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Introduction

The recent and upcoming expiration of patent protection for 
a number of insulin preparations will open up the insulin 
market worldwide to manufacturers of insulin copies or bio-
similars, or as they are currently called due to US Food and 
Drug Administration (FDA) regulations, follow-on insulins 
(Table 1). The potential attraction of these new insulins is 
clear, especially with the US health care system facing extra 
costs associated with managing the increasing number of 
patients with diabetes. In 2017, it was estimated that health 
care expenditures on insulin alone for people with diabetes 
costs were almost $15 billion.1 The hope is that these new 
insulin biosimilars or copies will deliver savings similar to 
those achieved with generic drugs (small molecules). 
However, biosimilars are not generic copies but are biologic 
products found to be highly similar to the brand (often 
termed the “originator product”; Table 1). This has impor-
tant implications for their regulation and use. Overall, there 
are currently 11 biosimilar products approved in the United 

States, none of which are yet considered interchangeable 
with their originator product.2 With regard to insulins, there 
are currently none approved as biosimilars in the United 
States. Basaglar (U100 insulin glargine; Eli Lilly, 
Indianapolis, IN; Boehringer Ingelheim, Ingelheim, 
Germany) is classified as a “follow-on” to the basal insulin 
Lantus (Sanofi-Aventis, Paris, France), as it was approved 
pursuant to Section 505(b)(2) of the Food, Drug, and 
Cosmetic Act (“FD&C Act”), and as will be discussed in 
further detail, biologics approved under this pathway are not 
classified as biosimilar (Table 2).3 Lusduna (Merck & Co, 
Kenilworth, NJ), another follow-on insulin to Lantus, has 
received tentative approval from the FDA.4 Admelog 
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(Sanofi-Aventis, Paris, France), a follow-on to the short-
acting insulin Humalog (Eli Lilly, Indianapolis, IN), was 
also recently approved by the FDA through the Section 
505(b)(2) pathway.5

Traditional chemical drugs are generally stable, small-
molecule (typically between 100 and 1000 Da18) com-
pounds. They have well-defined, completely characterized 
structures, which are identical even when produced by dif-
ferent synthetic pathways.11 As such, identical copies can be 
easily manufactured using controlled and predictable chemi-
cal processes.4 When the composition patents for these drugs 
expire, the generic manufacturer must show that the generic 
drug contains the same active ingredients as the originator 
drug. They must be identical in strength, dosage form, and 
route of administration. They must also have the same use 
indications, be bioequivalent, and meet the same batch 
requirements (for large molecules) for identity, strength, 
purity, and quality. Furthermore, they must be manufactured 
under the same strict standards as that of the FDA’s Good 
Manufacturing Practice regulations required for originator 
products (no animal or clinical studies are required).19 
Meeting such requirements is generally straightforward for 
completely chemically characterized drugs manufactured 
using standard chemical synthetic processes. However, bio-
logic products are less straightforward. In general, biologic 
products are large (commonly ranging from 18 000 to 145 
000 Da18), unstable compounds (eg, hormones, interferons, 
antibodies) with complex, heterogeneous structures that are 
difficult to fully characterize. The precise structure as well as 
the spatial orientation of the molecule is closely related to 
function.11,12 The structures of biologic products are highly 
dependent on the complex biological processes used to cre-
ate them, usually involving the production of a recombinant 

protein in unicellular (eg, bacteria, yeast, or mammalian 
cells) or multicellular (eg, transgenic animals) organisms. 
Even small changes in the biological manufacturing pro-
cesses may result in structural alterations (eg, aggregation or 
oxidation) and so affect their efficacy and safety.11,12 The 
possible differences in posttranslational modifications 
between a biosimilar and the originator product may have 
obvious and less obvious implications for safety and effi-
cacy, as the specific tissue, cell line, or organism in which a 
biosimilar is produced can differ from that used to produce 
the originator product.18 The manufacturing protocols for 
existing biologic products, including insulins, are the propri-
etary information of the originator pharmaceutical company, 
and therefore other manufacturers may not duplicate the pro-
duction process. Because of the sensitivity of biologic prod-
ucts to the manufacturing process, it is impossible for other 
manufacturers to produce copies that are identical to the 
originator biologic product, hence the term biosimilar is 
used and not biogeneric or bioidentical.12 Biosimilars are 
defined as biologic products that are approved by the FDA 
on the basis that they are highly similar to an already FDA-
approved originator biologic product, known as the refer-
ence product. They have been shown to have no clinically 
meaningful differences from the reference product in terms 
of safety, purity, and potency.10 Given the complexity of bio-
logic products and their manufacturing process, biosimilars 
are expensive to develop compared with traditional drugs.20 
However, they are often used to treat chronic conditions 
requiring long-term, often life-long, therapy, making them 
an attractive area for development by the pharmaceutical 
industry. Additionally, they offer the potential of end-user 
savings.21 However, once the complexity of their manufac-
turing process has been overcome, biosimilar insulins still 

Table 1. Terminology.

Term Definition

Biologic products Generally large, complex molecules that are often produced through biotechnology in a living 
system, such as a microorganism, plant cell, or animal cell.

Biosimilar A biological product that is highly similar to and has no clinically meaningful differences from an 
existing FDA-approved reference product.

 Approved under the Public Health Service Act pathway (see Table 2).
Interchangeable product A biosimilar product that meets additional requirements outlined by the Biologics Price 

Competition and Innovation Act, with evidence that it will:
 •• Produce the same clinical result as the reference product in any given patient.
 •• For products administered to a patient more than once that the risk in terms of safety and 

reduced efficacy of switching back and forth between an interchangeable product and a 
reference product has been evaluated.

Follow-on product “Copies” of biologic products approved under the Food, Drug, and Cosmetic Act 505(b)(2) 
pathway (see Table 2).

Reference product The single biologic product, already approved by the FDA, against which a proposed biosimilar 
product is compared.

Originator product FDA-approved, branded biologic used as a reference product during approval.

Abbreviation: FDA, US Food and Drug Administration.
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face a range of hurdles before they become widely available 
to patients.

Data Sources

References were obtained using MEDLINE searches, the 
bibliographies of articles identified during the searches, 
review articles, and general Internet searches. Key words 
for searches included the following: diabetes, insulin, bio-
similar, regulatory, FDA, follow-on, interchangeability, and 
delivery devices.

The Approval Process

The regulation of biosimilars has evolved over recent years 
in the United States and is still an ongoing process. Initially, 
there was no abbreviated approval process for the vast 
majority of biologic drugs approved under the Public Health 
Service (PHS) Act. Only those few biologics approved 
under the FD&C Act were eligible for abbreviated approval 
under Section 505(b)(2), the paper New Drug Application 
(NDA) route (Table 1). Under this pathway, the follow-on 
biologics (which are not referred to as biosimilars) have to 
be shown to be bioequivalent to the reference biologic, and 
can rely on safety and efficacy data from published studies 
for the reference biologic to support their application. 
Although the implications of this are that the follow-on bio-
logic does not have to undergo the usual multiple phases of 
clinical trials required for approval of a novel biologic drug, 
some clinical trials (although not strict interchangeability 
trials) are required for this type of submission.

The FDA has acknowledged that abbreviated pathways 
for biologics present particular challenges not usually faced 
by standard generic drugs due to the scientific and technical 
complexities associated with their production.12 Biosimilars 
became a specific entity under the Biologicals Price 
Competition and Innovation (BPCI) Act of 2009 and signed 
into law through the Patient Protection and Affordable Care 
Act (Affordable Care Act) on March 23, 2010. The BPCI 
Act created an abbreviated licensure pathway in Section 
351(k) of the PHS Act for biologic products that are demon-
strated to be biosimilar to or interchangeable with an FDA-
licensed (approved) biologic product (Table 2). Proof of 
biosimilarity under Section 351(k) of the PHS Act is more 
challenging, requiring a step-wise series of studies beyond 
those required under Section 505(b)(2) of the FD&C Act. 
Currently, the FDA provides guidance as to the type of stud-
ies it expects for biosimilar applications. Study require-
ments for approval of an individual biosimilar are provided 
by the FDA22: analytical studies (structural analyses and in 
vitro and/or in vivo functional assays) that demonstrate that 
the biologic product is highly similar to the reference prod-
uct; animal studies (where appropriate and where there is a 
suitable animal species in which the biologic activity of the 

product mimics the human response), including the assess-
ment of toxicity; and a range of clinical studies. For clinical 
studies, comparative human pharmacokinetic (PK) and 
pharmacodynamic (PD) studies are considered to be funda-
mental components of the submission package. 
Immunogenicity is a particular concern with biologic prod-
ucts, where even subtle differences in their composition or 
structure may affect their immunogenic potential. This is 
particularly true where a biosimilar is administered over 
time, such as is the case with insulin. Immunogenicity 
assessment is therefore also considered a key element in 
demonstrating biosimilarity, with the study duration 
depending on the frequency and duration of the biosimilar 
dosing regimen. Comparative efficacy and safety is based 
on analytical, animal, PK/PD, and immunogenicity studies. 
These studies are considered necessary if there is residual 
uncertainties surrounding clinically meaningful differences 
between the biosimilar and the reference product. The 
requirement is that the biosimilar sponsor designs these 
studies specifically to address the uncertainties identified.

The FDA’s approach to the designs of these clinical stud-
ies is the demonstration of biosimilarity between the bio-
similar and the reference product, not to independently 
establish the safety and effectiveness of the proposed prod-
uct.23 A biosimilar product that is shown to be highly similar 
to an FDA-approved reference product may rely on data 
supporting the reference product’s safety and effectiveness, 
as included in the FDA-approved prescribing information. 
Sponsors are not required to generate a full profile of bio-
similar-specific nonclinical and clinical data.

Two different approval pathways exist in the United 
States for biosimilars and follow-on biologics: Section 
351(k) of the PHS Act and Section 505(b)(2) of the FD&C 
Act, respectively (Table 2). In the future, however, the less 
stringent FD&C Act pathway will not be open to biosimilar 
developers. The FDA has released a proposed interpretation 
of part of the BPCI Act that states any approved application 
for a biologic under Section 505(b)(2) of the FD&C Act 
“shall be deemed to be a license for the biologic product 
under Section 351 of the PHS Act,”24 meaning that an appli-
cation for a biosimilar product must include a reference 
product also approved under Section 351 of the PHS Act 
(Table 2). However, when this requirement was introduced, 
there was a caveat that it was subject to certain exceptions 
during a 10-year transition period, which will end on March 
23, 2020.24 The exception was for a biologic product with a 
reference product that was approved under Section 505 of 
the FD&C Act no later than March 23, 2010, with the provi-
sion that there was no other biologic product approved under 
Section 351 of the PHS Act that could be used as a reference 
product. Therefore, up until the end of the BPCI transition 
period in 2020, submissions for follow-on biologics under 
the less stringent Section 505(b)(2) of the FD&C Act can 
still be made, but not under the name of a biosimilar. There 
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are no insulin products currently licensed under the PHS 
Act, so there is no reference product for a proposed biosimi-
lar insulin using this pathway.13 This was the case for Eli 
Lilly’s insulin (U100) glargine Basaglar, which was 
approved by the FDA in December 2015.13 Basaglar was 
approved through the abbreviated approval pathway under 
the FD&C Act with a Section 505(b)(2) application that 
relied, in part, on the FDA’s finding of safety and effective-
ness for Lantus (U100 insulin glargine injection). 
Comparative PK/PD to Lantus,14,25 clinical trials in type 1 
diabetes mellitus (T1DM)26 and in type 2 diabetes mellitus 
(T2DM),27 and evaluation of immunogenicity28 also sup-
ported approval. These trials did not evaluate or address 
interchangeability of this insulin with Lantus. While the 
FDA submission did rely on previously submitted Lantus 
data, Basaglar is not approved as a Lantus biosimilar but is 
referred to as a follow-on product, and marketed as such, 
because it was not approved under the PHS Act (Table 2).

Approvals for biologics that are pending, or even tenta-
tively approved, at the end of the transition period in March 
2020 will need to be resubmitted under the PHS Act,29 and 
the time taken for FDA review can extend to several years. 
This potentially puts manufacturers in a difficult situation 
whereby they are unable to submit a biosimilar application 
under the PHS Act because the reference product has not 
yet been deemed licensed, but are also unable to submit a 
Section 505(b)(2) application because there may not be 
enough time to guarantee approval by the cutoff date.29 For 
those manufacturers with biosimilar insulins in the later 
stages of development, however, there is likely still time to 
gain approval under Section 505(b)(2) of the FD&C Act. As 
for Basaglar, in the United States this will be as a follow-on 
biologic, not a biosimilar insulin.

The Question of Delivery Devices

While regulatory guidelines cover aspects such as the struc-
ture, PK/PD, efficacy, safety, and immunogenicity of a bio-
similar, one aspect that is equally important is the delivery 
device. Delivery devices are key factors in the patient expe-
rience with insulin administration, where regular use 
becomes part of the patient’s life.30 While the precision of 
dosing is a key concern, ease of use, comfort, and conve-
nience of the device are important factors that could poten-
tially influence patient adherence and so have an impact on 
efficacy. Familiarity and comfort with a particular delivery 
device may encourage patients to remain loyal to a specific 
branded insulin, even if less expensive biosimilars are 
available.31 It is likely that biosimilar insulins or follow-on 
insulins produced by companies who already manufacture 
originator insulins will be delivered using the company’s 
existing devices. Eli Lilly’s Basaglar, for example, is admin-
istered using the KwikPen, developed for administration of 
Humalog; however, while the maximum dose of Humalog 

delivered is 60 units, the maximum dose of Basaglar deliv-
ered by the KwikPen is 80 units. Sanofi’s Admelog is 
administered using the SoloStar pen, developed for admin-
istration of Lantus. Both devices contain 3 mL of 100 units/
mL insulin solution. The dosing windows displays number 
of insulin units, and doses can range from 1 unit to a maxi-
mum of 80 units. Conversely, if patients are required to 
change to a different manufacturer’s product, a new or dif-
ferent device may discourage switching.31 It cannot neces-
sarily be assumed that an insulin biosimilar will be 
compatible with an existing administration device, because 
the combinations of insulin and device may differ widely in 
their dosing characteristics.32 The FDA has produced guide-
lines describing the technical and scientific data it expects 
in a marketing application for pen, jet, and related injectors 
for use with any biologic products (not only biosimilars). 
These cover aspects such as design features, performance 
testing, and labeling,9 and any new pen-injector will have to 
meet these quality standards. In the case of biosimilars, the 
FDA has stated that a biosimilar product may have some 
design differences in the delivery device compared with the 
reference product. For example, the biosimilar may be 
licensed in a prefilled syringe or an auto-injector if the ref-
erence product was administered using the same method. 
This is providing that the proposed product meets the statu-
tory standard for biosimilarity, and adequate performance 
data for the delivery device or container closure system are 
provided.33 For a proposed biosimilar product in a different 
delivery device, compatibility with the final formulation 
must be shown through appropriate studies (eg, extractable/
leachable studies and stability studies), and performance 
testing and human factors studies may be needed for certain 
(unspecified) design differences in the delivery. The FDA 
also states that a proposed biosimilar product in a delivery 
device will be considered a combination product and may, 
in some instances, require a separate application for the 
device.

The Biosimilar Insulin Landscape

As mentioned, to date, no insulin has been approved as a 
biosimilar by the FDA. Given that potential reference insu-
lins were approved under Section 505(b)(2) of the FD&C 
Act and not under Section 351 of the PHS Act, this is not 
likely to change until the BPCI “deemed to be a license” 
comes into effect in 2020. Until then, any biosimilar insulins 
in the United States will be approved under the FD&C Act 
as follow-on insulins. However, they will be described as 
biosimilars in the European Union (EU), if approved there, 
as is the case for Basaglar, which is marketed in the EU as a 
biosimilar insulin glargine under the trade name of Abasaglar. 
Basaglar underwent a series of clinical studies to demon-
strate similarity (not interchangeability) to the reference 
insulin glargine (Lantus). These included PK/PD studies in 
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healthy individuals14 and in patients with T1DM25 and 
assessments of immunogenicity in patients with T1DM and 
T2DM.28 Furthermore, 2 phase 3 three noninferiority studies 
in patients with T1DM (ELEMENT 1)26 and T2DM 
(ELEMENT 2)27 were conducted.

Looking to the future, a number of potential follow-on/
biosimilar insulins are undergoing or have recently com-
pleted clinical trials in the United States (Table 3). Of these, 
3 have completed phase 3 clinical trials, which will be dis-
cussed below as they are furthest along in the approval pro-
cess: 2 insulin glargine U100 (Lantus) products, Lusduna 
and Mylan’s insulin glargine approved in Europe under the 
trade name of Semglee (Biocon, Bengaluru, India; Mylan, 
Canonsburg, PA), and 1 rapid-acting U100 insulin lispro 
(Humalog) Admelog.

Lusduna was found to be bioequivalent to both US- and 
EU-approved Lantus based on a double-blinded, random-
ized, 3-period, balanced crossover euglycemic clamp study 
in healthy males46 and a 2-treatment, 4-period replicate 
crossover study in T1DM patients (Table 3).47 Data from 2 
phase 3 studies were determined to show noninferiority of 
Lusduna to Lantus in terms of change from baseline in gly-
cated hemoglobin after 24 weeks of treatment in both 
T1DM (least square mean difference [LSM] = 0.04%; 95% 
confidence interval [CI] = −0.11 to 0.19) and T2DM (LSM 
= 0.03%; 95% CI = −0.12 to 0.18), with a similar efficacy 
and safety profile and final insulin dose.48,49 After a total of 
52 weeks, LSM treatment difference in change from base-
line in A1C was −0.02 (95% CI = −0.18 to 0.14) in patients 
with T1DM.48 Lusduna has been approved in the EU as a 
Lantus biosimilar as the European Medicines Agency’s 
(EMA’s) Committee for Medicinal Products for Human Use 
concluded that it had been shown to have comparable qual-
ity, safety, and effectiveness to Lantus.50 In the United 
States, Lusduna received tentative approval from the FDA 
in July 2017 for use to “improve glycemic control in adults 
and pediatric patients with type 1 diabetes mellitus and in 
adults with type 2 diabetes mellitus.”51

For Mylan’s insulin glargine, it has been reported that a 
phase 3 noninferiority study (INSTRIDE-1)52 and an exten-
sion study53 versus Lantus have been completed in the 
United States for T1DM (Table 3). It has been further 
reported that a phase 3 noninferiority study has also been 
completed in the United States for T2DM (INSTRIDE-2).41 
In January 2018, the EMA recommended that Mylan’s insu-
lin glargine should be granted marketing authorization.51 
This was approved by the European Commission in March 
2018.54 Mylan’s insulin glargine has not been launched in 
the United States, where Sanofi has brought claims that 
Mylan’s proposed product infringes Sanofi’s patent rights. 
The PK and PD of Admelog have been shown to be bio-
equivalent to both US-approved and EU-approved insulin 
lispro (Humalog) in a phase 1, single-center, randomized, 
double-blind, 3-treatment, 3-period, 6-sequence, crossover, 

euglycemic clamp study in 30 male patients with T1DM 
(Table 3).55 Phase 3 noninferiority studies are completed in 
T1DM (SORELLA-1)38,56 and in T2DM (SORELLA-2).39 
The EMA approved insulin lispro (Admelog in the United 
States) in July 2017 for the “treatment of adults and chil-
dren with diabetes mellitus who require insulin for the 
maintenance of normal glucose homeostasis” and “for the 
initial stabilization of diabetes mellitus.”57 In December 
2017, Admelog received approval from the FDA for 
“improving glycemic control in adults and pediatric patients 
3 years and older with type 1diabetes mellitus and adults 
with type 2 diabetes mellitus.”5

Interchangeability

Interchangeability for new insulin products is a key consid-
eration for patients, health care providers, and payers. It is 
important to understand that being described as biosimilar 
or follow-on does not mean products are interchangeable. 
Basaglar, for instance, has not been given a “therapeutic 
equivalence rating” by the FDA and thus is not deemed 
“automatically substitutable.”13 Regardless, the US phar-
macy benefit management company CVS Caremark, and 
others, have dropped Lantus from their formularies and 
replaced it with Basaglar. A product approved as a biosimi-
lar can be prescribed in lieu of the FDA-approved reference 
product. However, it must be prescribed by a health care 
professional and the prescriber must write the specific name 
of the biosimilar on the prescription.10 Currently, there are 
no biosimilar insulins or follow-on insulins approved as an 
interchangeable drug. An interchangeable biologic product 
must meet all the criteria for biosimilarity to an FDA-
approved reference product and must also include data or 
information to show that the proposed interchangeable bio-
logic product is expected to produce the same clinical result 
as the reference product in any given patient (Table 2).10 
Additional considerations are needed for a product that will 
be administered more than once to an individual, and where 
patients may be switched between drugs, possibly on more 
than one occasion. This may have potential implications in 
terms of immunogenicity. The FDA has stated that applica-
tions for interchangeability must “include information that 
demonstrates that the risk in terms of safety or diminished 
effectiveness of alternating or switching between use of the 
proposed interchangeable product and the reference product 
is not greater than the risk of using the reference product 
without alternating or switching.” The type of studies the 
FDA will require to prove interchangeability and the safety 
of switching are currently undefined, with only draft guid-
ance currently in place.58 There has been some discussion 
regarding the form these studies should take, with some 
authors proposing specifically designed crossover/switch-
ing studies. For example, double-blind, randomized, cross-
over studies with single/multiple switches over an 
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appropriate period of time,  ideally in patients most likely to 
switch.59

Delivery devices may also require additional 
 considerations for patients to be safely alternated or switched 
between the reference product and the  interchangeable prod-
uct without the intervention of the  prescribing health care 
provider.9 Additional performance data about the delivery 
device may also be necessary.

In principle, once a biosimilar achieves interchangeable 
status it may be substituted for the reference product by a 
pharmacist without the consent of the health care provider 
who prescribed the reference product. In the United States, 
laws passed by individual state legislature provide the legal 
mechanism and requirements for the substitution of an orig-
inator biologic with the biosimilars. A number of states 
have already adopted or are considering laws related to the 
legislation around substitution, which will guide substitu-
tion of originator insulins with interchangeable biosimilar 

insulin at the retail pharmacy level.60 All states in the United 
States to date that have accepted interchangeability should 
rely on the biosimilar being deemed interchangeable by the 
FDA. However, there are differences between states in fac-
tors such as the time frame for informing the physician of 
any substitution and the patient record retention period.60 
Details of the regulatory status of biosimilars are available 
in the FDA Purple Book,17 the biologic equivalent of the 
Orange Book16 for drugs approved under the FD&C Act. 
The Purple Book lists biologic products, including any bio-
similar and interchangeable biologic products licensed by 
the FDA under the PHS Act, and shows whether a biologic 
product licensed under Section 351(k) has been determined 
by the FDA to be biosimilar to or interchangeable with a 
reference biologic product. As mentioned, there are no bio-
similar insulins or interchangeable insulins in the market, 
only follow-ons, and this will not change until the new leg-
islation goes into effect in 2020.

Table 3. Biosimilar Insulins in Clinical Trials.

Manufacturer Product Reference
Clinical Trial Phase, 

clinicaltrials.com Identifier Subjects
Proposed 

Enrollment Status

Merck (USA) Lusduna Lantus Phase 1 Normal Completed33

Phase 1, NCT0205917434 T1DM 76 Completed
Phase 3, NCT0205916135 T1DM 730 Completed
Phase 3, NCT0205918736 T2DM 536 Completed

Sanofi (France) Admelog Humalog Phase 1, NCT0227325837 T1DM 30 Completed31

Phase 1, NCT02603510 T1DM 27 Completed
Phase 3, SORELLA-1, 

NCT0227318038
T1DM 480 Completed33

Phase 3, SORELLA-2, 
NCT0229447439

T2DM 505 Completed

Biocon-Mylan (India) Mylan insulin 
glargine

Lantus Phase 3, INSTRIDE-1, 
NCT0222786240

T1DM 500 Completed

Phase 3, INSTRIDE-2, 
NCT0222787541

T2DM 600 Completed

Phase 3 extension, 
NCT0266643042

T1DM 138 Active, not recruiting

Phase 3, NCT03376789 T1DM 202 Recruiting
Julphar Gulf 

Pharmaceutical 
Industries (United 
Arab Emirates)

Julphar insulin R Humulin R Phase 1, NCT0263451543 Normal 26 Completed
Julphar insulin N Huminsulin 

Basal
Phase 1, NCT02634528 Normal 85 Active, not recruiting

Julphar insulin 
30/70

Huminsulin 
Profil III

Phase 1, NCT02631928 Normal 73 Completed

Gan and Lee 
(China)

Basalina Gan and Lee 
insulin glargine

Phase 1, NCT02506647 T1DM 40 Recruiting, completion 
Q2 2016

Phase 3, NCT03371082 T1DM 522 Recruiting, completion 
Q1 2020

Phase 3, NCT03371108 T2DM 544 Recruiting, completion 
Q1 2020

Wockhardt (India 
and USA)

Glaritus Lantus Phase 1, NCT0135760344 T1DM 111 Completed
Phase 3, NCT0135266345 T1DM 500 Not yet recruiting

Abbreviations: Q, quarter; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
aAlready available in China, Japan, and India.
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Interchangeability, and potentially substitution, is likely 
to be a key factor in the uptake of biosimilars, including 
biosimilar insulin, in the United States.61 A recent survey on 
the pharmacist perceptions of biosimilar naming conven-
tions showed that pharmacists’ willingness to interchange a 
product relied on the use of a naming convention for bio-
similars that includes a nonproprietary proper name with a 
designated suffix.15 In January 2017, the FDA finalized its 
guidance for the naming of biologic products.62 They state 
that the names of products should comprise a nonpropri-
etary name and “a distinguishing suffix that is devoid of 
meaning and composed of 4 lowercase letters.” For exam-
ple, Sandoz, Inc’s Zarxio is biosimilar to Amgen Inc’s 
Neupogen (filgrastim), a bone marrow stimulant. Zarxio’s 
nonproprietary name is filgrastim-sndz.

Payers are also likely to promote uptake of the less 
expensive option through the use of a tiered formulary to 
steer patients and physicians toward biosimilars and the 
current available follow-ons.61 In the absence of automatic 
substitution, the decision to prescribe a biosimilar lies with 
the physician, and survey evidence suggests that most clini-
cians (around 70%) are comfortable with prescribing FDA-
approved biosimilars to new patients, with a similar 
proportion also reporting they would be likely to switch 
existing patients.61 Efficacy and safety are the 2 most impor-
tant considerations for physicians; however, price of treat-
ment also has influence on their decision.61 Recent draft 
guidance from the FDA regarding biosimilar labeling may 
mean that not all efficacy and safety data will be included 
on a biosimilar product label. In fact, the draft guidance 
states that the label should include only relevant data and 
information from the FDA-approved labeling for the refer-
ence product, along with any appropriate modifications 
specific to the biosimilar product.22 The FDA’s view is that 
the label should generally not include information and data 
from clinical studies of the biosimilar itself.22 Comparative 
data supporting the demonstration of biosimilarity should 
not be included in biosimilar product labeling unless neces-
sary. According to the FDA, these are “not likely to be rel-
evant to a health care practitioner’s considerations regarding 
safe and effective use of the biosimilar product and poten-
tially may cause confusion, resulting in an inaccurate under-
standing of the risk-benefit profile of the product.” Although 
this is in line with how the FDA labeled the first approved 
biosimilar in the United States, Zarxio (filgrastim-sndz), 
there is a suggestion that the consensus among physicians is 
for full disclosure of all relevant data for the biosimilar 
when possible.63 However, the FDA’s position has been 
supported by health care stakeholders. In a letter to the 
FDA, a group of leading pharmaceutical supply chain orga-
nizations stated that “including a biosimilar product’s bio-
similarity data in addition to that of the reference product 
would only provide unnecessary information and create 
confusion for prescribers and patients.”64

There are considerations beyond efficacy and safety with 
regard to interchangeability, which will impact health care 
providers. Switching insulins requires additional monitor-
ing, and, with a change in the delivery device, patients will 
need support and retraining. In addition, automatic substitu-
tion without appropriate record control and information 
sharing between the pharmacy and physicians may make 
evaluation of causality of adverse events, such as hypersen-
sitivity or other immune-mediated reactions, difficult. In 
addition, according to the FDA, interchangeable biologic 
products can be substituted by the pharmacist “without the 
intervention” of the prescriber. Some physicians comment 
that the wording allowing for a switch “without the inter-
vention” of the prescriber will allow the pharmacist to 
switch the biologic even if the prescriber wrote “dispense as 
written.” Currently all 50 states in the United States are 
addressing this issue individually. For instance, a law was 
passed in Arizona65 that states that an electronic record is 
created of the substitution, which is accessible by the pre-
scriber. However, there is no direct contact between the 
pharmacist and the prescriber. This point of no direct com-
munication as well as the need for close pharmacovigilance 
will need to be further monitored and possibly adjusted in 
the future as currently there are only follow-on insulins on 
the market, which are not interchangeable.

Future Perspectives

Despite the developmental, regulatory, and commercial hur-
dles facing them, biosimilar or follow-on insulins are likely 
to become widely available in the coming years and are 
expected to have a major impact on diabetes care. A number 
of pivotal issues remain to be fully clarified, such as defining 
and regulating interchangeability, as well as questions 
around delivery devices and product labeling; for instance, 
the availability of biosimilar data is lacking. As the number 
of available insulin formulations increases, there is the 
potential for increased confusion among patients, clinicians, 
and payers; education and support will be key to ensure bio-
similar insulins gain acceptance. Experience from first-gen-
eration biosimilars such as epoetin, filgrastim, and 
somatotropin suggest that penetration of biosimilar insulins 
into routine care may not be a rapid process, and may rely on 
specific legislation to promote their use.30 In the United 
States this could potentially lead to further confusion, with 
differences in formulary preferred product status and legisla-
tion around interchangeability and automatic substitution 
between states.66 Existing state legislation around generic 
drugs also has the potential to cause confusion and cause 
delays, and it is essential that biosimilars and interchange-
able biologics are clearly distinguished from generic drugs.

Postmarketing surveillance will be an essential compo-
nent in ensuring the safety and effectiveness of biosimilar 
insulins. Therefore, it is essential that mechanisms are in 
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place to differentiate between the adverse events associated 
with a biosimilar (immunogenicity) and those associated 
with the reference product and, if automatic substitution is 
allowed, to ensure that prescribers and other pertinent clini-
cians are aware of the exact insulin or biosimilar insulin a 
patient is receiving.

While the ever-increasing overall costs of health care will 
make medication pricing a strong driver for biosimilars, it 
remains to be seen whether biosimilar insulin will provide 
the anticipated benefits in terms of costs and availability. 
Low manufacturing and development costs will likely result 
in price reductions, which are expected to be much less than 
those experienced for generic drugs. However, with the sig-
nificant and growing prevalence of diabetes in the United 
States, even small savings relative to originator insulins may 
be important to clinicians, patients, and payers trying to find 
ways to efficiently allocate health care resources.

In conclusion, although there are currently few biosimi-
lar products approved in the United States, there are many 
more in development, including several insulin biosimilars. 
These are likely to become available in the coming years, 
meaning it is essential that health care providers and payers 
are aware of the issues surrounding these products.
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