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Summary

Insulin production by the pancreas follows a basic pattern where basal levels of
insulin are secreted during fasting periods, with prandial increases in insulin as-
sociated with food ingestion. The aim of insulin therapy in patients with diabe-
tes is to match the endogenous pattern of insulin secretion as closely as possible
without causing hypoglycaemia. There are several optimal pharmacokinetic
and pharmacodynamic properties of long-acting basal insulins that can help
to achieve this aim, namely, as follows: activity that is flat and as free of peaks
as possible, a duration of action of ≥24-h, and as little day-to-day variation as
possible. The long-acting basal insulins are a fundamental therapy for patients
with type 1 and type 2 diabetes, and those that are currently available have
many benefits; however, the development of even longer-acting insulins and
improved insulin delivery techniquesmay lead to better glycemic control for pa-
tients in the future. Established long-acting basal insulins available in the
United States and Europe include insulin glargine 100 units/mL and insulin
detemir, both of which exhibit similar glycemic control to that of the
intermediate-acting neutral protamine Hagedorn insulin, but with a reduction
in hypoglycaemia. Newer insulin products available include new insulin
glargine 300 units/mL (United States and Europe) and the ultra-long-acting in-
sulin degludec (Europe) with basal insulin peglispro currently in development.
These new insulins demonstrate different pharmacokinetic/pharmacodynamic
profiles and longer durations of action (>24 h) compared with insulin glargine
100 units/mL, which may lead to potential benefits. The introduction of
biosimilar insulins may also broaden access to insulins by reducing treatment
costs. Copyright © 2015 John Wiley & Sons, Ltd.
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Introduction

Insulin production by the pancreas is pivotal in the regulation of carbohy-
drate metabolism, acting to increase the transport of glucose from the blood
into muscle and adipose tissue after meals, and to regulate the rate of hepatic
glucose production when fasting. In healthy individuals, insulin secretion fol-
lows a basic pattern: basal insulin secretion during fasting with prandial in-
creases in insulin secretion associated with food ingestion, when there is an
initial surge in insulin concentration (peaking at 45–60 min) followed by a
return to baseline within approximately 2–3 h. Continuous basal insulin se-
cretion from the pancreatic β-cells is needed to regulate the production of
glucose from the liver with more prolonged fasting, such as during the
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overnight period [1]. In individuals without diabetes,
basal insulin secretion varies from night-to-night and at
different periods of the night according to circadian
rhythms and several other factors. In patients with diabe-
tes, low levels of insulin, predominantly owing to de-
struction of the pancreatic β-cells in type 1 diabetes
mellitus (T1DM) and/or a progressive insulin secretory
defect on a background of insulin resistance in type 2 di-
abetes mellitus (T2DM), lead to an increase in gluconeo-
genesis and glycolysis in the liver and result in increased
blood glucose and urine glucose levels. Conversely,
excessive levels of insulin can suppress gluconeogenesis,
increase peripheral uptake of glucose and lead to
hypoglycaemia.

A goal of insulin therapy in patients with diabetes is to
match the normal pattern of insulin secretion as closely as
possible in order to restore glycemic control without lead-
ing to hypoglycaemia. There are two main methods of
basal insulin replacement that aim to simulate normal in-
sulin secretion. The first method is continuous subcutane-
ous insulin infusion (CSII) whereby a small pump is
programmed to deliver a specified dose of insulin to
mimic basal secretion. Basal insulin replacement with
CSII is adjustable in 30-min intervals for the varying
needs of the patient throughout the day and night (e.g.
to correct for the dawn phenomenon or for antecedent af-
ternoon exercise). At mealtimes, the patient programmes
the pump to deliver bolus infusions matched to carbohy-
drate intake, pre-meal blood glucose and anticipated ac-
tivity. The alternative, multiple daily injections (MDI),
uses a combination of long-acting insulin to provide basal
insulin replacement, with separate injections of a rapid-
acting insulin at mealtimes. Consequently, this method
usually relies on ≥4 daily injections. The development of
prefilled insulin pens has improved convenience and flex-
ibility for insulin injection, and these devices are now the
most widely used insulin delivery method in many coun-
tries [2].

There are a number of ideal pharmacokinetic (PK) and
pharmacodynamic (PD) characteristics for a long-acting
basal insulin in MDI therapy. As even modest increases
in basal insulin levels during the night can suppress he-
patic glucose production and precipitate nocturnal
hypoglycaemia; the PD profile of a basal insulin should
be flat and, as much as possible, free of distinct peaks
of action. In addition, the ideal basal insulin should have
a duration of action of ≥24 h to allow for once-daily
dosing. Finally, in patients receiving stable daily doses
of basal insulin, there should be as little variation as pos-
sible in the response to this dose of insulin from day to
day. In order to provide greater ease of use and improve
the accuracy of dosing, the insulin should be supplied in
a preparation that does not require resuspension by the
patient.

Where does basal insulin fit into
diabetes management?

Patients with T1DM require insulin therapy, and the
American Diabetes Association guidelines state that al-
most all people with T1DM should be treated with MDI
injections or CSII [3]. In patients choosing MDI, it is the
current standard of care to use long-acting basal insulin
analogues (insulin glargine 100 units/mL and insulin
detemir in the United States).

For patients with T2DM, initial management involves
lifestyle changes including interventions that focus on
weight loss and exercise. Metformin, if not contraindicated
and if tolerated, is the preferred initial pharmacological
agent for T2DM [3,4]. Insulin therapy should be consid-
ered as primary therapy for patients with newly diagnosed
T2DM who are markedly symptomatic and/or have ele-
vated blood glucose or glycated haemoglobin (A1C) levels
with or without ketosis, but is more commonly introduced
when noninsulin therapy cannot achieve or maintain the
A1C target [3,4]. Owing to the progressive loss of pancre-
atic β-cell function in T2DM, insulin therapy is eventually
indicated for most patients. Typically, insulin is initiated
in patients with T2DM in the form of a single daily injec-
tion of basal insulin. This is a convenient way of introduc-
ing patients to insulin therapy so that they can become
comfortable with its administration, self-monitoring of
blood glucose and insulin dose adjustments while not
overwhelming the patient with multiple injections. Pran-
dial insulin can be added later if significant postprandial
glucose excursions occur (basal-bolus therapy). This is of-
ten conducted in a stepwise manner, adding prandial insu-
lin to each meal as the disease progresses, starting with
the largest meal [4]. Alternatively a glucagon-like
peptide-1 receptor agonist may be added to basal insulin
in patients not achieving goal [4].

Neutral protamine Hagedorn: the
original basal insulin

Neutral protamine Hagedorn insulin (NPH), Lente and
Ultralente were intermediate and long-acting insulins
that were developed in the 1940s and 1950s. NPH insulin
is the only one of these that continues to be produced.
Initially, NPH insulin was made from animal sources that
were associated with side effects such as injection-site re-
actions and insulin allergy [5,6]. Synthetic and recombi-
nant human insulins were developed to improve the
purity and reproducibility of the response; however, as
they did not mimic normal basal insulin secretion,
hypoglycaemia remained a problem [6,7]. The presence
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of protamine with recombinant human insulin in concen-
trations where neither insulin nor protamine is found in
excess results in the formation of crystals without leaving
insulin in solution [8]. Subcutaneous injection of precipi-
tated crystals of NPH insulin results in a slower release
of insulin and, therefore, a longer duration of action

compared with regular human insulin [8,9] (Figure 1A;
Table 1) [10-20].

The duration of action of NPH insulin can vary mark-
edly within the same patient and between patients, last-
ing as little as 8 h and occasionally as long as 24 h
[21]. It is often used as a twice-daily injection. NPH

Figure 1. Relative actions of the basal insulins. Comparison of action after a single dose: between insulin glargine 100 units/mL and
NPH insulin (A), insulin glargine100 units/mL and insulin detemir (B). Comparison of action at steady state between the following:
insulin glargine 100 units/mL and insulin glargine 300 units/mL (C); insulin glargine 100 units/mL and insulin degludec (D), and in-
sulin glargine 100 units/mL and basal insulin peglispro (E). Figure compiled from the following: Owens [10], Porcellati et al. [11],
Heise and Pieber [12], Nasrallah and Reynolds [13], Heise et al. [14,15], Sinha et al. [16,17], Plank et al. [18], Klein et al. [19] and
Becker et al [20]
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insulin also shows a peak at around 4.5 h and, therefore,
does not provide the ideal flat pharmacologic profile for a
basal insulin [22] (Figure 1A). Owing to the peak effect,
NPH insulin acts as both a basal and a prandial insulin,
necessitating that patients eat a meal at the time the insu-
lin is peaking. The peak action of the evening or bedtime
dose of NPH insulin occurs overnight while the patient is
sleeping, which contributes to the risk of nocturnal
hypoglycaemia.

Established long-acting insulin
analogues

Over the past decade, long-acting insulin analogues have
been introduced into the market, providing patients with
insulins that have PD advantages over earlier agents. Spe-
cifically, these insulin analogues use recombinant DNA
technology to modify the structural properties of insulin

Table 1. Profiles of insulins in current use and development

Insulin
Onset of
action (h) Peak (h) Half-life (h)

Duration of
action (h) Cost per unita ($) Comments

NPH insulin
100 units/mL

1–2 4–8 4 8–14 6.29–13.24b •No longer recommended for patients
with type 1 diabetes, given the higher
rates of hypoglycaemia and less
flexibility with meals
•Still used in type 2 diabetes, owing
to its lower cost
•Currently available without a
prescription in the United States;
useful for patients with an immediate
need of insulin

Insulin glargine
100 units/mL

1–1.5 8–12 (peak not
pronounced)

12 Up to 24 13.37–26.83 •Main advantages include the
following:
○ once-daily dosing
○ less hypoglycaemia compared with
NPH insulin

○ ‘flat’ pharmacologic profile
Insulin detemir
100 units/mL

1–1.5 4–7 (peak not
pronounced)

5–7 Up to 24
(although 17.5
reported in one
study)

26.83 •Generally requires twice-daily dosing
•May have less variability and weight
gain than insulin glargine
•Pregnancy class B (as opposed to
insulin glargine that is class C)

Insulin glargine
300 units/mL

2 (approx.
12 h to reach
maximum)

Close to
peakless

19 32 80.16 •Advantages:
○ ‘flat’ pharmacologic profile
○ less hypoglycaemia compared with
insulin glargine 100 units/mL

○ long duration of action
•May benefit patients on high doses
of basal insulin to reduce the
volume of drug delivered

Insulin degludec
100 units/mL

0.5–1.5 (2–3
days to reach
steady state)

Close to
peakless

25 Beyond 26 Not currently
available in the
United States

•Currently not approved in the
United States given FDA request for
cardiovascular outcomes trials
•If approved, advantages would
be the following:
○ very long duration of action
○ ‘flat’ pharmacologic profile
○ less hypoglycaemia compared with
insulin glargine 100 units/mL

Basal insulin
peglispro100
units/mL

<4 (7 days to
reach steady
state)

Close to
peakless

24–48 ≥24 Not currently
available in the
United States

•Perhaps the first ‘hepatic-specific’
insulin that preferentially reduces
glucose output from the liver while
stimulating less-glucose uptake in the
periphery (muscle and fat); this may
potentially lead to weight loss
•Concerns over elevated liver-function
tests and lipid-profile changes

Data compiled from the following: Owens [10], Porcellati et al. [11], Heise and Pieber [12], Nasrallah and Reynolds [13], Heise et al.
[14,15], Sinha et al. [16,17], Plank et al. [18], Klein et al. [19] and Becker et al. [20].
FDA, Food and Drug Administration; NPH, neutral protamine Hagedorn.
aPricing information obtained from Drugs.com (accessed 18 June 2015).
bHumulin N.
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with the aim of slowing, flattening and prolonging their
time–action profiles. In the United States, there are cur-
rently two available long-acting insulin analogues for
basal insulin replacement: insulin glargine 100 units/mL
and insulin detemir.

Insulin glargine 100 units/mL (Sanofi;
Paris, France)

Sanofi insulin glargine is a long-acting insulin analogue
that was approved by the United States Food and Drug
Administration (FDA) in 2000 and was the first long-
acting insulin to be introduced into clinical practice. Insu-
lin glargine is produced by substituting asparagine with
glycine in position A21 of the A-chain of the human insu-
lin molecule and by adding two arginine amino acids on
positions B31 and B32 of the B-chain of the human insulin
structure [23] (Figure 2). These modifications lead to a
shift of the isoelectric point from pH 5.4 to pH 6.7, making
insulin glargine soluble at a slightly acidic pH and less sol-
uble at physiological pH levels [23]. Unlike older
intermediate-acting and long-acting human insulin prepa-
rations that were precipitated in the vial and required re-
suspension prior to administration, insulin glargine
precipitates only after being injected in the neutral pH of
the interstitial fluid in the subcutaneous tissue. Subse-
quent enzymatic removal of the two arginine amino acids
at the B-chain terminus occurs at a variable rate, both at
the site of injection and in the circulation, yielding prod-
ucts that remain metabolically active at the insulin recep-
tor [24].

Compared with NPH insulin, insulin glargine shows a
flatter pharmacologic profile with no pronounced peak
and a longer duration of action [11,12,22] (Figure 1A; Ta-
ble 1). In clamp studies, the mean duration of action of in-
sulin glargine has been shown to be around 24 h in
subjects without diabetes [23], in patients with T1DM
[11,22] and in patients with T2DM [19], allowing for
once-daily dosing. Although not indicated on the label
for insulin glargine, in clinical practice, some patients
with T1DM may benefit from twice-daily injections of in-
sulin glargine [25]. Within-subject variability has been
shown to be lower with insulin glargine relative to NPH
insulin in subjects without diabetes [26] and in patients
with T1DM [21,22]. One key point regarding these exper-
imental studies is that NPH insulin was thoroughly resus-
pended before injection, whereas in a clinical setting, it is
known that patients often fail to perform an adequate re-
suspension before injection. This is a major source of
within-subject variability with the use of NPH insulin.
Therefore, the variability of insulin glargine, which does
not require resuspension, is likely to be lower than that
of NPH insulin in a clinical setting [12].

In patients with T1DM, compared with NPH insulin, in-
sulin glargine has been shown to be associated with a
greater decrease in fasting blood glucose [27–31], equiva-
lency in glycemic control [27,32–37], lower variability in
response [27,38], lower weight gain [27,39], reduced in-
jection frequency [40] and improved patient-reported
quality of life and treatment satisfaction [41–43]. As
would be predicted from its PK/PD profile, insulin
glargine is also associated with a significant reduction in
hypoglycemic risk compared with NPH insulin in patients
with T1DM [39,44]. Results from a meta-analysis of clin-
ical trials support these individual studies showing insulin
glargine exhibited a greater reduction in A1C with re-
duced hypoglycaemia compared with NPH insulin [45].

In patients with T2DM, compared with NPH insulin,
insulin glargine is associated with significantly less
hypoglycaemia [46–50], lower blood glucose levels
[46,51], equivalent glycemic control [47-50,52] and lower
weight gain [47]. Meta-analyses of studies comparing insu-
lin glargine and NPH insulin showed comparable glycemic
control with reduced hypoglycaemia [53–56]. In patients
with T2DM or those with impaired glucose tolerance, the
safety of insulin glargine in terms of cardiovascular and can-
cer outcomes has been compared with standard of care in
the Outcome Reduction with an Initial Glargine Interven-
tion (ORIGIN) trial [57]. Insulin glargine was shown to
have no effect on cardiovascular outcomes and did not in-
crease the incidence of cancer [57].

Insulin detemir (Novo Nordisk Inc.;
Bagsvaerd, Denmark)

Insulin detemir is a long-acting insulin analogue that was
approved by the United States FDA in 2005. Insulin
detemir is produced by covalent bonding of a C14 fatty
acid to lysine in position B29 of human insulin and
removal of the terminal threonine in position B30
(Figure 2). The fatty acid side chain increases self-
association of the insulin into hexamers and di-hexamers
and allows reversible binding of insulin detemir to albu-
min, both of which contribute to the prolonged action
[58,59]. As with insulin glargine, the clear solution of in-
sulin detemir in vials and pens allows for more accurate
and precise dosing than insulins requiring resuspension
prior to administration.

Insulin detemir has a relatively flat profile compared
with NPH insulin as well as a longer duration of action, as
shown in several PK/PD studies [12] (Figure 2; Table 1).
The mean duration of action of insulin detemir has been
shown to be up to 24 h [12], although one study in patients
with T1DM showed an end of action for insulin detemir at
17.5 h [11], which may indicate why some patients require
twice-daily dosing of insulin detemir.
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Figure 2. Protein structures of basal insulins. GLA-300, insulin glargine 300 units/mL; PK, pharmacokinetic; PD, pharmacodynamic
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In patients with T1DM, insulin detemir shows equiva-
lent glycemic control and a reduced risk of hypoglycaemia
compared with NPH insulin [35,60–65], less within-
subject variability [21] and lower weight gain [61,63–
65]. Similar results were seen in meta-analyses of clinical
trials [45,66].

Treatment of patients with T2DM with insulin detemir,
when compared with NPH insulin, is associated with
equivalency in glycemic control, lower blood glucose
levels, less weight gain and lower or no increase in
hypoglycaemia [67–75]. Similar results were seen in a
meta-analysis of clinical trials [53,76].

Insulin glargine 100 units/mL versus
insulin detemir

In patients with T1DM, single-dose glucose clamp PK/PD
data demonstrate that both insulin analogues have similar
glucose-lowering rates during the initial 12 h after admin-
istration, but the effects of insulin detemir are lower dur-
ing 12–24 h compared with insulin glargine [11]
(Figure 1B). The difference in PD patterns was also shown
in another study, which suggested that insulin glargine
may produce a flatter glycemic profile [77]. Studies have
indicated that compared with once-daily insulin glargine,
twice-daily insulin detemir may offer better glycemic con-
trol [78] or, when in combination with insulin aspart, sim-
ilar glycemic control with less hypoglycaemia [79].
However, another head-to-head study using equivalent
doses suggests that insulin glargine leads to more effec-
tive and stable glycemic control than insulin detemir
[80]. One study has shown that in patients switching from
insulin glargine to insulin detemir, insulin detemir offers
lower within-subject variability [81]. A study of patients
with T1DM receiving a single dose of insulin detemir, in-
sulin glargine or NPH insulin found that insulin detemir
exhibited the least within-subject variability, making the
glucose-lowering effect more predictable [21].

In a 26-week noninferiority study in patients with
T2DM, insulin detemir treatment resulted in similar re-
ductions in A1C compared with insulin glargine [82];
however, in another 26-week noninferiority trial of insulin
detemir in patients with T2DM, insulin glargine showed a
significantly greater reduction of A1C [83]. In a 52-week
noninferiority study of insulin detemir and insulin
glargine basal-bolus therapy in patients with T1DM, no
difference was seen in overall glycemic control, tolerabil-
ity or occurrence of hypoglycaemia [84]. More than half
of all patients treated with insulin detemir finished the
trial on twice-daily dosing [84]. Similar blood glucose
control was achieved by insulin glargine and insulin
detemir in a crossover trial in patients with T1DM; how-
ever, there was a trend towards higher doses and number

of daily injections with insulin detemir, with 60% of pa-
tients needing twice-daily injections to achieve glucose
targets [85]. Head-to-head studies of patients with
T2DM treated with either insulin glargine or insulin
detemir, in addition to oral antidiabetes drugs (OADs) or
as the basal insulin component of a basal-bolus regimen,
have reported similarly low rates of hypoglycaemia and
equally effective glucose control; however, higher doses
(generally twice-daily dosing) of insulin detemir were
needed [86–88].

Absolute weight gain was reported to be higher with in-
sulin glargine in some head-to-head studies [82,83,87–
89]; however, weight gain per A1C change has been
shown to be similar [90]. With weight gain representing
one of the major drawbacks and barriers to insulin ther-
apy, the potential for lower weight gain with insulin
detemir is positive, although the reason for this effect is
not fully understood [60]. A Cochrane report, published
in 2011, concluded that although there appeared to be
no clinically relevant difference in efficacy or safety be-
tween insulin detemir and insulin glargine for targeting
hyperglycaemia, insulin detemir was often injected twice
daily in order to achieve a similar level of glycemic control
and was also associated with a higher dose but with less
weight gain; insulin glargine was generally injected once
daily and had fewer injection-site reactions [91].

Special populations

Children and adolescents

As in adults, insulin therapy, particularly basal-bolus ther-
apy, is central to the treatment of children and adoles-
cents with T1DM and is a key component in the
treatment of T2DM. Both insulin glargine and insulin
detemir have been studied in paediatric patients with
T1DM (reviewed in Galli-Tsinopoulou [92]), although
neither has been studied in paediatric patients with
T2DM. Both insulin glargine [30] and insulin detemir
[93] have been shown to be well tolerated in children
and adolescents with T1DM and provide effective glyce-
mic control with significantly greater decreases in fasting
blood glucose, but not A1C levels, compared with NPH in-
sulin. One surprising finding of a randomized clinical trial
of insulin glargine versus twice-daily NPH insulin in ado-
lescents with T1DM was that hypoglycaemia was slightly
more frequent in the insulin glargine group [33]; other
studies have also shown a comparable hypoglycaemia risk
between insulin glargine and NPH insulin [33,94].

According to the manufacturers, neither insulin
glargine nor insulin detemir should be mixed with an-
other insulin. However, some paediatric patients may
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mix their long-acting basal insulin with their rapid-acting
prandial insulin in order to reduce the number of injec-
tions. Studies have shown that mixing rapid-acting pran-
dial and long-acting basal insulins alters the PD of the
rapid-acting insulin; the peak of response is diminished,
and the time to response is later [95,96]. The potential
consequences of these effects on the rapid-acting insulin
response include the possibility of postprandial
hyperglycaemia or an increased risk of nocturnal
hypoglycaemia with doses taken near bedtime.

Pregnancy

Most noninsulin therapies are contraindicated during
pregnancy, and women with T1DM require an appropri-
ate insulin regimen with frequent modifications through-
out pregnancy. Insulin is also considered the ‘gold
standard’ treatment for pregnant women with T2DM
and gestational diabetes whose hyperglycaemia remains
uncontrolled with diet and lifestyle modification. Whereas
insulin detemir is indicated in pregnancy (pregnancy cat-
egory B), insulin glargine is indicated only where the po-
tential benefits outweigh the risk (pregnancy category C)
owing to the lack of prospective randomized trials in preg-
nant women. Insulin detemir has been shown to be
noninferior to NPH insulin in terms of A1C achievement
in late pregnancy in women with T1DM, with lower
fasting plasma glucose and a comparable rate of
hypoglycaemia [97] and tolerated as well as NPH insulin
without any specific safety concerns [98]. Meta-analyses
and systematic reviews of the safety of insulin glargine
use in pregnancy suggest that there is no evidence of an
increased risk of adverse fetal outcomes [99], and it has
been suggested that insulin glargine use in pregnancy
should be considered owing to the benefits of improved
glycemic control compared with NPH insulin [100]. How-
ever, the authors of a more recently published review con-
clude that there is no evidence base to support one insulin
treatment regimen over another in pregnancy [101]. It
should be noted that these reviews are based on a limited
number of clinical reports with small numbers of patients
being treated with insulin glargine.

Elderly

In a pooled analysis of nine clinical trials, insulin glargine
was associated with better glycemic control with a re-
duced incidence of hypoglycaemia in older patients with
T2DM compared with several comparators [102]. Insulin
detemir has been shown to be effective in individuals aged
≥65 years, although an increased number of patients ex-
perienced hypoglycaemia upon initiation [103]. No

differences in safety or efficacy have been observed in pa-
tients aged ≥65 years in key clinical trials of both insulin
glargine and insulin detemir [104,105]; initial dosing,
dose increments and maintenance dosage should be con-
servative to avoid hypoglycaemia, especially given the po-
tential difficulty of recognizing hypoglycaemia in the
elderly.

Newly marketed basal insulins

Insulin glargine 300 units/mL (Sanofi)

Insulin glargine 300 units/mL (Gla-300) is a new formu-
lation of insulin glargine that delivers the same number
of insulin units as Sanofi insulin glargine 100 units/mL
(Gla-100), but in a third of the volume. The compact de-
pot renders a smaller surface area of insulin glargine for
a given dose, leading to a slower release of insulin
glargine over time. This translates into a more constant
PK/PD profile, with a prolonged duration of action with
Gla-300 compared with Gla-100 in patients with T1DM
[23,106–108] (Figure 1C).

The phase 3 EDITION trials investigated Gla-300 in a
range of patients with diabetes (Table 2) [109–112]. EDI-
TION 1 included patients with T2DM using a basal plus
prandial insulin and showed that Gla-300 was noninferior
to Gla-100 for change in A1C from baseline to Month 6
(primary endpoint) [113], with a slightly greater decrease
in A1C at Month 12 [114]. Gla-300 was associated with a
reduction in the percentage of patients experiencing ≥1
confirmed (blood glucose ≤70 mg/dL) or severe (per the
American Diabetes Association definition) nocturnal
(00:01 to 05:59 h) hypoglycaemia event over a range of
time periods (Week 9 to Month 6 [main secondary end-
point], baseline to Week 8, baseline to Month 6 and base-
line to Month 12) [113,114]. Confirmed or severe
hypoglycaemia at any time of day from baseline to Month
6 was lower with Gla-300 [113]. Over the initial 6-month
study period, body weight increased to a similar degree
with both Gla-300 and Gla-100, and there was an increase
in insulin dose for both groups that was greater with Gla-
300 [113].

EDITION 2 included patients with T2DM previously
using a basal insulin and OADs and showed that Gla-300
was as effective as Gla-100 in blood glucose control for
the initial 6-month study [115] and over the 6-month ex-
tension [110]. Gla-300 was also associated with a lower
percentage of patients experiencing ≥1 confirmed or se-
vere nocturnal hypoglycaemia over a range of time pe-
riods (Week 9 to Month 6 [main secondary endpoint],
baseline to Week 8, baseline to Month 6 and baseline to
Month 12) [110,115]. Gla-300 was also associated with
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a lower proportion of patients experiencing ≥1 confirmed
or severe hypoglycaemia at any time of the day from base-
line to Month 6 [115]. Body weight gain was significantly
lower with Gla-300 compared with Gla-100 over the ini-
tial 6-month study [115] and the 6-month extension
[110]; over the initial 6-month study period, there was a
greater increase in the insulin dose in the Gla-300 group
[115].

Results from the EDITION 3 trial, conducted in insulin-
naïve patients with T2DM, showed noninferiority of glyce-
mic control for Gla-300 compared with Gla-100 [111].
There was no difference in the percentage of patients
experiencing ≥1 confirmed or severe nocturnal
hypoglycaemia from Week 9 to Month 6 (main secondary
endpoint), or baseline to Week 8; however, fewer patients
experienced ≥1 confirmed or severe nocturnal
hypoglycaemia from baseline to Month 6 [111]. There
was no difference in the percentage of patients experienc-
ing ≥1 confirmed or severe hypoglycemic event at any
time of day from baseline to Month 6 [111]. The greatest
differences in incidence of hypoglycaemia between Gla-
300 and Gla-100 were seen during the 06:00 to 10:00 h
interval and favoured Gla-300 [111]. This reflects the
more evenly distributed glucose-lowering activity of Gla-
300 and perhaps indicates that the risk reduction of
hypoglycaemia with Gla-300 at night is underestimated
because of the nocturnal definition [111]. Over the 6-

month study, there was numerically less body weight gain
with Gla-300, and at the end of the 6-month study, the
dose of basal insulin was higher with Gla-300 than with
Gla-100 [111].

The EDITION JP2 study in Japanese patients with
T2DM previously receiving a basal insulin and OADs also
showed noninferior glycemic control with a lower per-
centage of patients experiencing ≥1 nocturnal confirmed
or severe hypoglycemic event from Week 9 to Month 6,
and from baseline to Month 6; however, there was no dif-
ference during the first 8 weeks of the study (although
this trial was not powered to identify a difference in hypo-
glycemic events) [116]. The proportion of patients
experiencing ≥1 confirmed or severe hypoglycemic event
at any time of day from baseline to Month 6 was not dif-
ferent [116]. Over the 6-month study, there was weight
loss with Gla-300, compared with weight gain with Gla-
100 [116].

In patients with T1DM, results from EDITION 4 showed
equivalent glycemic control with Gla-300 compared with
Gla-100 and no significant difference in the event rates
of nocturnal confirmed or severe hypoglycaemia from
Week 9 to Month 6 or baseline to Month 6, with a lower
incidence from baseline to Week 8 [112]. The event rate
for confirmed or severe hypoglycaemia at any time of
the day over the 6 months was not different between
the groups [112]. There was also a significantly lower

Table 2. Overview of phase 3 studies of Gla-300

Study
name

Duration
(months)

Study
population

Gla-300 versus Gla-100

Glycemic outcomes Safety outcomes Weight change

EDITION 1
[109]

12 T2DM; basal
bolus; A1C 8.15%;
Gla-300 n=404,
Gla-100 n=403

Greater A1C reduction:
LS mean difference �0.17%
(95% CI �0.30 to �0.05)

Fewer hypoglycaemia at any
time of day:a relative risk
0.94 (95% CI 0.89–0.99)

Comparable weight gain: 1.2
versus 1.4 kg

Fewer nocturnal
hypoglycaemia:a relative risk
0.84 (95% CI 0.75–0.94)

EDITION 2
[110]

12 T2DM; basal
insulin; A1C 8.24%;
Gla-300 n=404,
Gla-100 n=407

Comparable A1C reduction:
LS mean difference 0.06%
(95% CI �0.22 to 0.10)

Comparable hypoglycaemia
at any time of day:a relative
risk 0.96 (95% CI 0.89–1.02)

Less weight gain: 0.42 versus
1.14 kg (p=0.0091)

Fewer nocturnal hypoglycaemia:a

relative risk 0.84 (95% CI
0.71–0.99)

EDITION 3
[111]

6 T2DM; insulin
naïve; A1C 8.54%;
Gla-300 n=435,
Gla-100 n=438

Comparable A1C reduction:
LS mean difference 0.04%
(95% CI �0.09 to 0.17)

Comparable hypoglycaemia at
any time of day:a relative risk
0.88 (95% CI 0.77–1.01)

Comparable weight gain:
0.49 versus 0.71 kg

Fewer nocturnal hypoglycaemia:a

relative risk 0.76 (95% CI
0.59–0.99)

EDITION 4
[112]

6 T1DM; A1C 8.1%;
Gla-300 n=274,
Gla-100 n=275

Comparable A1C reduction:
LS mean difference 0.04%
(95% CI �0.10 to 0.19)

Comparable hypoglycaemia at
any time of day:a relative rate
1.00 (95% CI 0.95–1.04)

Less weight gain: 0.5 versus
1.0 kg; LS mean difference
�0.6 kg (95% CI �1.1 to
�0.03; p=0.037)Comparable nocturnal

hypoglycaemia:a relative rate
0.98 (95% CI 0.88–1.09)

A1C, glycated haemoglobin; CI, confidence interval; Gla-100, insulin glargine 100 units/mL; Gla-300, insulin glargine 300 units/mL; LS,
least squares; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
aPatients experiencing ≥1 confirmed (blood glucose ≤70 mg/dL) or severe hypoglycemic event.
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body weight gain with Gla-300 and a greater increase in
insulin dose for Gla-300 compared with Gla-100 [112].
In Japanese patients with T1DM, the EDITION JP1 study
showed equivalent glycemic control with a lower percent-
age of patients experiencing ≥1 nocturnal confirmed or se-
vere hypoglycaemia during the 6-month study period, and
from baseline to Week 8; there was no significant differ-
ence during the period Week 9 to Month 6 [117]. The per-
centage of patients experiencing ≥1 hypoglycemic event at
any time of day over the 6-month study was not different
between Gla-300 and Gla-100 [117].

In order to reduce potential confusion during the tran-
sition from other insulins, Gla-300 is available in a pen de-
vice that adjusts the volume and dispenses the selected
number of insulin units.

Insulin degludec (Novo Nordisk)

Insulin degludec is a novel ultra-long-acting insulin that is
approved for use in various regions, including the Euro-
pean Union, Japan, Mexico and India, but not currently
in the United States. It was denied approval by the United
States FDA in 2012 following questions regarding a possi-
ble increased risk of major adverse cardiovascular events
observed in a meta-analysis of 16 clinical trials; a request
was made for additional cardiovascular outcomes data
from a dedicated trial [118]. There are plans for resubmis-
sion in the near future [119].

The insulin degludec molecule retains the human insu-
lin amino acid sequence except for the deletion of the
threonine at B30 and a glutamic acid spacer that links a
16-carbon fatty di-acid chain to the B29 amino acid resi-
due [9,120] (Figure 2). In the presence of phenol in the
injection solution, degludec exists in a stable di-hexameric
form; on subcutaneous injection, the phenol diffuses away
to allow the degludec di-hexamers to have free ends and,
with the help of zinc and fatty acid side chains, link up
and form a soluble multihexameric chain. Zinc diffuses
slowly from the terminal ends of the chain, allowing it
to slowly dissociate, therefore providing slow and stable
absorption of insulin monomers and consistent delivery
of insulin degludec, which is not dependent on blood per-
fusion of the injection site [9,120]. Insulin degludec also
binds reversibly to albumin, although this does not con-
tribute significantly to its prolonged action [120].

In patients with T1DM, insulin degludec showed dose
proportionality with stable PK concentrations at steady
state and even distribution of serum exposure over the
first and second 12-h post-dosing [14] (Figure 1D). The
mean terminal half-life of insulin degludec was found to
be twice that of insulin glargine 100 units/mL (25.4 vs
12.5 h, respectively) [14]. A similar PK profile was seen
in patients with T2DM, with an even distribution of the

glucose-lowering effect of insulin degludec over the study
period and a terminal half-life of approximately 25 h at
steady state [15]. The total glucose-lowering effect in-
creased linearly with increasing dose, and the blood glu-
cose levels of all subjects stayed very close to the clamp
target until the end of the clamp [15].

Compared with currently available basal insulins, these
attributes would be expected to lower the risk of
hypoglycaemia, and early clinical data tend to support
this. Insulin degludec was investigated in the BEGIN se-
ries of phase 3 clinical trials (Table 3) [121–125]. In pa-
tients with T1DM, similar A1C reduction with lower
rates of nocturnal hypoglycaemia (defined as confirmed
blood glucose ≤56 mg/dL or severe events occurring be-
tween 00:01 and 05:59 h) have been reported with insu-
lin degludec compared with insulin glargine
100 units/mL [121]. Similar or statistically lower rates
of confirmed (blood glucose ≤56 mg/dL) or severe
hypoglycaemia at any time of the day, as well as signifi-
cantly lower nocturnal hypoglycaemia (defined as con-
firmed blood glucose ≤56 mg/dL or severe events
occurring between 00:01 and 05:59 h), have also been ob-
served in patients with T2DM alongside a similar decrease
in A1C [122,125]. A recent meta-analysis concluded that
insulin degludec appears to be associated with a lower in-
cidence of nocturnal hypoglycaemia in comparison with
insulin glargine 100 units/mL for similar levels of A1C re-
duction [126].

It was postulated that the extended duration of insulin
degludec may allow for more flexibility with respect to the
timing of day-to-day dosing. In studies of fixed versus flex-
ible daily dosing, where doses were fixed to a schedule of
alternate mornings and evenings (creating intervals of 8–
40 h), A1C attainment was similar between dosing groups
in both T1DM and T2DM patients, with similar rates of
hypoglycaemia and adverse events in both dosing groups
of patients with T2DM [127]. Although rates of nocturnal
hypoglycaemia were significantly higher in the flexible
dose group in patients with T1DM in this study [127], an-
other study found that rates of hypoglycaemia were simi-
lar between the flexible dose regimen using insulin
degludec and fixed dosing with insulin glargine
100 units/mL; however, rates of nocturnal confirmed
hypoglycaemia were lower with insulin degludec [124].
Rates of overall and nocturnal hypoglycaemia were also
shown to be similar in patients with T2DM treated with
the following: once-daily insulin degludec with dosing in-
tervals of 8–40 h, once-daily insulin degludec taken with
the evening meal, and once-daily insulin glargine
100 units/mL dosed at the same time each day [123].
However, despite its longer duration of action, three-
times-weekly dosing of insulin degludec has been shown
to be associated with inferior glycemic control and in-
creased risk of hypoglycaemia compared with once-daily
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insulin glargine 100 units/mL in patients with T2DM
[128]. As a result, the concept of ‘every other day’ dosing
was abandoned, and insulin degludec has been marketed
as a daily basal insulin.

Basal insulin in development

Basal insulin peglispro (LY2605541)

The attachment of ≥1 polyethylene glycol (PEG) chain to
a protein (PEGylation) prolongs exposure, decreases deg-
radation and reduces immunogenicity [129]. Basal insulin
peglispro is a modified insulin lispro that has a 20-kDa
PEG moiety covalently attached to lysine B28 (Figure 2).

This PEGylated form of the rapid-acting analogue insulin
lispro demonstrates slower absorption from the subcuta-
neous tissue and reduced renal clearance, resulting in an
extended action [130].

Pharmacodynamic studies have shown that basal insu-
lin peglispro has a flat steady-state profile with a duration
of action of ≥24 h in patients with T2DM [16] (Figure 1E).
In a phase 2 study of patients with T1DM, basal insulin
peglispro demonstrated better glycemic control with a
lower mealtime insulin dose-requirement, compared with
insulin glargine 100 units/mL [131]. The risk of
hypoglycaemia was greater with basal insulin peglispro
compared with insulin glargine 100 units/mL, although
the risk of nocturnal hypoglycaemia was lower [131]. In
patients with T2DM, basal insulin peglispro showed com-
parable glucose control and similar total hypoglycaemia

Table 3. Overview of phase 3 studies of IDeg

Study name Duration
(weeks)

Study
population

IDeg versus comparator

Glycemic outcomes Safety outcomes Weight change

BEGIN Basal-
Bolus T1
[121]

52 T1DM; A1C
7.7%; IDeg
n=472,
Gla-100
n=154

Comparable A1C reduction:
mean difference �0.01%
(95% CI �0.14 to 0.11)

Comparable overall
confirmed hypoglycaemia:a

estimated rate ratio 1.07
(95% CI 0.89–1.28; p=0.48)

Comparable weight gain:
1.8 versus 1.6 kg (p=0.62)

Lower nocturnal
hypoglycaemia:a estimated
rate ratio 0.75 (95% CI
0.59–0.96; p=0.021)

BEGIN Basal-
Bolus T2
[122]

52 T2DM; basal
insulin; A1C
8.3%; IDeg
n=744,
Gla-100
n=248

Comparable A1C reduction:
treatment difference
�0.08% (95% CI �0.05 to
0.21)

Lower total hypoglycaemia:a

estimated rate ratio 0.82
(95% CI 0.69–0.99;
p=0.0359)

Comparable weight gain:
3.6 versus 4.0 kg

Lower nocturnal
hypoglycaemia:a mean
difference 0.75 (95% CI
0.58–0.99; p=0.0399)

BEGIN Flex
[123]

26 T2DM; insulin
naïve; flexible
dosing study;
A1C 8.4%;
IDeg Flex
n=229,
IDeg n=228,
Gla-100
n=230

Comparable A1C reduction:
treatment difference IDeg
Flex versus Gla-100, 0.04%
(95% CI �0.12 to 0.20)

Comparable overall confirmed
hypoglycaemia (IDeg Flex
versus Gla-100):a rate ratio
1.03 (95% CI 0.75–1.40)

Comparable weight gain:
(IDeg Flex versus Gla-100)
1.5 versus 1.3 kg

Comparable nocturnal
hypoglycaemia (IDeg Flex
versus Gla-100):a rate ratio
0.77 (95% CI 0.44–1.35)

BEGIN Flex
T1 [124]

26 T1DM; A1C
7.7%; IDeg
Flex n=164,
IDeg n=165,
Gla-100
n=163.

Comparable A1C reduction:
estimated treatment
difference IDeg Flex versus
Gla-100 0.17% (95%
CI 0.04–0.30)

Comparable overall
hypoglycaemia (IDeg Flex
versus Gla-100)

Comparable weight gain
(IDeg Flex versus Gla-100):
1.3 versus 1.9 kg

Lower nocturnal hypoglycaemia
(IDeg Flex versus Gla-100):a

rate ratio 0.60 (95% CI
0.44–0.82; p=0.001)

BEGIN Once
Long [125]

52 T2DM; insulin
naïve; A1C
8.2%; IDeg
n=773,
Gla-100
n=257

Comparable A1C reduction:
treatment difference 0.09%
(95% CI �0.04 to 0.22)

Comparable overall
hypoglycaemiaa (p=0.106)

Comparable weight gain:
2.4 versus 2.1 kg (p=0.28)

Lower nocturnal hypoglycaemia:a

estimated rate ratio 0.64 (95%
CI 0.42–0.98; p=0.038)

A1C, glycated haemoglobin; CI, confidence interval; Gla-100, insulin glargine 100 units/mL; IDeg, insulin degludec; IDeg Flex, flexible dose
IDeg; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
aConfirmed blood glucose ≤56 mg/dL or severe hypoglycaemia events.
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rates to insulin glargine 100 units/mL; however, basal in-
sulin peglispro did show a reduced intraday variability
and lower incidence of nocturnal hypoglycaemia [130].
Concern has been raised regarding apparent elevation in
liver transaminases and changes in lipid profiles as seen
in phase 1 and phase 2 trials, where triglycerides and
low-density lipoprotein cholesterol increased, and high-
density lipoprotein cholesterol decreased [132]. Basal

insulin peglispro has a significantly lower affinity for the
insulin receptor than insulin lispro, which may reduce its
mitogenic potential [133].

There is evidence to suggest that basal insulin
peglispro has ‘hepatic specificity’, which may mimic the
physiological insulin state more closely. Normal insulin
release results in insulin being secreted directly into the
portal system, with the relative ratio of hepatic to

Table 4. Overview of phase 3 studies of BIL

Study
name

Duration
(weeks)

Study
population

BIL versus comparator

Glycemic outcomes Safety outcomes Weight change Other outcomes

IMAGINE 1
[137]

26 T1DM; A1C
7.8%; BIL
n=295,
Gla-100
n=160

Significantly greater
reduction in A1C;
treatment difference
�0.37% (95% CI
�0.50 to 0.23)

29% higher
hypoglycaemia
rate 36% lower
nocturnal
hypoglycaemia
rate

Weight loss Higher TGs, ALT
and LFC; more
injection site
reactions

IMAGINE 2
[138]

52 T2DM;
insulin naïve;
BIL n=1003,
Gla-100
n=535

Significantly greater
reduction in A1C;
treatment difference
�0.3% (95% CI
0.40–0.19)

Comparable total
hypoglycaemia:
relative rate
0.77 (p=0.031)

Less weight
gain: 2.1 versus
2.6 kg (p=0.046)

Higher TGs and
ALT; more
injection site
reactions

Lower nocturnal
hypoglycaemia
(p< 0.001)

IMAGINE 3
[139]

52 T1DM; A1C
7.9%; BIL
n=664,
Gla-100
n=450

Significantly greater
reduction in A1C;
treatment difference
�0.22% (95% CI
�0.32 to �0.12; p
< 0.001)

Higher total
hypoglycaemia:
relative rate 1.11
(p=0.002)

Weight loss:
�0.6 versus 1.2 kg
(p< 0.001)

Increases in ALT,
TG and LFC;
more injection
site reactions

Lower nocturnal
hypoglycaemia:
relative rate 0.53
(p< 0.001)

Lower HDL-C and
LDL-C

IMAGINE 4
[140]

26 T2DM; ≥1
injection/day;
A1C 8.4%;
BIL n=691,
Gla-100
n=678

Significantly greater
reduction in A1C;
treatment difference
�0.21% (p< 0.001)

Comparable total
hypoglycaemia:
relative rate 1.10
(p=0.053) 45%
lower nocturnal
hypoglycaemia
rate

Less weight
gain: 1.3 versus
2.2 kg (p< 0.001)

Significantly
higher TGs and
ALT
Lower HDL-C

IMAGINE 5
[141]

52 T2DM;
basal insulin
+OAD; A1C
7.4%; BIL
n=307,
Gla-100
n=159

Significantly greater
reduction in A1C; LS
mean difference
�0.44% (95% CI
�0.60 to �0.29;
p< 0.001)

Lower total
hypoglycaemia:
relative rate 0.77
(p=0.031)

Comparable
weight gain:
0.69 versus 1.32 kg
(p=0.106)

Significantly
higher TGs, ALT,
AST and LFC

Lower nocturnal
hypoglycaemia:
relative rate 0.40
(p< 0.001)

Lower LDL-C and
HDL-C

IMAGINE 6
[142]

26 T2DM;
insulin naïve;
A1C 8.5%;
BIL n=428,
NPH insulin
n=213

Significantly greater
reduction in A1C
(p< 0.001)

Comparable total
hypoglycaemia
(p=0.092)

No difference
in weight gain

No difference in
lipid measures
ALT increased

Lower nocturnal
hypoglycaemia
(p< 0.001)

IMAGINE 7
[143]

36 T1DM;
flexible dosing
study; A1C
7.5%; Fixed
time n=182,
Variable time
n=182

Comparable A1C
(p=0.095)

Comparable total
hypoglycaemia
(p=0.947)

In all patients,
TGs, ALT and AST
increased
significantlyComparable

nocturnal
hypoglycaemia
(p=0.060)

A1C, glycated haemoglobin; ALT, alanine transaminase; AST, aspartate transaminase; BIL, basal insulin peglispro; CI, confidence interval;
Gla-100, insulin glargine 100 units/mL; Gla-300, insulin glargine 300 units/mL; HDL-C, high-density lipoprotein cholesterol; LFC, liver fat
content; LS, least squares; OAD, oral antidiabetes drug; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; TG, triglycerides.
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peripheral action being between 2:1 and 4:1; however,
the subcutaneous administration of insulin does not
mimic this normal physiological state [134]. Basal insulin
peglispro appears to be more hepatic specific, with a re-
duced effect on the periphery (fat and muscle) compared
with insulin glargine 100 units/mL in healthy volunteers
[134] and in patients with T1DM [135]. The proposed
hepatic specificity of basal insulin peglispro is a possible
mechanism for the weight loss seen in some studies with
basal insulin peglispro. This mechanism is counterintui-
tive because endogenous insulin action is anabolic (lead-
ing to decreased lipolysis in addition to glycogen, protein
and lipid synthesis). Moore et al. [136] showed an acute
lipolytic effect on the liver and decreased peripheral insu-
lin effect (i.e. presumably decreased triglyceride synthe-
sis in adipose tissue) with basal insulin peglispro in a
dog model.

The IMAGINE phase 3 studies investigated basal insulin
peglispro in a range of patient populations (Table 4)
[137–143]. IMAGINE 2, 4 and 5 studied basal insulin
peglispro in patients with T2DM who were insulin-naïve,
on multiple insulin injections and on basal insulin with
OADs, respectively, compared with insulin glargine
100 units/mL [138,140,141]. In each of these studies,
basal insulin peglispro reduced A1C to a significantly
greater degree than insulin glargine 100 units/mL, with
comparable total hypoglycaemia and lower nocturnal
hypoglycaemia [138,140,141]. Basal insulin peglispro
was studied in patients with T1DM in the IMAGINE 1
and IMAGINE 3 studies where basal insulin peglispro led
to a significantly greater reduction in A1C compared with
insulin glargine 100 units/mL over 26 and 52 weeks, re-
spectively [137,139]. In both studies, there was a greater

rate of total hypoglycaemia, but lower nocturnal
hypoglycaemia compared with insulin glargine; also
weight loss was reported with basal insulin peglispro
[137,139].

IMAGINE 1–5 all reported higher triglycerides and ala-
nine transaminases, with some studies also reporting in-
creased liver fat content [137–141]. It is proposed that
the increase lipid may be as a result of hepatic de novo li-
pogenesis, increased release of free fatty acid from adi-
pose tissue or decreased adipose tissue lipoprotein lipase
with basal insulin peglispro [144]. Submission for ap-
proval by the United States FDA has been delayed so that
additional clinical data to further understand and charac-
terize the potential effects of the derangement of lipid
profiles observed with basal insulin peglispro treatment
can be gathered [145].

Biosimilars

Insulin is a medicinal product that is manufactured by a
biological process and is thus termed a biologic. Patents
for many of the major branded insulin products are due
to expire over the next few years (e.g. 2015 for insulin
glargine), and as a result, other manufacturers may make
‘copies’ of these biologics. These copies can be described
as similar to the original biologic product, hence the name
‘biosimilars’ [146]. Because of the complex processes in-
volved in manufacturing biologics, a copy is unlikely to
be 100% identical to the originator product [147].
Biosimilar insulins have the potential to reduce diabetes
treatment costs and increase the accessibility and variety
of insulins available; however, it will be essential to

Table 5. Details of biosimilar insulin products in development

Biosimilar product Original product Registered clinical trials Comments

LY2963016 insulin glargine Insulin glargine NCT01634165 Received tentative approval from the FDA
through a New Drug Application; not
considered a biosimilar in the United
States [149]

NCT01600950
NCT01476345

NCT01688635 Approved in the European Union, under
conditions of additional monitoring [150]NCT01374178

NCT01421459
NCT01421147
NCT02302716

MK-1293 Insulin glargine NCT02059174 Undergoing clinical trials
NCT02059161
NCT02059187

Glaritus® Insulin glargine NCT01357603 Undergoing clinical trials
Marketed in India, Nepal, Sri Lanka and
Myanmar

NCT01352663
Clinical Trials Registry – India
CTRI/2011/11/002173

Glarvia®/Basalog® Insulin glargine Marketed in India
Basalin®/Bonglixan® Insulin glargine Marketed in several regions and countries,

including South East Asia and Latin America

FDA, Food and Drug Administration; NCT, National Clinical Trial.
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demonstrate that they are as safe and effective as the orig-
inal product [148]. Biosimilar guidelines have been pro-
duced by many regulatory authorities, but there is still
some variability in regulatory processes. Insulins in the
United States are currently regulated by the FDA as drugs
(Section 505 of the Food, Drug and Cosmetic Act) and not
as biologics. In 2020, insulins will be deemed licenced un-
der Section 351 of the Public Health Service Act, that is,
as ‘biologics’.

A new drug application for LY2963016 insulin glargine
was submitted to the United States FDA in December 2013
and has received tentative approval [149]; approval
through this pathway means that LY2963016 insulin
glargine is not considered a biosimilar in the United
States. LY2963016 insulin glargine is available in the Eu-
ropean Union, under conditions of additional monitoring
[150] (Table 5). In some countries, such as India, Paki-
stan, Mexico and China, biosimilars are already being
marketed [133], but these products may not fulfil the
criteria of other regulatory authorities. Table 5 lists details
of current biosimilar basal insulin products in develop-
ment [149,150].

Conclusions

Long-acting basal insulins are a fundamental component
of the insulin regimen for treating both T1DM and
T2DM. The established preparations of insulin glargine
100 units/mL and insulin detemir generally have fairly
flat PK profiles, thus reducing the incidence of
hypoglycaemia and improving flexibility in terms of meals
and lifestyle. However, there remain some limitations to
these long-acting insulin analogues: their duration of ac-
tion is not always sufficient and/or has peaks, so that in
some patients, twice-daily dosing is required; nocturnal
hypoglycaemia is still a cause for concern for some pa-
tients; and the weight gain that is associated with insulin
treatment has both negative physiological and psycholog-
ical effects. Overnight blood glucose control in patients

with T1DM also remains a challenge, as there is still con-
siderable day-to-day intrapatient variation in glucody-
namics. Moreover, afternoon exercise or other factors
can contribute to night-to-night variations in insulin re-
quirements. This may be one reason why nocturnal hypo-
glycemic events remain an important issue, even with the
current long-acting insulin analogues. In the near future,
we will have the artificial pancreas, where an insulin
and glucagon pump is linked to a continuous glucose
monitoring device and controlled by sophisticated com-
puter algorithms. This could keep patients in a more nar-
row glucose range than what they can manipulate
themselves. ‘Smart insulins’, which are able to produce
more or less insulin depending on the ambient glucose
level, may also provide a future direction of research for
the ideal insulin replacement [151].

The introduction of even longer-acting basal insulins,
such as Gla-300 and insulin degludec, addresses some of
these limitations and could potentially lead to more pa-
tients reaching their glycemic target with less body weight
gain and reduced hypoglycaemia.
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