REVIEW

2

GLP-1 receptor agonists in the treatment
of Type 2 diabetes

Bo Ahrén*
v R . .
'E B Incretin therapy is based on the actions of GLP-1.
g B GLP-1 receptor agonists are injected subcutaneously twice daily, once daily or once weekly.
8 B GLP-1 receptor agonists reduce fasting and postprandial glucose, which reduces HbAlc, and reduce
o bodyweight.
S
a. ® Clinically important differentiation relates to injection intervals (twice daily, once daily and once weekly)

and the relative effect on postprandial versus fasting glucose.
B GLP-1 receptor agonists are associated with nausea and vomiting in the beginning of therapy.

B With regards to risk of pancreatitis and pancreatic cancer, there is no evidence of increased risk with
GLP-1 receptor agonists, but continuous follow-up of patients is important.

B With regards to cardiovascular safety, there is no evidence of increased cardiovascular risk with GLP-1
receptor agonists; several cardiovascular safety studies are ongoing.

B GLP-1 receptors are mainly used in combination with metformin and in combination with basal insulin in
patients with Type 2 diabetes who are insufficiently controlled on metformin or insulin alone.

SUMMARY Incretin therapy is based on the antidiabetic actions of the incretin hormone
GLP-1. The treatment both stimulates insulin secretion and inhibits glucagon secretion,
which results in lowering of both fasting and postprandial glycemia. Incretin therapy is
used either with GLP-1 receptor agonists or with inhibitors of DPP-4, which is the enzyme
that inactivates endogenously released GLP-1. The GLP-1 receptor agonists are injected
subcutaneously once or twice daily, or once weekly, and they reduce HbAlc and bodyweight.
The GLP-1 receptor agonists are highly tolerable and, apart from nausea and vomiting during
the early phases of the treatment, there is a low risk of adverse events. Studies on long-term
cardiovascular safety are ongoing. Added advantages are very low risks of hypoglycemia and
reduction in bodyweight. GLP-1 receptor agonists are efficacious in combination with oral
antihyperglycemic agents and with insulin. Their main use is as an add-on to metformin in
patients who are insufficiently controlled on metformin alone, and an important indication
is also in combination with insulin therapy.
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Treatment with GLP-1 receptor agonists is based
on the actions of the incretin hormone GLP-1
[1]. The hormone, which was discovered as a
product of the proglucagon gene in 1983 [2, is
released from endocrine cells in the gut during
and after meal ingestion [3]. GLP-1 contributes
to the incretin effect, which is the high level of
insulin secretion after meal ingestion [1]. The
function of GLP-1 as a physiological incretin
was initially demonstrated in 1987 by Kreyman
and collaborators [4]. The effect on the B cells
is achieved through activating specific B-cell
G-protein-coupled receptors; the formation of
cAMP is a main intracellular signaling mecha-
nism [5]. GLP-1 also inhibits glucagon secretion
(6]. GLP-1, therefore, has the ability to target the
two main pathophysiological defects in Type 2
diabetes, the o- and B-cell dysfunction, which
occur very early during the development of the
disease 7). GLP-1 also delays gastric emptying
(8] and induces satiety through a central effect in
the hypothalamus [91. In rodent studies, GLP-1
also increases -cell mass mainly through inhibi-
tion of apoptosis [10], although this has not been
shown in humans. All these effects were identi-
fied during the 1980s as of potential value in the
treatment of Type 2 diabetes, which initiated
the development of GLP-1-based therapies [11].

Our first study showing that GLP-1 had the
potential as an antidiabetogenic agent was pre-
sented at the European Association for the Study
of Diabetes (EASD) meeting in 1990 and pub-
lished in 1992, and showed that the hormone
reduced the insulin requirement after ingestion
of ameal in Type 2 diabetics [12]. An accompany-
ing editorial to the published article stated that
“if these interesting findings can be replicated ...
GLIP [GLP-1] analogs may become useful in the
treatment of patients with noninsulin-dependent
diabetes mellitus” [13], and outlined the potential
of GLP-1.

The antidiabetic action of GLP-1 in Type 2
diabetes was later confirmed in several other
studies, including a 6-week study using continu-
ous subcutaneous infusion of GLP-1 in subjects
with Type 2 diabetes showing improved glyce-
mia and reduced bodyweight caused by the hor-
mone [14]. A challenge in the early therapeutic
development of GLP-1 was that the hormone is
rapidly inactivated by the enzyme DPP-4 [15).
This enzyme is produced in the endothelial
cells and rapidly inactivates GLP-1, making
the circulating half-life of the native hormone
only 1-2 min. To overcome this challenge, two
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strategies for incretin therapy were developed:
DPP-4-resistant GLP-1 receptor agonists and
DPP-4 inhibitors [16].

GLP-1 receptor agonists

GLP-1 receptor agonists were developed in order
to activate the GLP-1 receptors and to be resis-
tant or semi-resistant to inactivation by DPP-4.
Today, several GLP-1 receptor agonists exist
(17). They are structurally related to exendin-4
or GLP-1; Figure 1 shows the structure of the
approved GLP-1 receptor agonists and Table 1
shows the main characteristics of them. Figure 2
shows the molecular size of the GLP-1 receptor
agonists. The first approved GLP-1 receptor ago-
nist was exenatide, which is the synthetic recom-
binant form of the peptide exendin-4, having
approximately 50% structural similarity to
GLP-1 [18). The original exenatide formulation
is injected subcutaneously twice daily (b.i.d.;
Byetta®; Amylin Pharmaceuticals, CA, USA). A
longer acting formulation of exenatide is exena-
tide once weekly (exenatide QW; Bydureon®;
Amylin Pharmaceuticals), in which exenatide
is incorporated into microspheres consisting of
biodegradable polymers [19]. These microspheres
are slowly degraded after subcutaneous injec-
tion, allowing exenatide to be slowly released,
resulting in a more stable concentration of
exenatide over a longer period of time, allow-
ing for weekly administrations [19]. Recently,
another exendin-4-based GLP-1 receptor ago-
nist was introduced in the therapy, lixisenatide,
which is given once daily [20). This consists of
exendin-4 elongated with a residue of 6 lysines
attached to the C-terminal end.

The first GLP-1 analog to be developed
was liraglutide (Victoza®; Novo Nordisk A/S,
Bagsvaerd, Denmark) in which a fatty acid is
bound to a slightly modified GLP-1 molecule
(21]. This results in delayed absorption from the
subcutaneous space and high albumin bind-
ing, resulting in a prolonged half-life, allowing
once-daily injection.

Several other GLP-1 receptor agonists are in
late clinical development. Albiglutide is a GLP-1
receptor agonist in which two GLP-1 molecules
have been coupled and fused to recombinant
human albumin [22]. Other novel GLP-1 recep-
tor agonists are dulaglutide, in which two GLP-1
molecules through two linker peptides have been
fused to the Fc fragment of immunoglobulin
G4 [23]. Semaglutide, the second amino acid of
liraglutide has been changed and the coupled
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Figure 1. Structure of native GLP-1 and the approved GLP-1 receptor agonists. Amino acids are
shown in circles, fatty acids as lines. Amino acids in black are different from those in native GLP-1.

fatty acid is slightly longer than in liraglutide
(24]. Albiglutide, dulaglutide and semaglutide are
all developed for once-weekly administration.

Clinical effects of approved GLP-1 receptor
agonists

The GLP-1 receptor agonists were developed in
large clinical programs in which their clinical
effects, tolerability and safety were evaluated in
26-30-week studies in several different condi-
tions, such as in monotherapy, in combination
with oral antidiabetic agents and in combina-
tion with insulin. These programs showed that
the GLP-1 receptor agonists reduce fasting and
prandial glucose, and bodyweight. In most
studies, HbAlc was reduced by =0.8-1.5%
(8—=15 mmol/mol) from baseline values of
7.5-8.5% (58—68 mmol/mol) [17]. Further-
more, bodyweight was reduced by approxi-
mately 1-5 kg. The developmental programs
also showed that the GLP-1 receptor agonists are
safe and highly tolerable with a notable low risk
for hypoglycemia. The only consistent adverse
events were nausea and vomiting, which were
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most common in the early weeks after start of
therapy and subsided thereafter.

Exenatide b.i.d. was developed in the AMIGO
program. This consisted of three studies in
which exenatide was added to metformin [25],
sulfonylureas [26] or metformin plus sulfonyl-
ureas [27]. In these studies, baseline HbAlc was
8.2-8.6% (64—68 mmol/mol) and at a dose
of 10 pg b.i.d., exenatide reduced HbAlc by
0.8-0.9% (8-9 mmol/mol). Bodyweight was
reduced by 1.6-2.8 kg from the baseline body-
weight of 97-99 kg. Exenatide was found to be
tolerable, with nausea being the most common
adverse event occurring in 45-51% of patients
during the early stages of treatment. Hypoglyce-
mia was rare when exenatide was combined with
metformin (5%), but higher when exenatide was
combined with sulfonylurea (28-36%) [25-27].

The long-acting once-weekly form of exena-
tide (exenatide QW) was developed in the
DURATION program, consisting of six studies
evaluating exenatide QW in either monotherapy
(28] or in combination with oral antihypergly-
cemic agents [29-33]. Baseline HbAlc in these
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occurred in 7-40% of the patients in the dif-
ferent studies, was the only consistent adverse

Table 1. Main characteristics of therapy with GLP-1 receptor agonists in Type 2

diabetes.

event. Hypoglycemia was observed in 3-10%

Parameter Characterization

of patients on a metformin background and in
24-27% of patients on liraglutide at 1.8 mg in
combination with sulfonylurea.

Mode of administration
Degree of GLP-1 stimulation

Subcutaneous injection
Pharmacological

Insulin secretion Stimulation Lixisenatide has been developed in the Get
Glucagon secretion Inhibition Goal program. In this program, lixisenatide was
Gastric emptying Delay examined as either a monotherapy [40] or as an
Fasting and prandial glucose  Reduction add-on to metformin [41,42], pioglitazone [43] or

HbA1c Lowered by ~0.8-1.5% (8-15 mmol/mol)*
Bodyweight Lowered by ~1-5 kg

Risk of hypoglycemia Low

Adverse events Nausea or vomiting at the beginning of therapy
‘Effect on HbAlc is dependent on the baseline HbATc.

insulin [44,45]. In the studies when lixisenatide
was added to oral agents, baseline HbAlc was
8.0—8.1% (62—63 mmol/mol) and was reduced
by 0.8-0.9% (8—9 mmol/mol) by lixisenatide.
Bodyweight was reduced by 0.2-3 kg from a

studies was 8.3—-8.6% (65—-68 mmol/mol) and
it was reduced by 1.5-1.9% (15-19 mmol/mol)
by exenatide QW. Bodyweight was reduced
by 2.0-3.7 kg from 86-102 kg, and nausea
was observed in 11-35% of patients, mainly
at the beginning of therapy. Injection site reac-
tions, mainly erythema, were reported in 16%
of patients and hypoglycemia was observed in
1-8% of the patients.

Liraglutide was developed in the LEAD
program, which was a program consisting
of six studies in which liraglutide was used
either as a monotherapy [34] or as an add-on to
metformin [3s], sulfonylurea [36] or combina-
tions of metformin with sulfonylureas and/or
thiazolidinediones [37-39]. Baseline HbAlc was
8.1-8.6% (64—69 mmol/mol) and was reduced
by 1.0-1.5% (10-15 mmol/mol) by liraglutide
at 1.8 mg once daily. Bodyweight was reduced
by 0.2-3.2 kg from a baseline bodyweight of
83-93 kg. Liraglutide was well tolerated and
nausea in the early weeks of therapy, which

T T
Exenatide Lixisenatide Liraglutide Semaglutide Albiglutide Dulaglutide

Figure 2. Molecular size of approved GLP-1 receptor agonists and GLP-1 receptor
agonists in late clinical development.
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baseline of 86-94 kg. As with the other GLP-1
receptor agonists, lixisenatide was as safe, with
nausea being the only consistent adverse event
(16-35% in the different studies, mainly at the
beginning of therapy), and hypoglycemia was
rare (2.4-5.6% of the patients on lixisenatide
reported symptomatic hypoglycemia) [40-43].
In two studies, lixisenatide was evaluated as an
add-on to basal insulin. In one of those stud-
ies, basal insulin was used at a fixed daily dose
of 55 U as a mean [44], whereas in the other
study, basal insulin was initially titrated from
a daily baseline dose of 44 U as a mean, and
then lixisenatide was added (45]. When adding
lixisenatide to basal insulin in these two studies,
HbA1lc was reduced by 0.6 (6 mmol/mol) (44] or
0.7% (7 mmol/mol) [45]. Patients reported that
symptomatic hypoglycemia was more common
in the lixisenatide groups than with the placebo
groups: 28% with lixisenatide versus 22% with
placebo [44] and 22% with lixisenatide versus
14% with placebo [45); although it should be
emphasized that the patients on lixisenatide and
basal insulin had lower HbAlc than patients on

80,000 placebo and basal insulin.

Figure 3 summarizes the reduction in HbAlc

s 60,000 in the developmental studies when exenatide
‘3’ b.i.d., exenatide QW, liraglutide or lixisena-
g tide were examined in monotherapy or as an
5 40,0007 dd- I antihyperglycemi It i
5 add-on to oral antihyperglycemic agents. It is
=z seen that HbAlc in these studies was reduced
% 20,000 by 0.8-1.9% (8-19 mmol/mol) from a base-
= line HbAIc of 8.0-8.6% (62—68 mmol/mol).
0 — . r— [r— Mean HbA1c reduction (+ standard deviation)

1 T T T

was -1.2 + 0.3% (-12 + 3 mmol/mol) from a
mean of 8.4 + 0.2% (66 + 2 mmol/mol). There
was a significant correlation between base-
line HbAlc and change in HbAlc (r = -0.46;
p = 0.049), showing that the main explanation
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for differences between different studies is that
the baseline HbA1c was different.

Differentiation of the GLP-1 receptor
agonists

The GLP-1 receptor agonists differ in molecular
structure, molecular size and pharmacokinetics,
which may form the bases for differentiation
between them.

® Molecular structure

The GLP-1 receptor agonists differ in structure
based on whether they are developed from the
exendin-4 molecule (exenatide and lixisenatide)
or from native GLP-1 (liraglutide, albiglutide,
dulaglutide and semaglutide). Comparisons of
the clinical effects of exendin-4-based versus
GLP-1-based GLP-1 receptor agonists have been
undertaken in four studies (Table 2). With regards
to HbAlc changes, a slightly higher reduction
was observed for GLP-1-based receptor ago-
nists compared with exendin-4-based receptor
agonists (liraglutide vs exenatide QW: -1.5%
15 mmol/mol; vs -1.2%; -12 mmol/mol [33]; lira-
glutide vs exenatide b.i.d.: -1.1%; -11 mmol/mol;
vs -0.8%; 8 mmol/mol [39]; albiglutide vs exena-
tide b.i.d.: -0.9%; 9 mmol/mol; vs -0.5%;
5 mmol/mol [46]; and liraglutide vs lixisenatide:
-0.5%; 5 mmol/mol; vs -0.3%; 3 mmol/mol
(47]). By contrast, there does not seem to be any
consistent difference with regards to reduction
in bodyweight, or frequency of nausea or hypo-
glycemia between the receptor agonists in these
studies. A consistent finding, however, is that
antibodies developed more frequently during
treatment with exendin-4-based GLP-1 receptor
agonists than with GLP-1-based GLP-1 receptor
agonists. This is explained by the more exten-
sive difference in molecular structure of exen-
din-4 in comparison with native GLP-1. For
example, antibodies were seen in 8% of patients
treated with liraglutide versus 43% of patients
treated with exenatide b.i.d. in a head-to-head
study between these two agents [39]. It should
be emphasized that it is difficult to compare the
frequency of antibody formation in different
studies, due to different techniques of measur-
ing antibodies. In any case, these antibodies do
not seem to affect the glucose-lowering ability
of the compounds, since the HbAlc reduction
is the same in patients who developed antibodies
versus those who did not, as evident from two
different analyses [48,49]. However, both these
analyses also showed that the few subjects with
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very high antibody titer had a lower reduction
in HbAlc, suggesting that at high titers, some
influence on the glucose-lowering ability of the
GLP-1 receptor agonists may evolve [48,49].

® Molecular size

The GLP-1 receptor agonists also differ in size
(Figure 2). Most of them have a molecular size
in the same range as native GLP-1; this relates
to exenatide, lixisenatide, liraglutide and sema-
glutide. By contrast, albiglutide and dulaglutide
are large proteins, with a molecular weight more
than 20-times higher than the small GLP-1
receptor agonists. This difference in size may
have a potential impact on the tissue penetra-
tion of the molecules, although this has not been
studied in detail and, hence, the potential clinical
consequence, if any, has not been established.

® Pharmacokinetic characteristics

The GLP-1 receptor agonists have different phar-
macokinetic characteristics due to differences in
circulating half-life. They may be divided into
short-acting treatments — that is, administered
once or b.i.d. (exenatide b.i.d., lixisenatide and
liraglutide) — or long-acting treatments — that is,
administered once weekly (exenatide QW, albi-
glutide, dulaglutide and semaglutide). However,

LEAD
Liraglutide

Amigo

Exenatide b.i.d.
0.0 —

-0.5

-1.0

=155

Change in HbA1c (%)

-2.0

2B =

Exanatide QW

of Type 2 diabetes REVIEW

GetGoal
Lixisenatide

Duration

Figure 3. Changes in HbA1c levels and bodyweight in the developmental

programs of approved GLP-1 receptor agonists.

Each bar represents one specific

study. Baseline HbA1c was different in the different studies [25-32,34-44].

b.i.d.: Twice a day; QW: Once weekly.
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Table 2. Head-to-head studies comparing different GLP-1 receptor agonists.

Comparison

Exenatide b.i.d. vs exenatide QW
Exenatide b.i.d. vs liraglutide
Exenatide QW vs liraglutide
Liraglutide vs lixisenatide
Exenatide b.i.d. vs albiglutide

xX X X X

Liraglutide vs albiglutide
Liraglutide vs semaglutide

Molecular structure Molecularsize  Pharmacokinetics Ref.

X [29.32]

X (39]

[33]

X [52]

X X [49]
X [47]
X [51]

b.i.d.: Twice a day; QW: Once weekly.

X demonstrates whether the studied GLP-1 receptor agonists in each study differed in molecular structure (being derived from
exendin-4 vs GLP-1), molecular size (being of size similar to GLP-1 or manifold larger) and/or pharmacokinetics (being intermittent
receptor activators or continuous receptor activators). For further discussion on these different studies see the text.

a more rational differentiation is to relate phar-
macokinetics to exposure time for GLP-1 recep-
tor activation. The GLP-1 receptor agonists may
then be divided into those with intermittent
receptor activation (acting in less than 24 h) and
those with continuous receptor activation (acting
continuously throughout the 24 h period). With
this division, exenatide b.i.d. and lixisenatide are
intermittent activators and the others are con-
tinuous activators. This may have a consequence
for their relative influence to reduce fasting versus
postprandial glycemia. Thus, it has been shown
that a reduction in fasting glucose is better with
continuous rather than with intermittent GLP-1
receptor activators, as was already demonstrated
ina 2001 study infusing GLP-1 for different time
periods [50]. By contrast, the effect to delay gas-
tric emptying, which contributes to the reduction
in postprandial glycemia, might be better with
intermittent GLP-1 receptor activators than with
continuous GLP-1 receptor activators, since con-
tinuous GLP-1 receptor activation might lead to
tachyphylaxis of the delay in gastric emptying [s1].
The rationale for division of intermittent versus
continuous activators has been verified in head-
to-head studies, showing that reduction in fasting
glucose was more pronounced with continuous
receptor activators whereas the reduction in post-
prandial glucose was more pronounced with the
intermittent activators [29,39.47].

GLP-1 receptor agonists compared with
other glucose-lowering therapy

= Metformin

Metformin is the most commonly described glu-
cose-lowering therapy and its main mechanism to
lower glucose is to increase insulin sensitivity and
reduce hepatic glucose release; although its detailed
molecular mechanism is still not established [s2].
Metformin is usually the first pharmacological
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agent that is given to patients in whom lifestyle
changes are not sufficient for achieving glycemic
control. Metformin reduces HbAlc by approxi-
mately 0.5-1.5% (5-15 mmol/mol) under these
conditions and it has a low risk of hypoglycemia,
as is evident from the UKPDS study [s3]. One
study compared metformin with exenatide QW
as a monotherapy and showed similar HbAlc
reduction (by 1.5%; 15 mmol/mol with exenatide
QW; and 1.4%;14 mmol/mol with metformin;
from the baseline of 8.5%; 67 mmol/mol), and
also a similar reduction in bodyweight and with
very few reports of hypoglycemia [28]. Other stud-
ies on GLP-1 receptor agonists in monotherapy
have shown a HbAlc reduction with liraglu-
tide of 1.1% (11 mmol/mol) [34] and with lix-
isenatide of 0.7% (7 mmol/mol) [40], but with
no head-to-head comparison with metformin.
It should be emphasized that monotherapy is
not an approved indication for GLP-1 receptor
agonists and, therefore, it is of greater clinical
value to compare GLP-1 receptor agonists with
other glucose-lowering therapy as an add-on to
metformin.

® DPP-4 inhibition

DPP-4 inhibitors act by inhibiting DPP-4 and,
therefore, raise endogenous GLP-1 levels, which
is the main mechanism for their glucose-lowering
ability. Therefore, there are similarities between
the GLP-1 receptor agonists and DPP-4 inhibi-
tors, for example, both target the islet dysfunction
in Type 2 diabetes by stimulating insulin secre-
tion and inhibiting glucagon secretion, as well as
efficiently reducing HbAlc with a very low risk
of hypoglycemia [s4]. There are, however, also
differences between the two strategies. A main
difference is that GLP-1 receptor agonists are
given by injection whereas DPP-4 inhibitors are
oral tablets. Other differences are that whereas it
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is not uncommon for nausea to be experienced
at the beginning of therapy with GLP-1 receptor
agonists, this, and other adverse events, are not
seen during treatment with DPP-4 inhibitors,
and whereas GLP-1 receptor agonists result in
weight reduction, weight neutrality is seen during
treatment with DPP-4 inhibitors. With regards
to efficacy, head-to-head-studies have shown
that GLP-1 receptor agonists reduce HbAlc
slightly more efficiently than DPP-4 inhibitors,
as shown for exenatide QW when compared
with sitagliptin (-1.5%; -15 mmol/mol; vs -1.2%;
-12 mmol/mol 128]; and -1,5%; -15 mmol/mol;
vs -0.9%; -9 mmol/mol [30]) and for liraglu-
tide when compared with sitagliptin (-1.5%
15 mmol/mol; vs -0.9%; -9 mmol/mol [55]). The
fact that the continuous GLP-1 receptor agonists
are slightly more efficacious than DPP-4 inhibi-
tors was also verified in a meta-analysis of all
studies in which incretin therapy was added to
metformin in patients with insufficient glycemic
control with metformin alone [56].

® Sulfonylurea

Sulfonylureas stimulate insulin secretion in a
glucose-independent manner and, although they
are efficacious in reducing HbAlc, are associ-
ated with an increased risk for hypoglycemia and
weight gain. A direct head-to-head study com-
paring liraglutide with glimepiride has verified
the differences between the two strategies [3s].
Thus, whereas the HbAlc reduction was simi-
lar for liraglutide and glimepiride (both -1.0%;
10 mmol/mol), liraglutide was associated with
weight loss (-2.8 kg at the highest dose), whereas
glimepiride was associated with weight gain
(1.0 kg). Furthermore, only 3% of patients on
liraglutide experienced hypoglycemia compared
with 17% of patients on glimepiride.

® Insulin

GLP-1 receptor agonists have also been com-
pared with insulin glargine as an add-on to
oral agents in two studies. In both studies (with
exenatide QW [31] and liraglutide [38]), the GLP-1
receptor agonists reduced HbAIc slightly more
than insulin glargine (difference between both
studies: -0.2% or 2 mmol/mol) without any
increase in hypoglycemic events, and no weight
gain was seen with insulin glargine.

Hypoglycemia
A main advantage of using GLP-1 receptor ago-
nists is the low risk for hypoglycemia. This is
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important because hypoglycemia is common
during treatment with other glucose-lowering
therapies, mainly insulin and sulfonylureas, and
is associated with a negative impact and high
cost [57]. The negative impact includes acute
symptoms, such as cognitive dysfunction and
coma, as well as negative implication for social
interactions, sport, and other leisure activities
and traffic accidents. Hypoglycemia is also
associated with fear of repeated hypoglycemia,
which may result in reduced adherence to ther-
apy, in turn, resulting in deteriorated glycemic
control. Hypoglycemia is also a mechanism for
weight gain due to defensive eating [57.58]. All
these negative impacts result in increased costs,
both for the patient, the healthcare system and
society [s8]. Of great importance is that, besides
the short-term negative impact of hypoglycemia,
there is also a long-term negative impact on
cardiovascular diseases [59,60]. Therefore, there
are several important aspects of hypoglycemia,
both in the short and long term, and the conclu-
sion is that it is very important to develop strate-
gies to avoid hypoglycemia in Type 2 diabetes
57]. Such strategies may include both awareness
of the symptoms, and education of patients,
relatives and healthcare providers. In addition,
it is important to use glucose-lowering agents
with a low risk of hypoglycemia. GLP-1 receptor
agonists are such agents.

An important mechanism underlying the low
incidence rate of hypoglycemia during treatment
with GLP-1 receptor agonists is that the islet
effects of GLP-1 are glucose dependent, which
means that when glucose levels are reduced to
normal baseline levels the islet effects of GLP-1
are reduced [1]. It has also been shown that exena-
tide (61] sustains glucagon counter-regulation to
hypoglycemia, which is important in preventing
hypoglycemia.

Tolerability & safety

An important value of GLP-1 receptor agonists is
their safety and tolerability. Apart from the gastro-
intestinal adverse events, which occur mainly dur-
ing the initial phase of treatment, adverse events
are rare. Local injection site reactions sometimes
occur, although rarely, and are characterized by
transient nodules and erythemas around the
injection area. Antibodies may be formed to the
GLP-1 receptor agonists and are more commonly
formed with exendin-4-based agonists (exenatide
and lixisenatide) than other GLP-1-based agonists
(see the ‘Molecular structure’ section).
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For some years, there has been a discussion
of whether there is an increased risk of acute
pancreatitis as a result of treatment with GLP-1
receptor agonists. However, the occurrence
of acute pancreatitis is, by itself, increased in
Type 2 diabetes and may, therefore, occur in all
types of therapy, including incretin therapy, and
collected patient data do not suggest any associa-
tion between incretin therapy and pancreatitis.
For example, a large claims-based study compar-
ing the risk of acute pancreatitis with exenatide
b.i.d. versus metformin or the sulfonylurea gly-
buride (glibenclamide) showed no higher risk
for acute pancreatitis with exenatide b.i.d. [62].
By contrast, a recent study of patients who were
hospitalized for acute pancreatitis showed that
these patients had a higher rate of incretin ther-
apy than a control group [63]. Whether the acute
pancreatitis in those patients was caused by the
incretin therapy is, however, not known. There-
fore, today there is no evidence of any association
between treatment with GLP-1 receptor agonists
and pancreatitis. Nevertheless, it is important to
follow patients on GLP-1 receptor agonists with
regards to this potential complication, although
it should be clear that at present there is no such
indication.

Since acute pancreatitis may be associated
with pancreatic cancer, incretin therapy has
also been discussed in this context. However,
carefully performed long-term studies in ani-
mals, including monkeys, have not shown any
sign of malignancy (64] and meta-analyses do not
show an increased risk for pancreas cancer [65].
By contrast, it was suggested in a recent study
that incretin therapy may be associated with a
dysplasia of the pancreatic ducts, which may
be associated with development of pancreatic
cancer [66]. This study was, however, although
highly quoted in the general media, poorly con-
trolled and has been criticized by the scientific
community [67]. In fact, today there is no indica-
tion of an association between incretin therapy
and pancreatic cancer.

At a workshop organized by NIH in June
2013 on the potential association between incre-
tin therapy and pancreatic diseases it was shown
that, similarly as discussed above, there is an
association between diabetes, acute pancreatitis
and pancreatic carcinoma. During the work-
shop, the US FDA presented a detailed analysis
of all preclinical pathologies that had been col-
lected from submissions of incretin therapies. No
concerns for pancreatic disease were evident [101].

Diabetes Manage. (2013) 3(5)

At the workshop, the human autopsy study was
discussed, and, as stated above, the workshop
identified significant study limitations and sug-
gested alternative explanations for the findings
reported by the investigators. After the work-
shop, a joint recommendation by the American
Diabetes Association, EASD and International
Diabetes Federation was issued, concluding that
there is insufficient information to modify cur-
rent treatment recommendations [102]. Today,
therefore, the status of this discussion is that
there is no indication of an association but that
continuous collection of patient information
is important as are more experimental studies,
which need to be performed with sound scien-
tific technology. The clinical recommendation
is that incretin therapy should be avoided in
patients who have a history of acute pancreatitis
and if acute pancreatitis develops in a patient
who is treated with incretin therapy, the therapy
should be stopped.

Previous rodent data have also suggested that
GLP-1 receptor agonists may be associated with
medullary thyroid carcinoma [68]. However, this
has not been observed in other animal species or
humans. This may be explained by these spe-
cies’ (including human) C cells having a much
lower expression of GLP-1 receptors than rodent
C cells (69]. Therefore, also for medullary thyroid
carcinoma, there is no indication of any associa-
tion with GLP-1 receptor agonists, but due to the
indication of an association in rodents, for safety
reasons, patients with a genetic predisposition
to medullary thyroid carcinoma should not be
prescribed GLP-1 receptor agonists.

Cardiovascular effects

It is well known that hyperglycemia is associ-
ated with cardiovascular diseases and it may,
therefore, be expected that a reduction in gly-
cemia by GLP-1 receptor agonists will improve
cardiovascular complications in Type 2 diabet-
ics. GLP-1 receptor agonists may also have other
effects, which may add to the potential beneficial
cardiovascular effects of the reduction in glyce-
mia. Thus, they slightly reduce blood pressure,
blood lipids and also reduce bodyweight. Fur-
thermore, GLP-1 has been shown to have ben-
eficial effects on the heart and endothelial cells
(70]. Therefore, there is a potential for GLP-1
receptor agonists to have beneficial effects on
cardiovascular outcomes beyond what would
be expected from the reduction in glycemia. At
present, meta-analyses have shown that there is
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no detrimental effect of GLP-1 receptor ago-
nists [71], and further studies are required for
analyses of any potential beneficial effect. Sev-
eral cardiovascular outcome trials with GLP-1
receptor agonists are ongoing (Table 3). These
studies have different lengths, different sizes,
and different designs and protocols, but alto-
gether enroll almost 40,000 patients and will
give valuable information on the cardiovascular
and other long-term effects of treatment with
GLP-1 receptor agonists in patients with Type 2
diabetes.

Clinical positioning

An important positioning of GLP-1 receptor
agonists is as an add-on to metformin in patients
with insufficient glycemic control when treated
with metformin alone, in association with
lifestyle changes, particularly in patients with
obesity. As an add-on to metformin, GLP-1
receptor agonists have advantages over sulfonyl-
ureas by avoiding weight gain and having the
very low risk of hypoglycemia.

GLP-1 receptor agonists have also been shown
to be effective as add-ons to insulin in patients
treated with metformin and insulin as well as in
those where glycemic control is insufficient [72].
The reason for this is that adding GLP-1 receptor
agonists to insulin will further reduce HbAlc
but with a lower risk for hypoglycemia than if
the insulin dosage is increased in combination
with a prevented increase in bodyweight. Several
studies have verified that GLP-1 receptor ago-
nists in combination with basal insulin reduce
HbA Ic further than continuing on basal insulin,
and that this is seen without an increased risk
for hypoglycemia, prevention of the weight gain
induced by insulin, and allows a reduction in the
insulin dose. This has been shown for exenatide
b.i.d. [73) and lixisenatide [44.45) when added to
basal insulin, and, in reverse, by liraglutide when
basal insulin was added to liraglutide [74]. When
combining with insulin, it may be important

GLP-1 receptor agonists in the treatment of Type 2 diabetes

that the continuous GLP-1 receptor activators
may be preferable when the target for fasting
glucose is not reached with insulin therapy. By
contrast, intermittent activating GLP-1 receptor
agonists may be preferable when the target for
fasting glucose is reached by insulin but still the
HbAIc target is not reached, due to a persistent
high postprandial glucose [17].

In most clinical guidelines, incretin therapy
is placed as an add-on to metformin in patients
in whom metformin alone is insufficient for
glycemic control, and some guidelines, in addi-
tion, include incretin therapy as part of a triple
therapy. This was clearly seen in the recent joint
American Diabetes Association/EASD position
statement on glucose-lowering therapy in Type 2
diabetes, which was published in 2012 (75]. The
reason why incretin therapy previously was not
introduced earlier in guidelines has been due to
the desire to observe the long-term outcome of
the therapies as well as the higher price of incre-
tin therapy in comparison with the other thera-
pies (e.g., sulfonylurea). Since now, however, the
long-term experience is accumulating; there is
currently an increasing interest in introducing
incretin therapies at earlier stages than in previ-
ous guidelines. Furthermore, with regards to the
cost for compounds within the incretin therapy
class of drugs, it should be emphasized that
health economy studies need to be performed
in more detail and not only the cost of the com-
pound should be taken into consideration. Thus,
the cost of other aspects of therapy, such as the
cost of hospital admissions and hypoglycemia,
which may be lower during incretin-based
therapy, needs to be accounted for.

It has been discussed whether it is possible
to predict the response to GLP-1 receptor ago-
nists — that is, whether it would be possible to
identify patients with particularly high or low
rates of response. If that were the case, more
optimized individualized therapy would be a
possibility. Apart from the result that HbAlc

Table 3. Ongoing long-term cardiovascular outcomes trials with GLP-1 receptor agonists.

Study name GLP-1 receptor agonist Patients (n) Startofstudy Expected end of Ref.

(year) study (year)
EXSCEL Exenatide QW 9800 2010 2017 [103]
LEADER Liraglutide 8750 2010 2016 [104]
ELIXA Lixisenatide 6000 2010 2014 [105]
REWIND Dulaglutide 9600 2011 2019 [106]
SUSTAIN™6 Semaglutide 3260 2013 2016 [107]
QW: Once weekly.
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reduction is better if baseline HbAlc is higher, it
has, however, been difficult to identify a predic-
tion factor; age, duration of diabetes and body-
weight do not seem to affect the outcome of
clinical studies. One interesting recent finding
in Japanese patients, however, was that -cell
function may predict the clinical response to
liraglutide as evident by analyzing the C-pep-
tide response to intravenous glucagon before
initiation of therapy [76], and, similarly, that a
low increment in C-peptide during a glucagon
stimulation test predicted a poor outcome when
switching from insulin therapy to liraglutide
(77]. Another interesting observation has been
that Asian patients with Type 2 diabetes may
respond better to therapy with GLP-1 receptor
agonists than patients of other ethnic origins, as
suggested from a review of effects of liraglutide
in global studies [78]. These aspects of poten-
tial individualization need to be confirmed and
studied in more detail.

Conclusion & future perspective

GLP-1 receptor agonists have been on the mar-
ket of glucose-lowering therapies for several years
and have been used extensively. There are excit-
ing future prospects for this therapy and these
may be important from several viewpoints. One
important future aspect of the GLP-1 receptor
agonists is a growing experience of the agonists
with more long-term follow-up documentation
of durability and long-term safety. Another is the
development of more long-term GLP-1 receptor
agonists, particularly those with long (weekly)
duration. A third development is an increased
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