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The progressive nature of type 2 diabetes necessitates that treatment is intensified as the disease
advances. Several studies have shown that basal insulin and glucagon-like peptide-1 receptor
agonists (GLP-1RAs) can be used in combination to successfully improve glycemic control and this
combination is increasingly being considered as an alternative to intensification with prandial insulin.
Insulin degluded/liraglutide (IDegLira) is the first fixed-ratio combination of a basal insulin and a GLP-
1RA in a single formulation. Here we consider the benefits and potential limitations of such a
combination, focusing on the unique modes of action of insulin degludec and the once-daily GLP-
1RA liraglutide. IDegLira offers an efficacious combination therapy (mean end-of-trial HbA ;. was
6.4-6.9% across the five completed Phase 3 trials), which was well-tolerated in clinical trials. The
complementary modes of action resulted in a low rate of hypoglycemia and no weight gain in
insulin-treated patients. As a once-daily injection with effects on both fasting and post prandial
hyperglycemia, IDegLira has the potential to help many patients reach glycemic target (60-81% of

patients achieved HbA . <7% in clinical trials).
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The complex pathophysiology of type 2 diabetes is
characterized by declining B-cell function resulting
in reduced insulin secretion in response to glucose,
hypersecretion of glucagon from pancreatic o-cells
and insulin resistance in the muscle and liver. This
favors a strategic approach involving combination
therapy that can address the full spectrum of
underlying abnormalities and maximize the
chance of treatment success. Metformin is recom-
mended as first-line therapy in most patients with
type 2 diabetes, and it is recommended that an
additional therapy be added if a patient is not at
target after 3-6 months treatment.[1,2] Options
for second-line therapy include sulfonylureas, thia-
zolidinediones (TZD), dipeptidyl peptidase 4
(DPP-4) inhibitors, glucagon-like peptide-1 recep-
tor agonists (GLP-1RA), basal insulin, acarbose
and sodium-glucose transport protein 2 inhibitors.
However, despite recent treatment advances and

the numerous options available, data from obser-
vational studies suggest many patients with dia-
betes do not have adequate glycemic control.[3,4]
Clinical inertia with respect to intensifying
treatment when HbA;. remains above target
is also a contributing factor. For example, the
Study of Once Daily Levemir (SOLVE) study
showed that mean HbA,, in patients from 10
countries was 8.9% prior to insulin initiation.
[3] Similarly, a UK-based retrospective cohort
study showed that the median time to treat-
ment intensification for those taking one, two
or three oral antidiabetes drugs (OADs) when
HDbA,. was over 7.0% exceeded the maximum
follow-up time of 7.2 years.[5] Patients and
physicians may be reluctant to intensify treat-
ment as it often leads to increased risk of
hypoglycemia and weight gain.[6,7]
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Therefore, there is still a need for new and innovative
therapies that will enable patients to attain glycemic targets
easily with minimal side effects. Furthermore, there is an
awareness that the control of diabetes needs to involve a
combination of lifestyle measures and pharmacological inter-
ventions, as well as addressing comorbidities such as dyslipide-
mia and hypertension while minimizing weight gain.[2] The
idea of combination therapies is not new — combination pro-
ducts containing metformin with a number of oral agents, for
example, sulfonylureas, TZDs and DPP-4 inhibitors, are avail-
able, offering a less complicated option for patients requiring
more than one oral agent.

GLP-1RAs are one of the newer classes of therapies that, along
with DPP-4 inhibitors, are classified as incretin-based therapies.
GLP-1 is a natural hormone secreted from L-cells in the small
intestine and colon in response to caloric intake. GLP-1 stimu-
lates insulin secretion, suppresses glucagon secretion when glu-
cose levels are elevated, delays gastric emptying and reduces
appetite.[8] GLP-1RAs activate a G-protein-coupled receptor;
in pancreatic B-cells this is coupled to adenylyl cyclase, increasing
cAMP levels and leading to the release of insulin.[8] Following
secretion, natural GLP-1 is rapidly degraded by DPP-4, resulting
in a very short half-life of approximately 1.5 min.

Studies have shown that the pancreatic B-cell response to
GLP-1 is impaired in patients with type 2 diabetes.[9]
Exogenous GLP-1 can augment the B-cell response to reach
similar levels to those of healthy individuals.[10] The first
marketed GLP-1RA, exenatide, is based on the structure of
exendin-4, a hormone with similar properties to GLP-1.
Exenatide has only 53% homology to native human GLP-1
and is available in twice-daily (approved in 2005) and once-
weekly (approved in 2012) formulations. Liraglutide is a
GLP-1 analog, sharing 97% amino acid homology with
native human GLP-1. It was approved in 2009 for once-
daily dosing. Since then several other GLP-1RAs have
reached the market or are expected to gain approval in the
near future.

When added to OAD(s), GLP-1RAs can offer significant
HbA, reductions with a low risk of hypoglycemia and clinically
significant weight loss.[11] However, even with HbA,. reduc-
tions of ~1-1.5% in clinical studies, many patients may require
basal insulin therapy in addition to a GLP-1RA in order to
achieve HbA;, target.

The combination of insulin and an incretin therapy is men-
tioned as a possibility in the European Association for the Study of
Diabetes (EASD)/American Diabetes Association (ADA) guide-
lines on the management of hyperglycemia in type 2 diabetes,[2]
and these therapies are increasingly being used together. Insulin
degludec/liraglutide (IDeglLira; Xultophy) is a novel, fixed-ratio
combination of insulin degludec and liraglutide in a single formu-
lation.[12] This review will consider the benefits of this combina-
tion, focusing on the unique modes of action of the basal insulin
degludec and the once-daily GLP-1RA liraglutide, and discussing
the clinical evidence for the efficacy and safety of the combination
formulation.

Rationale for combining a GLP-1RA and a basal insulin
analog

Incretin and insulin therapies are both efficacious blood glucose-
lowering therapies, but with different mechanisms of action. GLP-
1RAs increase insulin secretion by B-cells and decrease glucagon
secretion by o-cells, both in a glucose-dependent manner.
Depending on their duration of action, they can decrease both fasting
plasma glucose (FPG) and postprandial glucose (PPG), with longer-
acting GLP-1RAs having a greater effect on FPG and shorter acting
products having a greater effect on PPG.[13] GLP-1RAs also reduce
satiety, delay gastric emptying, can reduce body weight and are
associated with a low risk of hypoglycemia. However, GLP-1RAs
may not lead to sufficient insulin secretion from B-cells to achieve the
desired glycemic control. Basal insulin therapy increases circulating
insulin in a non-glucose-dependent manner and has been associated
with improved B-cell function. Basal insulin has a role in glucose
regulation in the liver and peripheral tissues, and modulates hepatic
glucose production.[14] Basal insulin is very effective at lowering
HbA,. and FPG, but has less of an effect on PPG. Insulin is
associated with an increase in body weight (due in part to increased
appetite and food intake) and a risk of hypoglycemia.

Therefore, the two mechanisms of action may complement each
other, with the glucose-dependent effect of GLP-1RAs on pancreatic
islet function counterbalancing the risk of hypoglycemia observed
with increasing doses of insulin. By reducing hunger and food
intake, GLP-1RAs can decrease the weight gain associated with
insulin. The individual effects of basal insulin and GLP-1RAs
suggest a theoretical rationale for combination therapy with clinical
benefits to be expected.[15]

Introduction to the compounds liraglutide and insulin
degludec: the components of IDegLira
Liraglutide
The structure of liraglutide is based on that of native human GLP-1
(Figure 1).[16,17] The attachment of a C16 side chain allows
liraglutide to self-associate into heptamers, delaying absorption
from the injection site. In the bloodstream, liraglutide binds rever-
sibly to albumin, providing stability and reducing metabolism by
DPP-4, resulting in a half-life of 13 h and making it suitable for
once-daily dosing.[18] A study in patients with type 2 diabetes
indicated that liraglutide can improve B-cell function, restoring
insulin secretion in response to glucose to that of healthy indivi-
duals.[19] However, a study in Japanese patients with type 2 diabetes
suggests that caution should be taken with switching patients with
reduced insulin secretory capacity from insulin to liraglutide.[20]
The liraglutide Phase 3 clinical trial program (LEAD) involved
>4000 patients and showed that liraglutide, dosed at 1.2 or
1.8 mg/ day, provided reductions in HbA,., FPG and PPG.
[21] Gastrointestinal side effects are the most commonly reported
adverse effects associated with liraglutide, and with other GLP-
1RAs; in most cases, they resolve after 4—8 weeks treatment.[21]
Head-to-head studies have indicated that liraglutide is superior or
comparable to other GLP-1RAs with respect to HbA . lowering
and percentage of patients reaching target.[22-24]
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Liraglutide

Figure 1. Amino acid structure of native human GLP-1 and
liraglutide [16].

Ala: alanine; Asp: aspartic acid; Cys: cysteine; GLP-1: Glucagon-
like peptide 1; GIn: glutamine; Glu: glutamic acid; Gly: glycine;
lle: isoleucine; Leu: leucine; Lys: lysine; Phe: phenylalamine; Ser:
serine; Thr: threonine; Trp: tryptopan; Tyr: tyrocine; Val: valine.

The long-term effects of GLP-1RAs on cardiovascular safety are
unknown, and although retrospective analyzes of major adverse
cardiovascular events occurring during clinical trials have not raised
any issues, several cardiovascular outcomes trials, including the
liraglutide LEADER study (NCT01179048), are currently ongoing.
There have been safety concerns surrounding the use of incretins
and the development of pancreatitis. A post hoc analysis of pooled
patient-level data from the liraglutide clinical development program
reported eight cases of acute pancreatitis with liraglutide (n = 6345)
compared with one case with comparators (n = 1846).[25] The
incidence of acute pancreatitis was 1.6 cases/1000 patient-years
exposure (PYE) for liraglutide versus 0.7 cases/1000 PYE for total
active comparators. The small number of cases observed and con-
founding variables precluded firm conclusions. Extensive data ana-
lyzes by the US FDA and EMA did not reach a final conclusion
regarding such a causal relationship, but both agencies agreed that
the current knowledge is adequately reflected in the product label-
ing.[26] Long-term outcome trials have been completed and pub-
lished for three DPP-4 inhibitors (saxagliptin, alogliiptin and
sitaglipin).[27-29] In these placebo-controlled studies, the incidence
of acute pancreatitis (0.3-0.4% vs 0.2-0.3%) and pancreatic cancer
(0.1% vs 0.1-0.2%) was similar with the DPP-4 inhibitor and
placebo.[27-30] I vive studies showed that long-term exposure to
liraglutide in rodents was associated with thyroid C-cell hyperplasia
and adenomas;[31] therefore, calcitonin screening was conducted
during the LEAD program. These studies showed that the differ-

ences in calcitonin levels between liraglutide and comparators after

up to 2 years of treatment were extremely small and within the
normal ranges.[32]

Insulin degludec

In healthy individuals, basal insulin is secreted by B-cells at an
almost constant rate between meals of ~1.3 U/h, thus prevent-
ing FPG levels from becoming elevated.[33] Insulin degludec is
a long-acting basal insulin that was approved in Europe and
Japan in 2013 and the US in 2015. It comprises recombinant
desB30 human insulin acylated at the LysB29 residue with a
hexadecandioyl-y-L-Glu side chain (Figure 2A). Insulin deglu-
dec has a novel mechanism of protraction, whereby the addition
of an acylated side chain promotes self-association beyond the
hexameric state following injection, leading to the formation of
multi-hexamers (Figure 2B).[34,35] Insulin degludec monomers
then slowly and gradually dissociate and are subsequently
absorbed into the bloodstream, providing a long duration of
action exceeding 42 h.[34,30]

Insulin degludec has been shown to exhibit a flat and stable
steady-state pharmacokinetic and pharmacodynamic profile, with
a half-life of >25 h compared with ~12 h for insulin glargine.
[37,38] Within-patient variability of glucose-lowering action can
influence the effectiveness of an insulin and can increase hypogly-
cemia.[39] Day-to-day variability in total glucose-lowering effect
was four-times lower for insulin degludec than for insulin glargine
at 20 versus 82%, respectively.[40] Moreover, once-daily dosing of
insulin degludec yields a virtually “peakless” profile, more closely
mimicking the profile of physiological basal insulin secretion.

Insulin degludec was assessed in the large-scale BEGIN Phase 3
program, investigating the efficacy and safety across the spectrum of
diabetes care. In seven treat-to-target trials with a primary end point
of reduction in HbA. from baseline, insulin degludec was nonin-
ferior to insulin glargine.[41] A meta-analysis of the seven trials
showed that patients with type 2 diabetes experienced significantly
lower rates of overall confirmed [rate ratio (RR): 0.83; 95% CI:
0.74-0.94) and nocturnal confirmed hypoglycemia (RR: 0.68; 95%
CI: 0.57-0.82) with insulin degludec versus insulin glargine.[42] In
the year 2013, the FDA announced that it required a cardiovascular
outcomes trial to be conducted before insulin degludec could be
approved in the US. The long-term safety of insulin degludec is
currently being investigated in an ongoing, 5-year trial in >7500
patients at high risk of cardiovascular disease.[43]

GLP-1RA and basal insulin in combination: proof of
concept

Several trials have investigated the use of GLP-1RAs in combi-
nation with basal insulin.[44-48] Together these studies sup-
port GLP-1RA/insulin combination therapy as a way to
improve glycemic control, with a low risk of hypoglycemia. It
was also shown that the weight gain associated with insulin use
is mitigated by the addition of a GLP-1RA.[41] Moreover,
addition of a GLP-1RA (exenatide) to basal insulin plus
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DesB30 LysB29 (y-Glu Ne-hexadecandioyl) human insulin
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Figure 2. Structure (A) and mechanism of protraction (B) of insulin degludec [34].

Glu: glutamic acid; Lys: lysine.

metformin was more effective than addition of a DPP-4 inhi-

bitor (sitagliptin) in lowering HbA, ..[49]

Liraglutide and insulin degludec in combination

Two studies have investigated the co-use of insulin degludec and
liraglutide, administered separately. VICTOZA ADD-ON com-
pared two treatment strategies in patients who were not at target
after 2 years treatment with insulin degludec: addition of once-daily
liraglutide or once-daily insulin aspart with the largest meal.[50]
After 26 weeks, the addition of liraglutide resulted in a significantly
greater mean HbA,. reduction (-0.39%) than insulin aspart (-
0.32%; p = 0.0024). There were no significant differences in end-
of-trial FPG or 9-point self-measured blood glucose (SMBG) pro-
files. In the liraglutide add-on arm, there was a mean weight reduc-
tion of 2.8 kg compared with a mean weight increase of 0.9 kg in the
insulin aspart arm. The rate of overall confirmed hypoglycemia was
87% lower with liraglutide compared with insulin aspart: 1.00
versus 8.15 episodes per (PYE; RR: 0.13; 95% CI: 0.08-0.21;
p < 0.0001). Rates of nocturnal confirmed hypoglycemia were low

in both groups: 0.17 episodes/PYE versus 1.11 episodes/PYE, trans-
lating to an 86% reduction with liraglutide versus insulin aspart
(RR: 0.14; 95% CI: 0.05-0.40; p = 0.0002). No severe hypoglyce-
mia occurred in either arm. More gastrointestinal side effects were
reported in the liraglutide add-on arm, with one patient withdraw-
ing due to vomiting. However, by week 26 nausea was reported by
only 3% of patients in the liraglutide arm.

This study showed that addition of liraglutide was more effec-
tive at improving glycemic control than addition of once-daily
insulin aspart in patients requiring treatment intensification.[50]
It also demonstrated that liraglutide and insulin degludec can be
used safely and effectively together, and resulted in an EU label
update for expanded use of both products in type 2 diabetes, so
that insulin degludec can be prescribed in combination with a
GLP-1RA, and liraglutide can be prescribed with a basal insulin.

A second 26-week, double-blind study (add-on to GLP-1)
investigated the efficacy of adding insulin degludec versus placebo
in patients treated with liraglutide and metformin who required
treatment intensification.[51] Insulin degludec was superior versus

10
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placebo in improving HbA;. (mean reductions of —1.04 vs —
0.16%, respectively; p < 0.0001) and FPG (mean reductions of —
2.60 vs —0.28 mmol/l respectively; p < 0.0001). After 26 weeks of
treatment, patients in the insulin degludec arm had gained a mean
of 2.0 kg, while those on placebo had a mean weight reduction of
1.3 kg. Rates of confirmed hypoglycemia (0.57 vs 0.12 episodes/
PYE, respectively; p = 0.0002) were low in both arms but higher
with insulin degludec than placebo, and there was no significant
difference in the incidence of nocturnal confirmed hypoglycemia
(0.05 vs 0.03 episodes/PYE, respectively). No severe hypoglycemia
occurred in either arm. This study showed that the addition of
insulin degludec to patients uncontrolled on liraglutide could
significantly improve glycemic control.[51]

IDegLira: the combination product

IDeglira, the fixed-ratio combination of insulin degludec and
liraglutide, is the first combination product of a basal insulin
and a GLP-1RA to reach the market. An overview of the
ongoing trial program for IDeglira is outlined in Figure 3.
Full results from the Phase 1 and Phase 3A trials have been
published.[12,52,53] They will be discussed below along with

preliminary results from Phase 3B trials, where available.

Pharmacokinetics and pharmacodynamics

The IDeglira formulation contains 100 U insulin degludec
and 3.6 mg liraglutide/ ml. One dose step contains 1 U insulin
degludec and 0.036 mg liraglutide, and the maximum dose is
50 dose steps (50 U insulin degludec and 1.8 mg liraglutide).
Importantly, the mechanism of protraction of insulin degludec
(forming stable dihexamers) and liraglutide (forming hepta-
mers) enables their combination in a co-formulation, while
maintaining the distinct pharmacological properties of both
monocomponents.[52] A single-dose, randomized, four-period
crossover study was conducted in 24 healthy individuals to
the

IDeglira versus its monocomponents. Exposure to insulin

assess pharmacokinetics and pharmacodynamics of

degludec was equivalent when dosed as IDegLira or insulin
degludec alone. Exposure to liraglutide was lower with
IDeglira than liraglutide alone, but still met the criterion for
(90% CI within 0.8-1.25)

bioequivalence and dose

Phase 3a trials Phase 3b trials

DUAL | - complete
(NCT01336023)
IDegLira compared to the
mono-components
added to OAD

DUAL Ill - complete
(NCT01676116)
Switch from (daily) GLP-1
RA therapy vs. placbo

DUAL V - complete
(NCT01952145)
Basal insulin
optimisation
vs. IGlar

DUAL VI - ongoing
(NCT02298192)
Comparing two

titration algorithms

DUAL Il - complete
(NCT01392573)

DUAL IV - complete
(NCT01618162)
IDegLira add-on to SU
vs. placebo

DUAL V ext. — complete
(NCT02100475)
IAsp vs. increased
dose of IDegLira

IDegLira compared to
IDeg in patients previously
treated with basal insulin

Figure 3. The IDeglira clinical trial program: DUAL.

Ext: Extension trial; IAsp: Insulin aspart; IDeglLira: Insulin deglu-
ded/liraglutide combination; IGlar: Insulin glargine; GLP-1:
Glucagon-like peptide-1; OAD: Oral antidiabetic drug; SU:
Sulfonylurea. Accessed 26 June 2015. www.clinicaltrials.gov.

proportionality was confirmed.[52] A population pharmacoki-
netic analysis of the patient population of DUAL I (see below)
was conducted, including 1549 individuals across three treat-
ment groups (IDeglira, insulin degludec and liraglutide). The
population pharmacokinetic analysis revealed no relevant
deviations from dose proportionality for the components of
IDegLira, and the effects of covariates such as body weight
were consistent with the findings for insulin degludec and
liraglutide. Moreover, the glycemic response to IDegLira was
greater than the response to insulin degludec or liraglutide
alone throughout the dose/exposure range, indicating that
both monocomponents contribute to the glycemic effect.[52]
Additionally, administering two therapies using one device also
has the ability to simplify treatment for patients.

Clinical efficacy: Phase 3a studies

DUAL |

The DUAL I Phase 3a trial tested the hypothesis that combin-
ing the complementary actions of liraglutide and insulin deglu-
dec may have a more beneficial effect on glycemic control than
either of the therapies used individually.

DUAL I was a 26-week, open-label, treat-to-target trial in
1663 insulin-naive patients with type 2 diabetes, who were
uncontrolled on OADs. Patients were randomized 2:1:1 to
IDeglira, insulin degludec or liraglutide, all once daily.
IDeglira was initiated at 10 dose steps and adjusted twice weekly,
based on the mean pre-breakfast SMBG from the three previous
days, to a target FPG of 4-5 mmol/l (72-90 mg/dl). Insulin
degludec was also initiated at 10 U and titrated to the same
target, but there was no dose cap.[12] After 26 weeks, the mean
insulin dose was significantly lower (by 28%) with IDegLira
compared with insulin degludec (38 vs 53 U; p < 0.0001).
Mean liraglutide doses were lower for the IDegLira versus liraglu-
tide group (1.4 vs 1.8 mg, respectively). Overall, 39% of patients
received the maximum dose of IDegLira.[12]

Treatment with IDegLira resulted in a significantly greater
mean HbA;. reduction of 1.9% (8.3-6.4%) compared with
1.4% (8.3-6.9%) with insulin degludec or 1.3% (8.3-7.0%)
with liraglutide alone, both p < 0.0001. Between-treatment
differences are shown in Table 1. This enabled significantly
more patients to reach the HbA; targets of 7.0% (81 vs 65 vs
60%) and 6.5% (70 vs 47 vs 41%) with IDeglira versus
insulin degludec versus liraglutide. The proportion of patients
achieving a composite end point of HbA;. <7% without
weight gain and without hypoglycemia was also studied.
Significantly more patients achieved this end point with
IDeglira versus insulin degludec (36 vs 14%; p < 0.0001)
but fewer with IDeglira versus liraglutide (36 vs 52%;
p < 0.0001). End-of-trial FPG was significantly lower with
IDeglLira (5.6 mmol/l) compared with liraglutide (7.3 mmol/l;
p < 0.0001), but was similar to that with insulin degludec
(5.8 mmol/l; NS, Table 1). The reduction in PPG increment
was greater with IDeglira versus insulin degludec, whereas
there was no significant difference between IDeglira and
liraglutide.[12]
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After 26 weeks, patients with IDegLira had lost a mean of
0.5 kg, compared with a weight increase of 1.6 kg with insulin
degludec, versus 3.0 kg weight loss with liraglutide, showing
that the weight gain associated with insulin initiation is avoided
by co-administration of liraglutide.

The DUAL I extension trial continued for an additional 26
weeks. The 52-week results were consistent with those at 26
weeks, indicating that IDeglira provides a sustainable improve-
ment in glycemic control with a good tolerability profile.[54]

DUAL I

DUAL II compared once-daily IDegLira with once-daily insulin
degludec in a 26-week, double-blind trial of 413 insulin-experi-
enced patients with type 2 diabetes, who were randomized 1:1.
The completion rates were similar in both arms: 85% for
IDeglira and 83% for insulin degludec, with no withdrawals
due to gastrointestinal side effects.[53] To determine the role of
the liraglutide component in IDegLira, patients on the insulin
degludec arm also had their dose capped at 50 U and in both
arms the starting dose was 16 dose steps/U. After 26 weeks, the
mean insulin doses were equivalent (45 U).

At end-of-trial, mean HbA, . was reduced by 1.9% (from 8.8
to 6.9%) with IDegLira and by 0.9% (from 8.9 to 8.0%) with
insulin degludec, confirming the superiority of IDegLira
(p < 0.0001) (for end-of-treatment differences, see Table 1).
With IDegLira 60% of patients reached HbA;. <7.0% versus
23% with insulin degludec (p < 0.0001). Significantly more
patients also achieved the composite end point of HbA,. <7%
with no weight gain and no hypoglycemia with IDegLira versus
insulin degludec (40.1 vs 8.5%; p < 0.0001). Significantly
greater mean FPG reductions were also apparent with
IDeglira (3.5-6.2 mmol/l) versus insulin degludec (2.6—
7.0 mmol/l; p < 0.0019, Table 1). Additionally, the mean
prandial increment across meals was smaller with IDegLira
compared with insulin degludec (2.2 vs 2.4 mmol/l;
p = 0.0260, Table 1).[53]

There was a reduction in body weight in the IDegLira
arm (mean 2.7 kg), but no change in the insulin deglu-
dec arm.

Achieving insulin dose equivalence in this trial enabled the
contribution of liraglutide to be assessed and showed that it
significantly improved glycemic control and reduced body
weight. However, the 50 U dose limit in the insulin degludec
arm meant that it was not fully titrated, which may have limited
efficacy in this arm.[53]

Post hoc analyzes

The effectiveness of a particular therapy can depend on the
patient cohort, with nonresponders to existing therapies limiting
their clinical and cost-effectiveness. For example, patients with
higher baseline HbA | or higher BMI are reported to experience
greater HbA,, reductions with insulin therapy versus those who
are just above target.[58,59] To identify whether IDegLira is
likely to be more effective in particular patient cohorts, three
post hoc analyzes were performed.

The first examined whether IDegLira was consistently effec-
tive across a range of baseline BMI categories (<25, 25-30,
30—-35 and >35 kg/mz). In DUAL I, HbA,. reductions were
similar across groups; in DUAL 11, the greatest HbA . reduction
was seen in the 30-35 kg/m> BMI category. In DUAL 1,
[Deglira was more insulin-sparing versus insulin degludec,
while providing greater reductions in HbA;.[60] Across all
BMI categories, many patients receiving IDeglLira were able to
reach a target HbA;, of <7.0% with weight loss and no hypo-
glycemia (DUAL I: 33.1%; DUAL II: 39.2%).[60]

The second analysis investigated whether HbA;. reduction
was dependent on baseline HbA;. In both DUAL I and II,
treatment with IDegLira resulted in substantial HbA;. reduc-
tions across all baseline HbA ;. categories: <7.5, >7.5 to <8.5,
8.5 to 9.0 and >9.0%. In DUAL I, higher baseline HbA, was
associated with greater HbA;. reductions with IDeglLira
(p < 0.0001). HbA,, reduction appeared independent of dia-
betes duration. In DUAL II, pre-trial basal insulin dose (<30 or
>30 U) did not affect HbA, reduction with IDegLira.[61]

A third analysis investigated the proportion of patients reach-
ing the pre-prandial SMBG target range of >3.9 to <7.2 mmol/I
and the postprandial target of <9 mmol/l in DUAL I and II,
which were consistently higher in patients receiving IDeglira
versus insulin degludec or liraglutide.[59] Additionally, at end
of trial in DUAL I, a greater proportion of patients receiving
[DegLira had all nine BG values within the target range of >3.9
to <9 mmol/l (39%) compared with insulin degludec (28%) or
liraglutide (31%). Similarly, in DUAL II, more patients had all
nine BG values at target with IDegLira (32%) than those on
insulin degludec (20%).[62] These data reflect that IDegLira
combines the effects of liraglutide on postprandial glucose with
those of insulin degludec (and liraglutide) on fasting glucose.

Clinical efficacy: Phase 3b studies

Preliminary results have recently been published from three
Phase 3b trials in the IDeglira clinical program, which are
summarized below.

DUAL Il

DUAL III was a 26-week, open-label, treat-to-target trial con-
ducted in 438 insulin-naive patients with type 2 diabetes, who
were inadequately controlled on maximum dose (or maximum
tolerated dose) GLP-1RA plus OADs (metformin + pioglita-
zone = sulfonylurea).[55] Patients were randomized 2:1 to
IDeglira or to continue on their GLP-1RA unchanged, con-
tinuing on all pre-trial OADs.

After 26 weeks, mean HbA, . was reduced by 1.3% (from 7.8
to 6.4%) with IDegLira and by 0.3% (from 7.7 to 7.4%) with
unchanged GLP-1RA, confirming the superiority of IDegLira to
unchanged GLP-1RA, with an estimated treatment difference of
—0.94%-points (p < 0.001) (Table 1). A total of 75% of patients
receiving IDeglLira reached the HbA; target <7.0% versus 36%
on unchanged GLP-1RA. The end-of-trial FPG (Table 1) and
9-point SMBG profiles were also significantly improved with
IDegliira compared with unchanged GLP-1RA. There was a
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significant increase in body weight with IDeglira versus
unchanged GLP-1RA, with an estimated treatment difference
of 2.89 kg (p < 0.001) (Table 1).[55] Weight gain with
IDegLira likely reflects that patients were previously insulin-
naive and on maximum dose GLP-1RA therapy and then
initiated IDegLira on 16 dose steps (16 U insulin degludec
and 0.6 mg liraglutide).

DUAL IV

DUAL IV was a 26-week, double-blind, treat-to-target trial
conducted in 435 insulin-treated patients with type 2 diabetes
who were randomized 2:1 to IDeglLira or placebo as an add-on
to treatment with a sulfonylurea + metformin.[56] The reduc-
tion in HbA, . after 26 weeks' treatment was significantly greater
with IDegLira (from 7.9 to 6.4%) compared with placebo (from
7.9 to 7.4%) (Table 1). A total of 79.2% of patients treated
with IDeglira achieved an HbA . <7.0% compared with 28.8%
of those receiving placebo. The reduction in FPG and 9-point
SMBG profile was also significantly greater with IDegLira ver-
sus placebo (both p < 0.001). There was a small increase in
mean body weight with IDegLira of +0.5 kg versus —1.0 kg with
placebo (p < 0.001).

DUAL V

DUAL V compared the efficacy and safety of IDegLira in
patients with type 2 diabetes who were inadequately controlled
when treated with insulin glargine (at doses of 20-50 U per
day). In this 26-week, open-label, treat-to-target trial, patients
(n = 557) were randomized 1:1 to treatment with IDegLira
(starting at 16 dose steps) or continued treatment with insulin
glargine (starting at pre-trial dose with no maximum
dose).[57]

Mean HbA, . decreased significantly more with IDegLira by
1.8% (from 8.4 to 6.6%) compared with 1.1% with insulin
glargine (from 8.2 to 7.1%) (Table 1). With IDegLira a sig-
nificantly greater proportion of patients achieved the HbA,,
target of <7.0% compared with insulin glargine (71.6 vs
47.0%). Additionally, 38.8% of patients treated with IDegLira
achieved the composite end point of HbA,. <7.0%, no con-
firmed hypoglycemia and no weight gain, compared with
12.2% of those treated with insulin glargine. There was no
significant difference in the end-of-trial FPG between treatment

in this trial (Table 1). After 26 weeks, IDeglira resulted in a
mean decrease in body weight from 88.3 to 86.9 kg compared
with an increase from 87.3 to 89.1 kg with insulin glargine
(p < 0.001) (Table 1). Treatment with IDegLira was insulin
sparing; at end of trial, patients on IDeglLira were on a mean
dose of 41 dose steps (41 U insulin degludec), whereas those on
insulin glargine were on a mean daily dose of 66 U.[57]

Safety and tolerability
Key safety results for DUAL I and II are summarized in Table 2.

DUAL |

In DUAL, the rates of confirmed hypoglycemia were lower (by
32%) with IDegLira versus insulin degludec (1.8 vs 2.6 epi-
sodes/PYE; RR: 0.68; 95% CI: 0.53-0.87; p = 0.0023), but
higher with IDegLira versus liraglutide (1.8 vs 0.2 episodes/
PYE; RR: 7.61; 95% CI: 5.17-11.21; p < 0.0001) (Table 2).
In total, there were five severe hypoglycemic episodes (IDegLira:
3/825 patients; insulin degludec: 2/412 patients). Importantly,
the significantly better HbA,, reduction seen with IDegLira did
not come with increased hypoglycemia; on the contrary, hypo-
glycemia was lower with IDeglira than insulin degludec.
Similar proportions of patients reported adverse events
(Table 2), with headache, nasopharyngitis and gastrointestinal
disorders being the most frequent. With IDeglira 9% of
patients experienced nausea versus 4 and 20% treated with
insulin degludec and liraglutide, respectively.[12] One event of
acute pancreatitis occurred in the liraglutide arm (reported as
acute pancreatitis in connection to a metastatic pancreatic ade-
nocarcinoma); no events of pancreatitis or pancreatic cancer
were positively adjudicated in the IDegLira arm. No medullary
thyroid carcinomas were reported, and there were no confirmed
thyroid neoplasms. Of the three major adverse cardiovascular
events occurring during the trial, only one case (myocardial
infarction) was judged as possibly related to study drug, in the
liraglutide arm.[12]

DUAL I

In DUAL II, there was no difference in the incidence of overall
confirmed hypoglycemia (1.5 vs 2.6 episodes/PYE), which
occurred in 24% of patients with IDeglira and 25% with
insulin degludec (Table 1). Rates of nocturnal confirmed

Table 2. Key safety information from IDegLira Phase 3a trials [12,54].

Adverse events, n (%) 521 (63) 248 (60)
Serious adverse events, n (%) 19 (2) 8 (2)
Nausea, n (%) 73 (9) 15 (4)

Based on the safety analysis sets.

299 (73) 115 (57.8) 122 (61.3)
14 (3) 7 (3.5) 11 (5.5)
81 (20) 13 (6.5) 7 (3.5)

IDegLira: Insulin degludec/liraglutide; N: Number of subjects; %: Percentages of subjects.
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hypoglycemia were similar and low (Table 1), and only one case
of severe hypoglycemia occurred during the trial (in the
IDeglira arm). The incidence of adverse events was similar,
and nausea was low in both groups (IDeglira 6.5 vs insulin
degludec 3.5%) (Table 2).[53] During the trial, one major
adverse cardiovascular event occurred in the IDeglira arm
(myocardial infarction) and two in the insulin degludec arm
(myocardial infarction and stroke). No cases of medullary thyr-
oid carcinoma, thyroid neoplasm or pancreatitis were con-
firmed, but there was one case of metastatic pancreatic
carcinoma in the insulin degludec arm.[53] There were no
cases of pancreatic cancer in the IDegLira arm.

DUAL il

Full safety data are not available at this time for DUAL III, but
it is noted that the safety profile of IDegLira was consistent with
previous trials. The rate of confirmed hypoglycemia was signifi-
cantly higher with IDegLira compared with unchanged GLP-
IRA, with rates of 2.82 and 0.12 episodes/PYE, respectively
(Table 1).[55]

DUAL IV

As for DUAL III, there are only limited safety information
available on DUAL IV. The rate of confirmed hypoglycemia
was higher with IDegLira compared with placebo, with rates of
3.5 versus 1.4 episodes/PYE, and an estimated rate ratio of 3.74
(p < 0.001) (Table 1). The rates of hypoglycemia were higher in
this trial than others in the DUAL program, likely due to the
concomitant use of a sulfonylurea.[56]

DUAL V

Preliminary safety results for DUAL V showed that the rate of
confirmed hypoglycemia was significantly lower with IDegLira
compared with insulin glargine, with rates of 2.23 and 5.05
episodes per PYE (p < 0.001) (Table 1). The rate of nocturnal
hypoglycemia was also significantly lower with IDegLira (0.22
episodes/PYE) versus insulin glargine (1.23 episodes/PYE). Severe
hypoglycemia was reported by one patient in the trial, treated with
insulin glargine. The proportion of patients completing the trial
was similar: 90% (IDegLira) versus 95% (insulin glargine).[57]

Regulatory affairs

[Deglira was approved in Europe and Switzerland in 2014 [63]
and has now launched in several countries, including the UK,
Switzerland and Germany. Approval in the US was dependent
on the interim analysis of the ongoing insulin degludec cardio-
vascular outcomes trial, DEVOTE.[43] Insulin degludec was
approved in September 2015. A new drug application for
IDeglLira has been submitted to the FDA.[64]

Conclusions

The combination of basal insulin and GLP-1RA is consistent
with the EASD/ADA treatment guidelines for type 2 diabetes,
and both addition of a GLP-1RA to basal insulin therapy and
adding basal insulin to a GLP-1RA have proven effective

treatment strategies. Results from the first two DUAL program
clinical trials have demonstrated that the IDegLira combination
product provides superior glycemic control and a better toler-
ability profile than either insulin degludec or liraglutide indivi-
dually, as evidenced by the lower risk of hypoglycemia and
weight gain compared with insulin degludec, and lower risk of
nausea compared with liraglutide.

Expert commentary

As described above, the beneficial effects of combining incretin
and insulin therapies have now been well documented. When
titrated as per the clinical trials and guidelines,[65] IDeglLira
offers a treatment that is likely to be less complex than adding
multiple prandial insulin injections to basal insulin plus OADs,
perhaps making therapy adherence less difficult for patients.
The end-of-trial HbA;. was particularly impressive in the
IDeglira arms of DUAL I-V, with high numbers of patients
reaching glycemic target after 26 weeks of treatment, and many
patients not requiring the maximum dose in order to do so. In
the context of existing therapies, IDeglira provides a novel
treatment option that could enable more patients to reach
glycemic target, thereby avoiding or delaying future diabetic
complications.

It is important to consider where this therapy will fit in the
pathway of diabetes care. When patients remain above target on
OADs, treatment algorithms recommend therapy intensifica-
tion. However, the initiation of injectable therapy after oral
agents can be problematic and therefore delayed, as is often
observed for insulin and therefore potentially IDeglira too.
The combination of an effective basal insulin and an effective
GLP-1RA in a single co-formulation for once-daily injection,
without compromising the properties of either, provides a sim-
ple, user-friendly approach to therapy intensification for a broad
spectrum of patients. It is recognized that IDegLira may not be
the therapy of choice for intensification in all patients; different
patients will receive a basal insulin, a GLP-1RA, both basal
insulin and a GLP-1RA as two separate injections or the
IDegLira fixed ratio combination therapy to improve their
glycemic control. The flexibility of dosing the GLP-1RA and
basal insulin individually may be advantageous over a fixed ratio
product in some patients. For example, in patients with inade-
quate glycemic control on maximum dose GLP-1RA therapy
where weight is also a major issue it may be more appropriate to
initiate basal insulin rather than switch to IDegLira initiated at
16 dose steps (equivalent to 16 U IDeg and 0.6 mg liraglutide).
Patient ethnicity should also be considered. While there are no
IDegLira data stratified by different ethnic groups to date,
previous data for GLP-1RAs suggest that their efficacy is greater
and risk of hypoglycemia is increased in Asian versus non-Asian
populations.[66] Additionally, the price of IDegLira versus
other therapies will be an important consideration. The decision
as to which intensification option to use will depend on a
variety of factors, for example, patients in whom weight is a
major issue, a GLP-1RA alone, which can be quickly titrated to
maximum dose, may well follow after failure of OADs; this is
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supported by the composite end point data from DUAL I. On
the contrary, patients with a very high HbA,. in whom weight is
not a problem may initiate insulin in the first instance.

The mechanism of action and clinical trials support the use
of IDegLira throughout the continuum of type 2 diabetes,
with particular consideration for patients unable to reach
target HbA;. on basal insulin plus OADs. IDeglira is also
ideally placed for patients failing to achieve target on metfor-
min or metformin and another OAD. In the latter case, the
second oral agent, for example, sulfonylurea, TZD or DPP-4
inhibitor, may be discontinued prior to IDegLira initiation.
Post hoc analyzes have suggested that in these patients HbA;,
reductions can be expected across all categories of baseline
HbA, ., with the greatest reductions being seen in those with
higher baseline values. The preliminary results from the Phase
3b trials give us additional information on the efficacy of
IDeglira versus insulin glargine and sulfonylureas, which it
performed well against. However, it should be acknowledged
that there is currently a lack of clinical trials assessing
IDeglira in many real-life clinical situations. It will be inter-
esting to see how IDeglira compares to other treatment
options such as basal-bolus insulin therapy. The price and
availability of IDegLira is likely to vary between countries
and economic evaluations of its cost-effectiveness will be

Five-year view

According to the International Diabetes Federation, the already
high prevalence of diabetes is set to increase considerably over the
coming years, to approximately 205 million people by 2035.[67]
Therefore, the need for treatment options and the spending on
diabetes treatments will also increase. During the next 5 years, the
type 2 diabetes market is likely to become increasingly crowded,
making a clinician’s decision on which approach to use for treat-
ment intensification for patients with type 2 diabetes increasingly
complex. There is likely to be an increased emphasis on the
individualization of treatment for a particular patient, as outlined
in current treatment guidelines.[2] The full publication of the
results of the Phase 3b trials with IDegLira will give clinicians
information about the use of IDeglira in patients in need of
intensification who are treated with a GLP-1RA and OADs, a
sulfonylurea and basal insulin.[55-57] During the next 5 years,
real-world data on the use of IDeglira will become available,
further aiding clinical decision-making. A second fixed-ratio com-
bination of a basal insulin (insulin glargine) and a GLP-1RA
(lixisenatide) is currently in Phase 3 development: insulin glar-
gine/lixisenatide (LixiLan). LixiLan is expected to become avail-
able during the next 5 years, providing a competitor to IDegLira.
Preliminary results of a Phase 2b study showed that in insulin-
naive patients with type 2 diabetes treated with metformin,

Key issues

» Several studies have shown that basal insulin and glucagon-like peptide-1 receptor agonists are an efficacious treatment combination
for patients with type 2 diabetes.

Insulin degluded/liraglutide (IDeglira) is the first fixed-ratio combination of a basal insulin (insulin degludec) and a glucagon-like peptide-
1 receptor agonists (liraglutide) available in a single once-daily injection.

« Two Phase 3a trials have demonstrated that IDeglira is superior at improving glycemic control compared with insulin degludec or
liraglutide alone.

IDegLira was well tolerated: the rate of hypoglycemia with IDeglira was lower than that with insulin degludec alone and the rate of
gastrointestinal side effects was lower than with liraglutide alone.

Several Phase 3b trials were recently completed, with full results expected during 2015 or 2016.

IDeglira has recently received marketing authorization in Europe and Switzerland in 2014 and has launched in several countries during

2015.

necessary. It will be of interest to see in future studies how
the cost-effectiveness of IDegLira compares with that of other
diabetes treatments.

To summarize, basal insulin and GLP-1RA is an attractive
combination for patients and there are clear benefits associated
with use of a fixed ratio single injection associated with a low
incidence of side effects for many of our patients with type 2
diabetes. Furthermore, IDegLira was granted marketing author-
ization in the EU and Switzerland in September 2014 and has
launched in some countries during 2015;[63,65] therefore, real-
world experience will be available in the near future.

LixiLan was superior to insulin glargine (least square mean treat-
ment difference: —0.17%; —0.312 to —0.037%; p = 0.0130) and
associated with weight loss and no increase in hypoglycemia versus
insulin glargine.[68] Head-to-head studies will be needed to com-
pare the efficacy and safety of IDegLira and LixiLan.

Information resources
IDeglira Summary of Product Characteristics [65]
Clinicaltrials.gov—for details on ongoing clinical trials
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