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ABSTRACT As products of living cells, biologics are far more
complicated than small molecular-weight drugs not only with
respect to size and structural complexity but also their sensitivity
to manufacturing processes and post-translational changes.
Most of the information on the manufacturing process of
biotherapeutics is proprietary and hence not fully accessible to
the public. This information gap represents a key challenge for
biosimilar developers and plays a key role in explaining the
differences in regulatory pathways required to demonstrate
biosimilarity versus those required to ensure that a change in
manufacturing process did not have implications on safety and
efficacy. Manufacturing process changes are frequently needed
for a variety of reasons including response to regulatory require-
ments, up scaling production, change in facility, change in raw
materials, improving control of quality (consistency) or
optimising production efficiency. The scope of the change is
usually a key indicator of the scale of analysis required to eval-
uate the quality. In most cases, where the scope of the process
change is limited, only quality and analytical studies should be
sufficient while comparative clinical studies can be required in
case of major changes (e.g., cell line changes). Biosimilarity
exercises have been addressed differently by regulators on the
understanding that biosimilar developers start with
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fundamental differences being a new cell line and also a knowl-
edge gap of the innovator’s processes, including culture media,
purification processes, and potentially different formulations,
and are thus required to ensure that differences from innovators

do not result in differences in efficacy and safety.
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ABBREVIATIONS

ADCC

Antibody-dependent cell-mediated
cytotoxicity (ADCC)

CDC Complement-dependent cytotoxicity

CHMP Committee for medicinal products for
human use

EMA European medicines agency

FTIR Fourier transform infrared spectroscopy

ICH Q5E  The international conference on
harmonisation Q5E

PTM Post-translational modifications

INTRODUCTION

The development of biologic medicines has transformed the
treatment of many serious diseases over the past decade [1].
However, the patents of a growing number of biologics have
already expired or are due to expire [2—4] leading to an in-
creased interest in the development of biosimilars (sometimes

referred to as ‘follow-on biologics’) [3—5]. Figure 1 shows the

period of market exclusivity for the top ten selling biologics,
with the 2012-2019 patent cliff highlighted in the grey box.
In contrast to generic small-molecule drugs, biosimilars are
similar, but not identical, to their reference medicinal product.
[1, 6, 7]. Biologics are diverse medicines derived from living
systems (e.g., bacteria, yeast, mammalian cells), and
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Fig. | Period of market exclusivity
for the top ten selling biologics
(Adapted from Calo-Fernandez and
Martinez-Hurtado 2012 [5])
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modifications of the primary, secondary, tertiary or quaterna-
ry structure of an approved biologic may influence the quality,
safety and efficacy [1]. Reproducing the complex structure of
biologics remains a significant challenge to manufacturers of
follow-on biologics [5].

In addition, biologics are subject to post-translational mod-
ifications (PTMs). Among the numerous types of PTMs of
proteins, common ones are glycosylation (which includes
galactosylation, fucosylation, high mannose derivatives and
sialylation), oxidation, phosphorylation, sulphation, lipidation,
disulphide bond formation and deamidation [8—10]. While
most of these changes occur during cellular protein synthesis
and secretion (i.e., at the level of the upstream process) some
occur in the downstream process (e.g., purification, formula-
tion and storage). Changes to proteins as a result of PTMs can
affect protein activity [8—10], therefore there is a need to char-
acterise and understand them when manufacturing biological
products [8]. Furthermore, PTMs may have an impact on the
immunogenicity of biologics [8, 11, 12].

Accordingly, the standard ‘generic’ approach is insufficient
for the development, regulatory evaluation and licensing of
biosimilars 8, 13, 14].

On another level it is known that developers of
biotherapeutics need to implement some changes to their
manufacturing processes that could vary in scope from minor
changes in raw materials or manufacturing equipment and rare-
ly a more significant change such as a formulation change or cell
line. Such changes can be pursued in response to control of
material supplies, regulatory requirements, move to a different
facility, upscale of production, to improve quality or to optimise
efficiency of production. They are well guided by interactions
with regulatory authorities as well as by the vast in-house knowl-
edge available to the innovator on the product history and
process.
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Lack of understanding of the difference between evaluation
of a manufacturing change on the one hand and evaluation of
a newly developed biosimilar on the other, often leads to con-
fusion and to some misinterpreted assumptions that, by
implementing a change to the manufacturing process, an in-
novator is creating a biosimilar of its own.

The main objective of this manuscript is to provide a better
understanding of both pathways (i.e., manufacturing change
versus biosimilarity) and the consequent differences in regulatory
requirements. The healthcare community needs to understand
the difference between ‘comparability’ and ‘biosimilarity’, as
there is a trend to blur the distinction between the two terms.

WHAT IS A BIOSIMILAR?

In the EU, a ‘biosimilar’ is defined by the European Medicines
Agency (EMA) as ‘A biological medicinal product that contains a
version of the active substance of an already authorised original biological
medicinal product (reference medicinal product). A buosimalar demonstrates
stmilarity to the reference medicinal product in terms of quality
characteristics, biological activity, safety and efficacy based on a compre-
hensive comparability’ [15].

The EMA also reinforces the point that the foundation of
biosimilar development is wide-ranging structural and func-
tional characterisation and comparison of the biosimilar and
its reference product, with high similarity to the reference
product in terms of physicochemical and functional charac-
teristics, and clinical performance being paramount. They
also state that although the amino acid sequence (primary
structure) should be the same for the biosimilar and its refer-
ence product, small differences in the micro-heterogeneity
pattern of the molecule might be permitted if suitably justified
with regard to its potential effect on safety and efficacy [16].
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Regulators and biosimilar developers have a good under-
standing of the challenges associated with the development of
biosimilars without full access to the innovator’s information on
the cell line, cultures, fermentation temperature, pH, growth
media, filtration, purification etc. This knowledge gap, together
with the understanding of the structural complexity and process
sensitivity of biologics, explains the prudent approach and the
width of regulatory requirements needed to demonstrate
biosimilarity. Some biosimilar sponsors have struggled to de-
sign products with adequate structural similarity, and others
have been challenged to confirm safety and efficacy in the
required clinical studies. The EU biosimilarity pathway has
therefore proven to be efficient in filtering out some potential,
but inadequate, biosimilar development programs.

Next generation biosimilar marketing applications will in-
clude more complicated monoclonal antibodies and fusion
proteins which are more structurally complex with inherent
activity such as effector functions (antibody-dependent cell-
mediated cytotoxicity [ADCC], complement-dependent cyto-
toxicity [CDC]) and may have higher likelihood for heteroge-
neity. Accordingly these applications are likely to be evaluated
based on the totality of evidence and would mostly require
analytical, non-clinical and clinical studies to demonstrate
biosimilarity.

Biosimilar Applications in Europe

Omnitrope (somatropin) was the first product approved in the
EU as a biosimilar in 2006. As of September 2014 the EMA
has recommended the authorisation of more than 23
biosimilars within the product classes of human growth hor-
mone, granulocyte colony-stimulating factor, erythropoietin,
follitropin, TNF-inhibitor and insulin for use in the EU
(Table I). Two biosimilar approvals were subsequently with-
drawn by the manufacturers; one for Filgrastim ratiopharm
(filgrastim) in April 2011 and one for Valtropin (somatropin)
in May 2012 [17].

DEMONSTRATING BIOSIMILARITY

Evaluation of the molecular weight and size differences between
biosimilars and reference medicinal product may be achieved
with the use of size-exclusion chromatography and liquid chro-
matography electrospray ionisation mass spectrometry. Differ-
ences in secondary, tertiary and quaternary structures may be
determined with highly-advanced analytical methods such as
Fourter transformed infrared spectroscopy (FTIR), circular di-
chroism differential scanning calorimetry, isothermal calorime-
try, nuclear magnetic resonance, hydrogen-deuterium ex-
change, mass spectroscopy and x-ray diffraction methods. Dis-
crepancy in glycosylation patterns, aggregation and purity may
be assessed by utilising high-resolution HILIC UPLC, capillary

and gel electrophoresis, reversed-phase HPLC, mass spectrom-
etry and size-exclusion chromatography [5, 8, 18, 19]. Unfortu-
nately, there remain gaps in the sensitivities of these methods for
certain structural variants, including denatured forms and
higher order aggregates (i.e., particulates), such that clinically
relevant differences in impurities may go undetected. Further-
more, there will be differences identified in the molecules (par-
ticularly PTMs and also an inability to predict which ones mat-
ter, or how much they matter. Hence, even with these high-
technology capabilities there will still be questions about the
differences identified in addition to still knowing there can be
differences not detected. Therefore, these methods are not able
to predict all biological activity in patients and even advanced
in vivo models are unable to adequately predict human immu-
nogenicity, as many immune responses are species-specific |5,
20]. Hence the need for functional assays, clinical trials and
effective post-marketing pharmacovigilance for biosimilars — on-
ly these data will guarantee the same safety and efficacy as the
originator product [5, 21].

When evaluating the efficacy of a complex biosimilar, such
as a monoclonal antibody, primary clinical endpoints that fo-
cus on detecting potential differences in eflicacy, rather than
demonstrating efficacy per se, is more appropriate [22]. For
example, objective response rate or change in tumour mass
may be more suitable than overall survival (the gold standard
for establishing patient benefit) when evaluating anticancer
monoclonal antibodies [22—24]. With regard to safety, the risk
of detecting new serious adverse effects after licensing is con-
sidered much lower for a biosimilar product than for a biologic
containing a new or modified active substance, but immuno-
genicity remains an ongoing concern because this can be al-
tered, even by apparently minor changes — this is why human
immunogenicity data should always be required for the licens-
ing of biological medicines, including biosimilars [22].

Changing Manufacturing Process

Manufacturers commonly implement changes in manufactur-
ing processes over the life cycle of an approved biological prod-
uct for a multiplicity of reasons that may include responding to
regulatory commitments, tightening limits of specifications, up-
scaling yield, changing raw materials or manufacturing equip-
ment, reducing impurities and optimising production efficien-
cy. Furthermore, the scope of changes may also vary from raw
materials or equipment changes, to the rare but more extreme
change in cell line or formulation.

However, while implementing these changes the innovator
usually operates from a strong position of knowledge of the
product development history, cell lines and different processes
that are owned by the developer and are not accessible to the
public or biosimilar manufacturers.

With that said it is also important to mention that biologics
manufacturing process changes are well controlled by
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Tablel EMA-approved biosimilars [ 17]

Product name Active Therapeutic area
substance

Authorisation date

Manufacturer/company
name

Abasria insulin glargine  Diabetes

Abseamed epoetin alfa Anaemia

Cancer

Chronic kidney failure
Accofil filgrastim Neutropenia

Bemfola follitropin alfa  Anovulation (IVF)
Binocrit epoetin alfa Anaemia Chronic kidney failure

Biograstim filgrastim Cancer
Haematopoietic stem cell transplantation
Neutropenia
Epoetin affa Hexal epoetin alfa Anaemia
Cancer
Chronic kidney failure
Filgrastim Hexal filgrastim Cancer
Haematopoietic stem cell transplantation
Neutropenia
Filgrastim ratiopharm filgrastim Cancer
Haematopoietic stem cell transplantation Neutropenia
Grastofil filgrastim Neutropenia

Inflectra infliximab Ankylosing spondylitis
Crohn's disease
Psoriatic arthritis
Psoriasis
Rheumatoid arthritis
Ulcerative colitis
Nivestim filgrastim Cancer
Haematopoietic stem cell transplantation
Neutropenia
Omnitrope somatropin Pituitary dwarfism
Prader-Willi syndrome
Turner syndrome
Ovaleap follitropin alfa Anovulation (IVF)

Ratiograstim filgrastim Cancer Haematopoietic stem cell transplantation
Neutropenia
Remsima infliximab Ankylosing spondylitis
Crohn'’s disease
Psoriatic arthritis
Psoriasis
Rheumatoid arthritis
Ulcerative colitis
Retacrit epoetin zeta Anaemia
Autologous blood transfusion
Cancer
Chronic kidney failure
Silapo epoetin zeta Anaemia
Autologous blood transfusion
Cancer
Chronic kidney failure
Tevagrastim filgrastim Cancer
Haematopoietic stem cell transplantation
Neutropenia
Valtropin somatropin Pituitary dwarfism
Turner syndrome
Zarzio filgrastim Cancer
Haematopoietic stem cell transplantation
Neutropenia

9 Sep 2014
28 Aug 2007

18 Sep 2014
27 Mar 2014
28 Aug 2007
|5 Sep 2008

28 Aug 2007

6 Feb 2009

I'5 Sep 2008
Withdrawn on 20 Apr 201 |
18 Oct 2013

10 Sep 2013

8 Jun 2010

12 Apr 2006

27 Sep 2013
I'5 Sep 2008

10 Sep 2013

|8 Dec 2007

|8 Dec 2007

I'5 Sep 2008

24 Apr 2006

Withdrawn on |0 May 2012
6 Feb 2009

Ingelheim

Medice Arzneimittel
Pltter

Accord Healthcare
Finox Biotech
Sandoz

CT Arzneimittel

Hexal

Hexal

Ratiopharm

Apotex
Hospira

Hospira

Sandoz

Teva Pharma
Ratiopharm

Celltrion

Hospira

STADAR & D

Teva Generics

Biopartners

Sandoz
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manufacturers and regulators, and guided by The Interna-
tional Conference on Harmonisation Q5E (ICH Q5E) [25].

Accordingly, regulators worldwide acknowledge that ‘com-
parability’ can lead to the conclusion that products have high-
ly similar attributes before and after manufacturing process
changes and that no adverse impact on safety or efficacy (in-
cluding immunogenicity) of the drug product occurred. In
other words, if evaluation of all analytical data before and
after a change of a manufacturing step leads to the conclusion
that quality attributes are virtually unchanged, no additional
clinical studies will be required. In this context it is important
to note that no absolute criteria (e.g., how much difference, if
any, 1s allowed for a particular parameter) exist for such a
conclusion but that this has to be considered on a case-by-
case basis.

Hence, demonstrating comparability means assessing the
potential impact of a specific change to the performance of the
process and the quality of the product, and then conducting a
risk-based comparison of product quality before and after the
change. This exercise includes defining the structural param-
eters that should be assessed, and understanding how any
changes in these parameters might impact safety and efficacy.
The foundation of a comparability exercise includes physico-
chemical characterisations, biological assays, and stability
degradation profiles of the biologic product; the need
for additional animal and clinical studies (e.g., pharma-
cokinetic, efficacy, immunogenicity) depends on the abil-
ity to establish highly similar analytical profiles [25, 26]
and the type or extent of manufacturing changes being
implemented.

The importance of clinical investigations in determin-
ing the potential effects of manufacturing changes in
cases where the risks cannot be fully evaluated, based
solely on analytical studies, are highlighted by the un-
expected clinical findings following a major manufactur-
ing change seen with several biologics (see Table II)

[27-31].

ARE COMPARABILITY AND BIOSIMILARITY
THE SAME?

Although ‘comparability’ (evaluation of an original biologic
after a manufacturing change) and ‘biosimilarity’ (evaluation
of a biosimilar made by a different manufacturer compared to
its reference product) have related scientific and regulatory
concepts [4, 22], there are important distinctions to be made.

Differences Between Biosimilarity and Comparability

Demonstrating that a new product is biosimilar to its reference
product is much more complex than assessing the compara-
bility of an originator before and after manufacturing changes
made by the same manufacturer [32]. The major differences
between the two pathways are represented in Table III.

Biosimilars all start with a new cell line since the manufac-
turers do not have access to the innovator’s cell line. Different
cell lines have inherent differences affecting the glycosylation
patterns [5, 21], and differing levels of product oxidation and
aggregation changing a product’s three-dimensional structure
[5, 33]. Such structural alterations may have consequences for
patient outcomes, with undesired immunogenicity being of
particular concern [5, 22, 34]. For example, differences in
glycosylation, particularly the presence or absence of core fu-
cose in the Fc domain of therapeutic antibodies, have been
shown to affect the effector functions of ADCC and CDC
[35-37]. In addition, aggregation has been recently implicat-
ed in the immunogenicity of epoetins [22, 31] and currently
there is significant interest in how the biopharmaceutical in-
dustry monitors and evaluates aggregation in terms of detec-
tion, quantification and characterisation [8, 38, 39].

Figure 2 summarises what data are required for compara-
bility exercises for manufacturing changes by the same man-
ufacturer versus a biosimilar manufacturing process, and the
2012 FDA draft guidance entitled ‘Scientific Considerations
in Demonstrating Biosimilarity to a Reference Product’

Table Il Residual uncertainties resutting in unexpected clinical outcomes

Product Triggering event Clinical outcome Impact

Avonex [27] Development of a new cell bank  Non-equivalent PK * Process changes not pursued
Raptiva [28] Transfer of one manufacturing PK variations discovered during * Additional dlinical studies required

organisation to another Phase Il

Myozyme/Lumizyme [29] Scale-up of production capacity

within the same organisation PK profile

Omnitrope [30] New manufacturing facility added

Glycosylation differences altered

High rate of anti-GH antibodies due

* FDA approval delayed by 2 years

¢ New dlinical trials required
* New BLA Application as stand-alone product

* New facility’s product not commercialised

to host cell proteins from new site (60%)

HX575 (Binocrit) [31]

Additional SC administration route  Tungsten contamination from needle
manufacturing process
Neutralising drug antibodies with
PRCA cases

* Clinical trial discontinued
* New needle manufacturing process
implemented

BLA biologics licence application, GH growth hormone, PK pharmacokinetics, PRCA pure red cell aplasia, SC subcutaneous
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Table Il The major differences between biosimilar versus change of manufacturing process
Biosimilar Manufacturing change

Newly developed cell line

Entirely new process - with no access to originator’s process history

Comprehensive structural and functional comparison with selected
sample of reference drug products.
No access to originator’s historical testing data

Reference drug substance lots not available

Typically, same cell line*

Typically, incremental change to an existing process — amenable to
stepwise comparisons®

Comprehensive structural and functional comparison at all relevant
steps (intermediate, drug substance and final product) and
reference to complete historical testing records

Reference material available at each step

#Higher risk manufacturing changes may include a new cell line or significant re-engineering of several process steps, and may therefore require additional

comparability data

clearly states that ‘even though some of the principles described in ICH
O5E may also apply in the demonstration of biosumilarity, in general,
more data and information will be needed to establish buwsimilarity than
would be needed to establish that a manufacturer's post-manufacturing
change product is comparable lo the pre-manufacturing change product
[32]. As can be scen, high-risk manufacturing changes require
clinical trials, and biosimilar development typically goes beyond
the highest risk of manufacturing change in terms of the com-
prehensive nature of the change and the limited access to his-
torical data for the reference product. Biosimilar manufacturers
must demonstrate analytical and preclinical biosimilarity to the
reference medicinal product and are also required to conduct
clinical studies for approval in the EU [16].

Thus, declaring a reference biologic ‘comparable’ with its
original state following a manufacturing change will be differ-
ent from declaring a similar biological medicinal product
‘biosimilar’ to its reference product. Although the applicability
of the comparability exercise described in ICH Q5E is explic-
itly limited to the same manufacturer process changes, the EU
guidelines use the terms ‘similarity’ and ‘comparability’ inter-
changeably within the same regulatory documents, as they
acknowledge that the two terms refer to the same scientific
principle [8]. However, this is likely to create confusion in
the clinical community and it is important for healthcare

Fig. 2 Data requirements for
comparability versus biosimilarity.

Product
history

Prior findings of safety and efficacy
Licensed innovator product and process

v
v
9
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Process
evaluation

Knowledge gap

professionals to understand that originator molecules that un-
dergo changes over time are not ‘biosimilars of themselves’.
From the intrinsic difference between the two approaches it
is clear that upon introduction of a biosimilar in clinical prac-
tice healthcare professionals should realise that interchange-
ability, substitution or switching between biosimilar and refer-
ence product (or vice versa), needs to be considered as new,
currently unexplored, situations. Consequently, in the absence
of sufficient clinical evidence the appropriateness of such ‘ac-
tions’ should first be studied by adequately powered clinical
studies (cf. FDA statements on the fact that biosimilarity does
not imply interchangeability [32]). In addition, upon intro-
duction of new biosimilars one should realise that adequate
pharmacovigilance is of the utmost importance and the risk
management plan should not (fully) rely on the longstanding
experience of the reference medicinal product, nor on the
possible longstanding experience gained with an earlier intro-
duced biosimilar of the same reference medicinal product.

CONCLUSIONS

Although ‘comparability’ (evaluation of an original biologic
after a manufacturing change) and ‘biosimilarity’ (evaluation

Clinical
studies

Analytical Non-
studies clinical
studies

Modified process
Abbreviated comparability
(Same manufacturer)

New process
Comprehensive comparability
(Same manufacturer)

AN
AN

Biosimilar
process

v
v
?

AN
AN




Biosimilarity Versus Manufacturing Change

267

of a new biosimilar against its reference product) are related
scientific and regulatory concepts, there are important distinc-
tions to be made, which should be understood by the
healthcare community. Because a biosimilar can never exactly
replicate the innovator manufacturer’s development process,
and because of the need to develop a new cell line (and the
associated processes involved in that) a ‘knowledge gap’ in
manufacturing data will always exist and should be acknowl-
edged to avoid oversimplification of the stepwise biosimilar
development pathway.
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