biosimilar (or similar
biotherapeutic product)®

Intended copy

* A chemically synthesized medicinal product that is equivalent to
another in terms of quality, efficacy, and safety

* Equivalence with the reference drug is based on demonstrating
comparable bioavailability, which is usually established in a
PK/PD study in healthy volunteers

* Only marketed following expiry of patent protection of the
reference drug

* Biologic medicine that is similar to a reference biologic
medicine that has already been authorized through a rigorous
regulatory and scientific process for use and has no clinically
meaningful differences in terms of safety and effectiveness

« Similarity with the reference product is based on demonstrating
extensive similarity assessment in terms of quality characteristics,
biological activity, safety, and efficacy

* Biologic medicine based on a reference authorized biological
medicine, but which has been approved by a regulatory
pathway that is not in alignment with WHO guidelines and
evidence is lacking to support biosimilarity with the reference product

Also referred to as follow-on biologicals,
subsequent-entry biologicals, copy
biologics, [33], and biogenericsb

Also referred to as non-regulated biologics,
non-comparable biotherapeutic products,
[22], and biomimics [34]

PK/PD pharmacokinetics/pharmacodynamics, WHO World Health Organization

# Second-generation biologicals or biobetters should not be confused with biosimilars; although they target the same validated epitope as a marketed
antibody, second-generation biologicals and biobetters have been engineered to have improved properties and, therefore, refer to drugs that have
undergone a full development program to support clinical advantages over the reference product [35, 36]. Thus, they are not biosimilars, but rather,
they are unique biotherapeutics

® Biogeneric is an inaccurate term, as it implies the copied version that is identical to the original by analogy with the principle of chemical generics

extensive and rigorous scientific and clinical evaluations such
as those stipulated by the FDA [11], EMA [10], and WHO
[23]. Consequently, these products, which may not have been
analyzed directly against a licensed reference product, with
possible unintentional structural or chemical changes, are
known as “non-comparable biotherapeutic products” (also
known as “intended copies” or “biomimics”) and should not
be regarded as biosimilars [24].

Table 2  Biosimilarity and comparability at a glance [11, 37]

The clinical profile of non-comparable biotherapeutic prod-
ucts is unclear, with little data available on their efficacy and
safety. The potential for clinically relevant differences in formu-
lation and dosage is also unclear, with the potential for compro-
mised patient care (Table 1). Since these products are not con-
sidered biosimilars, the terms non-comparable biotherapeutic
product and biosimilar must not be used interchangeably, as
outlined in the International Federation of Pharmaceutical

Key considerations Biosimilarity

Comparability

Process New cell line

New process

Reverse-engineering manufacture of a product

Unknown manufacturing process (proprietary)/history
Implementation of current manufacturing technology

and best practices
Analytical

No access to reference product testing methodology
Literature references and/or unknown analytical

methodology and controls

Biosimilar product profile ranges should be within reference
product range or justified based on relevance

Same cell line

Adapted existing process

Referencing existing product as the “starting point”
for any changes

Known manufacturing process and history

Manufacturing process updates/optimization and best
practices may be included in process change

Product profile ranges should be within pre-change
range but can be otherwise justified based on
extensive accumulated manufacturing and clinical
history

Testing methodology available

Known analytical methodology and controls historically
used with the product

Application of current state-of-the-art analytical methods
to both reference product and potential biosimilar

Clinical Clinical data always needed

Clinical data occasionally needed
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Manufacturers and Associations (IFPMA) policy statement on
non-comparable biotherapeutic products [22].

Comparability and biosimilarity: defining features
and practical distinctions

Fundamental defining features underpin concepts of comparabil-
ity and biosimilarity. A comparability assessment provides suffi-
cient evidence to assure that the efficacy and safety profiles of the
post-change product are within pre-change ranges. This can be
assessed based on extensive clinical and manufacturing history,
supported by analytical methods and controls used throughout the
development and post-approval history of the product. Using a
risk-based approach, the need for supportive pre-clinical or clin-
ical data is determined on a case-by-case basis.

This is in contrast to the development of a biosimilar, which
is based on reverse engineering, extensive rounds of process
development, and analytical characterization to produce a
product that is highly similar to the reference product, all
conducted with limited information on the originator’s
manufacturing processes. Consequently, this process may in-
volve using a new cell line, newly developed cell culture con-
ditions, purification process, and, in some instances, more
contemporary formulation to that used for the originator. As
such, the biosimilar manufacturer must have a detailed knowl-
edge of the product quality and stability characteristics of the
reference product and the proposed biosimilar in the evalua-
tion of the potential impact on the biological function, struc-
tural integrity, stability, efficacy, safety, and immunogenicity.

Owing to the proprietary knowledge of the manufacturing
process of the originator, which is not publicly revealed, the
development of a proposed biosimilar involves reverse engi-
neering through the implementation of current manufacturing
technologies and best practices in the production of the
biosimilar candidate. In the development of a biosimilar, a thor-
ough understanding of the originator product (including critical
quality attributes and mechanism of action) must be in place in
order to develop a manufacturing process for the proposed
biosimilar, utilizing state-of-the-art analytical methods (Table 2).

Conclusions

While there are common regulatory and scientific aspects, a clear
understanding of the distinctions between comparability and
biosimilarity is integral to the development of biologics.
Comparability refers to the regulatory process followed to evaluate
any potential differences arising as a result of planned changes
made over time to the manufacturing methods of a biologic from
the same manufacturer, demonstrating no adverse impact on safety
and efficacy of the product. Comparability differs from
biosimilarity assessments, which involve the careful and extensive
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demonstration of similar product quality, safety, and efficacy to the
reference productas developed by a different manufactureraccord-
ing to the totality of evidence generated from the combination of
detailed characterization studies and supportive clinical trial data.

Thehigher level of evidence (i.e., totality of evidence) required
to establish biosimilarity during regulatory review compared with
that typically needed to show comparability reflects the recogni-
tion by regulators of the importance of the depth of the proprietary
knowledge of the manufacturer of the reference product and their
capability to manage changes in their manufacturing process. In
the absence of such proprietary knowledge of manufacturing pro-
cesses for biosimilar developers, and given technical and scien-
tific advancement of biotechnology manufacturing over the past
25 years, the FDA, EMA, and WHO have successfully applied
the foundational comparability concepts into biosimilarity guid-
ance. These guidance documents provide a robust and scientifi-
cally sound overarching framework for the development, regula-
tory review, and approval of biosimilars.
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