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Abstract Incretin mimetics offer a new modality in
diabetes treatment. This modality is based on the effects
of the naturally occurring glucoregulatory gut hormone
glucagon-like peptide-1 (GLP-1), which counteracts several
pathophysiologic traits in type 2 diabetes. GLP-1 receptor
agonists with extended half-lives entailing fewer injections
and presumably an improved throughout-the-day glycemic
control are in clinical development. This article summarizes
the physiologic effects of GLP-1; the effects of the already
marketed GLP-1 analogues for daily dosing, exenatide and
liraglutide; and reviews the presently published data (with
emphasis on clinical pharmacokinetics, efficacy, and safety)
on GLP-1 agonists, which currently are in development and
intended for once-weekly dosing: albiglutide/albugon, CJC-
1131, CJC-1134-PC, exenatide once weekly, and taspoglutide.
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Introduction
The increasing global prevalence of obesity goes hand in

hand with the pandemic of type 2 diabetes. In 2025, it is
estimated that almost 400 million people worldwide will

M. Christensen * F. K. Knop (D<)

Diabetes Research Division, Department of Internal Medicine F,
Gentofte Hospital, University of Copenhagen,

Niels Andersens Vej 65,

2900 Hellerup, Denmark

e-mail: filipknop@dadlnet.dk

@ Springer

suffer from diabetes, with type 2 diabetes comprising more
than 90% of the cases. In most cases, type 2 diabetes
develops on the background of a genetic disposition
combined with a lifestyle of overeating and too little
physical activity. Patients with type 2 diabetes are patho-
physiologically characterized by insulin resistance, (3-cell
dysfunction, reduced (3-cell mass, increased (3-cell apopto-
sis, glucagon hypersecretion, and fasting and postprandial
hyperglycemia, which increase the risk of microvascular
(nephropathy, neuropathy, and retinopathy) and macro-
vascular complications dramatically.

The traditional treatment modalities, whether used in
monotherapy or combination, do not seem to alter the
progressive nature of type 2 diabetes. Additionally, these
therapies associate with adverse events such as increased
risk of hypoglycemia (sulfonylurea [SU] compounds and
insulin), weight gain (SU, insulin, and thiazolidinediones),
and/or gastrointestinal side effects (metformin). Since 2005,
the glucagon-like peptide-1 (GLP-1) receptor analogue
exenatide (Byetta; Amylin Pharmaceuticals, San Diego,
CA) has been available as a treatment modality for type 2
diabetes; in 2009, another analogue, liraglutide (Victoza;
Novo Nordisk, Bagsveerd, Denmark), was introduced to the
European markets (launched in the US and Japan in
February 2010). These treatments are based on the effects
of the naturally occurring glucoregulatory gut hormone
GLP-1, which seem to counteract several pathophysiologic
traits in type 2 diabetes. Exenatide and liraglutide are resistant
to the ubiquitous enzyme dipeptidyl peptidase-4 (DPP-4),
which under normal circumstances degrades and inactivates
GLP-1. Consequently, the compounds have severalfold
longer half-lives, which suit them for twice-daily (exenatide)
or once-daily (liraglutide) subcutaneous (SC) injections. With
the aim of achieving better glycemic control and less side
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effects combined with less frequent dosing, long-acting
release (LAR) formulations of several GLP-1 analogues are
being developed. This review aims to compile the present
published data on GLP-1 agonists, which are in current
development and intended for once-weekly (or less) dosing
juxtaposed to the effects of the already marketed shorter-
acting GLP-1 analogues exenatide and liraglutide.

GLP-1 Physiology

GLP-1 is a 30-amino acid polypeptide produced in the
endocrine L cells of the intestinal epithelium as a product of
proglucagon gene expression [l+]. L cells are found
throughout the intestinal tract, with the highest density in
the ileum and in parts of the colon [1+]. GLP-1 is secreted
rapidly in response to ingestion of nutrients with peak
concentrations 30 to 45 min after ingestion of, for example,
glucose [1+]. As mentioned, DPP-4 is responsible for the
degradation and inactivation of GLP-1 [2]. This enzyme is
found in numerous tissues as well as in a soluble form in
plasma and is responsible for the low apparent half-life of
circulating GLP-1 of 1 to 1.5 min [3, 4].

GLP-1 exerts its physiologic effects through a G-
protein—coupled receptor, which is widely distributed
across different tissues. In the pancreatic 3 cells, GLP-1
augments insulin secretion in a glucose-dependent manner,
and GLP-1 has also been shown to enhance all steps of
insulin biosynthesis and insulin gene transcription [5]. In
rodents, GLP-1 has trophic effects on {3 cells, stimulates (3-
cell proliferation [6], and enhances the differentiation of
new 3 cells from progenitor cells in the pancreatic duct
epithelium [7]. In isolated human islets, GLP-1 has been
shown to inhibit apoptosis of [ cells [8]. Additionally,
GLP-1 inhibits glucagon secretion, which in turn reduces
hepatic glucose production [9]. Furthermore, GLP-1
decreases gastrointestinal motility, which in combination
with afferent signaling through the vagus nerve and
activation of GLP-1 receptors (GLP-1Rs) in the central
nervous system, promotes satiety and reduces food intake,
thereby controlling body weight [10]. GLP-1Rs are also
found in the heart; and GLP-1 has been shown to improve
left ventricular function in the failing and ischemic heart
[11, 12]. Furthermore, GLP-1 has been found to reduce the
postprandial rise in triglycerides and lower the concentra-
tion of free fatty acids in healthy subjects [13], and improve
endothelial dysfunction in patients with type 2 diabetes and
coronary heart disease [14]. Renal Na'/H" exchange is also
affected by GLP-1 and the resulting natriuretic and diuretic
properties could contribute to a blood pressure (BP)-
lowering effect [15]. Finally, GLP-1 has been associated
with improved learning and displayed neuroprotective
effects in rodents [16, 17].

GLP-1 Analogues on the Market

The beneficial actions of GLP-1 in type 2 diabetes have been
exploited in the development of DPP-4-resistant GLP-1R
agonists (incretin mimetics). In the following sections, the
current clinical data regarding GLP-1R agonists already on the
market (exenatide and liraglutide) are compared with for-
mulations of GLP-1 analogues with extended actions suited
for once-weekly dosing in clinical development (CJC-1134-
PC, albiglutide, taspoglutide, and exenatide once weekly).

Exenatide

Exenatide was isolated from the saliva of the lizard
Heloderma Suspectum in a search for biologically active
peptides [18]. Exenatide shares 53% sequence homology
with native GLP-1, but is equipotent with regard to binding
and activation of GLP-1Rs on pancreatic 3 cells [19].
After SC administration, exenatide is rapidly absorbed,
reaching peak concentrations in approximately 2 h [20].
Exenatide is cleared primarily in the kidneys by glomerular
filtration [21], and, as a result, the half-life of SC-administered
exenatide is approximately 2 h. Consequently, significant
plasma levels of exenatide in plasma are only evident for 5 to
6 h after SC administration of the maximally tolerated dose.
The clinical effects of exenatide treatment were originally
investigated in a total of 2731 patients [22]. Exenatide as add-
on therapy to metformin, SU, or both conferred statistically
significant improvement in glycemic control (hemoglobin
A [HbA,.] reduction of -1.0% from a baseline of 8.2% vs
an increase of ~ 1.5% in the placebo groups) and reduction in
fasting plasma glucose (-0.5 mM in the exenatide groups vs
an increase of ~ 1 mM in the placebo groups). Exenatide
induces similar reductions in HbA;. (about -1%) as insulin
glargine [23] and insulin aspart [24]. On average, the weight
loss in the three studies comparing exenatide to oral
antidiabetic agents amounted to 1.6 kg in the exenatide-
treated patients [25]. In an open-label extension of the three
studies (with the limitations of a substantial dropout rate), 3-
year sustained effects were demonstrated with respect to
glycemic control and body weight (change in HbA . of -1%,
body weight of -5.3 kg) [26]. Minor, but significant
improvements in triglycerides, total cholesterol, low-density
lipoprotein levels, and high-density lipoprotein levels in favor
of a reduced cardiovascular risk with exenatide have been
reported [26]. Additionally, 6 months of exenatide treatment
is associated with reduction in systolic BP compared with
placebo (-2.8 mm Hg) or insulin (-3.7 mm Hg) [27].

Liraglutide

Liraglutide is an acylated analogue of human GLP-1. It has
a 97% sequence homology to native GLP-1 and, therefore,
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has similar interactions with the GLP-1R as GLP-1. A high
degree of plasma protein binding causes decreased suscep-
tibility to metabolism by DPP-4, and the half-life after SC
administration of liraglutide is approximately 13 h [28],
which makes it suitable for once-daily dosing.

The clinical effects of liraglutide treatment have been
investigated in the LEAD (Liraglutide Effect and Action in
Diabetes) series of phase 3 studies. Liraglutide in mono-
therapy (52 weeks of treatment) lowered HbA . by -0.8%
and -1.1% in doses of 1.2 and 1.8 mg, respectively, which
was significantly more than the -0.5% reached with the SU
glimepiride [29]. In LEAD 2 [30], liraglutide (1.8 mg)
added to existing metformin treatment reduced HbA . by -
1.0%, significantly more than placebo, which increased
HbA,. by 0.09%, and was comparable to the reduction
observed with glimepiride (-0.7%). In LEAD 1 [31],
liraglutide (1.8 mg) reduced HbA,. by 1.1% when added
to glimepiride treatment; this was significantly more than
the 0.4% reduction with the addition of rosiglitazone and
the 0.2% increase with placebo. In LEAD 4 [32], liraglutide
(1.8 mg) added to metformin in combination with rosigli-
tazone achieved a reduction in HbA . of 1.5% (significantly
better than the 0.5% reduction with placebo). A reduction
of -1.3% was reached when liraglutide was added to
metformin in combination with glimepiride in the LEAD
5 study (significantly better than placebo [-0.2%] and the
active comparator insulin glargine [-1.1%]). In LEAD 6
[33], HbA,. reduction was significantly greater with
liraglutide treatment than with exenatide (1.1% vs 0.8%).
As for exenatide, liraglutide has significant effect on body
weight. In LEAD 3, body weight reduction of 2.5 kg
(baseline, 93 kg) was significantly different compared with a
1.1-kg increase with glimepiride [29]. In LEAD 2, there was
a 2.8-kg weight reduction (significantly different froma 1.0-
kg increase with glimepiride) [30]. In LEAD 1, a decrease of
0.2 kg was significantly different compared with a 2.1-kg
increase with rosiglitazone [31]. In LEAD 6 [33], greater
reductions in triglycerides (-0.4 vs -0.2 mM) and free fatty
acids (-0.17 vs -0.10) in the liraglutide group were observed.
Both compounds caused a significant decrease in BP
(systolic BP, -2.2 mm Hg; diastolic BP, -1.5 mm Hg).

Safety of Exenatide and Liraglutide

The major side effects of the two drugs are mild to
moderate nausea and vomiting. These side effects are dose
dependent and decline over time [34]. Other frequently
reported side effects include headache and upper respiratory
infection [20, 35]. The incidence of treatment-associated
hypoglycemia is reported to be low [20, 35]. However,
combined with SU the risk of minor hypoglycemic
episodes is reported to be in the range 15% to 36% for
exenatide [34] and 8% to 25% for liraglutide [36].
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Approximately 40% of exenatide-treated patients in long-
term, placebo-controlled studies developed antibodies
against exenatide during the initial 30 weeks of treatment
[34]. There is some evidence of lacking glycemic response
in subsets of patients with high exenatide antibody titers
[20]. Among liraglutide-treated patients, only 8% exhibited
antibodies [29-32, 37]. The exact impact of antibodies on
efficacy and safety in the longer term remains to be
established. Since 2005, the US Food and Drug Adminis-
tration has received at least 200 reports on pancreatitis in
exenatide-treated patients. At this point, it is not clear
whether a causal relationship between pancreatitis and
GLP-1-based therapy exists or the cases are incidental. In
carcinogenicity studies with liraglutide, C-cell tumors were
observed in the thyroid tissue of mice and rats. Potential
mechanisms behind C-cell tumor development and possible
clinical implications remain to be established [35].

Once-Weekly Formulations of GLP-1 Analogues
in Development

This review of long-acting formulations is built on a
systematic search on PubMed and the European Associa-
tion for the Study of Diabetes and American Diabetes
Association homepages for publications and abstracts with
the key words GLP-1, CJC-1131, CJC-1134-PC, albugon,
albiglutide, taspoglutide, exenatide LAR, and exenatide
once weekly, up to January 2010.

CIC-1134-PC

CJC-1134-PC is a modified exendin-4 analogue conjugated
to human recombinant albumin (HRA) in vitro to form a
long-acting DPP-4-resistant GLP-1R agonist [38-40]. The
development of CJC-1134-PC is based on the distinctive
ConjuChem’s drug affinity complex PC-DAC (ConjuChem;
Montreal, Quebec, Canada) technology and is analogous to
the one previously described in the development of CJC-1131
[41, 42]. However, CJC-1131 is based on in vivo (ie, after
parenteral administration) binding of GLP-1 (7-36) to HRA
[41, 42], and has been abandoned in clinical development.
Thus, CJC-1134-PC is a preformed bioconjugate of exendin-
4 covalently bound through a low-molecular chemical linker
(cys-C;3H 9OgN5-lys) to the cysteine residue in position 34
of HRA.

Currently available preclinical data show that CJC-1134-
PC, despite being a much larger molecule than exendin-4,
retains the ability to bind to and activate the GLP-1R [43].
Thus, acute CJC-1134-PC administration dose dependently
increased cyclic AMP (cAMP) production in vitro, al-
though slightly less potently than exendin-4 (EDs, of 3.47
vs 2.62 mM for exendin-4). Furthermore, acute administra-
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tion of CJC-1134-PC in wild-type mice led to reduced
glucose excursions, food intake, and gastric emptying
compared with exendin-4 [43]. With chronic administration
(4 weeks), CJC-1134-PC once daily also improved glucose
tolerance and reduced body weight in high-fat diet mice
similar to the effects of twice-daily exendin-4 [43]. In
addition, chronic administration of CJC-1134-PC increased
mRNA of genes that contribute to pancreatic {3-cell
function and proliferation (ie, glucokinase, GLP-1R,
pancreatic and duodenal homeobox factor 1 genes), but
with no measurable effect on (3-cell mass. Notably, insulin
receptor substrate 2 and insulin mRNA levels were
increased by exendin-4, but not by CJC-1134-PC [43].

At present, the clinical pharmacology data for CJC-
1134-PC are very limited, and results of phase 1 and 2
studies have been published solely as abstracts [39, 40].
Therefore, complete pharmacokinetic data are not available;
however, available pharmacokinetic profiles showing peak
plasma concentrations from day 2 to 7 after single-dose
administration support once-weekly dosing [39].

A phase 1/2 clinical dose-finding study (N=58) with
daily administration of SC CJC-1134-PC at doses between
310 to 5000 pg evaluated efficacy and safety in diabetic
subjects [39]. Doses above 1250 pg produced reductions in
mean daily and fasting glucose levels, persisting for 1 to
3 weeks after a single SC dose. A body weight reduction of
2.5 kg (placebo, 1.2 kg) was observed at the 3,000-ug dose
at 3 weeks [39]. The efficacy of HbA;. of CJC-1134-PC
compared with placebo was evaluated in a 3-month phase 2
clinical trial comprising two individual studies with a total
of 224 patients with type 2 diabetes inadequately controlled
on metformin. CJC-1134-PC reduced HbA . by 0.8% (1.5—
2 mg once weekly) and 1.4% (1.5 mg twice weekly),
compared to a 0.4% reduction with placebo. Body weight
decreased during the 3-month treatment period with
reductions of 1.2 kg (with 1.5 mg twice weekly); however,
this was nonsignificant compared with placebo (-0.4 kg)
[40].

In the phase 1/2 clinical dose-finding study, no safety or
tolerability issues were identified at dose levels up to
3,000 pg; at higher doses, vomiting observed in two
patients (ie, 3%), was the only encountered tolerability
issue [39]. In the phase 2 clinical trial, across all treatment
arms, drug-related nausea (23%), vomiting (11%), and
diarrhea (10%) were observed with corresponding values of
10%, 6%, and 8%, respectively, with placebo treatment
[40]. These gastrointestinal side effects were reported to
diminish over time [40].

Albiglutide

Albiglutide is a long-acting GLP-1 agonist generated by
fusion of a DPP-4-resistant GLP-1 analogous dimer to

human albumin. Albiglutide, formerly named albugon, is
currently under development by GlaxoSmithKline (Research
Triangle Park, NC). The compound has a long half-life as a
result of its fusion with albumin and its resistance to
degradation by DPP-4, caused by connecting two copies of
GLP-1, each with an amino acid substitution (Ala to Glu) at
the DPP-4—sensitive hydrolysis site.

Preclinical trial data showed that the tandem GLP-1
region of albiglutide was able to activate the GLP-1R.
Thus, albiglutide administration dose dependently increased
cAMP production in vitro, although much less potently
than exendin-4 (20 vs 0.2 nM for exendin-4) [44].
Furthermore, acute administration of albiglutide in wild-
type mice led to similar biological actions as exendin-4 (ie,
reductions in glucose excursions, food intake, and gastric
emptying rates) [44].

Evaluation of the clinical pharmacology of albiglutide is
based on four clinical trials that have been published as full
scientific articles [45-48]. Pharmacokinetic data from trials
evaluating albiglutide in healthy volunteers [45], non-
Japanese type 2 diabetic patients [46, 47], and Japanese
type 2 diabetic patients [48], respectively, demonstrated that
peak plasma levels were achieved in 2.3 to 5 days (time of
maximum concentration [T..]) after SC administration,
and albiglutide was eliminated with a terminal half-life (T.,)
ranging from 5 to 8 days. The data are slightly variable with
regard to dose dependency of kinetics, but showed linear
kinetics in the Japanese subjects [48]. The Japanese
subjects in general also had a higher exposure (ie,
maximum concentration and area under the curve [AUC]
values) than non-Japanese subjects [48].

In Matthews et al.’s study [47], 54 patients with type 2
diabetes (baseline HbA ., 8.0%), drug naive or withdrawn
from oral antidiabetic medication, were administered single
albiglutide injections (9—32 mg repeated once at day 8).
The treatment resulted in significant improvements in
fasting blood glucose, 24-hour blood glucose profiles, and
postprandial plasma glucose at day 9. The efficacy of
4 weeks of high-dose albiglutide treatment on glycemic
parameters was reported by Seino et al. [48], in which
Japanese type 2 diabetic patients (N=40) on monotherapy
or drug naive were randomized to placebo or albiglutide,
15 mg once weekly, 30 mg once weekly, 50 mg once every
2 weeks, or 100 mg monthly. Fasting plasma glucose at
4 weeks was correspondingly reduced by 1.2, 1.8, 1.1, and
0.7 mM in the albiglutide-treated groups versus 0.2 mM
with placebo. HbA . was lowered by 0.7% at 4 weeks in all
albiglutide-treated groups (vs 0.1% in the placebo group)
[48]. The efficacy of albiglutide on HbA;. was evaluated
by Rosenstock et al. [46] in a phase 2 clinical trial in which
356 patients with type 2 diabetes on metformin or drug
naive (baseline HbA ., 8.0%) were randomized to receive
16 weeks of double-blind SC treatment with placebo, open-
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label exenatide (5 pg twice daily for 4 weeks followed by
10 g twice daily), or albiglutide in three dosing schedules:
weekly (4, 15, or 30 mg), biweekly (15, 30, or 50 mg), or
monthly (50 or 100 mg). Placebo reduced HbA . by 0.2%,
exenatide by 0.5%, and albiglutide reduced HbA,. dose
dependently in each dosing schedule by maximally 0.9%
(30 mg once weekly), 0.8% (50 mg biweekly), and 0.9%
(100 mg monthly). Reductions in fasting plasma glucose
amounted to 0.1 mM (placebo), 0.8 mM (exenatide),
1.4 mM (30 mg once weekly), 1.2 mM (50 mg biweekly),
and 1.2 mM (100 mg monthly). There was a trend toward
decreased body weight with average weight losses between
1.1 and 1.7 kg with the highest albiglutide doses in each
schedule, compared with 0.7 kg in the placebo and 2.4 kg
in the exenatide-treated group. Glucagon and insulin levels
were not affected significantly. A trend toward BP
reduction, and no significant impact on lipid profiles, was
also reported [46].

In the two single-dose studies, headache and nausea
were the most frequently reported adverse events [45, 47].
However, probably owing to a small sample size, no
differences in adverse events between albiglutide-treated
and placebo-treated groups were demonstrated. In the
4-week study by Seino et al. [48], the most common
adverse events were related to the gastrointestinal tract, with
nausea, vomiting, and flatulence being the most frequent and
only in the highest dose group (100 mg monthly) reported
more frequently than placebo. In Rosenstock et al.’s [46]
phase 2 clinical trial, nausea and vomiting were the most
common adverse events, and occurred dose dependently in
29% (30 mg once weekly), 54% (50 mg biweekly), and
56% (100 mg monthly). The frequency of nausea and
vomiting diminished over the course of the study. Docu-
mented hypoglycemia was not increased with albiglutide.
Anti-albiglutide antibodies were found in 2.5% of subjects,
and were not associated with efficacy of safety problems
[46]. A universal rash occurred in one patient and was
considered a serious adverse event [45]. Clinically relevant
abnormalities in electrocardiograms (ECGs) or in clinical
laboratory tests attributed to albiglutide treatment did not
occur in any of the four clinical studies.

Taspoglutide

Taspoglutide (R1583/BIM51077) is a human GLP-1 ana-
logue developed by Ipsen SA (Boulogne-Billancourt,
France) and is now licensed and moved into phase 3
clinical trials by Hoffmann-La Roche (Basel, Switzerland).
Taspoglutide is similar in structure to native GLP-1 except
for two amino acid substitutions (93% sequence homology
with native GLP-1) in positions 8 and 35 with amino-
isobutyric acid, which render the molecule resistant to
degradation by DPP-4.
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Modest amounts of preclinical data on taspoglutide have
been published. In vitro findings suggest strong resistance
to DPP-4 [49] and glucose-dependent insulinotropic
properties in cultured rat islets and the perfused rat pancreas
[50]. Also, findings in rodents have confirmed the glucose-
dependent insulinotropic properties and shown them to be
associated with lowered blood glucose (eg, in a diabetic
mouse model of type 2 diabetes) [51].

At present, only two clinical trials have been published
as full scientific articles [52, 53], and these are the basis for
the evaluation of the clinical pharmacology. Plasma con-
centrations peaked rapidly (T 4 [1 mg], 6 [8 mg], and
8 h [30 mg], respectively), indicating a nonsignificant trend
toward an increased T,,,x with higher doses. Taspoglutide
showed dose-proportional exposure, however, with slightly
variable absorption as one or more secondary plasma
concentration peaks occurred. The apparent terminal half-
life of taspoglutide was 165 h (high variability: SD=146 h),
which should allow once-weekly dosing [52].

Short-term efficacy of taspoglutide was evaluated by
Kapitza et al. [52] in patients with type 2 diabetes. Three
cohorts with 12 type 2 diabetic patients in each were given
single SC injections of taspoglutide (1, 8, or 30 mg) and
four patients with type 2 diabetes were randomized to
placebo treatment. The highest doses (8 and 30 mg) resulted
in significant improvements in glycemic parameters such as
fasting blood glucose (placebo-adjusted median change: -0.8
and -0.9 mM), 24-hour blood glucose AUC, and 5-hour
postprandial blood glucose AUC [52]. With the 30-mg dose,
the maximum effect on glycemic parameters was observed
14 days after injection, but was still evident for up to 28 days
after injection; with the 8-mg dose, effects were observed for
up to 7 days.

The efficacy of taspoglutide on HbA . was evaluated by
Nauck et al. [53] in a phase 2 clinical trial in which 306
patients with type 2 diabetes inadequately controlled on
metformin (baseline HbA;., 7.9%) were randomized to
receive 8 weeks of double-blind SC treatment with placebo
or taspoglutide (5, 10, or 20 mg once weekly or 10 or
20 mg once every 2 weeks) as add-on therapy. Placebo
reduced HbA,. by 0.2% and taspoglutide reduced HbA .
by 1.0% (5 mg once weekly, 10 and 20 mg once every
2 weeks) and 1.2% (10 and 20 mg once weekly).
Reductions in fasting plasma glucose in the once-weekly
groups amounted to 0.8 mM (placebo), 1.8 mM (5 mg), and
2.5 mM (10 and 20 mg), whereas the once-every-2-weeks
groups rebounded during the second week (with the 20-mg
once-every-2-weeks group still exhibiting a significant
reduction of 1.4 mM). Taspoglutide also reduced median
postprandial plasma glucose by 18% to 22%, accompanied
by an increase of median plasma insulin of 22% to 45% 2 h
after meal ingestion in the once-weekly—treated groups.
Mean fasting plasma C-peptide increased and fasting
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proinsulin-to-insulin ratio decreased. Body weight decreased
in a dose-dependent manner throughout the 8-week treatment
period with significant reductions of 2.1 (10 mg once
weekly), 2.8 (20 mg once weekly), and 1.9 kg (20 mg once
every 2 weeks) compared to 0.8 kg with placebo. No
significant impact on lipid profile or glucagon levels was
reported [53].

The efficacy of 8 weeks of high-dose taspoglutide
treatment on glycemic parameters was reported by Ratner
et al. [54]. Type 2 diabetic patients (N=133) inadequately
controlled on metformin were randomized to placebo or
20 mg of taspoglutide once weekly for 4 weeks, after which
taspoglutide-treated patients were maintained at 20 mg once
weekly or uptitrated to 30 or 40 mg once weekly for an
additional 4-week period. Fasting plasma glucose was
reduced by 2.3, 1.6, and 2.2 mM in the 20+20, 20+30,
and 20+40 arms versus 0.6 mM in the placebo arm.

In Kapitza et al.’s [52] single-dose study, headache was
the most frequent complaint (42% in the 30-mg group vs
8% in the placebo group) followed by gastrointestinal
adverse events (nausea, abdominal distension, vomiting,
and dyspepsia), which occurred in 39% of taspoglutide-
treated patients (most frequent and with the greatest
severity in the 30-mg cohort) versus 25% of those receiving
placebo. Of taspoglutide-treated patients, 19% experienced
nausea, and vomiting was reported by 11%. No patient
withdrawals and only mild and self-limiting injection site
reactions were reported. In Nauck et al.’s [53] phase 2
clinical trial, nausea and vomiting were the most common
adverse events (52% and 22%, respectively, in the 20-mg
once-weekly group). These side effects tended to occur during
the first day after drug administration, were associated with
peak plasma drug concentration, and resolved within 1 day.
Six out of the 297 patients experienced mild to moderate
hypoglycemia (two of these were asymptomatic). In the
escalating dose study by Ratner et al. [54], the most common
adverse event was transient mild to moderate nausea
resolving spontaneously in most cases and causing no
withdrawals. Three taspoglutide-treated patients withdrew
due to other gastrointestinal adverse events. In none of the
three clinical studies did clinically relevant abnormalities in
ECGs or in clinical laboratory tests occur after taspoglutide
administration [52-54].

Exenatide Once Weekly

Exenatide has been developed (by Amylin Pharmaceuticals,
San Diego, CA) in a sustained-release (LAR) formulation
planned for once-weekly SC administration. The sustained-
release formulation is based on a common biodegradable
medical polymer used in absorbable sutures and other
extended-release pharmaceuticals with 3% exenatide pep-
tide [55, 56].

Auvailable preclinical data on exenatide LAR are limited.
In a 4-week study in Zucker diabetic fatty (ZDF) rats,
single SC injections of exenatide LAR (in doses ranging
from 0-9 mg) resulted in sustained plasma exenatide
concentrations (related to dose) for 28 days [60]. HbA;,
reductions (as opposed to a progressive increase in ZDF
controls) were associated with dose and plasma exenatide
concentration. [3-Cell function improved with lower doses
of exenatide LAR and insulin sensitization was evident with
higher doses [60].

Pharmacokinetic parameters of the LAR formulation were
evaluated in three clinical trials with inadequately controlled
type 2 diabetic patients on diet or various drug therapy [57-
59]. Effective plasma concentrations above 50 pg/mL were
generally reached within 2 weeks. Steady-state plasma
concentrations of exenatide LAR given once weekly were
reached between week 6 and 10 and amounted to 232 to
301 pg/mL with 2.0-mg doses [57, 58¢]. In Japanese patients
(N=30), steady-state plasma concentrations of exenatide LAR
were observed at week 8 and amounted to 345 pg/mL with
2-mg doses [59].

In patients with type 2 diabetes inadequately controlled
on metformin (60%) and/or diet (40%; baseline HbA,,
8.5%), 0.8 and 2.0 mg of exenatide once weekly for
15 weeks resulted in HbA . reductions of 1.4% and 1.7%
compared with an increase of 0.4% in the placebo group
[57]. Changes in fasting plasma glucose amounted to -2.4
(0.8 mg), -2.2 (2.0 mg), and +1.0 mM (placebo). The 2.0-
mg group experienced a weight loss of 3.6 kg versus no
weight change in the other groups [57]. In Drucker et al.’s
[58e¢] study comparing the effect of 10 pg of exenatide
twice daily and 2.0 mg of exenatide LAR once weekly in
295 patients with type 2 diabetes (inadequately controlled
on lifestyle intervention and/or monotherapy or double
therapy with metformin, SU, or thiazolidinedione [baseline
HbA,., 8.3%]), exenatide LAR once weekly was superior
to exenatide twice daily in terms of glycemic parameters
(HbA ;. reductions: 1.9% vs 1.5%; proportion of patients
reaching HbA . of 7% or less: 77% vs 61%; fasting plasma
glucose: -2.3 vs -1.4 mM). Interestingly, glucagon levels
decreased significantly more with exenatide once weekly
versus exenatide twice daily. Additionally, significantly
greater reductions in total and low-density lipoprotein
cholesterol were observed with the once-weekly exenatide
compared with twice-daily exenatide. Equal significant
improvements in fasting triglyceride and systolic and
diastolic BPs were observed with both treatments. No
difference in body weight reduction was observed (-3.7 vs -
3.6 kg) [58¢]. In a subgroup analysis of seven patients
monitored using continuous glucose monitoring [58¢¢], no
association of changes in HbA;. and diurnal glucose
patterns was observed [61]. In Japanese patients with type
2 diabetes (suboptimally controlled by lifestyle intervention
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alone or combined with monotherapy or combination
therapy with metformin, SU or thiazolidinedione [baseline
HbA,., 7.4%]), 0.8 and 2.0 mg of exenatide LAR once
weekly for 10 weeks resulted in HbA ;. reductions of 1.05%
and 1.5%, respectively (vs 0.4% reduction for placebo)
[59]. When switched from exenatide twice weekly to
exenatidle LAR once weekly, patient-reported treatment
satisfaction and quality of life seemed to improve [62].
Nausea (predominantly mild in intensity) is the most
frequently reported adverse event among exenatide LAR—
treated patients (19% [0.8 mg] and 27% [2.0 mg] vs 15%
[placebo] [57]; 39% [2.0 mg] vs 50% [10 ug of exenatide
twice daily] [58¢°]; and 33% [2.0 mg] [59]). Other side
effects include gastroenteritis (19% [0.8 mg] and 13%
[2.0 mg] vs 0% [placebo]) in one study [57], and injection
site adverse events (13% [0.8 mg] and 7% [2.0 mg] vs 0%
[placebo]) in one study [57], and 7% (2 mg) vs 15% (10 pg
of exenatide twice daily) in another study [58e¢]. No
vomiting was recorded in one study [57], whereas the
incidence of vomiting in exenatide LAR—treated patients
was 16% (vs 27%; 10 pug of exenatide twice daily) in
Drucker et al.’s [58¢¢] study and 5% in Iwamoto et al.’s [59]
study. No major episodes of hypoglycemia have been
reported; the 17 minor episodes reported in the largest study
[58e¢] were equally distributed between the two groups, and
16 occurred in patients on an SU background treatment. No
clinically significant abnormalities in vital signs, ECGs,
hematologic, chemistry or urine analyses have been
reported in exenatide LAR-treated patients [57, 58ee]
except for two Japanese patients with increased plasma
amylase (not associated with clinical signs or symptoms)
[59]. Anti-exenatide antibodies were formed in a mean of
68% of exenatide LAR-treated patients [57, 59], and
comparatively antibody levels were higher among exenatide
LAR-treated patients as opposed to exenatide twice-daily—
treated patients [58e]. It cannot be excluded that high titers
of antibodies were associated with lack of efficacy [58ee].

Conclusions

Incretin mimetics offer a new modality in diabetes treatment,
and several new GLP-1R agonists are in clinical development.
Most of these are characterized by extended half-lives
entailing fewer injections. The longer-acting agonists presum-
ably also offer an improved-throughout-the-day glycemic
control compared with the already marketed drugs (ie,
exenatide and liraglutide). However, only one head-to-head
trial has been reported [58¢¢]. It demonstrated that the longer-
acting agonists were superior with regard to glycemic control
and noninferior in terms of body weight change. Notably,
patient-reported treatment satisfaction and quality of life
were also improved with the longer-acting agonist.

@ Springer

Considering the multifaceted physiologic roles of GLP-1,
additional beneficial effects could be expected. Clinical studies
of the already marketed drugs have also shown lowering effects
on lipid profile and BP, which could imply substantial benefit on
macrovascular outcomes, a critical therapeutic goal in the
treatment of type 2 diabetes. Not to mention the possible [3-
cell-preserving effects demonstrated in animal studies and in
isolated human {3 cells. New compounds need to provide at least
comparable benefits, but will be a step behind the already
marketed drugs in the demonstration of such. The pharmacology
(eg, concerning potency and perhaps penetration to the central
nervous system) differs between some of the long-acting incretin
mimetics and the polypeptide molecules of the already marketed
drugs. This could prove important with regard to weight loss, as
suggested in one study [46], but could also affect the
gastrointestinal tolerability (which could to some extent be
elicited through receptors in the central nervous system). Safety
and tolerability are increasingly important issues. Thus, the
obvious benefits of infrequent administrations could be offset
by changes in safety. Nonetheless, the reviewed trials with the
novel long-acting incretin mimetics did not bring forth new
safety issues. The major side effects remain gastrointestinally
related and, comparable to the situation with established
incretin mimetics, decline over time. The concerns about
generation of antibodies, pancreatitis, and carcinogenicity
can only be dealt with in large clinical trials.

Thus, the novel long-acting incretin mimetics appear as
promising antidiabetic drug candidates. However, these
compounds are not one uniform group, and pharmacologic
differences could influence the therapeutic achievements of
these agents. The role of the incretin mimetics in the
treatment algorithm for the management of type 2 diabetes
is still somewhat uncertain (primarily due to limited clinical
experience), and firm conclusions on the comparable efficacy
and safety of the various GLP-1R agonists are even more
distant and will have to rely on the results of large clinical
trials comparing glycemic effect and microvascular and
macrovascular risk reduction of the individual compounds.

Disclosure No potential conflicts of interest relevant to this article
were reported.

References

Papers of particular interest, published recently, have been
highlighted as follows:

e Of importance,

*« Of major importance

1. « Holst JJ: The physiology of glucagon-like peptide 1. Physiol
Rev 2007, 87:1409-1439. This is an excellent review of the
physiologic effects of GLP-1, which provide the basis for
understanding the therapeutic use of GLP-1-based therapy.



Curr Diab Rep (2010) 10:124-132

131

2.

10.

11.

12.

15.

16.

17.

18.

19.

20.

Deacon CF, Johnsen AH, Holst JJ: Degradation of glucagon-like
peptide-1 by human plasma in vitro yields an N-terminally
truncated peptide that is a major endogenous metabolite in vivo.
J Clin Endocrinol Metab 1995, 80:952-957.

. Mentlein R: Dipeptidyl-peptidase IV (CD26)-role in the inacti-

vation of regulatory peptides. Regul Pept 1999, 85:9-24.

. Deacon CF, Nauck MA, Toft-Nielsen M, et al.: Both subcutane-

ously and intravenously administered glucagon-like peptide I are
rapidly degraded from the NH2-terminus in type Il diabetic
patients and in healthy subjects. Diabetes 1995, 44:1126-1131.

. Fehmann HC, Goke R, Goke B: Cell and molecular biology of the

incretin hormones glucagon-like peptide-I and glucose-dependent
insulin releasing polypeptide. Endocr Rev 1995, 16:390-410.

. Egan JM, Bulotta A, Hui H, Perfetti R: GLP-1 receptor agonists

are growth and differentiation factors for pancreatic islet beta
cells. Diabetes Metab Res Rev 2003, 19:115-123.

. Zhou J, Wang X, Pineyro MA, Egan JM: Glucagon-like peptide 1

and exendin-4 convert pancreatic AR42J cells into glucagon- and
insulin-producing cells. Diabetes 1999, 48:2358-2366.

. Buteau J, El-Assaad W, Rhodes CJ, et al.: Glucagon-like peptide-

1 prevents beta cell glucolipotoxicity. Diabetologia 2004, 47:806—
815.

. Larsson H, Holst JJ, Ahrén B: Glucagon-like peptide-1 reduces

hepatic glucose production indirectly through insulin and glucagon
in humans. Acta Physiol Scand 1997, 160:413-422.

Flint A, Raben A, Astrup A, Holst JJ: Glucagon-like peptide 1
promotes satiety and suppresses energy intake in humans. J Clin
Invest 1998, 101:515-520.

Nikolaidis LA, Mankad S, Sokos GG, et al.: Effects of glucagon-
like peptide-1 in patients with acute myocardial infarction and left
ventricular dysfunction after successful reperfusion. Circulation
2004, 109:962-965.

Nikolaidis LA, Elahi D, Hentosz T, et al.: Recombinant glucagon-
like peptide-1 increases myocardial glucose uptake and improves
left ventricular performance in conscious dogs with pacing-
induced dilated cardiomyopathy. Circulation 2004, 110:955-961.

. Meier JJ, Gethmann A, Gotze O, et al.: Glucagon-like peptide 1

abolishes the postprandial rise in triglyceride concentrations and
lowers levels of non-esterified fatty acids in humans. Diabetologia
2006, 49:452-458.

. Nystrom T, Gutniak MK, Zhang Q, et al.: Effects of glucagon-like

peptide-1 on endothelial function in type 2 diabetes patients with
stable coronary artery disease. Am J Physiol Endocrinol Metab
2004, 287:E1209-E1215.

Carraro-Lacroix LR, Malnic G, Girardi ACC: Regulation of Na+/
H+ exchanger NHE3 by glucagon-like peptide 1 receptor agonist
exendin-4 in renal proximal tubule cells. Am J Physiol Renal
Physiol 2009, 297:F1647-F1655.

Li Y, Perry T, Kindy MS, et al.: GLP-1 receptor stimulation
preserves primary cortical and dopaminergic neurons in cellular
and rodent models of stroke and Parkinsonism. Proc Natl Acad
Sci U S A 2009, 106:1285-1290.

During MJ, Cao L, Zuzga DS, et al.: Glucagon-like peptide-1
receptor is involved in learning and neuroprotection. Nat Med
2003, 9:1173-1179.

Eng J, Kleinman WA, Singh L, et al.: Isolation and characteriza-
tion of exendin-4, an exendin-3 analogue, from Heloderma
suspectum venom. Further evidence for an exendin receptor on
dispersed acini from guinea pig pancreas. J Biol Chem 1992,
267:7402-7405.

Thorens B, Porret A, Biihler L, et al.: Cloning and functional
expression of the human islet GLP-1 receptor. Demonstration that
exendin-4 is an agonist and exendin-(9-39) an antagonist of the
receptor. Diabetes 1993, 42:1678-1682.

European Medicines Agency: EPARs for authorised medicinal
products for human use. Byetta: Scientific Discussion (6).

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Available at http://www.ema.europa.eu/humandocs/Humans/
EPAR/byetta/byetta.htm. Accessed February 2010.

Simonsen L, Holst JJ, Deacon CF: Exendin-4, but not glucagon-
like peptide-1, is cleared exclusively by glomerular filtration in
anaesthetised pigs. Diabetologia 2006, 49:706—712.

Bosi E, Lucotti P, Setola E, et al.: Incretin-based therapies in type
2 diabetes: a review of clinical results. Diabetes Res Clin Pract
2008, 82(Suppl 2):S102-S107.

Heine RJ, Van Gaal LF, Johns D, et al.: Exenatide versus insulin
glargine in patients with suboptimally controlled type 2 diabetes: a
randomized trial. Ann Intern Med 2005, 143:559-569.

Nauck MA, Duran S, Kim D, et al.: A comparison of twice-daily
exenatide and biphasic insulin aspart in patients with type 2
diabetes who were suboptimally controlled with sulfonylurea and
metformin: a non-inferiority study. Diabetologia 2007, 50:259—
267.

Madsbad S, Krarup T, Deacon CF, Holst JJ: Glucagon-like
peptide receptor agonists and dipeptidyl peptidase-4 inhibitors in
the treatment of diabetes: a review of clinical trials. Curr Opin
Clin Nutr Metab Care 2008, 11:491-499.

Klonoff DC, Buse JB, Nielsen LL, et al.: Exenatide effects on
diabetes, obesity, cardiovascular risk factors and hepatic bio-
markers in patients with type 2 diabetes treated for at least 3 years.
Curr Med Res Opin 2008, 24:275-286.

Okerson T, Yan P, Stonehouse A, Brodows R: Effects of
Exenatide on Systolic Blood Pressure in Subjects With Type 2
Diabetes. Am J Hypertens 2009 Dec 17 [Epub ahead of print].
Elbrond B, Jakobsen G, Larsen S, et al.: Pharmacokinetics,
pharmacodynamics, safety, and tolerability of a single-dose of
NN2211, a long-acting glucagon-like peptide 1 derivative, in
healthy male subjects. Diabetes Care 2002, 25:1398-1404.
Garber A, Henry R, Ratner R, et al.: Liraglutide versus
glimepiride monotherapy for type 2 diabetes (LEAD-3 Mono): a
randomised, 52-week, phase III, double-blind, parallel-treatment
trial. Lancet 2009, 373:473-48]1.

Nauck M, Frid A, Hermansen K, et al.: Efficacy and safety
comparison of liraglutide, glimepiride, and placebo, all in
combination with metformin, in type 2 diabetes: the LEAD
(liraglutide effect and action in diabetes)-2 study. Diabetes Care
2009, 32:84-90.

Marre M, Shaw J, Briandle M, et al.: Liraglutide, a once-daily
human GLP-1 analogue, added to a sulphonylurea over
26 weeks produces greater improvements in glycaemic and
weight control compared with adding rosiglitazone or placebo
in subjects with type 2 diabetes (LEAD-1 SU). Diabet Med
2009, 26:268-278.

Zinman B, Gerich J, Buse JB, et al.: Efficacy and safety of the
human glucagon-like peptide-1 analog liraglutide in combination
with metformin and thiazolidinedione in patients with type 2
diabetes (LEAD-4 Met+TZD). Diabetes Care 2009, 32:1224—
1230.

Buse JB, Rosenstock J, Sesti G, et al.: Liraglutide once a day
versus exenatide twice a day for type 2 diabetes: a 26-week
randomised, parallel-group, multinational, open-label trial (LEAD-6).
Lancet 2009, 374:39-47.

Amori RE, Lau J, Pittas AG: Efficacy and safety of incretin
therapy in type 2 diabetes: systematic review and meta-analysis.
JAMA 2007, 298:194-206.

European Medicines Agency: EPARs for authorised medicinal
products for human use. Victoza: Public assessment report (6).
Available from: http://www.ema.europa.eu/humandocs/Humans/
EPAR/victoza/victoza.htm. Accessed February 2010.

Blonde L, Russell-Jones D: The safety and efficacy of liraglutide
with or without oral antidiabetic drug therapy in type 2 diabetes:
an overview of the LEAD 1-5 studies. Diabetes Obes Metab 2009,
11(Suppl 3):26-34.

@ Springer


http://www.ema.europa.eu/humandocs/Humans/EPAR/byetta/byetta.htm
http://www.ema.europa.eu/humandocs/Humans/EPAR/byetta/byetta.htm
http://www.ema.europa.eu/humandocs/Humans/EPAR/victoza/victoza.htm
http://www.ema.europa.eu/humandocs/Humans/EPAR/victoza/victoza.htm

132

Curr Diab Rep (2010) 10:124-132

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Russell-Jones D, Vaag A, Schmitz O, et al.: Liraglutide vs insulin
glargine and placebo in combination with metformin and
sulfonylurea therapy in type 2 diabetes mellitus (LEAD-5 met
+SU): a randomised controlled trial. Diabetologia 2009, 52:2046—
2055.

Thibaudeau K, Robitaille M, Wen S, Paradis V: CJC-1134-PC: An
Exendin-4 Conjugate with Extended Pharmacodynamic Profiles
in Rodents [abstract 434-P]. Presented at the 66th Scientific
Sessions of the American Diabetes Association. Washington, D.
C.; June 9-13, 2006.

Wang M, Kipnes M, Matheson S, Wen S: Safety and Pharmaco-
dynamics of CJC-1134-PC, a Novel GLP-1 Receptor Agonist, in
Patients with Type 2 Diabetes Mellitus: A Randomized, Placebo-
Controlled, Double-Blind, Dose-Escalation Study [abstract 0498-P].
Presented at the 67th Scientific Sessions of the American Diabetes
Association. Chicago, IL; June 21-25, 2007.

Wang M, Matheson S, Picard J, Pezzullo J: PC-DAC™: Exendin-
4 (CJC-1134-PC) Significantly Reduces HbAlc and Body Weight
as an Adjunct Therapy to Metformin: Two Randomized, Double-
Blind, Placebo-Controlled, 12 Week, Phase II Studies in Patients
with Type 2 Diabetes Mellitus [abstract 553-P]. Presented at the
69th Scientific Sessions of the American Diabetes Association.
New Orleans, LA; June 5-9, 2009.

Léger R, Thibaudeau K, Robitaille M, et al. : Identification of
CJC-1131-albumin bioconjugate as a stable and bioactive GLP-1
(7-36) analog. Bioorg Med Chem Lett 2004, 14:4395-4398.
Kim J, Baggio LL, Bridon DP, et al. : Development and
characterization of a glucagon-like peptide 1-albumin conjugate:
the ability to activate the glucagon-like peptide 1 receptor in vivo.
Diabetes 2003, 52:751-759.

Baggio LL, Huang Q, Cao X, Drucker DJ: An albumin-exendin-4
conjugate engages central and peripheral circuits regulating
murine energy and glucose homeostasis. Gastroenterology 2008,
134:1137-1147.

Baggio LL, Huang Q, Brown TJ, Drucker DJ: A recombinant
human glucagon-like peptide (GLP)-1-albumin protein (albugon)
mimics peptidergic activation of GLP-1 receptor-dependent
pathways coupled with satiety, gastrointestinal motility, and
glucose homeostasis. Diabetes 2004, 53:2492-2500.

Bush MA, Matthews JE, De Boever EH, et al.: Safety, tolerability,
pharmacodynamics and pharmacokinetics of albiglutide, a long-
acting glucagon-like peptide-1 mimetic, in healthy subjects.
Diabetes Obes Metab 2009, 11:498-505.

Rosenstock J, Reusch J, Bush M, et al.: Potential of albiglutide, a
long-acting GLP-1 receptor agonist, in type 2 diabetes: a
randomized controlled trial exploring weekly, biweekly, and
monthly dosing. Diabetes Care 2009, 32:1880—1886.

Matthews JE, Stewart MW, De Boever EH, et al.: Pharmacody-
namics, pharmacokinetics, safety, and tolerability of albiglutide, a
long-acting glucagon-like peptide-1 mimetic, in patients with type
2 diabetes. J Clin Endocrinol Metab 2008, 93:4810-4817.

Seino Y, Nakajima H, Miyahara H, et al.: Safety, tolerability,
pharmacokinetics and pharmacodynamics of albiglutide, a long-
acting GLP-1-receptor agonist, in Japanese subjects with type 2
diabetes mellitus. Curr Med Res Opin 2009, 25:3049-3057.
Woon C, Taylor J, Dong J, Shen Y: BIM 51077, A Stable
Glucagon-Like Peptide-1 (GLP-1) Analogue With Preserved
Gluco-Incretin Property in Vitro [abstract P1-359]. Presented at

@ Springer

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

the Program of the Endocrine Society's 83 rd Annual Meeting.
Denver, CO; June 19-23, 2001.

Wargent E, Nolan A, Shen Y, Dong J: Insulin secretagogue
activity in vitro and in perfused pancreas of dipeptidase IV
resistant GLP-1 analogs. Diabetologia 2000, 44(Suppl 1):Abstract
532.

Culler M, Carlile L, Sullivan T, Taylor J: BIM-51077, A Novel
Glucagon-Like Peptide-1 (GLP-1) Analog With Enhanced in Vivo
Efficacy [abstract P1-360]. Presented at the Program of the
Endocrine Society's 83 rd Annual Meeting. Denver, CO; June
19-23, 2001.

Kapitza C, Heise T, Birman P, et al.: Pharmacokinetic and
pharmacodynamic properties of taspoglutide, a once-weekly,
human GLP-1 analogue, after single-dose administration in
patients with type 2 diabetes. Diabet Med 2009, 26:1156—-1164.
Nauck MA, Ratner RE, Kapitza C, et al.: Treatment with the
human once-weekly glucagon-like peptide-1 analog taspoglutide
in combination with metformin improves glycemic control and
lowers body weight in patients with type 2 diabetes inadequately
controlled with metformin alone: a double-blind placebo-
controlled study. Diabetes Care 2009, 32:1237-1243.

Ratner R, Nauck M, Asnaghi V, Berria R: Safety and tolerability
of high doses of the long acting, human GLP-1 analogue R1583 in
diabetic subjects treated with metformin: a double-blind, placebo-
controlled phase 2 study. Diabetes 2008, 57(Suppl 1):Abstract
10-0.

Tracy MA, Ward KL, Firouzabadian L, et al.: Factors affecting the
degradation rate of poly(lactide-co-glycolide) microspheres in
vivo and in vitro. Biomaterials 1999, 20:1057-1062.

Verspohl EJ: Novel therapeutics for type 2 diabetes: incretin
hormone mimetics (glucagon-like peptide-1 receptor agonists) and
dipeptidyl peptidase-4 inhibitors. Pharmacol Ther 2009, 124:113—
138.

Kim D, MacConell L, Zhuang D, et al.: Effects of once-weekly
dosing of a long-acting release formulation of exenatide on
glucose control and body weight in subjects with type 2 diabetes.
Diabetes Care 2007, 30:1487—-1493.

*¢ Drucker DJ, Buse JB, Taylor K, et al.: Exenatide once weekly
versus twice daily for the treatment of type 2 diabetes: a
randomised, open-label, non-inferiority study. Lancet 2008,
372:1240-1250. This is presently the only published head-to-
head comparison of short-acting versus long-acting GLP-1
analogues.

Iwamoto K, Nasu R, Yamamura A, et al.: Safety, tolerability,
pharmacokinetics, and pharmacodynamics of exenatide once
weekly in Japanese patients with type 2 diabetes. Endocr J
2009, 56:951-962.

Gedulin BR, Smith P, Prickett KS, et al.: Dose-response for
glycaemic and metabolic changes 28 days after single injection of
long-acting release exenatide in diabetic fatty Zucker rats.
Diabetologia 2005, 48:1380—1385.

Mazze R, Strock E, Morgan B, et al.: Diurnal glucose patterns of
exenatide once weekly: a 1-year study using continuous glucose
monitoring with ambulatory glucose profile analysis. Endocr Pract
2009, 15:326-334.

Best JH, Boye KS, Rubin RR, et al.: Improved treatment
satisfaction and weight-related quality of life with exenatide once
weekly or twice daily. Diabet Med 2009, 26):722-728.



	Once-Weekly GLP-1 Agonists: How Do They Differ from Exenatide and Liraglutide?
	Abstract
	Introduction
	GLP-1 Physiology
	GLP-1 Analogues on the Market
	Exenatide
	Liraglutide
	Safety of Exenatide and Liraglutide


	Once-Weekly Formulations of GLP-1 Analogues in Development
	CJC-1134-PC
	Albiglutide
	Taspoglutide
	Exenatide Once Weekly

	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as follows: • Of importance, •• Of major importance




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


