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Introduction

Incretin therapy is an exciting novel
glucose-lowering therapy in type 2
diabetes. It targets the dysfunction of
the pancreatic islets, which is the
pathophysiology of the disease, and
it reduces both fasting and postpran-
dial glucose with at the same time a
very low risk for hypoglycaemia and
no weight gain.

Incretin therapy is based on the
incretin hormone glucagon-like pep-
tide-1 (GLP-1), which is released
from endocrine cells in the gut
during and after meal ingestion.
GLP-1 contributes to the incretin
effect, which is the large insulin
secretion after meal ingestion, and
which is attributed to augmented
glucose-stimulated insulin secretion
by intestinal hormones.! GLP-1 stim-
ulates insulin secretion and inhibits
glucagon secretion through glucose-
dependent mechanisms.!? GLP-1
also causes a delay in gastric empty-
ing® and induces satiety through a
central effect in the hypothalamus.*
All these effects are of potential value
in the treatment of type 2 diabetes,
which initiated the development of
GLP-1 based therapy for the disease.’

The first study demonstrating
that GLP-1 had the potential as an
anti-diabetogenic agent showed, in
1992, that the hormone reduced
insulin requirement after meal
ingestion in type 2 diabetes.®
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Summary

Incretin therapy is a glucose-lowering therapy which has attracted great interest during
recent years. It is based on the antidiabetic action of the incretin hormone glucagon-like
peptide-1 (GLP-1), which involves both stimulation of insulin secretion and inhibition of
glucagon secretion. This results in lowering of both fasting and postprandial glycaemia.
Incretin therapy is either with GLP-1 receptor agonists or with inhibitors of dipeptidyl
peptidase-4 (DPP-4), which is the enzyme which inactivates endogenous GLP-1. The
GLP-1 receptor agonists are injected subcutaneously once or twice daily or once weekly.
The DPP-4 inhibitors are oral tablets taken once or twice daily. Both therapies reduce
HbA, . without weight gain, and for GLP-1 receptor agonists with a weight reduction.
Incretin therapy is safe with very few adverse events and an additional value of the
therapy is a very low risk for hypoglycaemia. Incretin therapy is efficient both in
monotherapy and in combination with metformin, sulphonylureas, thiazolidinediones and
insulin. lts main indication is as add-on to metformin in patients who are insufficiently
controlled on metformin alone, and an important indication is also in combination with
insulin therapy. The experienced value of incretin therapy for patient care will most likely
result in increased use of this therapy during the coming years.
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The antidiabetic action of GLP-1
was later confirmed in several other
studies, including a six-week study
using continuous subcutaneous infu-
sion of GLP-1 in subjects with type 2
diabetes showing improved gly-
caemia and reduced body weight.” A
challenge in the early development
of GLP-1 as a therapy was that the
hormone is rapidly inactivated by
the enzyme dipeptidyl peptidase-4
(DPP-4).® This enzyme is produced
in the endothelial cells and rapidly
inactivates GLP-1, making the circu-
lating half-life of the native hormone
only 1-2 minutes. To overcome this
challenge, the two strategies for
incretin therapy were developed:
DPP-4 resistant GLP-1 receptor
agonists and DPP-4 inhibitors.?

GLP-1 receptor agonists

Today, several GLP-1 receptor ago-
nists exist.!” The first to be approved
for clinical use was exenatide, which is
the synthetic recombinant form of the
peptide exendin-4 having approxi-
mately 50% similarity to GLP-1.

The original exenatide formulation
(Byetta) is injected subcutaneously
(SC) twice daily. Recently, a longer-
acting formulation of exenatide has
been developed (Bydureon) in which
exenatide is incorporated into micros-
pheres consisting of biodegradable
polymers. These microspheres are
slowly degraded after SC injection
allowing exenatide to be slowly
released, resulting in a stable concen-
tration after once-weekly injections.!!
The first GLP-1 analogue to be
developed was liraglutide (Victoza).
In liraglutide, a fatty acid is bound to
a slightly modified GLP-1 molecule,
which results in a delay in the
absorption from the subcutaneous
space resulting in a prolonged half-
life allowing once-daily injection.!?
Both exenatide and liraglutide
reduce fasting and prandial glucose
and body weight when used as add-
on to metformin, sulphonylurea
and thiazolidinedione, resulting in
reduced HbA, "2 In most studies,
HbA, is reduced by =0.8-1.5%
(8-15mmol/mol) from baseline
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values of 7.5-8.5% (58-69mmol/
mol). Furthermore, body weight is
reduced by GLP-1 receptor agonists
by approximately 3-bkg.

GLP-1 receptor agonists are safe
and highly tolerable with a notable
low risk for hypoglycaemia. The only
consistent adverse events are nausea
and vomiting, which are most com-
mon in the early weeks after start of
therapy and subside thereafter.
GLP-1 receptor agonists may also
result in reactions at the site of injec-
tion, which is more common with
the exenatide once weekly having a
larger gauge-needle.

A few studies have directly com-
pared the efficacy of different GLP-1
receptor agonists. One study showed
that exenatide once weekly is more
potent than exenatide twice daily in
reducing HbA, when added to
either drug-naive patients or patients
on oral antihyperglycaemic agents,
whereas no difference was observed
in the reduction of body weight.!?
Another study showed that liraglu-
tide is more potent than exenatide
once weekly in reducing HbA, when
added to either drug-naive patients
or patients on oral antihypergly-
caemic agents, whereas the body
weight reduction is not different
between them.!* Another recent
analysis of potential differentiation
between various GLP-1 receptor ago-
nists suggests that the short-acting
forms are more potent in reducing
postprandial glycaemia whereas the
long-acting forms are more potent in
reducing fasting glucose.!> However,
more direct head-to-head studies are
required in order to establish differ-
ences between the various GLP-1
receptor agonists.

DPP-4 inhibitors

DPP-4 inhibitors prevent the inacti-
vation of GLP-1, resulting in pro-
longed high postprandial GLP-1
levels.? This in turn results in higher
insulin levels, in relation to circulat-
ing glucose, and reduced glucagon
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Variable GLP-1 receptor agonists | DPP-4 inhibitors

Mode of administration | Subcutaneous injection Oral tablet

Degree of GLP-1 Pharmacological Physiological

stimulation

Insulin secretion Stimulation Stimulation

Glucagon secretion Inhibition Inhibition

Gastric emptying Delay No effect

Fasting and prandial Reduction Reduction

glucose

HbA, Lowered by =0.8-1.5% Lowered by =0.6-1.1%
(8=15mmol/mol)* (6=11mmol/mol)*

Body weight Lowered by =3-5kg No change or

lowered by =1kg
Risk of hypoglycaemia |Low Low
Adverse events Nausea or vomiting in the | Low risk

beginning of therapy

*Effect on HbA, . dependent on the baseline HbA, .

Table 1. Summary of similarities and differences between GLP-1 receptor agonists and

DPP-4 inhibitors

levels, which reduce fasting and
postprandial glycaemia.

The first study showing the
potential of using DPP-4 inhibition
in the therapy of type 2 diabetes
examined the DPP-4 inhibitor
NVP-DPP728 over a four-week
period and showed that both fasting
and prandial glucose as well as
HbA, were reduced.'® Several
DPP-4 inhibitors are now in clinical
use in a number of countries, such
as sitagliptin (Januvia), vildagliptin
(Galvus), saxagliptin (Onglyza) and
linagliptin (Trajenta). There are
differences between them in chem-
ical structure, pharmacokinetic
properties, metabolism and mode
of elimination.!” From a practical
point of view, this has implications
for the dosing interval (either once
or twice daily) and dosing in
patients with renal impairment
(with recommended dose reduction

for DPP-4 inhibitors which are
renally excreted).

DPP-4 inhibitors are indicated for
use as monotherapy as well as in
combination  with  metformin,
sulphonylurea, thiazolidinedione and
insulin. Under all these conditions,
there is improvement in glycaemia
without weight gain (or a slight
weight reduction) and with a very low
risk for adverse events, including
hypoglycaemia. The reduction in
HbA,_  is in most studies in the
range of 0.6-1.1% (6-11mmol/mol)
from baseline values of 7.5-8.5%
(58-69mmol/mol).1820

GLP-1 receptor agonists versus
DPP-4 inhibitors

Table 1 shows the summarised expe-
rience when comparing GLP-1 recep-
tor agonists and DPP-4 inhibitors.
There are main similarities between
the two strategies, e.g. both target the

Copyright © 2013 FEND. Published by John Wiley & Sons



Review

No. of Baseline | Change | Hypoglycaemia | Ref
patients | HbA, in HbA,_ | (% of patients) | no.
Exenatide (10pg BID) | 113 8.2% -0.8 5.3 25
Placebo 113 8.2% -0.1 5.3
Exenatide QW 160 8.6% -1.4 1.3 58
(no placebo)
Liraglutide (1.8mg QD) |242 8.4% -1.2 3.0 26
Placebo 121 8.4% -0.1 3.0
Sitagliptin (100mg QD) |453 8.0% -0.7 1.3 27
Placebo 224 8.0% -0.0 2.1
Vildagliptin (50mg BID) [ 175 8.4% -0.5 0.5 28
Placebo 171 8.3% +0.9 0.5
Saxagliptin (5mg QD) |186 8.1% -0.7 0.5 29
Placebo 175 8.1% -0.1 0.6
Linagliptin (6mg QD) | 484 8.1% -0.5 0.6 30
Placebo 163 8.0% +0.2 2.8

BID = twice daily; QW = once weekly; QD = once daily.

Table 2. Changes in HbA, _and number of patients with at least one hypoglycaemic episode
in six-month placebo-controlled studies adding incretin therapy versus placebo to ongoing
metformin in patients with type 2 diabetes. Note: the criteria for hypoglycaemia were
different in the different studies and therefore do not allow between-study comparisons. No
severe hypoglycaemia was observed in any of the studies

islet dysfunction in type 2 diabetes by
stimulating insulin secretion and
inhibiting glucagon secretion, and
both efficiently reduce HbA, with a
very low risk of hypoglycaemia.
There are also differences. A main
difference is that GLP-1 receptor
agonists are injectables whereas
DPP-4 inhibitors are oral tablets.
Another difference is that the long-
acting GLP-1 receptor agonists
reduce HbA, more efficiently than
DPP-4 inhibitors.?!

Other differences between the
two strategies of incretin therapy
are that GLP-1 receptor agonists
reduce body weight, whereas DPP-4
inhibitors are body weight neutral,
or slightly reduce body weight, and
that GLP-1 receptor agonists, but not
DPP-4 inhibitors, are associated with
nausea and vomiting in the begin-
ning of therapy, a risk that can be
reduced by dose escalation.
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Hypoglycaemia
A main advantage with the use of
incretin therapy is the low risk for
hypoglycaemia which is not uncom-
mon in type 2 diabetes.
Hypoglycaemia has a number of
negative impacts, such as acute
symptoms, including: cognitive dys-
function and coma; negative impli-
cations for social interactions and
sport and other leisure activities;
traffic accidents; fear of repeated
hypoglycaemia resulting in deterio-
rated glycaemic control; increase in
body weight due to defence eating;
and reduced working capacity.??
Hypoglycaemia has also an increased
cost for the patient, the health care
system and society, as it is associated
with more frequent contact with the
health care system, including emer-
gency visits and hospitalisation,
increased use of glucose monitoring
strips, absence from work and

Incretin therapy for type 2 diabetes

reduced working capacity, and acci-
dents. There is also a long-term
negative impact on cardiovascular
diseases, because hypoglycaemia is
associated with ECG changes,
endothelial dysfunction, inflamma-
tion, and coagulation defects.?
This may result in increased risk of
cardiovascular disease in patients
having repeated episodes of hypo-
glycaemia.?*

Table 2 shows the observed low
rate of hypoglycaemia in six-month
studies where different incretin ther-
apy has been added to metformin in
placebo-controlled trials. There are
different rates of hypoglycaemia in
different studies, because different
criteria for hypoglycaemia have been
used. The overall message is, how-
ever, that when comparing incretin
therapy with placebo, there is no
increased rate of hypoglycaemia
even though HbA, levels are lower
with incretin therapy.25-3

A mechanism of the low inci-
dence rate of hypoglycaemia during
treatment with incretin is that the
islet effects of GLP-1 are glucose
dependent, which means that when
glucose levels are reduced to normal
baseline level the islet effects of
GLP-1 are reduced.! It has also been
shown with vildagliptin that DPP-4
inhibition in addition sustains or
even enhances the glucagon counter-
regulation to hypoglycaemia, which
is important in the prevention of
hypoglycaemia.?!

Safety

Incretin therapy is associated with a
very low risk of adverse events or
complications. For some years, a dis-
cussion has been ongoing as to
whether there is an increased risk of
acute pancreatitis as a result of
incretin therapy. However, the
occurrence of acute pancreatitis is
by itself increased in type 2 diabetes
and therefore may occur in all
types of therapy, including incretin
therapy. A large claims-based study
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comparing the risk of acute pancre-
atitis with exenatide or sitagliptin
versus metformin or the sulphony-
lurea glyburide (glibenclamide)
showed no higher risk for acute pan-
creatitis with the incretin therapy.®?
Nevertheless, it is very important to
follow patients on incretin therapy
with regard to potential long-term
complications, although at present
there is no such indication.*

Cardiovascular effects

It is well known that hyperglycaemia
is associated with the development
of cardiovascular disease and it may
therefore be expected that reduc-
tion in glycaemia by incretin therapy
will improve cardiovascular compli-
cations in type 2 diabetes.** On top
of the reduction in glycaemia,
incretin therapy has been shown to
have other effects which may add to
the potential beneficial cardiovasc-
ular effects of the reduction in gly-
caemia. Thus, incretin therapy
slightly reduces blood pressure and
blood lipids and does not increase
body weight, and GLP-1 has been
shown to have positive direct cardio-
vascular effects on the heart and
endothelial cells.3>-37 Therefore, it is
possible that incretin therapy may
have beneficial effects on cardio-
vascular outcome beyond what
would be expected from the reduc-
tion in glycaemia. This is supported
by meta-analyses of cardiovascular
events during incretin therapy.6:38
At present, a large number of car-
diovascular outcome trials with many
of the incretin-based therapies are
ongoing, involving tens of thousands
of patients and running over several
years. When these studies report
their results, which is expected to
start in 2014, more robust evidence
on potential cardiovascular effects of
incretin therapy will be available.

Clinical positioning

Table 3 shows the present indica-
tions in Europe for the different
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Mono- | Combination therapy | Triple therapy
therapy
MET |SU TZD Insulin |MET | MET
(+ MET) |+ SU |+ TZD

Exenatide BID |- J V | V Xl Xl
Exenatide QW | - \/ \ \ - Y
Liraglutide = S \ = = V \
Sitagliptin * \ \ \ J y \
Vildagliptin * \ \ \ = = =
Saxagliptin \* \/ N N N - _
Linagliptin \* \ - - - Y -

*When metformin alone is unsuitable. MET = metformin; SU = sulphonylurea;
TZD = thiazolidinedione; BID = twice daily; QW = once weekly.

Table 3. Approved indications for use of incretin therapy in Europe in 2012

incretin therapies. An important
indication is as add-on to metformin
in patients with insufficient gly-
caemic control when treated with
metformin alone, in association with
lifestyle changes. As add-on to
metformin, incretin therapy has
advantages over sulphonylureas by
avoiding weight gain and with the
very low risk for hypoglycaemia. This
is clearly evident from studies com-
paring incretin therapy as add-on to
metformin versus sulphonylurea,
with regard to both GLP-1 receptor
agonists?® and DPP-4 inhibitors.?
Figure 1 illustrates this in a study
comparing add-on with the DPP-4
inhibitor vildagliptin to metformin
versus add-on with the sulphony-
lurea glimepiride.*” The two com-
pounds reduced HbA, by a similar
degree over the one-year study
period, whereas in terms of body
weight and degree of hypoglycaemia
there were clear differences.
Incretin therapy has also been
shown to be effective as add-on to
insulin in patients treated with met-
formin and insulin and in whom the
glycaemic control is insufficient on
this therapy.*'™ The combination
of incretin therapy with insulin will

probably become more common in
the future and without the weight
gain which is often seen during
insulin therapy.

In most clinical guidelines,
incretin therapy is placed as add-on
to metformin in patients in whom
metformin alone is insufficient for
glycaemic control, and some guide-
lines in addition place incretin ther-
apy as part of triple therapy. This was
clearly seen in the recent joint
ADA/EASD position statement on
glucose-lowering therapy in type 2
diabetes which was published in
2012.%% Incretin therapy has not
been introduced earlier in guide-
lines due to the desire to observe
long-term outcome of the therapies
and the higher price of incretin ther-
apy when compared with the other
agents (such as sulphonylureas).
Since the long-term experience is
now accumulating and shown to be
good, there is currently an increas-
ing interest in introducing incretin
therapies at earlier stages than those
in previous guidelines. Furthermore,
with regard to the cost of com-
pounds within the incretin therapy
class of drugs, it should be empha-
sised that health economic studies
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Figure 1. HbA, _levels (A), body weight (B), and number of hypoglycaemic episodes (C) during 52-week treatment with vildagliptin 50mg
twice daily (n=992 at week 52 per protocol population) or glimepiride up to 6mg/day (n=976 at week 52 per protocol population) added to
metformin (>1500mg/day). Means (+SE) are shown. (Adapted from: Ferrannini E, et al. Diabetes Obes Metab 2009:11:157-66,% with

permission from John Wiley & Sons)

need to be performed in more detail
and then take into account not only
the cost of the compounds them-
selves, but also the cost of other
aspects of therapy — e.g. the costs of
hospital admission and of hypogly-
caemia, which may be lower during
incretin-based therapy.

Incretin therapy may thus be
used in both the early and late stages
of the disease. Because of the low
risk of hypoglycaemia, incretin
therapy may be particularly well
suited for patients with an increased
risk for hypoglycaemia — examples
include those in employment or who
have other conditions in which it is
important to avoid hypoglycaemia,
those who are elderly, and patients
with renal impairment.*7->

Future aspects

Incretin therapy has gained much
interest during recent years and its
use will most likely increase because
it is a safe therapy with good glucose-
lowering action without weight gain
and with a low risk for hypoglycaemia
and other adverse events. Therefore,
an important future aspect of the
therapy is that more therapeutic
experience will be acquired, with
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more long-term follow-up studies
documenting, e.g. durability of
effects, long-term safety, and long-
term cardiovascular outcomes. This
will result in a more definite posi-
tioning in algorithms and guidelines
for glucose-lowering therapy.

Another future development is
that more long-term incretin thera-
pies are in development. This
includes both weekly GLP-1 receptor
agonists and once-weekly DPP-4
inhibitors. 05!

A further future development is
the potential of using incretin ther-
apy in the treatment of diseases other
than type 2 diabetes. Since GLP-1 is a
powerful inhibitor of glucagon secre-
tion and hyperglucagonaemia is seen
also in type 1 diabetes, a future indi-
cation of using incretin therapy in
type 1 diabetes has been explored in
several studies with encouraging
results.’?5? Furthermore, the weight
reducing effect of GLP-1 may be
further developed into GLP-1 recep-
tor agonists as therapy of obesity
without diabetes.>® Finally, the
cardioprotective effects of GLP-1 may
be used for direct therapy of heart
failure or acutely after myocardial
infarction;® a neuroprotective effect

may be used for therapy of neuro-
degenerative disorders;’® and the
potential anti-inflammatory actions
of GLP-1 may be used in treatment of
psoriasis.’® We may thus be expecting
an exciting future development of
incretin therapy.®’
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