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Abstract: More than 380 million people worldwide have diabetes, a disease that accounts for
almost US$550 billion in global health care spending. The majority of patients with diabetes
will require insulin replacement as part of their therapeutic regimen. In some countries, the
approaching patent expiry dates for the long-acting insulin analog insulin glargine mean there
is increasing interest in the potential of biosimilar insulins. However, the production and manu-
facturing of biosimilar insulins is a proprietary, complex, multistep process in which each stage
can potentially introduce variability, possibly leading to adverse clinical and safety outcomes.
Thus, marketing authorization in countries in which stringent regulatory requirements are in place
requires manufacturers to demonstrate similarity in pharmacokinetic/pharmacodynamic proper-
ties, clinical efficacy, and adverse event and immunogenicity profiles, as well as provide proof of
the quality of the production process between the biosimilar and the reference insulin product.
A risk management plan and pharmacovigilance program may also be needed for the approval
process. Regulatory guidelines for the introduction of biosimilar insulins differ between countries
but are most developed for the European Union. As of the date of submission of this manuscript
(April 30, 2014), no insulin or insulin analogs have received marketing authorization based on
the European Union standards established for biosimilars; however, European Medicines Agency
approval of a biosimilar glargine insulin is awaited for the end of 2014. In recent years several
copies of the long-acting insulin glargine have been brought onto the market in countries such as
India, the People’s Republic of China, Pakistan, Mexico, and Kenya without following a biosimilar
pathway. In this article, we review the key issues associated with the production and manufacturing
of biosimilar insulins, including a European regulatory perspective on manufacturing guidelines
designed to ensure clinical efficacy and patient safety.
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Introduction

In 2013, the International Diabetes Federation estimated that 382 million people
worldwide had diabetes and that this disease accounted for more than US$548 billion
in global health care expenditures.! Type 2 diabetes mellitus is by far the most common
form of diabetes, accounting for 90%—95% of diagnosed cases in adults.? Because type
2 diabetes mellitus is a progressive disease, the majority of patients eventually require
insulin replacement as part of their therapeutic regimen.>* Insulin replacement therapy
can be provided by five main types of insulin: short-acting regular insulin, intermediate-
acting neutral protamine Hagedorn insulin, rapid-acting insulin analogs (eg, insulin
lispro, insulin aspart, and insulin glulisine), long-acting basal insulin analogs (eg,
insulin glargine, insulin detemir, and insulin degludec), or premixed insulin. Insulin
analogs provide a more physiologic insulin profile and reduce the pharmacokinetic
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and pharmacodynamic (PK/PD) variability associated with
regular and neutral protamine Hagedorn insulins.* !

Human insulin is a complex molecule with precise primary,
secondary, and tertiary structures that are essential for biological
activity (Figure 1).!2 It is a nonglycosylated, disulfide-bonded
heterodimer of 51 amino acids in two chains (Figure 2A),
which, on top of the pancreatic baseline insulin production,
is rapidly released from islet cells in response to a meal. The
biologic—kinetic effects of endogenously secreted insulin are
not completely matched by recombinant human insulin when
applied subcutaneously. Therefore, alterations in the amino
acid sequence of natural insulin have been introduced, which
mainly allow for either an increased (long-acting insulin
analogs glargine, detemir, and degludec) or shortened (rapid-
acting insulin analogs lispro, aspart, and glulisine) duration of
action. Insulin glargine has two arginine residues added to the
C terminus of the B chain and a glycine replacing the asparagine
at A21 (Figure 2B),"* whereas insulin detemir has a myristic acid
molecule covalently bound to the lysine at B29 (Figure 2C)."* In
insulin lispro, the positions of B28 proline and B29 lysine are
swapped (Figure 2D), and insulin aspart contains an aspartic acid
at B28 instead of proline (Figure 2E)." In insulin glulisine, the
amino acid asparagine at position B3 is replaced by lysine, and
the lysine in position B29 is replaced by glutamic acid (Figure
2F). In insulin degludec, the threonine at position B30 is deleted
and a 16-carbon fatty diacid is added, attached to lysine at posi-
tion B29 via a glutamic acid spacer (Figure 2G).!¢

It is well recognized that long-acting insulin analogs are
associated with less nocturnal hypoglycemia, and possibly
slightly less weight gain, than neutral protamine Hagedorn

Figure | Insulin molecule (hexamer).

Notes: Copyright © 2014 Hilgenfeld R, Seipke G, Berchtold H, Owens DR. Reproduced
from Hilgenfeld R, Seipke G, Berchtold H, Owens DR. The evolution of insulin glargine
and its continuing contribution to diabetes care. Drugs. 2014 Jun;74(8):911-927."

insulin, but at a higher cost,* which contributes significantly
to global insulin sales, which reached $16.7 billion in 2011."7
Insulins manufactured using recombinant DNA technology are
proteins and are therefore “biological” drugs. Once the patent
on a drug expires, other manufacturers are at liberty to make
“copies” of that biological drug. Although copies of chemically
synthesized medicines can be assumed to be identical with
regard to structure and effects with the original authorized
medicine, “copies” of biologicals are never identical to the
original drug and, as such, can only reach a certain degree of
similarity. To point out these important differences to generic
copies, officially approved copies of already-authorized bio-
therapeutics are termed “biosimilars,” not “generics.” The term
“biosimilar” (also called a “follow-on” biological in the United
States and a “subsequent entry” biological in Canada) should
therefore only be used for those copies of biotherapeutics that
have been approved by authorities after they have undergone
a stringent approval process specifically designed for biosimi-
lars, as is the case in Europe.

Copies of the long-acting insulin glargine have been
brought onto the market in countries where, at the time of
approval, regulations for biological medicinal products were
less stringent, such as India, the People’s Republic of China,
Pakistan, Mexico, and Kenya (Table 1). In most of these
countries, these copy-insulins were registered with no strict
requirement to demonstrate similarity to the reference product,
Lantus® (Sanofi, Paris, France). As the patent expiry dates
of the long-acting insulin analogs are approaching in some
countries, there is increasing interest in the potential of basal
or long-acting biosimilar insulins. Biosimilar insulins have
the potential to reduce treatment costs, and therefore improve
access for patients, physicians, and health care systems.!”!®

Among long-acting insulin analogs not only insulin
glargine but also insulin detemir is a potential target for
biosimilar development. However, at this time, there are no
data available pointing toward the development of a biosimi-
lar insulin detemir or to the availability of other copies of
insulin detemir on any market. In contrast, publicly available
information indicates activities connected with the develop-
ment of copies or biosimilar versions of short-acting insulin
analogs, such as insulin lispro and insulin aspart.'*?

The requirement for regulatory approval of biosimi-
lars varies globally, with detailed regulations specific to
biosimilar insulins in the European Union (EU), Australia,
Canada, and Chile and general biosimilar regulations in
the United States and some emerging markets (eg, South
Korea and India, based on guidelines from the World Health
Organization?'); however, in the People’s Republic of China,
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Figure 2 Structures of human insulin (A) and the long-acting basal insulin analogs insulin glargine (B), insulin detemir (C), insulin lispro (D), insulin aspart (E), insulin

glulisine (F), and insulin degludec (G).

there are no specific regulations for biosimilar development
at the moment.?? In the EU, however, the European Medicines
Agency’s (EMA’s) Guidance on Similar Medicinal Products
Containing Recombinant Human Soluble Insulin® and Guide-
line on Non-clinical and Clinical Development of Similar
Biological Medicinal Products Containing Recombinant

Human Insulin and Insulin Analogues® explain the general
requirements for the demonstration of similarity between
two product-class specific biological products in terms of
safety and efficacy. Unlike the approval of generic medicines,
biosimilar approval is based on similarity to the reference
product (ie, biologically manufactured recombinant protein).
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Table I Insulin glargine copy manufacturers

Name of Product Marketed

manufacturer

Gan and Lee Insulin glargine  Basalin® in People’s
Republic of China (2005)
Bonglixan® in Mexico (2009)
Basalin® in Thailand (201 1)
Basalog® in India (2009)
Basalog® in Kenya (2012)
Vibrenta® in Bangladesh
(2012)

Glaritus® in India (2009)

Pharmaceuticals,
Beijing, People’s
Republic of China
Biocon, Bangalore,
Karnataka, India

Insulin glargine

Wockhardt Ltd,
Mumbai, India

Insulin glargine

Getz Pharma Pakistan,
Karachi, Pakistan

ACI Ltd, Dhaka,
Bangladesh

Insulin glargine  Basagin® in Pakistan (2012)

Insulin glargine  Glarine® in Bangladesh
(2012)

Insul Glargine® in
Bangladesh (2012)

Popular Pharma,
Paramus, NJ, USA

Insulin glargine

In the EU, regulators require proof of similarity with respect
to quality, clinical efficacy, and safety, including adverse
events and immunogenicity, which need to be tested in direct
comparison to the reference product.? In addition, a risk
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management plan as well as pharmacovigilance programs
need to be presented in the submission dossier.** As of April
2014, no biosimilar insulin products have received market-
ing authorization from the EMA. Marvel LifeSciences Ltd
(Mumbai, India) submitted two series of applications to the
EMA for various biosimilar insulins, but both were withdrawn
by the company (discussed in detail in the “Between-product
variability” section of this article).

As the EMA guideline forms the basis of many regula-
tory requirements used in many other countries,* this review
takes a European perspective of the regulations for biosimilar
manufacture and approval.

Key issues with biosimilar insulins:

manufactu ring process

The manufacture of therapeutic biomolecules is a complex,
proprietary, multistep process, and the specifics of the
manufacturing process are generally fully known only by
the manufacturer.?’” Each step in the manufacturing process
might influence the properties and quality attributes of the
biomolecule, and therefore may introduce potential sources of
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Figure 3 Sources of variation between manufacturers and batches of biosimilar products and reference originals.
Notes: Copyright © 2008 Oxford University Press. Adapted by permission of Oxford University Press. Mellstedt H, Niederwieser D, Ludwig H. The challenge of biosimilars.

Ann Oncol. 2008;19(3):411-419.

48 submit your manuscript

Dove

Biosimilars 2014:4


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Practical implications of biosimilar insulins

variability. Some of the main manufacturing steps associated
with potential sources of variability are shown in Figure 3.2
These include: selection of a suitable vector, influencing
the process yield or degradation characteristics of soluble
proteins;* choice of appropriate production platform (ie,
bacteria or yeast), which determines specific challenges and
advantages for the overall process®™! (the choice of host
also has implications related to handling of the recombinant
protein further down the production process);*? and protein
production, purification, and isolation methods, developed
according to the specific requirements of the desired process
and product. For example, purification can involve a number
of techniques, such as centrifugation, filtration, or chroma-
tography,® all of which can potentially lead to variations in
the quality and properties of the final product.

Specifically for insulin and insulin analogs, a number of
key steps are required in the development of the manufacturing
processes. Production hosts, usually a bacterium (Escherichia
coli) or yeast (Saccharomyces cerevisiae or Pichia pastoris),*
need to be selected. An overview of different host systems for
insulin manufacture is shown in Table 2. This is followed by
the development of appropriate downstream process param-
eters, such as isolation of the insulin precursor product and
purification. In E. coli-based systems, recombinant proteins
are produced in inclusion bodies, from which they need to be
released and folded, with the formation of appropriate disul-
fide bonds via oxidation. Proteins produced in yeasts, how-
ever, are secreted into the culture medium already folded.3"
Regardless of the expression system, the precursor protein

Table 2 Host systems for insulin manufacture

Organism Manufacturer Insulin (brand)

Escherichia coli Eli Lilly and Company, Human insulin

Indianapolis, IN, USA (Huminsulin®)

E. coli Sanofi, Paris, Human insulin
France (Insuman®)
E. coli Eli Lilly and Company Insulin lispro (Humalog
100®/Liprolog®)
E. coli Sanofi Insulin glargine
(Lantus®)
E. coli Berlin-Chemie, Berlin, Human insulin
Germany (Berlinsulin®)
E. coli Gan and Lee Insulin glargine copy

Pharmaceuticals, Beijing, (Basalin®)

People’s Republic of China
Pichia pastoris

Biocon, Bangalore, Insulin glargine copy

(Basalog®)

Karnataka, India

Saccharomyces Novo Nordisk, Bagsvaerd, Human insulin
cerevisiae Denmark (Insulin Actrapid®)
S. cerevisiae Novo Nordisk Insulin aspart

(NovoRapid®)

has to be cleaved to remove pre- and postpeptides, using,
for example, appropriate enzymes to produce a biologically
active insulin molecule. The recombinant protein then needs
further purification and concentration through crystallization
and chromatography methods.?® This is followed by crystal-
lization and/or lyophilization, as well as formulation into a
product with clinical utility.

Different processes have been developed and estab-
lished for the complex batch-based fermentation and
purification of commercially available insulins and insulin
analogs;?¢3%37 an illustration of an E. coli-based process
is shown in Figure 4.7 The process parameters applied
at each step will leave an imprint on the product profile,
resulting in a product whose quality attributes are contin-
gent on the process that was used for manufacture, and
with any variation in the methodology potentially affect-
ing the clinical features of the biosimilar product.’® As
discussed later, variability in biosimilar insulin products
can theoretically affect clinical efficacy and safety. The
method of production has given rise to the challenges in
producing a biosimilar,* and because identical reproduc-
tion of each step is unlikely between different manufactur-
ers, biosimilar insulins may not be 100% identical to the
reference originator protein.?’ This has been reinforced by
the Biosimilar Medicinal Products Working Party of the
EMA. % In registering a biosimilar product with the EMA
or the US Food and Drug Administration, any differences
from the marketed reference product have to be justified
and evaluated, particularly with regard to any effect on
product safety and efficacy.?404

Key issues with biosimilar

insulins: variability

The phenomenon of potential product variability needs to be
addressed from two different perspectives. First, it is neces-
sary to take into account potential differences between the
biosimilar insulin product and the original product, and sec-
ond, those potential differences between batches of biosimilar
insulin. Thus, it involves potential variability between a given
product and a biosimilar from a different manufacturer (ie,
between-product variability) and variability between different
batches of a single product from a single manufacturer (ie,
within-product or batch-to-batch consistency). The sources
of variability are complex,'®273 but as described earlier, they
are similar for both between-product and within-product
variability. The general principles discussed here apply for
insulins, despite the fact that they are comparatively small
biomolecules with a well-defined structure.

Biosimilars 2014:4
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Variability can be introduced at any stage in the
manufacturing process, leading to changes in the biosimilar
insulin molecule itself and/or in the folded final structures
required for biological activity.?>?344 In addition, the
manufacture can introduce product- and process-related
by-products derived from the expression vector and other
impurities®’ or lead to differential processing of the product
(eg, oxidization or glycosylation).!” For example, a biosimilar
insulin glargine manufactured in a yeast host, P pastoris, was
shown to have three sugar molecules attached to it resulting
from a different manufacturing process.* When E. coli is
used as the host, these by-products are not created.*’” Vari-
ability in materials and conditions used in the manufacturing
process (eg, cultivation conditions, cultivation-medium nutri-
ent composition, and equipment design) or for storage can
also introduce variability of quality attributes, and therefore
affect the quality of the biosimilar insulin end-product.?’-**

Although the root causes of variability lie within the
manufacturing process, they may not always be easily
identifiable. Applicants for a biosimilar product with
identified differences to the reference product would be
expected to evaluate the effect on safety and efficacy, using
appropriately designed clinical and preclinical studies.
Different production methods can potentially result in
variable biosimilar products, with potential effects on

clinical efficacy, safety, and, when trying to minimize
variability, product cost, all of which may affect patients,
physicians, and health care systems.!'® Rigorous, controlled
head-to-head clinical trials would be needed to confirm
comparability of clinical profiles between a biosimilar and
the originator product.

Between-product variability

As they are produced in multiple, complex manufacturing
steps, biosimilar insulins are unlikely to be identical to the
reference protein. It is the quality attributes of the originator
product that determine the benchmarks against which the
biosimilar is evaluated. These are used not only to establish
similarity but also to justify acceptance criteria and specifica-
tions for the biosimilar.*

In the only formal submissions of biosimilar insulins for
marketing approval in Europe with an officially released assess-
ment, the manufacturer Marvel LifeSciences Ltd (Mumbai,
India) withdrew the submissions for the intended biosimilar
products Insulin Human Rapid Marvel, Insulin Human Long
Marvel, and Insulin Human 30/70 Mix Marvel during the
assessment process in response to serious concerns from the
EMA. Several major deficiencies were identified that precluded
a recommendation of marketing authorization, including
incomplete information regarding the manufacturing processes

Human insulin/insulin analog gene, attached to a vector, inserted into host

1 Host cell generation . Recombinant cells are screened; a master cell bank is established
> Cultivati Cell lines are cultured and fermented to release the recombinant insulin fusion
ultivation protein from the cells
3 Isolation of cells
4 Cell disruption via homogenizer The fusion protein is isolated and purified
|
5 Isolation and purification
6 Folding
The protein is folded into preproinsulin and enzymatically cleaved to yield the
biologically active product
7 Enzymatic cleavage

Prepurification and concentration
via adsorption

g lon-exchange chromatography
Several chromatographic steps are taken to further purify the product
10 Reversed-phase chromatography
11 Crystallization and lyophilization

Blending/filling

Final steps include crystallization and lyophilization, formulation, and
stabilization

Figure 4 Manufacture of analog insulin using a bacterial host system.
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and quality validation aspects required to show biosimilarity
between the biosimilar and the reference product, as well as
deficiencies in nonclinical and clinical aspects. From the EMA’s
perspective, no comparability with the reference products had
been demonstrated regarding the effect of lowering blood sugar
levels. " A subsequent submission for biosimilar human
insulins (Solumarv, Isomarv medium, and Combimarv) by the
same manufacturer was also withdrawn after the EMA found
significant issues with the manufacture of the biosimilars, “a
failure to conduct the studies in compliance with Good Clinical
Practice,” and a lack of good manufacturing practice certifica-
tion of the production plants.”’** Other major concerns of the
EMA included clinical data deficiencies in the dossier and
unjustified reprocessing of material or change of suppliers.
In addition, information on the consistency of product quality
was lacking. Furthermore, issues with pharmacological study
reports were identified, and immunogenicity data were not
presented. As a consequence of the missing good manufactur-
ing practice certificates, a good clinical practice inspection
of the contract research organization involved in the clinical
trials for the biosimilar insulins was deemed necessary. The
manufacturer withdrew the applications in 2012. The EMA’s
withdrawal assessment reports illustrate the rigorous pathway
for the registration of biosimilars in Europe.”-*

Of note, the initial expense associated with ensuring strict
adherence to good manufacturing practice guidelines and the
quality control measures required to minimize differences in
a biosimilar insulin for a manufacturer may offset the cost
savings expected with biosimilar insulins.!7!8

In addition to the manufacture per se, between-product
variability can arise during storage in the postproduction
period. The products’ content of high-molecular-weight pro-
teins (HMWPs) represents an example of this effect. Different
levels of HMWPs have been found for insulin glargine
copies: Lantus® (the reference product; Sanofi), Glaritus®
(Wockhardt Ltd, Mumbai, India), and Basalin® (Gan and
Lee Pharmaceuticals, Beijing, People’s Republic of China).?
The latter products are copies of the reference Lantus® that
are marketed and registered in their respective countries of
manufacture according to local regulatory legislation, without
following a biosimilar approval approach. For each insulin
glargine copy product, the level of HMWPs increases with
sample age, as illustrated by batches with different ages
at the time of analysis. In contrast, the levels observed in
Lantus® batches are considerably lower than those detected
in Glaritus® and Basalin® for a given sample age (Figure 5A).
When simulating actual product use by an appropriate in-use
study for 28 days at +25°C, differences between Lantus®

and the insulin glargine copies were even more prominent
(Figure 5B; original data on file at Sanofi). The potential
clinical effect of these differences is unknown.

The devices used for administration can also introduce
potential variability, as compatibility of biosimilar products
and existing devices is not guaranteed per se, and therefore
has to be demonstrated.?® Insulins, for example, can be
delivered by syringe/needle systems, disposable pens, car-
tridges, or reusable pens. Guidelines on the requirements of
administration devices for liquid dosages are available.’>¢
Pen administration devices were introduced to assist patient
compliance through increased ease of use, and as patient
awareness of insulin pens increases, it is important to identify
those insulin pen characteristics that are most vital to opti-
mizing patient acceptance and adherence. Injection force is
a key parameter in the design of pen injection systems.’”
Various disposable and reusable pens have recently been
studied in this respect, and it has been reported that the
administration devices that deliver insulin copies showed
different performance characteristics compared with the
originator devices.>**? For example, Friedrichs et al most
recently reported that injection forces with copy insulin pens
available in India were significantly higher than those for
original insulin devices,*®® a physical difference that could
lead to a potentially different patient experience.

Within-product variability

Within the life cycle of a registered biotechnology-derived
product, manufacturers may consider adaptations of the
manufacturing process to improve process performance or
cost-effectiveness. According to European legislation, the
comparability of pre- and postchange product has to be
demonstrated as a possible surrogate for safety and efficacy.
Confirmatory nonclinical or clinical studies might be considered
appropriate.’? As a consequence, considerable variability can be
observed in registered biotechnology-derived products on the
implementation of postapproval process changes; for example,
different isoforms or glycosylation patterns of recombinant
biotherapeutic proteins.** Furthermore, variability between
different batches of a biomolecule from a single manufacturer
also reflects the consistency of the manufacturing process and
can be considered an indicator for the level of control of the
manufacturing process.?!

As shown in Figure 5, different within-product variability
is observed for the different insulin glargine products, such
as Lantus® and copy products, when comparing the HMWP
levels of samples of similar age at the time of analysis
(original data on file at Sanofi).
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Notes: The sample age in months at the time of analysis is indicated above each column (original data on file at Sanofi). X axis represents different product batches. Glaritus®,
Wockhardt Ltd, Mumbai, India; Basalin®, Gan and Lee Pharmaceuticals, Beijing, People’s Republic of China; Lantus®, Sanofi, Paris, France.
Abbreviation: USP, United States Pharmacopeia.

Issues with production-related variability in the final
biosimilar insulin product could affect clinical efficacy, with
the potential of mild to severe hypoglycemia reactions or
hyperglycemia-induced tissue damage, and may even have

more serious patient safety consequences.!-182%63

Implications for patients, physicians,

and health care systems

Patient safety is the key issue to be evaluated not only during,
but especially after the official approval process for biosimilar
insulins. In this regard, patient safety includes the prevention
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of unexpected severe adverse events after switching from an
originator substance to a biosimilar insulin and vice versa,
or after first initiation of diabetes treatment with a biosimilar
insulin.®® In the case of diabetes mellitus, various conse-
quences of the manufacturing process, storage conditions,
or administration devices could cause clinical sequelae, such
as potential hypo- and hyperglycemic episodes.

Significant differences in PK and PD between a biosimilar
insulin and its reference originator insulin may have relevant
short-term effects on blood glucose control. Physicians and
patients have the right to expect equivalent biological effects
on a single dose level between a biosimilar insulin and the
reference compound. This becomes most relevant when
switching from one product to the biosimilar product without
changing the insulin dose. The EMA has recognized this
important issue, and therefore its Guideline on Non-clinical
and Clinical Development of Similar Biological Medicinal
Products Containing Recombinant Human Insulin and
Insulin Analogues® describes the requirement of a com-
parison of PK and PD properties between biosimilar and
reference insulins (euglycemic glucose clamp study), such
that at least one clinical single-dose crossover study is to
be conducted to provide time-concentration profile data of
the products after subcutaneous administration. Differences
in the PK/PD profiles of Marvel’s biosimilar recombinant
insulin preparations Solumarv, Isomarv medium, and
Combimarv were considered relevant by the EMA’s Commit-
tee for Medicinal Products for Human Use after submission
of the applications for marketing approval on December 5,
2011. A list of questions was formulated by the committee
to be answered by Marvel. While the Committee for Medici-
nal Products for Human Use was awaiting the company’s
response to the questions, the applicant decided to withdraw
the three products on November 15, 2012, stating that “the
decision to withdraw is in order to have sufficient time to
repeat and submit bioequivalence [type-1 diabetes] PK/PD
data on each clamp study in order to comply with the planned
new insulin guideline.”'-*

Variations in blood glucose levels might not solely be
explained by differences in PK/PD profiles but may also be
a result of inaccurate insulin delivery by the administration
device.” Accurate delivery of the prescribed dose of insulin
is essential to guarantee maintenance of short- and long-
term diabetes control. Biosimilar insulins will be marketed
with their own administration devices, and switching a
patient from an originator insulin to a biosimilar insulin will
therefore include a change in administration devices. Acute
hypo- or hyperglycemia may occur when the subcutaneously

delivered amount of insulin is either significantly higher
or lower than the dose prescribed and indicated on the
administration device. Therefore, adequate quality control
of administration devices and demonstration of equivalence
with the originator device are of highest importance for
patients and physicians. Important quality aspects include
accuracy of the dose, as indicated by the device, as well as,
very importantly, consistency of the delivered insulin dose
when the same dose is given repeatedly. Among other points,
the EMA recommends the evaluation of dosing devices in
terms of normal capacity of the device, dosing accuracy
and precision, interpretation and readability of the gradu-
ated scale, needle diameter in relation to the particle size of
suspensions, and residual amounts of liquid in the device
after administration. '

Another important aspect that may affect patient safety
is the potential immunogenicity of therapeutic proteins,
which may result in the formation of specific antidrug
antibodies.®” In the case of insulin, anti-insulin antibodies,
which most commonly have some neutralizing capacity,
may negatively affect the blood glucose-lowering effect of
the exogenous insulin and even cross-react with the endog-
enous protein. The occurrence of anti-insulin anti-bodies is
not new to diabetology: they occurred early in the modern
history of diabetes treatment, when the first insulins that
became available for standard application were produced
from porcine and bovine pancreas. Immunogenicity in this
case occurred because of their nonhuman origin. Almost all
patients treated with porcine or bovine insulin developed
anti-insulin antibodies, which, because of their neutralizing
nature, lowered the efficacy of insulin therapy and thus
increased individual insulin dosing requirements.%¢

Despite more modern production processes, recombinant
human insulins also induce the production of anti-insulin anti-
bodies. However, the neutralizing effects of these antibodies
appear to be less relevant in daily practice. Many product-related
factors are considered to contribute to the immunogenicity of
human therapeutic proteins, including primary structure, impuri-
ties, aggregates, and protein modifications such as PEGylation.”
It has been hypothesized that the reason for antibody formation
by recombinant human insulins may be the high tendency of
insulin to self-associate and aggregate into multimers.”! The
occurrence of aggregates appears to be the most important
pathophysiological factor driving the development of antidrug
antibodies against therapeutic proteins. A possible cause of
aggregation is interaction between the therapeutic protein and
surfaces encountered during manufacture, fill and finish, stor-
age, or administration. Proteins may either adsorb to particles
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on these surfaces or to particles shed from these surfaces.
Interaction or adsorption of therapeutic proteins with various
substances, including silicone rubber from delivery tubing,”
polyvinyl chloride from infusion bags,” silicone oil from
syringe lubricant,™ silica nanoparticles,” tungsten leachates,”
and stainless steel microparticles,”” have been described. High
endotoxin levels may also induce the production of antidrug
antibodies.” Interaction of protein with any of these particles
can lead to direct adsorption of the protein to the particles or to
surface-induced aggregation of free protein in solution.

Immunogenicity of a therapeutic protein can be
categorized into two mechanisms, depending on the level
of tolerance to the therapeutic protein. In the rare situation
of low or nonexisting tolerance (eg, complete absence of an
endogenous protein from birth), B-cells are activated by the
classical T-cell-dependent pathway as a response to a foreign
protein. In a situation of preexisting tolerance against the
endogenous protein, as is the case with insulin-dependent
type 2 diabetes mellitus patients, antibody generation requires
breakage of the existing B-cell tolerance against the protein.
Aggregates enhance the immunogenicity of a therapeutic
human protein preferentially by breaking B-cell tolerance.
This is explained by the fact that aggregates, by presenting
multiple and repetitive epitopes of the therapeutic protein,
mimic bacterial antigens. In this scenario, the B cells confuse
the aggregated therapeutic agent with a bacterial antigen and
consecutively produce specific antibodies.®® In addition to
factors related to protein structure, production process, and
storage and handling, many other patient-related factors,
such as site of application (higher immunogenicity with
subcutaneous versus intravenous application), individual and
cumulative dose of the therapeutic protein, and frequency
of application, also contribute to the occurrence of relevant
antidrug antibody formation.®'

A very instructive example of relevant production of anti-
drug antibodies against a therapeutic protein is the occurrence
of pure red cell aplasia in dialysis patients treated with eryth-
ropoietin. Between 1999 and 2002, neutralizing anti-erythro-
poietin antibodies were identified in a cohort of European and
Canadian dialysis patients who suffered from renal anemia
unresponsive to even high doses of exogenous erythropoi-
etin.®? In retrospect, the upsurge of pure red cell aplasia was
related to a change in the formulation of the epoetin-ot formu-
lation used in the vast majority of cases, where human serum
albumin had been replaced by polysorbate 80 in prefilled
syringes. Although the definite cause of antibody-associated
pure red cell aplasia is still a mystery today, most hypotheses
are related to the occurrence of micelles or aggregates within

the formulation, which potentially have been caused either
by leachates from the rubber stopper of prefilled syringes
or by the high concentrations of polysorbate 80 itself. Other
hypotheses include the interruption of the cold chain or other,
unknown ways of mishandling of the products that could lead
to antibody formation.®3

Anti-erythropoietin antibody formation was also reported
quite recently in two patients treated with a biosimilar epo-
etin preparation during a phase 3 study conducted to gain
approval for subcutaneous application.?® In these cases,
aggregation as the most likely cause for immunogenicity
was most likely induced by soluble tungsten, a metal that
was an integral part of the production process of the barrels
of prefilled syringes. Traces of tungsten were eventually
detected in the formulation. Finally, findings of high levels of
aggregates and substantial amounts of protein fragments, as
well as high endotoxin levels, have recently been reported in
some recombinant human erythropoietin copies marketed in
Thailand.®**” These examples clearly demonstrate that overall
product quality appears to be the main determinant of protein
immunogenicity. Small changes in the manufacturing pro-
cess, in the end-product formulation, or in product handling
may potentially affect clinical experience.

It is recognized that clinically evident and relevant antidrug
antibody reactions are rare events and that the likelihood of
detecting these reactions during the clinical studies required
for EMA submission is low. For this reason, the EMA regula-
tions require applicants for biosimilar insulins to present a
pharmacovigilance program to ensure proper risk-assessment
strategies and management through the recording of suspected
adverse events and data collection from all interested par-
ties: patients, physicians, pharmacists, nurses, other relevant
health care professionals, regulatory authorities, pharmaceu-
tical companies, and companies importing or distributing
medicines.?$8% Monitoring of immunogenicity should be an
integral part of pharmacovigilance activities.?!27:3537:384490 Ty
addition, as there may be changes in a company’s manufactur-
ing process for a given drug, comprehensive risk-management
programs should include regular evaluation of the manufac-
turing processes to ensure consistency, as well as processes
that prescribing practitioners can easily use to accurately and
consistently record and report any new safety signals.”'*? The
EMA has developed “good pharmacovigilance practices” mea-
sures to facilitate the performance of pharmacovigilance in the
EU. The measures cover medicines authorized centrally via the
EMA well as medicines authorized at a country’s national level.
The modules covering major pharmacovigilance processes are
expected to be released in the third quarter of 2014. Modules
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covering product-specific considerations are currently under
development, with the chapter on biological medicinal prod-
ucts expected in the second quarter of 2014.

All this implies that it is possible that a switch from
originator insulin to biosimilar insulin could lead to
unpredictable potential risks of clinical or safety conse-
quences, such as hypo- or hyperglycemia and immunogenicity.
Any change in prescription of therapeutic proteins should
therefore be under the care of a physician and be clearly
explained to the patient and considered carefully. This high-
lights a key difference in switching from originator insulin
to biosimilar insulin compared with originator drug and
chemically identical generic agents.

The European biosimilar approval process differs sig-
nificantly from the generics approval process, but both
processes have been designed with the same aim, which
is to facilitate and regulate the production of biosimilars.
The EMA has clearly stated that the issue of automatic
substitution at the pharmacy level is beyond its current
guidelines and should only occur after the instruction of a
qualified health care professional % As stated earlier, because
different manufacturers use different production cell lines
and purification procedures, two therapeutic proteins, even
if considered biosimilar, are not guaranteed to be identical
and may differ in some regard that could potentially affect a
product’s immunogenic profile. A realistic complication of
automatic substitution is that it may interfere with the ability
to trace the source of immunogenicity or other safety-related
problems.

With regard to regulations, the EMA leaves substitution
decisions to national regulators.” Automatic substitution is
allowed in France for patients new to insulin; it is not allowed
in Germany, Greece, Italy, Slovenia, Spain, Sweden, or the
United Kingdom, and in Austria and the Czech Republic,
prescription by brand name is mandatory and biosimilars are
not allowed to be substituted. Other EU member states (eg,
Denmark, Finland, Hungary, Norway, and Slovakia) publish
official lists of products not to be substituted.

Conclusion

Biosimilar insulins have the potential to reduce medication
costs, increase accessibility to insulin therapy for patients,
and increase the range of options from which insulin treat-
ments can be chosen by physicians in collaboration with
patients. However, the complexities of the manufacturing
process may lead to final product variability, despite the
similarity of amino acid sequence between a biosimilar and
its reference product. Differences between originator and

biosimilar insulins can potentially lead to efficacy and safety/
immunogenicity consequences.

Specific regulatory standards for the approval of bio-
similar insulins are well defined in Europe, but there is
significant variability in the extent of clinical and quality
evidence required for approval outside the EU. As payers,
physicians, and patients have experience with and confidence
in established insulin products for the treatment of diabetes,
all these stakeholders in health care systems will need reas-
surance and clinical evidence of the long-term efficacy and
safety of biosimilar insulins. Although health care system
managers may implement incentives for an increased use
of more cost-effective biosimilar products, it will take the
collection of long-term evidence for biosimilar insulins to
fully understand their clinical profile, as has been the case
with the originator insulin products.
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