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ABSTRACT

Introduction: For many of the 537 million adults living now with diabetes, the cost of insulin is
becoming prohibitive as the insulin prices have tripled between 2002-2013. Globally, the direct annual
cost of healthcare expenditure due to diabetes will soon be US$1 Trillion. Biosimilars provide access to
high-quality, affordable biologic therapy that is otherwise inaccessible due to the high costs of original
biologics.

Areas covered: A primer to the development of biosimilars shows comparable structural and analytical
characterization to the original biologics (e.g. insulins), with no clinically significant or meaningful
differences in efficacy and safety. ‘Interchangeability’ status, a regulatory designation by the US FDA,
bestowed to some biosimilars, enables confidence in high-quality, bio-equivalent biosimilar of insulin
with key global approvals. This can allow rapid uptake of biosimilars by the prescribers, formulary
decision-makers, and payors. Biocon-Viatris's biosimilar Insulin Glargine (Semglee®) is the first inter-
changeable biosimilar insulin approved by the US FDA.

Expert opinion: The ‘interchangeable’ status can prompt faster and wider uptake of insulin biosimilars
and keep the insulin expenditure under control, especially for patients who otherwise practice non-
adherence or rationing of life-saving insulin. Education, support, and awareness can ensure that
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interchangeable biosimilars gain wider acceptance.

1. Introduction: a primer on biosimilars

Biosimilars are lower-cost biological treatments for diseases
such as autoimmune disorders, cancers, genetic disorders,
and diabetes and are intended to increase patients’ access to
biologics as they are priced lower than the original biologic
and may further lead to the competitive pricing of the original
biologic. Taking diabetes as an example, with the direct
annual cost of treatment soon reaching US$1000 billion glob-
ally [1], biosimilars come across as an innovative solution to
bring down and keep insulin expenditure in control, especially
for the under- or un-insured patients, who, in certain cases,
start rationing their life-saving insulin, leading to potentially
fatal complications. Of the uninsured in the US, nearly 70% are
paying the full price of insulin, which can be as high as US$900
for a month'’s supply [2].

Biologics are generally large, complex structures manufac-
tured from living organisms through complicated biotechnolo-
gical processes and, as a result, display inherent variability and
structural differences even between batches of the same pro-
duct [3]. Hence, batch-to-batch consistency is vital for both the
original biologic and its biosimilar, which is also a biological
product similar in all respects to the original reference biologic.
In contrast, generic drugs are small molecules that have simpler
structures and are relatively easier to characterize and be man-

ufactured reproducibly, resulting in lesser time and cost of
development. Despite sharing a similar commercial basis for
development, generic drugs and biosimilars differ in terms of
structure, development, regulatory requirements, and author-
ization [4] (Table 1). The innovator never reveals the proprietary
information; therefore, the biosimilar manufacturer uses
a different source and a different process, and the process, in
turn, defines and becomes the product. Biosimilars are not bio-
identicals because, during the process, post-translational bio-
chemical modifications such as glycosylation, sialylation, phos-
phorylation, acetylation, or amidation may occur. These are also
not bio-betters, which are improved versions of the biologics
and are regarded as new biologic entities in themselves.
However, since they have to demonstrate therapeutic equiva-
lence, for all practical purposes, biosimilars are identical to the
original biologics as there are no clinically significant or mean-
ingful differences in efficacy and safety, including immunogeni-
city. The basic amino acid sequence is identical for the biologic
and its biosimilar; thus, the orthogonal analytical techniques
used to establish bio-similarity become a unique fingerprint
identifier (Figure 1). A biosimilar manufacturer may measure
up to 100 critical quality attributes (CQAs) across 40 or more
biochemical, analytical, pharmacological, or functional assays
to ensure bio-similarity [5].
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Article highlights

o Biosimilars have comparable structural and analytical characterization
to the original biologics with no clinically significant or meaningful
differences in efficacy or safety.

o Biosimilars provide access to high-quality, affordable biologic therapy
that is otherwise inaccessible due to high cost.

o The biosimilar denoted with an ‘interchangeable product status’ by the
US FDA may be substituted for the reference/originator product after
following stringent requirements to be deemed ‘interchangeable’.

o This substitution can be an ‘auto-substitution” at the pharmacy level
as is clinically practiced in the US, Canada, and Australia.

OR It can be a physician-guided substitution, also called ‘switching,’
as is clinically practiced in some member states of the EU, India,
Japan, and the rest of the world.

e Biocon-Viatris's biosimilar Insulin Glargine is the first ‘interchange-
able’ biosimilar insulin approved by the US FDA.

o Patient and HCP’s education and support programs play an important
role in the faster and wider uptake of biosimilars.

¢ Insulin biosimilars with key global approvals provide value to patients
and payors who are paying for expensive therapies.

Table 1. Comparison of biologics, biosimilar, and generics.

Relative Comparison

Attribute Biologic Biosimilar Generic
Complexity of ++++ +++++ ++
manufacturing (relatively more complex as
needs to be matched to
specifications established by
reference product)
CMC characterization +++ ++++ ++
complexity and
burden
Clinical development — ++++ +++ +
complexity/burden
Cost of development  ++++ ++ +
Time from start of 8-10 5-7 1-2
development to
approval (in years)
Interchangeability and/ ~ No Yes (approval may need Yes

or substitution [7] additional studies)

CMC, chemistry, manufacturing, and controls.
All comparisons are based on authors’ experience working on generics, biolo-
gics, and biosimilars.

Size

2. Regulatory requirements for biosimilar approvals:
comprehensive and evolving

Biosimilars are designed to match the structure, function, and
clinical effects of an already licensed reference biological pro-
duct. A head-to-head comparison with the reference/origina-
tor biologic’s CQAs and other quality attributes is required to
demonstrate the bio-similarity of the proposed biosimilar.
Also, once demonstrated, the comparable analytical character-
ization and similarity of the biosimilar with its reference bio-
logic help in seeking approval for all originator indications
without the need for large clinical trials [6]. The FDA has
established extensive biosimilar guidelines to evaluate and
establish bio-similarity. It defines a biosimilar as: ‘a biological
product highly similar to the reference product notwithstand-
ing minor differences in clinically inactive components’ and
‘with no clinically meaningful differences between the biolo-
gical product and the reference product in terms of safety,
purity, and potency of the product’ [7-9]. The approval path-
way for biosimilars was instituted in the EU in 2006 [10], and
these guidelines were revised in 2015 [11]. According to the
EMA, a biosimilar is a biological medicinal product that con-
tains a version of the active substance of an already author-
ized original biological medicinal product (reference medicinal
product). Similarity must be established in terms of quality
characteristics, biological activity, safety, and efficacy [12].

There has been a rapid evolution of guidelines, with most
countries adopting the general framework of the US FDA,
EMA, or WHO, whereas others established their individual
guidelines based on these principles. Through the rigor of
the guidelines, the regulatory authorities ensure that biosimi-
lars meet high standards of quality, safety, and efficacy, as well
as exhibit bio-similarity to the reference product [10,13].

The regulatory requirement for biosimilars development is to
test it under the paradigm of ‘totality of the evidence’ criteria,
which can be defined as the sum of data from analytical chem-
istry, manufacturing, and controls (CMC); functional assays; ani-
mal studies; clinical pharmacology [pharmacokinetic (PK),
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Figure 1. Orthogonal analytical techniques used to ensure bio-similarity.
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pharmacodynamic (PD)]; and clinical Phase 3 studies on efficacy
and safety, including immunogenicity studies [8,14]. Upon
a case-by-case evaluation, the FDA can mandate a few studies
in order to prove high similarity to the originator biologic, or
even waive off a few studies, while establishing its efficacy [8].
The ‘totality of the evidence’ accepted by the US FDA, EMA, and
WHO denotes that ‘the patients can expect the same clinical
performance when using the biosimilar as when using the refer-
ence biologic’ and that ‘there will be no clinically meaningful
differences with respect to safety or effectiveness’ [15,16].

2.1. Biosimilar development process

Development requirements of biosimilars are different from
the original biologic, with a higher focus on the analytical
characterization and demonstration of clinical equivalence
with the reference biologic (Figure 2(a); Figure 3). The devel-
opment process may vary between countries keeping in mind
the country-specific regulatory requirements and understand-
ing different countries’ regulatory nuances can be complex
(Figure 2(b)). It is challenging for biosimilar developers to
develop a clinical development package that satisfies the
requirements of all key regulatory agencies. Harmonization in
the requirements will be needed for optimizing and reducing

(a) Originator Development
Establish and Demonstrate de novo Safety and Efficacy

Clinical Pharmacology
(PK/PD)

In vivo Studies
(Non-clinical)

(b)

Clinical Studies
(Safety, efficacy, immunogenicity)

In vitro Studies
(Analytical characterization)
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the development costs for biosimilars in the future, which will
spur more competition and further benefit patients and
payors. The following section talks about the development
requirements of a biosimilar, taking insulin as an example.

2.1.1. Pre-clinical studies

The pre-clinical phase for biosimilar insulin includes the following
studies for comparison of the biosimilar to the reference biolo-
gical as described in the FDA and EMA guidelines. It encom-
passes comprehensive structural and analytical characterization,
in vitro functional assessments, and PK/PD and immunogenicity
assessments in animals [17]. It is worth mentioning here that the
FDA's Center for Drug Evaluation and Research is encouraging
the use of new approach methodologies to improve regulatory
efficiency and potentially expedite drug development of new
biotechnology-derived products [18]. The US Congress has
begun an amendment to the Biologic Price Competition and
Innovation Act (BPCIA) to remove animal testing of biosimi-
lars [19].

2.1.1.1. Analytical characterization. We cannot underscore
enough the importance of the analytical and functional data
to establish molecular similarity and hence the ‘totality of the
evidence’ for the development of biosimilars. If any residual

Biosimilar Development
Establish and Demonstrate Clinical Equivalence with
Reference Biologic

2160]01q @9UBIBJ81 BY) YIM SIUBIBYIP }08)8P 0} AJAIISUSS

Clinical Studies A

(Safety, efficacy,
immunogenicity)

Clinical Pharmacology
(PKIPD)

... Invivo Studies

(Safety, efficacy,
timmunogenicity)

(Non-clinical)

FDA/EMA Regulatory Requirements

In vitro Studies

(Analytical
characterization)

Country-specific
Regulatory Requirements

Figure 2. (a) Development pathway of biosimilars vs innovators. (b) Understanding different regulatory nuances of different countries are complex.
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Assess variability to
identify target range.
Understand critical quality
attributes of originator
product (immunology,
safety/toxicity, PK/PD,
efficacy)

Develop unique cell line
and manufacturing
process

Figure 3. Schematic of biosimilar development.

uncertainty is observed after the analytical similarity assess-
ment, human PK and PD studies and (if required) safety and
efficacy trials are carried out to ascertain potential clinical
relevance [8,15,16,20].

The biologics subchapter of the FDA 21 CFR 601.2 recom-
mends that a 351(k) Biologics License Application (BLA) should
have adequate CMC information, including validated manu-
facturing processes and quality control aspects [21]. The pri-
mary amino acid sequence of a biosimilar is kept sacrosanct;
however, other features of the biologic protein such as three-
dimensional folding, glycosylation, charge, and impurities are
variable based on the manufacturing processes followed [22].
These other features can affect the antigen-binding and the
immunogenicity of a drug, and in turn its efficacy and safety.

Modern analytical methods such as ultra-high-resolution
mass spectrometry can provide an in-depth comparative ana-
lysis of the proposed biosimilar to its reference biological
product. Liquid chromatography-mass spectrometry peptide
mapping with Edman sequencing confirms the primary
sequence of the amino acids. Accurate analytical characteriza-
tion can be done to assess bio-similarity between the biosimi-
lar and the reference product by analyzing higher-order
structures, including secondary, tertiary, and quaternary struc-
tures (including aggregation), enzymatic post-translational
modifications (such as glycosylation, phosphorylation, sialyla-
tion, acetylation), protein deamidation and oxidation, and
directed chemical modifications such as PEGylation sites and
characteristics.

The advancement in protein structure characterization has led
to many improvements in the manufacturing processes and pro-
duct testing. Extensive clinical experience and better scientific
understanding of insulin, which in comparison to other biologics
is a well-understood and well-characterized, structurally uncom-
plicated protein, has come up with no meaningful clinical impact
of immunogenicity on its safety or efficacy [21]. The real-world
evidence also validates diminished concerns about the immuno-
genicity risk affecting the safety and efficacy of insulin.

2.1.1.2. In vitro functional assays. Binding assays to insulin
receptors (IR-A and IR-B), on/off cellular kinetics, in vitro biolo-
gical activity such as receptor auto-phosphorylation, metabolic
activity (glycogen formation, lipogenesis, inhibition of simu-
lated lipolysis, and glucose transport), and mitogenic activity
are some functional assays undertaken to ensure biosimilarity
[8,11,23].

Physiochemical, biological
and functional
characterization. Confirm
critical quality attributes
are similar to reference
products

Non-clinical PK/PD studies.
Clinical trials to confirm
comparability and
eliminate any residual
uncertainty

2.1.1.3. Animal studies. Animal toxicity studies or studies
using human cells and tissues, single-dose animal PK/PD stu-
dies, and immunogenicity studies involving measurement of
anti-therapeutic protein antibody responses are undertaken
[14]. Pre-clinical in vivo studies are conducted in relevant
animal species in which the reference biological product has
an established toxicological or PD profile. If a biologic is cross-
reactive with humans and one or more non-clinical species,
the animal species are expected to be reflective of results in
the humans. Most agencies do not require non-human pri-
mate studies for ethical reasons.

The EMA [10] and WHO [24] regulatory guidelines suggest
consideration of at least one repeat-dose toxicity study,
including PK and immunogenicity measurements, in relevant
species [10,13,16,24].

The US Congress is potentially suggesting amendments to
BPCIA to remove animal testing, and it is hoped that the EMA
will also come up with a definitive statement on this, although
this is already an assumed status with the EMA [25].

2.1.2. Clinical studies

2.1.2.1. Phase 1: pharmacokinetic/pharmacodynamic
studies [17]. PK and PD bioequivalence are essential to
prove similar efficacy between the biosimilar and the refer-
ence biological insulin. EMA guidelines for biosimilar insulin
analogs recommend PK/PD studies to be carried out in normal
healthy volunteers or patients with TIDM in a crossover
design wherein insulin action is measured by the extremely
stringent euglycemic hyperinsulinemic clamp technique.

2.1.2.2. Phase 3: efficacy and safety studies [26]. The
phase 3 trials are designed to establish equivalence or non-
inferiority. Euglycemic glucose clamp studies in healthy volun-
teers are used as surrogate markers for the PD effects of
glucose-lowering drugs and waive the need for comparative
phase 3 clinical studies in the EU. Safety studies are focused
more on comparative clinical immunogenicity as immune
response can affect the safety and effectiveness of the pro-

duct. As per the US FDA's Guidance on Clinical
Immunogenicity  Considerations  for  Biosimilar  and
Interchangeable Insulin  products (November 2019), ‘if

a comparative analytical assessment based on state-of-the-art
technology supports a demonstration of “highly similar” for
a proposed biosimilar or interchangeable insulin product,



there would be little or no residual uncertainty regarding
immunogenicity; in such instances, the proposed biosimilar
or interchangeable insulin product, like the reference product,
would be expected to have minimal or no risk of clinical
impact from immunogenicity’ [21]. Hence, in these cases,
a comparative clinical immunogenicity study generally is not
deemed necessary to support a demonstration of bio-
similarity and/or interchangeability.

2.1.2.3. Immunogenicity studies. Immunogenicity refers to
the development of antibodies against the drug [i.e. anti-drug
antibodies (ADAs)]. Therapeutic insulins and their biosimilars,
derived from a living organism through recombinant DNA or
controlled gene expression methods, are immunogenic, with
nearly 90% of patients developing antibodies to insulin, regardless
of their purity and origin. Unlike small molecules and their gener-
ics, biologics and their biosimilars are large, high-molecular-
weight, three-dimensional structures that may contain modified
forms of the basic structure. As these are complex biopharmaceu-
ticals, batch-to-batch heterogeneity while manufacturing and pro-
cessing proteins even under stringent conditions is unavoidable.

There may be several factors that can induce immunogeni-
city with insulin use, and these may include the protein struc-
ture and characterization, glycosylation, manufacturing and
downstream process impurities, formulations, aggregates,
dosage, treatment duration, and route of administration [13].
The other important aspect is that TIDM patients are more
immunogenic than T2DM patients. To assess the immunogeni-
city considerations between the biosimilar and the reference
biologic, the following are observed: changes in ADA inci-
dence, relative antibody levels, the incidence of ADA cross-
reactivity to human insulin, and drug-specific ADAs. This
assessment covers the nature of the immune responses, the
incidence of the immune responses, any loss of efficacy, or any
new safety concerns, and with ADAs developing early,
a 6-month study is sufficient to observe the incidence and
titers of the antibodies. There is, however, little evidence both
through longer-term clinical trials and through real-world data
to suggest that the insulin antibodies developed as a result of
the insulin treatment affect glucose homeostasis, dose
requirements, or incidences of hypoglycemia [27,28].

The US FDA and the EMA guidance on clinical immuno-
genicity considerations for biosimilars and the US FDA gui-
dance on interchangeable insulin products, for the same, do
not specifically recommend comparative clinical immunogeni-
city studies provided that analytical assessment supports the
demonstration of a ‘highly similar’ biosimilar product. The
EMA has a specific requirement that studies should always
include a reasonable number of people with T1DM, under-
scoring the propensity of this population toward immunolo-
gical responses. For mixed populations, the type of diabetes
and pre-existing anti-insulin antibodies should be stratified. As
blinding of study participants is likely unfeasible, at the mini-
mum, the ADAs are to be determined in a blinded fashion
[11,13].

More on immunogenicity is discussed in the next section in
the context of immunogenicity being regarded as one of the
risks of switching between biosimilars and reference products.

EXPERT OPINION ON BIOLOGICAL THERAPY 697

3. Biosimilars and international guidelines on
interchangeability

The term ‘interchangeability’ is a regulatory term, and the US
FDA approves an interchangeable designation to a biosimilar
when additional criteria for interchangeability are met. All
biosimilars are not interchangeable. According to the US
FDA, an interchangeable product, in addition to being
a biosimilar, should meet additional requirements based on
a specific ‘switch trial design’ evaluation of the product.
Interchangeability standards are described under section
351(k) of the BLA. The regulations state that in addition to
showing bio-similarity to the reference product, the risk of
safety (including immunogenicity) or diminished efficacy of
alternating or switching between the biosimilar and the refer-
ence product should not be greater than the risk of using the
reference product alone [17]. Also, the biological product ‘is to
be biosimilar to the reference product’ and ‘is expected to
produce the same clinical result as the reference product in
any given patient’ [17].

The biosimilar ‘interchangeable’” product may be substi-
tuted for the reference product. This substitution is an ‘auto-
substitution” at the pharmacy level (clinically practiced in the
US, Canada, Australia; Table 2 [11,17,29-33]). In some member
states of the EU, Japan, India, and the rest of the world,
a physician-guided substitution, also called ‘switching,’ is prac-
ticed (Table 2).

It should be noted that 3-switch studies to establish inter-
changeability are only required for automatic substitution, at
the pharmacy level, in the US. The interchangeability status
requires extensive studies with multiple switches, as well as
switches between biosimilars of the same reference product,
requiring hundreds of patients per study, which makes the
development of biosimilars slow and expensive. In addition,
the results have not provided any definitive answer as the
sample size is too small [34]. Thus far, the ‘interchangeable’
status has been granted to only two products by the FDA:
biosimilar Insulin Glargine (Semglee®, insulin glargine-yfgn) in
July 2021 and Cyltezo® (adalimumab-adbm) in
November 2021 [34]. The regulatory requirements for biosimi-
lars must see a natural evolution and a paradigm change
toward removing inefficiencies in clinical designs for the
development to become cost-effective as sky-rocketing cost
of developing biosimilars is becoming a shared deterrent for
biosimilar developers [27,35].

To do so, efforts should be underway to press upon the
revision of several biosimilar guidelines to move stepwise in
the direction of reducing the clinical requirements for biosi-
milars to aid switching from reference biologic to biosimilar or
switch from one biosimilar to another. For the US, it may mean
finally doing away with the switch studies to claim the inter-
changeability status. A review based on 178 clinical switch
studies has found no evidence of switch-related adverse
effects, including an increased risk of immunogenicity [28].
Post-marketing surveillance of biosimilar monoclonal antibo-
dies up to 7 years post-approval has not revealed any biosi-
milar-specific concerns on safety or immunogenicity despite
exposure of >1 million patient-treatment years [27]. From the
EU perspective, interchangeability of EU-licensed biosimilars
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Table 2. Guideline recommendations for interchangeability to biosimilars.

Statutory/legal Responsibility
definition of for
Place Authority Statement interchangeability implementation Outcome References
USA FDA FDA determines a biological product to be interchangeable with  Yes, through Individual Auto [17]
a reference product if (1) the biological product ‘is biosimilar to BPCIA 2019 states substitution
the reference product’ and ‘can be expected to produce the
same clinical result as the reference product in any given
patient’ and (2) ‘for a biological product that is administered
more than once to an individual, the risk in terms of safety or
diminished efficacy of alternating or switching between use of
the biological product and the reference product is not greater
than the risk of using the reference product without such
alternation or switch’
European EMA ‘Interchangeability refers to the possibility of exchanging one No Member states  Physician- [11]
Union* medicine for another medicine that is expected to have the directed
same clinical effect ... . Replacement can be done by: Switching, switching or
which is when the prescriber decides to exchange one medicine auto
for another medicine with the same therapeutic intent substitution
Substitution (automatic), which is the practice of dispensing one
medicine instead of another equivalent and interchangeable
medicine at the pharmacy level without consulting the
prescriber’
Australia  TGA No formal definition of interchangeability. However, ‘brands that  No PBAC Auto [29]
can be substituted by the pharmacist are indicated in the substitution
Schedule of Pharmaceutical Benefits by an “a-flag” (a small “a”).
Only a-flagged medicines can be substituted by the pharmacist’
Canada Health ‘... the term “interchangeability” often refers to the ability for No Individual Auto [30]
Canada a patient to be changed from one drug to another equivalent provinces substitution
drug, by a pharmacist, without the intervention of the prescriber and
who wrote the prescription. Health Canada’s authorization of territories
a biosimilar is not a declaration of equivalence to the reference
biologic drug’
Brazil ANVISA  Not defined. Interchangeability considered to be a matter of No Physicians Physician- [31]
clinical practice directed
switching
Japan PMDA Not defined. Interchangeability considered to be a matter of No Physicians Physician- [32]
clinical practice directed
switching
India DCal Not defined. Interchangeability considered to be a matter of No Physicians Physician- [33]
clinical practice directed
switching

*For the United Kingdom (UK), Diabetes UK has released a position statement on the use of biosimilar insulin in 2019. It is recommended that decisions regarding
biosimilar insulins should be made on a case-by-case basis and the health care providers and patients should jointly agree on the appropriate use of biosimilar

insulin after weighing the risks and benefits [6].

ANVISA, Agéncia Nacional de Vigilancia Sanitaria; BPCIA, Biologics Price Competition and Innovation Act; DCGI, Drugs Controller General of India; EMA, European
Medicines (Evaluation) Agency; FDA, Food and Drug Administration; PBAC, Pharmaceutical Benefits Advisory Committee; PMDA, The Pharmaceuticals and Medical
Devices Agency; TGA, Therapeutic Goods Administration; USA, United States of America.

already happens as a substitution guided by the prescriber.
Based on the data above, an automatic substitution at the
pharmacy level can also be a possibility for EU-licensed biosi-
milars in the near future [27].

The next section describes the current requirements by the
US FDA to provide the label of interchangeability to a biosimilar.

3.1. Interchangeability studies

The US FDA recommendations to demonstrate interchangeabil-
ity include a specific randomized two-arm study design that
includes a switching arm ( > 3 switches between the reference
and the interchangeable product) and a non-switching arm that
receives only the reference product in a clinically representative
patient population [8,23]. The objective of this study focuses on
demonstrating no clinically meaningful change in immunogeni-
city and its effect on PK, efficacy, or safety after ‘multiple
switches’ compared to the non-switching reference drug arm.

Thus far, biosimilar Insulin Glargine (insulin glargine-yfgn)
is the only biosimilar insulin that has been granted the
interchangeability label in July 2021 [36]. Results of the
INSTRIDE-3 Phase-3 Switch study, completed in 2017,
showed that switching participants between biosimilar
Insulin Glargine [co-developed by Biocon Biologics and
Viatris (erstwhile, Mylan)] and reference Insulin Glargine
(Lantus; Sanofi Aventis) demonstrated equivalent efficacy
and similar safety and immunogenicity, indicating that peo-
ple taking reference insulin glargine can safely switch to the
biosimilar insulin glargine [26]. Since 2019, the regulatory
requirements for insulins have been further changed.
Insulins are regarded as simpler molecules, compared to
other biologics, and hence will be approved now as inter-
changeable biosimilars under the 351(k) BLA pathway
[17,21]. As per the 2019 US FDA guidance, a comparative
clinical immunogenicity study is generally not deemed
necessary to support a demonstration of bio-similarity
and/or interchangeability if the comparative analytical



assessment based on state-of-the-art technology supports
the demonstration of ‘highly similar’ for a proposed biosi-
milar or interchangeable insulin product and there is little
or no residual uncertainty regarding immunogenicity
[17,21].

4. Switching to a biosimilar interchangeable insulin
4.1. Improved access to insulin

Access to life-saving insulin is most vital to prevent significant co-
morbidities leading to blindness, amputations, and premature
death, and the resultant healthcare expenditure. At the growing
prevalence rate of diabetes, the global insulin market valued US
$24 billion in 2018 is growing at a compounded rate of 4.9% [37].
Cumulatively, over 150 million people with diabetes now need
insulin worldwide [1,38], and it is estimated that half of these
people do not have access to affordable and good-quality medi-
cine despite the rising demand [39,401. A quarter of the US popu-
lation having diabetes requires insulin, which makes it more than
10 million insulin users [16]. The International Diabetes Federation
(IDF) launched its theme for 2021-2023 on 14 November 2021
(World Diabetes Day) as Access to Diabetes Care, if not now, when?
Lack of global access to insulin and its high cost is a big cause of
patient non-compliance and under-treatment and significantly
contributes to non-sustainable economic development goals.
This problem magnifies further in low-income and middle-
income countries where medicines are mostly bought out-of-
pocket, especially in the private sector [41]. In India, for example,
62.6% of healthcare spending is out-of-pocket and because a large
percentage of the population is rural, insulin use acceptance and
accessibility are limited by its non-affordability [42].

Availability, affordability, and quality of medicines are the
three key factors that impact not only the clinical parameters
but also adherence to the treatment. Globally, between 2002
and 2013, the average price of insulins has nearly tripled, and
this has made the drug out of reach of many patients. In 2018,
it was estimated that about 33 million people with T2DM did
not have access to insulin. However, this number is projected
to reach 41 million by 2030 [42,43]. Current levels of insulin
requirement are highly inadequate compared to the projected
need, particularly in Africa and Asia.

The introduction of biosimilar insulins is expected to
increase the market competition and enable access to insu-
lins, with an expected 20-40% price reduction in the US
[43]. A recent cost-savings analysis in the US suggests
a potential cost savings of 15% with long-acting insulin
analogs upon introduction of biosimilars of insulin analogs
[44,45]. A similar market correction may be observed in
India and in other Asian countries with the advent of biosi-
milars of insulin analogs, especially those with the ‘inter-
changeability’ status, which promises both high affordability
and high quality [46].

4.2. What does it mean for different stakeholders?

Increased options, patient access to quality insulin, and com-
petitive pricing are the major benefits of using biosimilar
insulins. In countries where most of the pharmaceutical
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spend is out-of-pocket, the introduction of biosimilars can
result in a competitive marketplace, drive down the cost of
reference products, and allow patients access to life-saving
insulin [47]. Patient adherence is also likely to increase with
decreased costs of biosimilar insulin.

4.2.1. Health care professionals (HCPs)

Physicians are the key decision-makers for patients’ health and
often make prescription decisions based on the perceived
ability of the patient to pay [48]. Hence, the availability of
biosimilar insulins will allow the HCPs to make better clinical
decisions for the treatment of diabetes for individual patients.
The potential for individualized patient care is possible with
the introduction of biosimilars.

To make the patient an inclusive partner in decision-
making, the HCPs have an important role to play [48]. They
can support the patients with the following points to adopt an
insulin biosimilar:

e Potential benefits in terms of affordability and cost savings

® Robust scientific evidence in terms of clinical trials with the
switch design

e Rationale for the switch/substitution explained through the
patient information leaflets

e Use of medical education in making informed patient-
centered decisions, dose calibration (convert unit-per-unit,
similar monitoring, etc)

e (Consideration of personal preferences of the patients for
the choice of biosimilar insulins in terms of the type of the
product and the pen/device to be used [49].

4.2.2. Patients

Patients may be more willing to use biosimilar insulin, which is
equally effective, safe, and more affordable. Patients treated with
insulins should be made aware of the relevant aspects of using
biosimilar insulin to help them make informed decisions along
with their HCPs if a change is required in the current therapy [50].
Patients should be educated on cost savings and also assured
that biosimilar insulin will be equally safe and effective as the
reference insulin product. The impact on their out-of-pocket
costs will be variable based on the insurance coverage, and
manufacturer coupons for patient assistance yet can offer a big
advantage to those with inadequate or no insurance. In certain
countries, interchangeable insulins will allow speedy access as
the pharmacists are able to auto-substitute immediately.

4.2.3. Policymakers
Appropriate market introduction of biosimilars is a high prior-
ity because of the prospect of reduced medical costs accord-
ing to policymakers [49,50]. Policymakers, to encourage faster
uptake of biosimilars, can become more inclusive of biosimi-
lars by addressing the following:
e Encouraging competition and innovation
e Drafting policies to encourage the practice of high-quality
biosimilars insulins, more so, states should implement
interchangeability policy to allow rapid update of
biosimilars
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e Addressing over-patenting by brand manufacturers to
block biosimilar competition by strengthening the IPR,
increasing patent transparency, and speeding up the
patent dance to help biosimilars get to market
[51,52].

4.2.4. Payors and formulary decision-makers

Table 3 provides guidance to decision-makers for choosing the
right biosimilar for inclusion in their formulary or for prescrib-
ing to the appropriate patient population. In addition to the
safety and efficacy, the extensive checklist also includes man-
ufacturing and product considerations, an important aspect,
for example, can be a change in the delivery system or device
between the biologic and the biosimilar [52]. When switching
between products with different administration devices, train-
ing may be required for the newer device and it is important
to check whether the patient or HCP has been educated on its
usage. Post-marketing safety surveillance has shown no
device-related challenges and it has been observed that self-
administration of biosimilar products with different adminis-
tration devices is doable and does not lead to any increase in
adverse effects [27].

5. Conclusions

Despite developmental and commercial hurdles, biosimilars
are likely to majorly impact diabetes care. HCP and patient
education on biosimilars can ensure that biosimilar insulins
gain wider acceptance. Several important questions around
switching patients from older affordable insulins to newer
expensive formulations or concentrations, interchangeability
in clinical practice, and clinical outcomes of the same need to
be studied from the real-world evidence generated from elec-
tronic healthcare databases. Demonstration of better prescrip-
tion coverage with direct health outcomes and correlating it
with pharmaco-economic advantages to healthcare systems
and payors will eventually benefit patients through controlling
the cost of insurance coverage and/or out-of-pocket costs. The
fact that one in four patients with diabetes rations their insulin
dose in the US is not good news for the rest of the world.
After 100 years of its discovery, it is important to ensure that
every patient that requires insulin for their health has access to
it. Accessibility to high-quality, affordable insulins will be a joint
responsibility of regulators, payors, HCPs, and manufacturers.

6. Expert opinion

Till June 2020, >90% of the global insulin supply and ~100% of
the US insulin supply was provided by three large manufac-
turers [52]. In June 2020, a biosimilar Insulin Glargine, co-
developed by Biocon Biologics and Viatris (erstwhile, Mylan),
was approved by the US FDA under the 505(b)(2) NDA path-
way and, in accordance with the new legislation, is now
considered a biologic under section 351(a) [53]. In 2021, bio-
similar Insulin Glargine was designated as the world’s first
‘Interchangeable Biosimilar Insulin’ [36,54-57]. Biosimilars are
sweeping the landscape in a manner that generics did four

decades back, and interchangeable biosimilars are notching
this even higher. Biosimilars and interchangeable biosimilars
should have the same status of being the standard-of-care for
biologic therapy as generics have for small molecules.

It is to be noted that a product approved as a biosimilar
does not automatically become ‘interchangeable’ with the
reference biologic. As per the US FDA, ‘Availability of biosimi-
lar and Interchangeable products that meet the FDA’s robust
approval standards will improve access to biological products
through lower treatment costs’ [57,58]. The interchangeability
designation by FDA, hence, takes the biosimilar concept to the
next level. Edwards et al. [59], in their Perspective Review on
switching to biosimilars, opined that although the EU and few
other countries support prescriber-led switching, due to pau-
city of data on multiple switches, the prescriber and patients
are wary of substitution at the pharmacy level as is the case
for interchangeable biosimilars. In the recent past, data on
multiple switches studies have been generated for biosimilars.
Interchangeable products are studied with multiple switches
versus the reference product to demonstrate that in addition
to showing bio-similarity, there is no greater risk in terms of
safety or diminished efficacy compared to the reference pro-
duct and is expected to produce the same clinical result as the
reference product in any given patient. Therefore, the inter-
changeable biosimilars can be ‘auto-substituted’ at the phar-
macy level in countries like the US, Canada, and Australia;
elsewhere, it can be a physician-guided substitution. An ‘inter-
changeable’ designation gives prescribers, patients, formulary
decision-makers, and payors enough confidence to ascribe to
faster and wider uptake of biosimilars.

While acknowledging the recent advancements in the US
FDA regulations on phase 3 waivers for biosimilar approvals, it
is interesting to note that the option of a waiver for phase 3
studies also exists in the EMA guideline. More recently, the
EMA also is making use of this option, and now, with good
pre-clinical and PK/PD data, and little or no residual uncer-
tainty regarding immunogenicity, neither FDA nor EMA may
require phase 3 studies in the future. This regulatory reform
and harmonization in FDA and EMA should spread across
other regions to ease the development and deployment of
global trials based on scientific justification.

Going forward, more biosimilars will be approved as inter-
changeable with the original reference biologic. When
a patent expires, the product does not, and the innovator
tries to move prescribers toward their next innovation, even
if just incremental, priced at a premium. Biosimilar review and
approval guidelines should spur the conduct of comparative
effectiveness research and head-to-head meta-analyses to
substantiate whether the incremental improvements also
lead to improved patient outcomes. Much awareness and
education efforts are required on the part of regulators and
biosimilar manufacturers to ensure the successful uptake of
biosimilars and interchangeable biosimilars.
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